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Course Philosophy:  

- Having the right concept has a huge impact on cost and 
performance. It’s difficult to “fix” this later. 

- Understanding the problem and making good decisions as 
part of the solution is as important as having a numerically 
correct answer. 

- Good design is timeless. Our materials, technology and 
analytical capabilities are far superior to those in the past, 
but we seem to make the same mistakes. We ignore the 
lessons of the past at our own peril. 

- “Engineers need to be continually reminded that nearly all 

engineering failures result from faulty judgments, rather 

than faulty calculations.” - Ferguson 
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Design Axioms 
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LEARN from “FAILURE” 

      Case Study Learning 
Communication 

in the Design Process 

Development of a 

Design Philosophy 

The goal of this course is to convey an appreciation of the 
axioms of good design by the review of NASA and other case 

studies.  

 

The common characteristics of design failures and the 
techniques for avoiding them will be examined.  



SAGE Development Process 

- Started in 2002.  

- Co-development of a custom course for NASA.  Worked 
closely with NASA APPEL in development, evaluation, 
refinement, and prototyping. 

- Lots of productive back and forth on the course goals, 
teaching methods, and outcomes. 

- Seven axioms was an outcome of this back and forth. 

- Course was internally piloted for APPEL persons and then 
piloted at MSFC for a greater group of stake holders. 
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The Seven Axioms of Good Engineering 

1.  Avoid a Selective Use of Historical Design Data 

2.  Extrapolate Existing Data into Unknown Regions of the 
Design Space Only with Extreme Caution 

3.  Understand the Design’s Sensitivity and Robustness  

4.  Always Test Against Physicality  

5.  Guard Against Unanticipated Loads and/or Failure Modes 

6.  Avoid Highly Coupled Systems unless a Strong Benefit is 
Shown 

7.  Ensure a Human Understanding of How the System 
Works 

6 



Galileo’s Animal Bone 
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Axiom # 2: Extrapolate Existing Data into Unknown Regions 
of the Design Space Only with Extreme Caution 

Leonardo’s Horse 

vs. 

 24
 ’  

Teaching Axiom 2: Design Space 



Space Shuttle 6.4 % Propulsion Model 
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A Visual Example of Taguchi’s Method 
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Two Possible Input Points 

Which Output 
is Better? 

Axiom # 3: Understand the Design’s Sensitivity and Robustness 

Teaching Axiom 3: Sensitivity and Robustness: 



Apollo Program as an Example of Robustness 

During this time, requirements indicated that four F-

1s on the S-1C stage and four J-2s on the SII stage 

would meet performance requirements.  

However, it was decided to equip the S-1C with five 

F-1s and the SII with five J-2s. This was a good 

decision because it compensated for weight growth, 

addition of margins, and the added missions using 

the Lunar Rover and the Skylab mission.  

Axiom # 3: Understand the Design’s Sensitivity and Robustness 10 



11 Axiom # 6: Avoid Highly Coupled System Unless Strong Benefit is Shown 

Teaching Axiom 6: Highly Coupled Systems 

- Coupled systems are full of 
interdependencies. 

- An idea that is associated with a 
systems-level approach 

- “Getaway Special” as an example of 
system uncoupling 
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What Do I Mean by a Case Study? 

- All case studies are given by a theme.  

- Need case study in the classic business, medical, and law 
point of view. 

- Open ended  

- Don’t tell the answer 

- Motorcycle trip 

- Many types of case studies at NASA. 

- Some general 

- Domain specific knowledge 

- Surprisingly most case studies are written by writers or 
amateur historians and not NASA. 

- Parts of 17 case studies used. 

- I will highlight   DC-3     Pioneer 10      Suspension Bridge 
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Case Study: Development of the DC-3 Aircraft 

What made this such an iconic design?  

Why was it successful. 

What can be generalize about design from this case study? 
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Customer 
Specifications 
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DC-3: Lessons Learned for Design of a New Product 

1. Know what the customer wants and needs, not what they tell 
you. 

2. In development take a reasonable calculated risk, otherwise 
nothing moves forward. 

3. You don’t always need new technology to create a successful 
design.  Great designs can simply be a nexus of existing 
technology.  

4. Get physical fast. Balance testing and analysis. 

5. Be willing to make your own successful product obsolete.  If 
you are in business others are doing this anyway.  
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Pioneer 10 
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Pioneer 10: Lessons Learned for Product Development 
on a Limited Schedule/ Budget 

1. Avoid technology push projects if at all possible.  If 

unavoidable limit technology development to a single area 

(Snap19 RTG). 

2. Get a good design and finalize it.  Don’t continuously revise. 

3. Emphasis on simple solutions. 

4. As design lead always hold the last 10% of your most 

important parameter (mass, volume, cost) back to distribute 

when needed at the end. 

5. Superior interpersonal and teambuilding skills. 
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Development of Suspension Bridges 
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John Roebling 

A long and wandering path through 

design starting with failure leading to a 

period of success.  



Tacoma Narrows Bridge 
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Tacoma Narrows Bridge 
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Design hubris gone too far? 

Still unknown issues of failure.   

Failure of new system? 

 

Has failure biome obsolete?   



Akashi-Kaikyo Bridge 
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Total length   12,831 ft 

Tower height        928 ft  

Longest span     6,532 ft 

Dehumidified air is circulated 
through the main cables to 
prevent corrosion. 

The Kobe Earthquake moved 
one of the towers 3.3 feet 
relative to the other! 



Suspension Bridge Case Study Lessons Learned 

1. How do you ensure knowledge transfer across multiple 
generations? 

2. It can be difficult to define exactly when you have taken too 
much margin out of a system. 

- Stages of product development 

3. It can be difficult to predict all failure modes in complex 
systems. 

4. Do we ultimately need to learn from failure in all systems? 
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The Books 
and the Case Studies 
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Selected case studies regarding 
complex systems and the ability of 
human’s to respond to them.  
- “cognitive lock” 
 
Case Studies: 

- Design of Twin Towers 

- Ocean Ranger 

- Hubble Space Telescope Primary 
Mirror 

- Apollo 13 LOX Tank 
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Discusses the concept of “learn from 
failure”. 

Most of it is focused on the history of the 
suspension bridge and the lessons that can 
be learned from it.  

Generational Learning. 

Reduction of Margin. 

Questions about the future failure of cable-
stayed bridge designs. 

 

 Biggest issue with the current books is 
the classes time to read them before 
class and that they are getting “long in 
the tooth.”  



Concluding Thoughts 

- These types of focused case study courses engage 
students and can be successful. Story telling does 
resonate with people. 

- Newer case studies would probably, in part, focus on a 
different set of teaching themes. 

- If new hires are critical how process information in 
information management systems is important.  
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Discussion 
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Learning Objectives (Reference) 
 Demonstrate the value of case studies in critical thinking. 

 Identify and explain the 7 classical types of design errors and how to 
avoid them. 

 Develop your analysis of case study dilemmas providing rationale to 
support your actions and decisions. 

 Explain the importance of non-analytical aspects involved in the 
design process. 

 Integrate design data into design knowledge. 

 Extract key decision-making aspects associated with the engineering 
process from case studies. 

 Explain how to incorporate lessons learned into everyday design 
processes.  
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