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Design Process

¢ Effective design can provide a competitive
edge

= matches product or service characteristics with
customer requirements

= ensures that customer requirements are met in
the simplest and least costly manner

= reduces time required to design a new product
or service

= Minimizes revisions necessary to make a design
workable
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Design Process (cont.)

¢ Product design
= defines appearance of product
= Sets standards for performance
= Specifies which materials are to be used
= determines dimensions and tolerances
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Design Process (cont.)
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Idea Generation

+ Company’s own + Salespersons in the
R&D department field

. Custom.er * Factory workers
complaints or » New technological

suggestions
¢ Marketing research
¢ Suppliers

developments
¢ Competitors
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Idea Generation (cont.)

= Perceptual Maps

= \/isual comparison of
customer perceptions

= Benchmarking

= Comparing product/process
against best—-in—class

= Reverse engineering

= Dismantling competitor’'s product to
improve your own product
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Perceptual Map of
Breakfast Cereals
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Feasibility Study

+ Market analysis
¢ EFconomic analysis

¢ Technical/strategic
analyses

¢ Performance specifications
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Rapid Prototyping

¢ testing and revising a
preliminary design model

+ Build a prototype
= form design
= functional design
= production design

¢ [est prototype
¢ Revise design
+ Retest
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Form and Functional Design

¢ Form Design

= how product will
look"?

¢ Functional Design

= how product will
perform?
e reliability
e Maintainability
e usability
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Computing Reliability

Components in series

m— (.90 p— (.90

0.90 x 0.90 = 0.81
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Computing Rehiability (cont.)

Components in parallel

0.90
R
I 2

———{ (.95 = 0.95 + 0.90(1-0.95) = 0.995
R1
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System Reliability

0.90

= 0.98 ™ 0.92+(1-0.92)(0.90)=0.99 ™ (.98 ™=

0.98 x 0.99 x 0.98 = 0.951
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System Availability (SA)

MTBF

A= MTBF + MTIR

where:
MTBF = mean time between failuregs
MTTR = mean time to repair
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System Availability

(cont.)
PROVIDER MTBF (HR) MTTR (HR)
A 60 4.0
B 36 2.0
C 24 1.0

SA, = 60 / (60 + 4) = .9375 or 94%
SA; = 36 / (36 + 2) = .9473 or 95%

< SA. =24 (24 + 1) = .96 or 96% >
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Usability

¢ Ease of use of a product or service
= €ase of learning
= €ase of use
= €ase of remembering how to use
= frequency and severity of errors
= USer satisfaction with experience
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Production Design

= How the product will be made

= Simplification

e reducing number of parts, assemblies, or options in a
product

= Standardization
e USing commonly available and interchangeable parts

= Modular Design

e combining standardized building blocks, or modules, to
create unique finished products

» Design for Manufacture (DFM)

* Designing a product so that it can be produced easily
and economically
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D e Si n Source: Adapted from G. Boothroyd and
g P. Dewhurst, “Product Design.... Key to
Successful Robotic Assembly.” Assembly

S lmphﬁcatlon Engineering (September 1986), pp. 90-93.

(a) Original design (b) Revised design (c) Final design

—c

Assembly using One-piece base & Design for
common fasteners elimination of push-and-snap
fasteners assembly
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Final Design and Process Plans

+ Final design + Process plans
= detailed drawings = workable
and specifications Instructions
for new product or e necessary equipment
service and tooling

e COMponent sourcing
recommendations

e jOb descriptions and
procedures

e computer programs
for automated
machines
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Design Team

(a) Sequential design: Walls between functional areas

rmanc, sign s acturin
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Customers Marketing Design Manufacturing Production
personnel engineer engineer personnel

(b) Concurrent design: Walls broken down
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Design team
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Concurrent Design

+ A new approach to .
design that involves .
simultaneous design of
products and
processes by design
teams

* Improves quality of
early design decisions
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Involves suppliers

Incorporates
production process

Uses a price—minus
system

Scheduling and
management can be
complex as tasks are
done in parallel

Uses technology to aid
design
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Technology 1n Design

¢ Computer Aided Design (CAD)

assists in creation, modification, and analysis
of a design

computer—aided engineering (CAE)
e tests and analyzes designs on computer screen

computer—aided manufacturing (CAD/CAM)
e Ultimate design—to—manufacture connection

product life cycle management (PLM)
e managing entire lifecycle of a product

collaborative product design (CPD)
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Collaborative Product Design
(CPD)

+ A software system for collaborative design and
development among trading partners

+ With PML, manages product data, sets up project
workspaces, and follows life cycle of the product

¢+ Accelerates product development, helps to resolve
product launch issues, and improves quality of
design

¢ Designers can
= conduct virtual review sessions
» test “what if” scenarios
= assign and track design issues
= communicate with multiple tiers of suppliers
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Design Review

+ Review designs to prevent 7a/ilures
and ensure value

s Failure mode and effects analysis (FMEA)

e a systematic method of analyzing product
failures

s Fault tree analysis (FTA)

e a visual method for analyzing
interrelationships among failures

= Value analysis (VA)

e helps eliminate unnecessary features and
functions
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FMEA for Potato Chips

Failure Cause of Effect of Corrective
Mode Failure Failure Action
Stale +low moisture content stastes bad +add moisture
sexpired shelf life +won'’t crunch ¢ cure longer
*poor packaging sthrown out *better package seal
*|ost sales sshorter shelf life
Broken +too thin scan’t dip +change recipe
+too brittle spoor display +change process
+rough handling ¢injures mouth +change packaging
srough use +chocking
*poor packaging sperceived as old
¢|ost sales
Too Salty soutdated receipt seat less sexperiment with recipe
sprocess not in control +drink more sexperiment with process
s+uneven distribution of salt | *health hazard ¢introduce low salt version
¢|ost sales
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Fault tree analysis (FTA)

Chip breaking Key: and

.
desirabl
Too | | Too A

brittl hi
" " acceptable

| solution
| | I | |

More Fewer Adjustfrying  Increase  Reduce
moisture ridges procedures thickness size

XXX XXX

Amount Length
of heat of time

‘Solved Solved
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Value analysis (VA)

Can we do without it?

Does it do more than is required?
Does it cost more than it is worth?
Can something else do a better job?
Can it be made by

= a less costly method?
= with less costly tooling?
= Wwith less costly material?

+ Can it be made cheaper, better, or faster by
someone else?

*® & ¢ o o
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Value analysis (VA) (cont.)

+ Updated versions also include:
= Is it recyclable or biodegradable?
= |S the process sustainable?
= Will it use more energy than it is worth?

s Does the item or its by-product harm the
environment?
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Design for Environment and
Extended Producer Responsibility

¢ Design for environment
= designing a product from material that can be recycled
= design from recycled material
= design for ease of repair
= Minimize packaging

= Minimize material and energy used during manufacture,
consumption and disposal

+ Extended producer responsibility

= holds companies responsible for their product even after its
useful life
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Design for Environment

] |

Less packaging No byproduct

(4) Easy to disassemble
Recyclable
Less energy to dispose
Doesn’t harm environment

-

l

(1) Recycled material (2) Less energy to process () Less energy to s
Less material Renewable resources Longer life
Replenishable material Less waste Fasy to repair
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+ Ability to meet present needs without compromising

Sustainability

those of future generations
+ Green product design

Copyright 2009 John Wiley & Sons, Inc. www.bsr.org, accessed April 1, 2007.

Use fewer materials

Use recycled materials or recovered components
Don’t assume natural materials are always better
Don’t forget energy consumption

Extend useful life of product

Involve entire supply chain

Change paradigm of design

Source: Adapted from the Business
Social Responsibility Web site,
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Quality Function
Deployment (QFD)

+ Translates voice of customer into technical
design requirements

+ Displays requirements in matrix diagrams
= first matrix called “house of quality”
= series of connected houses
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House of Quality

Trade-off matrix

Importance

Customer Relationship
requirements matrix

° Target values
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Competitive Assessment

of Customer
Requirements
Customer Requirements
Presses quickly 9
Removes wrinkles 8
¢ T | Doesn’t stick to fabric 6
2 2 [Provides enough steam 8
Doesn’t spot fabric 6
Doesn’t scorch fabric 9
Heats quickly 6
s 2 Automatic shut-off 3
& 5 | Quick cool-down 3
§E Doesn’t break when dropped 5
w & | Doesn’t burn when touched 5
Not too heavy 8
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From Customer

Requirements

to Design

Characteristics

Customer Requirements

Presses quickly - I +
Removes wrinkles Ic:-)l - +
g & Does.n’t stick to fabric - ® +| 1®
£ 2 | Provides enough steam +
Doesn’t spot fabric + Q@)
Doesn’t scorch fabric + @ + @
Heats quickly -
o § Aufomatic shut-off @
;B Quick cool-down I@I"' @
0 o Doesn’t break when dropped + |®I
Ww & | Doesn’t burn when touched + + O+
Not too heavy + |®| - p
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Tradeoft Matrix
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JCS 111

Targeted Chan

Design
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Completed
House of Quality

Importance

Customer Requirements
Presses quickly =K |+ ]+ -
Removas wrinkles * * |+ |+
Eg Doesn't stick to fabric - % +| ®l+
= Provides enough steam + * |+ |+
Doesn't spot fabric +|-1- 10
Doesn't scorch fabric +* ﬁ
Heats quickly =[5 B |-
E E Automatic shut-off L E
S's Quick cool-down -%4— {
® ‘E Doesn't break when dropped e +
W& | Doesn't burn when touched * + +
Not too heavy +Ol-1- & :
. Units of measurea nulnn in Jom | by | ea |meefoss] ves |sec J TR VR
ns Iron A lidee] 2 fasfar | Jos| & mcfH ]y
§=m R 3 20 N L el S R e T
W our Iron (1] shizlss] o |7 ]| e |er] = foe]n]
Estimated Impact afaajajeafaeie]|e]a]e
_Estlmuhd-cu:t afalafafaa]s]ala]a]s]z
Targets 12 |e=] 3 fes |20 o {500
| Design changes N O I
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MG = Mirorrglide
T = Titanium

4-39



A Series of Connected
QFD Houses

2
S §
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Benefits of QFD

= Promotes better understanding of
customer demands

= Promotes better understanding of
design interactions

* |nvolves manufacturing in design
process

= Provides documentation of design
process
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Design for Robustness

+ Robust product

= designed to withstand variations in environmental and
operating conditions

+ Robust design

= Yields a product or service designed to withstand
variations

¢ Controllable factors

= design parameters such as material used, dimensions,
and form of processing

+ Uncontrollable factors
= user’s control (length of use, maintenance, settings, etc.)

Copyright 2009 John Wiley & Sons, Inc. 4-42



Design for Robustness (cont.)

¢+ Tolerance

= allowable ranges of variation in the dimension of a
part

+ Consistency

s consistent errors are easier to correct than random
errors

s parts within tolerances may yield assemblies that
are not within limits

= consumers prefer product characteristics near their
ideal values
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Taguchi’s Quality Loss

Function

* Quantifies customer
preferences toward
quality

* Emphasizes that
customer preferences
are strongly oriented
toward consistently

+ Design for Six Sigma
(DFSS)
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tolerance
limit

Target

Upper
tolerance
limit
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