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A Design Space

feasible designs created in response to the
articulation of a design task is pictured as a
problem space or a design space that consists
of states as shown in Fig.

® Articulated designs
O Hidden designs

\. Boundary on feasible region

« Each state is a different conceptual design. The space has a boundary that
encloses only the feasible designs, many of which are unknown to the
designer

« The space is more than three dimensions because there are so many
characteristics that can categorize a design (e.g., cost, performance, weight,
sSize, etc.)



Design Space Analogy

A stationary solar system is a useful analogy for a design space



A stationary solar system is a useful analogy for a design space.

v Each planet or star in the system is different from the others.

v' Each known body in the space is a potential solution to the design task.
v' There are also a number of undiscovered planets and stars.

v These represent designs that no one has articulated.

v' The vastness of outer space is also a good analogy for a design space.

There are many, many, many, different solutions for any design problem. The
number of potential solutions can be as high as the order of n where n is equal to
the number of different engineering characteristics it takes to fully describe the

design.






Designs did not miraculously appear but originated in the minds of human beings
and took time to develop.

Engineering is the creative process of turning abstract ideas into physical
representations (products or systems).

‘There are scientific methods that
everyone can adopt to develop
optimised DESIGNS’



Design Process

1. Define the Problem
2. Generate Concepts
3. Develop a Solution

4. Construct and Test a
Prototype

5. Evaluate the Solution
6. Present the Solution

1. Define Problem |=%

4, Construct and Test
Prototype

Is Prototype

6. Present
Solution

Valid?
Y

5. Evaluate Solution

N
Solution Solves v
Problem?



Define the Problem
 |dentify a problem

 Validate the problem
—Who says it Is a problem?
— Needs and wants
— Prior solutions
 Justify the problem
— Is the problem worth solving?
* Create design requirements (specifications)
— Criteria and constraints
* Design Brief



Define the Problem
* Design Brief
— A written plan that identifies
a problem to be solved, its
criteria, and Its constraints.

— Used to encourage thinking
of all aspects of a problem
before attempting a
solution.

I 1. Define Problem




Define the Problem

1. Define Problem
Pro
Valid and

Justifiable?
Y

In some cases, If the
problem is not valid or
justifiable, the designer
must define a new
problem.



1. Define Problem

Generate Concepts
Research

Problem
Valid and

Justifiable?
Y

I 2. Generate Concepts |

* Brainstorm possible
solutions

* Consider additional design
goals

* Apply STEM principles
« Select an approach
* Decision Matrix



1. Define Problem

Generate Concepts

Problem
Valid and
Justifiable?

I 2. Generate Concepts |

 Decision Matrix

— Atool used to compare
design solutions against one
another, using specific
criteria.

; Development,
cost, | complexity s Totd
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Generate Concepts

1. Define Problem

Problem
Valid and
Justifiable?

I - concente |
2. Generate Concepts |

Needed
Technology N
Exists?
Y

Scientific
Research
Needed

If the technology
necessary to develop
the solution does not
exist, scientific research
may be necessary to
pursue a solution.



1. Define Problem

Develop a Solution

* Create detailed design e~
SOIUtlon JustTable.
* Justify the solution path e

Needed
Technology N
Exists?
Y

‘ 3.Develop a Solution \

Scientific
Research
Needed

* Technical Drawings




Develop a Solution
* Technical Drawings

— Drawings that provide
technical information
necessary to produce a

product.
* material, size, shape
« assembly, if necessary

1. Define Problem

Problem

Valid and
Justifiable?
Y

2. Generate Concepts

Needed
Technology N
Exists?
Y

| 3.Develop a Solution \

Scientific
Research
Needed




— ﬂ -
-1 00
PR Y
- 3
".ce
RIZ0Q
A’
-
= 5 . -
B N 3

e MR S

Left View

L oo JTop View
s o
SRR 1 S
4.8 -
[-. 2500 -
_—" .
]
!t.::: :::Tﬂr‘ ! Y - RE.O8 -
[ oyt oW ,7/
L} :— _:::- ' e ."';‘
— 1,
|
A L- 21082
< B . 3 F ces
- rprve = 1 ==
eSO
3 el !
& L L. -
i = e e || [
Ik
' i | nswrf: 1 J ;_&
At - -
L“ L:i‘x.. "’”‘] nght View
| e | Front View
——
R 30
(o o) §

= === Bottom View
- LRE <) -
- 100G

.

Back View

- t2EE,

<1103

43 %

b 26

1

:

Fudl Sesc o A5

I ol LA R ST

WG O ENG WG - 02 '




1586
1860

‘_©§§§:Ez£tixlzi:i?iﬁﬁ:

ESs 2o

[ 1582 —

2020

CACOS.COm



Develop a Solution

If a solution is found to be
iInvalid or cannot be
justified, the designer must
return to a previous step Iin
the design process.

1. Define Problem

Problem
Valid and
Justifiable?

2. Generate Concepts

Needed
Technology N
Exists?
Y

Scientific
Research
Needed

3.Develop a Solution

Is Solution
Valid?
Y



Construct and Test a
Prototype

Construct a testable
prototype

Plan prototype testing
— Performance

— Usability

— Durability

Test prototype

— collect test data

— analyze test data

Test Report

1. Define Problem

Problem
Valid and

Justifiable?
Y

2. Generate Concepts

Needed
Technology N
Exists?
Y

3.Develop a Solution

Is Solution N
Valid?
Y

4. Construct and Test
Prototype

Scientific
Research
Needed



UNCERTAINTY [ PATTERNS [ INSIGHTS CLARITY 'l’ FOCUS

/
PROTOTYPE DESIGN f

RESEARCH ‘ CONCEFT

Prototyping: The first stage of testing and implementation of a new product, called
prototyping, consists of building a prototype of the product-the first fully operational
production of the complete design solution. A prototype is not fully tested and may not
work or operate as intended. The purpose of the prototype is to test the design solution
under real conditions.



Aircraft wind tunnel test






Construct and Test
a Prototype

1. Define Problem

Problem
Valid and

Justifiable?
Y

N

2.Generate Concepts | -————————

Needed
Technology p
Exists?

Y

Scientific
Research
Needed

If a testable prototype
cannot be built or test
data analysis indicates a TS
flawed design, the valid?
designer must return to a I 4. Construct and Test \
previous step of the —
design process. = Prototype~;

Valid?
Y

3.Develop a Solution

N



Evaluate the Solution
 Evaluate solution

effectiveness

» Reflect on design
— Recommend improvements
* Optimize/Redesign the
solution

— [Return to prior design
process steps, if necessary]

— Revise design documents
* Project Recommendations

1. Define Problem |-

4, Construct and Test
Prototype

5. Evaluate Solution



Evaluate the Solution

1. Define Problem |=%

Valid and
Justifiable?

2.Generate Concepts |«

Needed
Technology
Exists?
\

Scientific
Research
Needed

N

3. Develop a Solution

Is Solution

Valid?
\i

4, Construct and Test
Prototype

Is Prototype

Valid?
A

5. Evaluate Solution




Evaliiate the Snliitinn

1. Define Problem

Problem
Valid and
Justifiable?
Y

2. Generate Concepts |

Needed Scientific
Technology N Research
Exists? Needed

Y

3. Develop a Solution

Is Solution
Valid?
Y

N

4, Construct and Test
Prototype

Is Prototype
Valid?
Y

h 4
5. Evaluate Solution

N
Solution Solves
Problem?

Does the solution solve
the problem?

If not, the designer must
return to a previous step
of the design process.



1. Define Problem

Present the Solution

Problem
Valid and
Justifiable?
¥

* Document the project

2.Generate Concepts _ PrOjeCt Portfolio
TS »+ Communicate the

"' project

3. Develop a Solution

— Formal Presentation

Is Solution
Valid?
Y

4. Construct and Test

Prototype
tYP 6. Present
Solution

Is Prototype
Valid?
Y

N

5. Evaluate Solution Solution Solves y
Problem?




DeSign Process 1. Define Problem

Valid and
Justifiable?

* |terative

2. Generate Concepts

Needed
Technology
Exists?
Y

3. Develop a Solution

Is Solution
Valid?
Y

4.Construct and Test
Prototype

6. Present

Is Prototype™; Solution

Valid?

A

5. Evaluate Solution

stion Solves y
Problem?




1. Define Problem

A Design Process

Problem
Valid and
Justifiable?
¥

2. Generate Concepts

Product improvement

T or redesign wil
Exists? . :
v {ooded require the designer
3. Develop a Solution o repeat the deSign
process.
Is Solution
validz M
Y

4. Construct and Test

Prototype
tYP 6. Present
Solution

Is Prototype
Valid?
Y

N

Solution Solves v

5. Evaluate Solution
Problem?




Detailed Design Process

12. Communicate Results 1. Define a Problem

2. Brainstorm Possible

11. Refine/Create :
Solutions

10. Test & Evaluat
3. Generate ideas
9. Prototype

4. Research Ideas &
Explore Possibilities

8. Develop Written
Design Proposal 5. Specify Criteria &

Identify Constraints

7. Select an Approach 6. Consider Alternative Solutions



Product Development Process

Define Gather Concept Evaluation
problem information generation of concepts
Problem statement Internet Creativity methods Decision making
Benchmarking [ Patents . Brainstorming | Selection criteria
Product dissection Technical articles Functional models Pugh Chart
House of Quality Trade journals Decomposition Decision Matrix
PDS Consultants Systematic design AHP
methods

Conceptual design

!

Product Configuration Parametric Detail
architecture design design design
Arrangement of Preliminary selection Robust design Engineering

physical elements | of materials and | Set tolerances | drawings
Modularity manufacturing DFM, DFA, DFE Finalize PDS
processes Tolerances
Modeling
Sizing of parts

Embodiment design
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