Traditional
Engineering
Design

[G. Pahl and W. Beitz,
Engineering Design,

The Design Council,
Springer-Verlag,

New York, 1984, page 41.]

Determine Need

Determine Functional Requirements

and Constraints

v

Identify essential problems
Propose function structures

Search for and propose solution principles
Combine and refine into concept variants
Evaluate against technical and economic criteria

i

Concept

Develop preliminary configurations

Introductory Analysis

Select best preliminary design(s)

Refine and evaluate against technical and economic criteria

y
\

| Preliminary D&sign(s)‘

i

Iterate until time or other resources run out

Refine and complete configuration(s)

Detailed analysis of refined design(s)

Review for errors, manufacturability, and cost

Prepare apreliminary parts list and fabrication drawings

I

Definitive Design |

{

Finalize Details
Final analysis and verification
Complete detail drawings and production documents

‘ Documentation ‘

{

Prototype

Test and evaluate

—

Clarification
of the task

—_— =

Concept
Generation

Embodiment Design——=<—

<—Detail Design

—=

Evaluation

Physical

<



Customer Technical
Preferences Specifications

Engineering Design Synthesis

Refinement

Design Fabrication | Prototype | Operation | Function/
Description "| Hardware Behavior

Manufacturing Engineering Analysis

Product Modeling and Simulation
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Aggregation Operator Axioms

At each point Z the following hold:

1. Monotonicity:
P(p1, po; wi,w2)
P(p1, po; wi,w2)

(@) < P(p1, ph; wi,w2) (@) YV pa(®) < ph(Z)
() < P(p1, p2;wi,ws) (@) Vws <wsh pi(d) < pa(d)
2. Symmetry:

P(p1, po; wi,w2) (X)) = P(p2, p1; w2, w1) (L)

3. Continuity:
P, po; wi,w2) (F) = My )@ P01, po; w1, w2) (T)
P(p1, p2; wi,w2)(Z) = limy—w, P(p1, po; wi, wh) (L)

4. Idempotency:
P(p, oy w1, w2)(F) = p(F) Vwi +w2>0

5. Annihilation:
P(M,O;wl,wz)(f) =0 \V/LUQ 74: 0

6. Self-scaling weights:
P(p1, po; wit,wat) (Z) = P(u1, po; w1, w2)(F) Vwi + w2t >0

7. Zero weights:
P(p1, p2; w1, O)(&) = p1 (&) Vwr #0
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Current Related Work at Caltech
Rapid Exploration of a Large Design Space
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Sobieski Paradox (1988)

100%

|mproved Modeling

owledge of the Problem

Time

Improved Design Processes



Faster

=
Better



