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Agenda 

Morning:
• Introductions 
• Wright Brothers
• Example
• Hands-on Activity

Afternoon:
• Start your own trade-off curve



Often we see PD this way...

Concept Feasibility Development ImplementationNeed



When it’s really more like this.
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“Value added” in product 
development is creating 

(re)useable knowledge and 
hardware/software. 
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A Lesson From History



How to Design the First Airplane
(and live to tell about it)



Would-be Inventors of Flight

• Otto Lilienthal (Germany)
• 18 gliders over 10 years, 2000 test flights
• Perished in test flight crash in 1896

• Clement Ader (France)
• $120K spent over 1872-1897 without success

• Hiram Maxim (England)
• $200K invested in 1890’s without success

• Samuel Langley (US)
• $70K spend over 16 years; no manned flight achieved for longer than 

a few seconds



How about the Wrights?

• Never attended university.
• Spent about $1000.
• 22 months of development work, 3 people, spread over 3-4 years
• First full prototype flew.

How did they do it?



They Innovated an Entirely New Approach

• Three knowledge gaps 
identified:

• In-flight control
• Wing design
• Propulsion

• Attacked first.
• Systemic testing of control 

ideas in kites, gliders.
• Discovered need to control 

yaw.
• Discovered that existing lift 

tables were wrong…



Closing the wing design gap

Lift BalanceWind Tunnel





Wind tunnel data confirmed in a subsystem test



Closing the Propulsion Gap

"It was apparent that a propeller was 
simply an aeroplane (wing) travelling in 
a spiral course. As we could calculate 
the effect of a wing traveling in a 
straight course, why should we not be 
able to calculate the effect of a wing 
travelling in a spiral course?" 

Breakthrough Realization:

Reusable Knowledge!



Reused Knowledge

• Airfoil knowledge curves used to design novel propeller.
• Highly efficient propeller allowed a small motor.

They closed the propulsion gap!



“Success assured.”

• With the knowledge gaps now closed…
• A full system prototype was built…
• Transported to Kitty Hawk…
• And flew, 
 with no design changes!



Take-aways

1. Design-build-test vs. learning first
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Iteration on a “Point” Solution

initial 
design next 

revisions

first
revision



Iteration on a “Point” Solution

initial 
design next 

revisions

first
revision

Problems
When will you find a 

design that works?
Where to go next?
How far are you from a 

“cliff”?
Have you produced any 

reusable knowledge?
How can teams work 

concurrently?
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Take-aways

1. Design-build-test vs. learning first
2. Re-usable “visible” knowledge



Source:
http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/
19930091108_1993091108.pdf
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115 airfoils tested!
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P-51 Mustang



Take-aways

1. Design-build-test vs. learning first
2. Re-usable “visible” knowledge
3. Other?
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