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The Enterprise of Engineering

-- Theodore von Kárman

“Scientists discover what is, 
engineers create what never was”
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Engineering Design

Design is a process whereby abstract information
about the need for a product or process is converted 
into concrete information necessary to realize that 
product or process.  

Design, being at the crossroads of art and science, is 
the essential core of engineering. 

Science

Art

Engineering
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Engineering Design

The outcomes of the design process are non-
unique.  

One cannot expect to write a formula for a 
design problem nor arrive at a single correct answer.

There are “better” and “best” answers.   
There are “optimal” solutions but not “only”
solutions.
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The Product Development Process

W. F. Tam, AIAA 2004 - 6126 

• The Changing Face of the Design Process
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The Product Development Process

W. F. Tam, AIAA 2004 - 6126 



C. Jenkins ME 403 6

NASA Technology Readiness Levels
Basic Technology Research:

Level 1: Basic principles observed and reported 

Research to Prove Feasibility:

Level 2: Technology concept and/or application formulated 

Level 3: Analytical and experimental critical function and/or characteristic proof 
of concept 

Technology Development:

Level 4: Component and/or breadboard validation in laboratory environment 

Technology Demonstration:

Level 5: Component and/or breadboard validation in relevant environment 

Level 6: System/subsystem model or prototype demonstration in a relevant 
environment (ground or space) 
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NASA Technology Readiness Levels
System/Subsystem Development:

Level 7: System prototype demonstration in a space environment 

System Test, Launch and Operations:

Level 8: Actual system completed and "flight qualified" through test and 
demonstration (ground or space) 

Level 9: Actual system "flight proven" through successful mission operations
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The Product Development Process

D. Linick and C. Briggs, AIAA 2004 - 6129

• The JPL Flight Project Life Cycle
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The Product Development Process

D. Linick and C. Briggs, AIAA 2004 - 6129

• The Engineering Process Structure
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The Product Development Process
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The Product Development Process
• Project Risk Assessment

111Optical Diagnostic System (ODS) for Solar Sails - Phase 2 Kickoff - July 21, 2004

Phase 2 and Phase 3 Risks
(PRELIMINARY)

5

5

5

1

2

4

3

3

3

3

2

2

5

4

4

4

3

S

Unplanned repair cost probably ~$50k51V-STARS camera severely damaged (e.g., dropped)15

Delays completing photogrammetry  work51Delay in delivery of IO Industries camera system16

Delays completing photogrammetry  work51Hardware failures in IO Industries camera system17

Effects may be indistinguishable from 
measurement error

82Air currents in lab cause small, unwanted sail motion12

Significance needs to be evaluated84Amount of wrinkling in lab sail structure different than in space13

Significance needs to be evaluated 55Lab illumination conditions different from in-space conditions14
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L

Missed deadlineToo much research in Phase 211

Insufficient understanding of problemToo little research in Phase 210

Delays in evaluating 2nd camera systemDelay in delivery of Texas A&M camera system9

Alternative needed for vibration truth data Polytec scanning laser vibrometer unavailable8

Suitability at larger sail size unknown
Testing thermography techniques on small (1-2 m) membranes 
only

7

Use V-STARS for truth data insteadUnaffordable cost for using LaRC's Leica laser radar system6

Important photogrammetry work not done
Al Burner (LaRC) is unavailable to complete all single-camera 
studies

5

Phase 3 schedule slipISP funds for Phase 3 not arriving at LaRC on time4

Delays in completing planned testsDelays in purchasing JMU sun simulator3

Some test equipment cannot be purchased
Increased LaRC overhead rates reduce available procurement 
dollars

2

Many modes cannot be measured in Phs 2Membrane modes cannot be well excited in air1

CONSEQUENCERISK#

L = Likelihood (1 - 5)
S = Severity (1 - 5)
P = Product L x S (1 - 25)

1 = Lowest, 5 = Highest
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The Product Development Process

C. F. Lillie and W. B. Whiddon, AIAA 2004 - 5894

• Conceptual Design
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The Product Development Process

C. F. Lillie and W. B. Whiddon, AIAA 2004 - 5894

• Trade Study and Down Selection
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The Product Development Process

C. F. Lillie and W. B. Whiddon, AIAA 2004 - 5894

• Trade Study and Down Selection
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The Product Development Process

C. F. Lillie and W. B. Whiddon, AIAA 2004 - 5894

• Preliminary Design
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The Product Development Process
• Trade Study and Down Selection


