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Customer Needs and Requirement Analysis

* Product Development Process
* Customer Needs Identification
* Product Definition
* Requirement Analysis

Why today’s topic on Requirement Analysis?
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General Product Development Process
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Phase 0: Product Planning &
G

e To develop a product plan and Product Planning Cycle
project mission statements, a 5- ot ot Regutmns pvsopan
Refined Approved Refined Inftsated
step process can be used: p—
- ldentify opportunities. El- m\ e B ‘ﬁ

— Evaluate and prioritize projects. [l = =5
o = e B B
- Allocate resources and plan timing. =" =
. . Bl ree o e e
Complete pre-project planning. o R Lt vien
- Reflect on the results and the process

MRD - Market Requirements Document

e Though the process is presented as linear, the activities
of evaluating projects and allocating resources can be
iterative and even dynamic.

Identify opportunities!! . “j’ = b
o e v
e One example in my capstone design class: R ‘ﬁ? N
- When brainstorming project ideas: 8 &

A syndromeof “the hammerlooks for nails™

e One student team proposed to extend their Heat Transfer
Course Project to Design a Body Heat Powered Watch

* How do you think about this idea for their capstone design?

Thermoelectric Watch

—
Copr

i

You have to identify a compelling use case™
6 |scenario that your product will uniquely excel!!




Team Sea: Week 5
Milestone Presentation

Current Market Products
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Problem Statement Drone “Tapfly” Function
Mot delivery services used today are limited to
places anly accessible by car, Due team’s objective Subsystem consksts of
w10 design an sutonamous unmannesd on o St oety et
= Compact Round-Face DO
Maotor
= 1V DC 8574 ipm @
262in.o0r
= Carabiner clip
* Shaft
= Hinges
* Rope/String * Draw a flight path on a map from point of origin to drog-off
locations, back to origin
+ Can set up multiple “drop-off” points making the process
Drone With Subsystem quicker and mare efficent
= implement function to a larger UAY In order to dediver more
The final drane design packages quickee
conshsts of the D 5900 ezt
With subsystem. Capable of Application Development
& maximum takeoff weight O e N
of 18.1 pounds, this drone —_
1. Chaase and test a drone for autonomans can defiver a product - Ly |
mEsions. weighing 2.1 pounds . == A 1i
2 Design o subsystem to be attached to the drone - p— = -

for carmying products. =
3. Develop a phone application to receive orders

and GPS coordinates Desired Drons Specs . -

Olugonsl Wheshse | 900 mm + Android app captures last known bocation of user
ESC Current | soa + Loeds data fromi databirse which contains 31 svaliable itens
T from 5 supplers
Mot KV S0 qenfy * Allows users to input order information that Is sent to
Max Takeoll Weight | teams database
Battery Life 12000mah & 15-pound | » Date/time of order, order id, name, email, phone number,
Takeott Weight 18min location & order detalls
« integrates Google Mage AP 1o visuslize debvery and sore
Drone Weight (with sub T

address coordinates on map




Phase 1: Concept Development

e Sometimes called the Eront-end process, and it
demands more coordination among functions.
- A concept is a description of the form, function, and features of a
product and is often accompanied by:
e a set of specifications,
e an analysis of competitive products, and
e an economic justification of the project.
- The entire front-end process rarely proceed in a sequential

manner, instead they may overlapped in time and iteration are
often necessary.
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Phase 2: System-level Design

e Generate Product Architecture — aka. Embodiment Design
- This consists of mappings of functional elements to physical elements.

Functional elements are the individual operations and transformations that
contribute to the overall performance

Physical elements are the parts, components, and subassemblies that
implement the product’s function.
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= Not the physical product structure; nor the assembly drawing!




(D), PEEMINDER Urinary Tract Catheter Drainage Bag
- Notification System

Background Design Innovation CAD Configuration
Mo existing products 1
Development of Arduino circuitry and code
Android Studio App that pairs with deviee

® 15:25% of hoepital visits resul in the patient
receiving a urinary tract catheter
o Comes fitted with 3 drainage bug that st

“ e e

b empied
o Biablernd ek oo gty Less than 5% Error in measurement readings. i
o UTls Cost lo produce 1 prolotype: 536,98
o Mackflow
o Sepsis -

Must be visually inspected 0 be changed
Patients need discreet and reliable way of
knowing when o empty the bag

System Architecture

Results & Conclusions
» Device is 2% acenrate in measuring output fluid volume
o Assumes consiant flow
= Futurc Applications
o Cutpaticnt
o Assisted living communities
& Intcgrated hospital systems
» Future product outlook
& External fuid flow sensor that can e elipped anto ubing and docs nat
touch the urine
& Developed application for different phonics (i.e. iPhons, Androids, and
fext natification systems for brick phones)
® Adjusted vibsation oc sound sciiings based on capucity of fluid bag

S ¥

* Product funcions:
a Measure fluid
o Inserpret data
o Relay informatian 1o user
* Key performance aspeets:
o Accuraie reading of luid flow level

Reliabl b hardware amd soft

o Notification system that can be amended 1o user specifications
* Demonstration af proaf of concept:
o Testing accuracy of fluid capscity readings
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Phase 3: Detail Design
G

Complete industrial and part design documentation
Complete detail design of parts o
- define final geometry of parts

- choose final material

- assign tolerances

Design tooling

Define QA processes

Begin procurement of long-lead tooling o
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Phase 4: Testing and Refinement
G

Reliability, life and performance testing
e Obtain requlatory approvals

Implement design changes

tast case
davaiapmaent

test case
execution

analyse & reporting
results

Facilitate supplier ramp-up

Refine fabrication and assembly processes
Train workforce and suppliers

Develop promotion and product launch materials
Facilitate field testing

16




Phase 5: Production Ramp-up

Product is made using intended production system
Work out remaining problems in the production processes
Evaluate production output

Transition to ongoing production is gradual and continuous.

At some point in this transition, the product is launched and becomes
available for widespread distribution.

Summary

PHASE 0 PHASE 1 PHASE 2 PHASE 3
PathFinder "/ Product Definitiyn Engineering to Production Transfer Manufacturing
[SL0Way Contextual  Concept \ Eng. ALPHA Final Work Instructions { Sustaining

DEVELOPMENT [Pt A To ALPHA Verific, 4 Dosign /| & Mfg, Dwgs/ BoM J Engincoring
USABILITY

ENGINEERING

LEGIT g Technical Investigation 7 Tec 1.

DEVELOPMENT JENITTHCR TR '

UALITY Develop Design . DMR Implement
MAMAGEMENT AiiRnenta Mair tain DHF (Design History Filo) B a8
i

REGULATORY Davelop Regulatary Process VAV Regulatory
SUPPORT Strategy Inputs! Outputs Submission

MANUFACTURING Davolop DFM Vandor Solection Mfg Volume
ACTIVITIES $iratogy Supply Chain { | Validation | Manufacturing

Capstone design
focuses on this Front-
End Design stage!

1S013485
Aecirenen CERTIFIED




Customer Needs & Product Definition

L_INPUTS OUTPUTS

Initial Designs & Specs

Set of customer needs

and spacifications Concept Developmenf * E —
k, "—_

Industrial Designs

Experimental Prototypes

Concept Development Process
G

e The many Front-end activities in the concept
development phase
- Front-end of PD need not be a fuzzy process.
Structured methods exist for each process step
This is not strictly sequential - generally a parallel and iterative

-- -- -- -, -, - - -+ -
Il 1 1 L 1 1 ]

Mission Development]
Statement | geni Establish Generate Select Test Set Plan Plan
——— | stomer Needs| Target | —»|  Product | —»| Product [—gs  Product |—»|  Final  |—# Downstream

Specifications Concepts Concept(s) Concept(s) Specifications Development

Perform Economic Analysis
Benchmark Competitive Products

Build and Test Models and Prototypes

20
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Identifying Customer Needs
.

Mission
Statement

21

Understand the customers needs.

Benchmark Competitive Products

Build and Test Models and Prototypes

* Trend
. . . Anal » Customer Databa:
Effectively communicate it to the & Cirointv T
Intelligence + Benchmarking
development team. e et  Silos et
Outputs a set of carefully
constructed customer needs -ICuslomer
. . . m mmersion
statements, organized in a Ressarch Techniques
: : H : : : « Ad Hoc Qualitative * Personal Contacts
hierarchical list with weightings. S Obe s
and Shadowing
- -, - - - - -, -
L 1 1 1 1 1 1
Establish Generate Select Test Set Plan Devﬂ:aapr:nent
ldentity | gl Target [—  Product | —»| Product [—g»  Product |—»] Final —» Downstream
e e Specifications Concepts Concept(s) Concept(s) Specifications Development
Perform Economic Analysis

Establishing Target Specifications
G

Mission
Statement

22

Precise description of product

Translate customer needs to technical terms.

Targets for the specifications are set early
The output is a list of target specifications

E |

. -

= — :
-<- - - - - - -

| L | 1 1 1 I
Development|
\denti Establish Generate Select Test Set Plan p|apn

—— "’Z s Toost || Prodct L Product | Product |  Final [ Downstream
ustomer Needs| Specifcations Concepts Concept(s) Concept(s) Specifications Development

Perform Economic

Analysis

Benchmark Competitive Products

Build and Test Models and Prototypes




The Portable Transportation Vehicle
Students: Heldi Bland, Justin Brown, Charley Corley, Justin English, nnie McGes
eorge Woodruff School of Engineering

Georgia Institute of Techn
Instructor: Dr. Rodger Jiso

Briefcase PTV Sustainable Markets Competitive Products Customer Expectations & Needs'

Design Needs Market ———

Robust frame Students on large

Safety universty campuses

Cost effective Employees that work at

Aesthetically pleasing large facilities

Operate over multiple P:“‘“:‘""‘!"" urban

terrain types environments
Sogusy X3 e
Pre tea38

Sample of product sunv.
used to evaluate custome.
expectations and needs
Used data to construct
house of quality on
following slide

Data used to assist in
establishing design
requirements and
constrains

Battery operated Recreational use
Lightweight

azsanssimzezss

ke
Price 84000

Easy to maintain

Tech

1 Survey Results and Product
I

1

Briefcase maximum dimensions 22"x18"x6"

t P >
Student Design Preferences Adut Design Preferences Tran: minimum h 20

Mwmﬁnmwc - L’:‘ST” end cha8 N Dnnnnooom| Transport minimum extended length 38"
] Driving Range of 30 Driving Range of 15 miles = e e v Maximum portable assembly weight 50 b
o B s Car Eviskcase Camying = = Maximum weight capacity 200 Ib.
2 B Y s T - Minimum speed 10 MPH
Cost under $500.00 Comfortable Ride = H " sC=a Minimum battery life one hr
 Aestheticall pieasing Cost under $750.00 - = L Recharge time less than four hours

nd brake preferred Foot brake prefered == = B Maintenance free design

Identifying Customer Needs

Concept Generation

Phase O 1 Phose 2 Fhase 3 4 e 5
| Product ? L Y P Tatmgand ) srodction > Customers have needs...
e — — o = We try to identify them

‘Mission Development CQ\
Statement Plon ()
o = = Y
Ertaslioh L Salest a
— Turgat Bradutt Brodurt Tigt. et o200
Prodent Firnal Cvemrtraa=y
Haads Casaagra Cancapt Specs
o P —
Perform Economic Analysis
Benchmark Competitive Products
Build and Test Models and Protetypes
- Cencept Development *

Exhitit 2 Chapter 3 Uieich & Eppinger




Customer Needs Process

25

e Define the Scope
- Mission Statement
e Gather Raw Data
- Interviews c""ome:::ﬁmm.m
- Focus Groups :
- Observation :”."mm'ﬂzf“
e Interpret Raw Data
- Need Statements
e Organize the Needs
- Hierarchy
e Establish Importance
- Surveys
- Quantified Needs
e Reflect on the Process
- Continuous Improvement

Business Model

Core Business Processes

Resources

Typical Procedure of Identifying Customer Needs

e Step 1. Gather Raw Data From Customers
- Interview
- Survey/Questionnaire
- Focus groups
- Observation
- Lead users

Anything | missed?

13



Typical Procedure of Identifying Customer Needs

e Step 2. Interpret Raw Data in Terms of Customer Needs
- Affinity Diagram (Also Known as the K-J Method or Affinity Charts)
- Tutorials:
e http://www.balancedscorecard.org/portals/0/pdf/affinity.pdf

e https://www.moresteam.com/toolbox/affinity-diagram.cfm
e http://asq.org/learn-about-quality/idea-creation-tools/overview/affinity.html

- Free online tool for affinity diagramming: http://memosort.com/

norgantzed ideas Affinity Diagram
Theme1  Themes  Theme:

e 55

e

Wiy 1€ we having sy customar srvic problemi?

s
== =
= o =
= ==
=
o p—
- o tandand
i T

Typical Procedure of Identifying Customer Needs

e Step 3. Organize the Needs into a Hierarchy

Function Tree
{Voice of the Engineer)

bjective: Th like to design and build i test
platform because they want to test and calibratemultiple existing measuring
devices that measures human spinal movement
Providea

Mechanical Spine
Test Platform

Dbjective Tras |
Provide Sensors

Nazareth Teaching Clinic would Ve a balance training video game that will provide
recognize varying movements and provides feedback to patient on their progress,
s well as more specific feedback to therapst. The game should be fun and keep
the patients interest.

B Lirse S o] ] ] [
Provide Adjustable
Fum e
¥ ; : o ¥ ¥ ; ¥
i oy | | g - tagnimg o || et | | g

ann e R

14



Typical Procedure of Identifying Customer Needs
G

e Step 4. Establish the Relative Importance of the Needs

Neea | The Product importance
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Concept Generation

Phase O Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
Product Concept System-Level Detail Testing and Production
Planning Development Design Design Refinement Ramp-up

Mission / \/elopmem
Statement Plan

Identify Establish Gen:rufe Select a Tost et olan
—>| Customer |—»! Target | 5| Product >| Product >
Needs Specs Concepts Concept > z ::‘:z;: —> SF::Is —> Downstream| >

Perform Economic Analysis
Benchmark Competitive Products
Build and Test Models and Prototypes

i Target Specs i Finai Specs

| Based o customer needs >| Based on selected concept,
| and benchmarking | feasibility,. models, testing,

I | and trade-offs

31

The Product Specs Process

e Set Target Specifications Target Specs
Based on cusomer noads
- Based on customer needs and benchmarks and benchmarking
- Develop metrics for each need

- Setideal and acceptable values

e Refine Specifications:
- Based on selected concept and feasibility testing

- Technical modeling Final Specs i
- Reaad o seiscies conceet, |

_ Trade-offs are critical eastity, mosets, g, |
and frade-offs :

e Reflect on the Results and the Process
- Critical for ongoing improvement

32
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Customer Need Identification and Product Specifications:

A Case Example of

33

Mountain Bike Suspension Fork

34

Start with the Customer Needs
.

NEED

[C

The suspension

reduces vibration to the hands.

The suspension

allows easy traversal of slow, difficult terrain.

The suspension

enables high speed descents on bumpy frails.

The suspension

allows sensitivity adjustment.

The suspension

preserves the steering characteristics of the bike,|

The suspension

remains rigid during hard cornering.

The suspension

is lightweight.

The suspension

provides stiff mounting points for the brakes.

© (0[N0 [0SO [N | [H

The suspension

fits a wide variety of bikes, wheels, and tires.

The suspension

The suspension

is easy to install.

works with fenders.

The suspension

instills pride.

The suspension

is affordable for an amateur enthusiast.

The suspension

is not contaminated by water.

The suspension

is not contaminated by grunge.

The suspension

can be easily accessed for maintenance.

The suspension

allows easy replacement of worn parts.

The suspension

can be maintained with readily available tools.

The suspension

lasts a long time.

The suspension

is safe in a crash.

a|o|w|=|w|o|a|a|a|=|a o] s [s]|o|o|nd]w |3

17



w2
£ 3
1] )
= z Metric Imp || Units
1! 1,3|Attenuation from dropout to handlebar at 10hz 3 dB
2| 2,6|Spring pre-load 3 N
3| 1,3|Maximum value from the Monster 5 g
4| 1,3|Minimum descent time on test track 5 s
5 4 | Damping coefficient adjustment range 3|| N-s/m
6 5 |Maximum travel (26in wheel) 3 mm
7 5 |Rake offset 3 mm
8 6 |Lateral stiffness at the tip 3|| kN/m
9 7 | Total mass 4 kg .
10 8 | Lateral stiffness at brake pivots 2|| kN/m
11 9 |Headset sizes 5[] in :>
12 9 |Steertube length 5/ mm
13 9 |Wheel sizes 5 list
14 9 |Maximum tire width 5 in
15 10|Time to assemble to frame 1 s
16 11 |Fender compatibility 1 list
17 12| Instills pride 5|| subj
18 13| Unit manufacturing cost 5/| US$
19 14 |Time in spray chamber w/o water entry 5 s
20| 15|Cycles in mud chamber w/o contamination 5] |k-cycles|
21/16,17|Time to di nble/ nble for maintenance 3 s
22|17,18|Special tools required for maintenance 3 list
23 19|UV test duration to degrade rubber parts 5|| hours
24 19 |Monster cycles to failure 5|| cycles
25| 20|Japan Industrial Standards test 5| | binary
26/ 20|Bending strength (frontal loading) 5 MN

N>

3] 4l 5] 6] 7] 8] ol10[11][12[13[14[15[16[17 19[20[21[22[23[24[25[26

Metric
Attenuation from dropout to handlebar at 10hz

Sprin,

ibility

re-load

Next...

Maximum value from the Monster

Minimum descent time on test track

Damping coefficient adjustment range

Lateral stiffness at brake pivots

Cycles in mud chamber w/o contamination
Time to disassemble/assemble for maintenance
Special tools required for maintenance

UV test duration to degrade rubber parts

Japan Industrial Standards test

Bending strength (frontal loadin:

Headset sizes

Maximum travel (26in wheel,
Rake offset

Lateral stiffness at the ti
Steertube length

Wheel sizes

Maximum tire width

Time to assemble to frame
Instills pride

Unit manufacturing cost
Monster cycles to failure

Total mass
Fender

Need

reduces vibration to the hands.| « - /
allows easy traversal of slow, difficult terrain. .
enables high speed descents on bumpy trails.| *

allows sensitivity adjustment. .

|

|u14>

preserves the steering characteristics of the bike. sl
remains rigid during hard cornering. . .

is lightweight.
provides stiff mounting points for the brakes.

fits a wide variety of bikes, wheels, and tires.. sl

ENENS

is easy to install. -

works with fenders.

instills pride.
is affordable for an amateur enthusiast. .

|
ERS

is not contaminated by water.

is not contaminated by grunge.

can be easily for mai 1ce. .
allows easy replacement of worn parts. o] .

T
NEEES

can be maintained with readily available tools. .
lasts a long time. -

©|o|

ol=]
=

is safe in a crash.




@ 3
g = &
3 E o 3
=
oo x| x| g 2
S > 5 5 & =
g g & Ff g E
Hooel x| % c| €
[ ] s} o S =1
# NEED Imp| o = o £ H O
1 | The suspension | reduces vibration to the hands. 3 o eeee] e oo | oo
2 | The suspension | allows easy traversal of slow, difficult terrain. 2 o | oo ] een
3 | The suspension | enables high speed descents on bumpy trails. 5 . o oo | oo
4 |The suspension | allows sensitivity adjustment. 3 . .. 1 | Next
5 [The suspension | preserves the steering characteristics of the bike| 4 || s*++| -* . L N u
6 | The suspension | remains rigid during hard cornering. 4 . .
7 |The suspension| is lightweight. 4 . .
8 | The suspension| provides stiff mounting points for the brakes. 2 o | eeee [ eee | eee | oo [eeees
9 | The suspension | fits a wide variety of bikes, wheels, and tires. 5 || seee|seeee] oee [eoeee] eee |
10| The suspension | is easy to install. 1 [[oene|ooeeef coee| coeefoceee] «
11 [ The suspension | works with fenders. 1 eee | - . . .
12| The suspension | instills pride. 5 R I R
13| The suspension| is affordable for an amateur enthusiast. 5 [[eeeee| o | eee | o [eee | ee
14 | The suspension | is not contaminated by water. 5 . ..
15| The suspension| is not contaminated by grunge. 5 . o | eeee| oo [eeees
16 | The suspension | can be easily accessed for maintenance. 3| A R A A Rahad M
17| The suspension | allows easy replacement of worn parts. 1 ([ oo eeeee]| o
18 | The suspension | can be maintained with readily available tools. 3 [[eeee- .. .
19 | The suspension | lasts a long time. S| R K R MRl R B
20 | The suspension | is safe in a crash. [ | R R R R R R
37
© 3|
% & g
« </ g
s ¢ § 3 5 5 & 2
g 3 g & £ £ g F
3 8 o5 3 3 § s
= 4 Metric Imp|| Units 0 = o i = [5)
1 1,3 from dropout to handlebar at 10hz. 3 dB 8 15 10 15 9 13
2| 2,6/Spring pre-load 3 N 550/ 760| 500| 710| 480| 680
3| 1,3 Maximum value from the Monster 5 g 36| 32 387 33 37 3.4
4 1,3/ Minimum descent time on test track 5 S 13 11.3] 126| 11.2]| 13.2] 1
5 4|Damping ff 1t adj range 3 || N-s/m 0 0 0| 200 0 0
6 5 |Maximum travel (26in wheel) 3 mm 28 48 43 46 33 38
7 5|Rake offset 3 mm 415 39 38 38| 43.2 39
8 6 |Lateral stiffness at the tip 3 kN/m 59 110 85 85 65| 130
9 7 | Total mass 4 kg 1.409| 1.385| 1.409 | 1.364 1.222 1.1 Next
10 8|Lateral stiffness at brake pivots 2 kN/m 295/ 550| 425| 425| 325 650 -
1.000 1.000
1.000| 1.125/1.000| 1.125| 1.000
11 9|Headset sizes 5 in 1.125/1.250| 1.125| 1.250|1.125 NA
150 150
180| 140/ 150 170/ 150
210/ 165/ 170| 190, 190
230/ 190 190 210/ 210
12 9| Steertube length 5 mm 255| 215| 210| 230| 220 NA
26in
13! 9|Wheel sizes 5 list 26in| 26in| 26in| 700C| 26in| 26in
14 9 |Maximum tire width 5 in 15| 1.75| 15| 1.75| 1.5 1.5
15| 10 Time to assemble to frame 1 s 35 35 45| 45 35, 85
16/ 11 Fender ibil list Zefal| none| none| none| none all
17| 12 |Instills pride subj 1 3 3 5
1 13| Unit cost uss 65| 105 85| 115 80| 100
1 14 Time in spray chamber w/o water entry s 1300 2300/ >3600.
2, 15| Cycles in mud chamber w/o contamination k-cycles 15 19 15 25 18] 35
21/16,17 | Time to di: for maintenance s 160 245| 215| 245| 200| 425
hex,
long|  pin
2217,18 | Special tools required for list hex| hex| hex| hex| hex| wrnch
23 19UV test duration to degrade rubber parts hours | 400+| 250| 400+| 400+| 400+| 250,
24 19| Monster cycles to failure cycles | 500k+|500k+ |500k+| 480k 500k+| 330k
38 25| 20|Japan Industrial Standards test binary | pass| pass| pass| pass| pass| pass
26| _20|Bending strength (frontal loading) 5 | MN 55| 89| 75| 75| 62| 102
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B
& E
g g
5 3
Metric Units = 3
| 1| Attenuation from dropout to handlebar at 10hz dB >10 >15]
2| Spring pre-load N 480 - 800 |650 - 700
3| Maximum value from the Monster g <385 <8.2
| _4|Minimum descent time on test track s <13.0| <11.0
5| Damping coefficient adj 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
10/ Lateral stiffness at brake pivots KkN/m >325 >650
1.000
1.000 1.125
11| Headset sizes in 1125 1.250
150
150 170
170 190
190 210
| 12| Steertube length mm 210 230
26in
13| Wheel sizes list 26in 700c
14 i tire width in >1.5] >1.75
| 15| Time to assemble to frame s <60 <35
16| Fender compatibility list none all
17| Instills pride subj >3 >5||
18| Unit manufacturing cost [VEE) <85 <65
19| Time in spray chamber w/o water entry s >2300| >3600
20| Cycles in mud chamber w/o contamination k-cycles >15 >35
121 | Time to disassemble/assemble for maintenance s <300 <160
22| Special tools required for maintenance list hex hex|
23] UV test duration to degrade rubber parts hours >250 >450
24| Monster cycles to failure cycles >300k| >500k
25| Japan Industrial Standards test binary pass pass
39 26/Bending strength (frontal loading) MN >70| _ >100

Quality Function Deployment (House of Quality)
G

e Tutorial: http://en.wikipedia.org/wiki/Quality function deployment

~ technical <)
;~s.° correlations ', ./

.

engineering

relative P I
importance ' 1 metrics C
oo i
................... - aon
___________________ - - oo
customer | o . | benchmarking -
needs CorormTae ' on needs

relationships between
customer needs and
engineering metrics

----------------- - -f -1

specs

target and final

40
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Requirement Analysis

Interactions/Interrelationships between Functions:
B

To describe how multiple functions work
logically/interactively as a coherent system!

Issues around computer replacement project

Traln users

10

Train opetators

I
equipment

Install new
manframe

Negatiate naw
maintenance
contracts

More utlities
(heal. air, aleciricity)

Function Decomposition

The goal of problem decomposition is to help identify the
few critical functions for your design.

Every Product Function has a series of inputs and outputs
that describe the behavior of the function.

inputs outputs
Functional
— | description |

Take a "systems"” approach to design

42
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Step 1: Decompose Into Smaller Sub-Problems -
G
e Problem: Most design challenges are too complex to be solved as a
single problem.

e Solution: Divide into simpler, manageable subproblems, also called
problem decomposition.

e 1. step: represent problem as a black box operating on material,
energy and signal flow
e 2. step: functional decomposition by dividing the single black box into
sub-functions to create a more specific description of the problem
- Goal: to properly describe the functional elements

Functional Decomposition

without implying a specific technological working :
. . . M [e——

principle or a physical solution. i
- There is no single correct way of creating a function [ ] —
diagram or a functional decomposition. 5 : i = =
- Itis best to create a number of drafts and then work to e e
refine them into a single diagram.. —_— ==
L A=

43

Function Structure Diagram
G

[ ] TUtO rial . http://npdbook.com/stages-of-the-design-process/function-structure-diagram/

_aesal_WProduct’s | e,
Input Output —Eneryy Jp o
3 . asic Energy
) >
ENergy m——— Energy nformation | 271C 1071 | information,
Material m——  Device Material
Signal me— Signal [ | Driven Mall
Compressed A\r‘ Drive Nails Noise
Trip Signal Heat
=——p Transfer and conversion of energy.
—p Movement of material within the system. C. Air
=3 Control and feedback signals within the system. 5 Acce_pt _)Stor§ COHW[‘&)
C. Air C. Air |” [Energy

Driven Nail
Nails _ Accept __)Store __)I olate| . |Apply [~ >
------- PNails | [Nails [ “|Nail [ TT[KE. | MNoise

Trip j
Signal Sense Trigger
—ATrip [ 7] Tool J
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A Technique for Functional Decomposition & Analysis

e Follow the flows (energy, material and signal) and determine what
operations are required
e Decomposition by Sequence of User Actions
- Useful method for simple technical products

. G. Al [a
e Example: Nail gun —
ails

- Move tool to gross nailing position.

pm Sl >
— Position the tool precisely. ”'L"’- ail | K.

- Trigger the tool.
e Decomposition by Key Customer Needs
- Useful technique for products where form and shape are the primary
design problem, not the working principle
e Example: Nail Gun
- Fires nails rapid succession.
- Fits in tight spaces.
- Has large nail capacity.
- More examples for such products:
e Storage container, toothbrush, ice cream scoop, etc.

Trip
Signal

45

The Example of Designing a Hand-held Nailer Jra—
G

INPUT OUTPUT
Energy (?) — = Energy (?)
Material (nails) ——® Ha::i;gfld —® Material (driven nail)
Signal (tool "trip") — — - - — - Signal (?)

Store or Convert
' L accept ' energy to
Energy external translational
energy energy
Apply .
Nails »> Store ] Isclate | translational p Driven
nails nail g nail
energy to nail
<
I
—d ,ﬂ
"Trip" of Sense Trigger /
ool T trip - tool .

The design team decomposed the problem into several subproblems: Energy Source, Material (nails), Initiate action

46
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The Portable Transportation Vehicle
Students: Heidi Bland, tin Brown, Charley Corley, Justin English, Lonnie McGes
G

orge Woodruff School of Engineering
Georgia Institute of Tec qy
Instr

Function Structure Diagram Design Mock-up

Block diagram
sfthe

A
— -

Georgia
v

IDEFO0 Functional Modeling
L

o Tutorial: http:/www.idef.com/idefo.htm

g

oot ey
i
Input F""::‘“'t',“' Output
.
Mechanism

Ficure 1: An IDEF Meta Mope.

) Logcal IT Servicel
T e
o
.
I
e ————
l Product: | Problam
ems e
poroved Wireceipta
o disgasition rya
2 1] Purchase .
' s
soardees

Faw materisls &
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for
shipmant orger

RTCR. and Rstumed unts
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r2sense: Smart Qil Level Sensor

SMART MAINTENANCE OF AIRPORT GROUND SUPPORT r'l"
EQUIPMENT FOR FLEET OPERATION PLANNING i W

THE SOLUTION PRDDUCTSC}}.LABII.ITV

Foundation for

holistic vehicle

maintenance
database

Hydrostatic
pressure
transducer

sy r2sense currently uses an

- = Py n
S YYTY 15 mamacantn. Arduine microcontroller to
ol Reyems  tngery relay data. This can easily be
o  Dira L uternat el e adapted to a company’s
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o Reques s existing asset management
o] Sotisfaction e . — 15 Reneuees Ragut software to enhance scale of
+— > Bemacc Taskang connectivity to all equipment.
" Ay
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ctive Maintenance
[ A
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Brew
Coffee

Electricit
v i

Functions . Brewed
Coffee

memmmgmm——
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Summary

What How
we want to we want to
achieve achieve it

Essentially design is a Mapping between “what we
want to achieve” and “How we want to achieve it”
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