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Main Message 
• A plan for 10 years into the future must address:  

– A Vision 
– Funding 
– Facilities 
– and Knowledge or Expertise 

• Knowledge walks on 2 legs 
• I am selling the royal me, the nerd that will help you to be 

successful. I may be a citizen or an expatriate 
• It is your job to take good care of me 
• I am clever, but you need wisdom to turn my talents into a 

competitive advantage 
My only hope is that this talk will get you thinking about me. 
 



Aircraft Engineering is Upside Down 

• You need to be certificated to: 
– Drive a rivet 
– Connect a wire 
– Open a panel 

• Except for university degrees, I hold no formal 
certification yet I have had a starring role in: 
– Mirage-III wing upgrades (But I could not open panels on 

the aircraft) 
– The Marenco Swiss helicopter main rotor 
– An airship 
– Many missile projects 
– Flutter clearance in 4 different countries 

 



A Big Company Story 

What we promised 

How we started 

We have done it.  
Non of us are left. 



Marenco, an Offshore Success Story 

We make sums 
• Rotor dynamics 
• External aerodynamics 
• Tail rotor 
• Ground resonance 

They design and make a 
helicopter 
• Gearbox 
• Servos 
• Except for the engine, the 

whole helicopter 



So, am I Qualified to Speak About the 
Cost of Knowledge? 

• I do not have an MBA 

• I am not a manager (Except for 4 years at Denel Aviation) 

• But: 

– I do have a sense of humour 

– I have concentrated on technical work for 40 years 

– I have worked for large companies, small companies and as a one-man band 

– I have worked as a consultant in South Korea, Pakistan and the USA 

– I have negotiated flutter flights with 4 air forces in the world (Pakistan is one 
of them) 

– I have worked with the Swiss and Germans on a new Helicopter 

– Ran a Mirage-III wing upgrade program 

– Built an airship 

– In this business, you really do need a sense of humour 



What is Knowledge 

• A Farrier knows how to shoe horses without breaking his back, making the horse 
lame or loosing shoes every week. This is typical of the knowledge coming from an 
apprenticeship. You have to do your time. 

• Sony, LG, etc, have the knowledge to put a T.V. set on the market for about US$ 
100. This is a truly amazing feat in production cost. 

• Boeing knows how to make aircraft. To reach that level of competence is incredibly 
expensive. Ask Airbus. 

• A gang member knows whom he can trust and who to form alliances with to 
ensure his long-term future. In this case, failure may lead to death. 

Above all, companies and individuals sell knowledge. You do not say a circus 
clown has conditioned his reflexes to be able to stay on a unicycle. The term 
used is: ‘He knows how to ride a Unicycle’ 
Knowledge is defined as those skills and know-how needed to put reliable and 
cost effective products on the market 
 



What is not Knowledge 

• “Expert” opinions 
– Engine torque 
– “New” ideas 

• Buzzwords 
– Disruptive 

technology 
– Carbon fibre 

• New Ideas 
– Everything has 

been tried at 
least once. 

– Not all 
aeronautical 
engineers are 
stupid. 



The Cost of not Having Knowledge 

It is impossible to calculate the cost of not 
having knowledge, or the cost of ignorance 

Some examples of the cost of lack of knowledge 
include: 

• Lack of knowledge on fatigue led to the 
failures of the Comet (It took Airbus years and 
billions to become competitive against Boeing) 

• Ask Boeing about batteries (787) 

 

 

 



The Cost of not Having Knowledge 

What are the financial benefits of putting an anti-gravity 
machine on the market? No-one knows. 

This is one of the fundamental issues with innovation  

• You cannot write a business plan for an item that does 
not exist 

• Bankers are extremely reluctant to fund ‘blue sky’ 
projects 

• Not all ideas are good. Makani power is an example 

But; “No technical effort is ever wasted” Mahboob Ali. 

 

 

 



Knowledgeable Persons become your 
Competition. 

Many successful companies were started by disgruntled employees. I 
once visited ATE and was welcomed to Atlas Technology and 
Engineering. 
• Pro Engineer was started by disgruntled employees at CV, the leading 

CAD system at the time (Who has ever heard of CV) 
• In the 1980’s Steve Jobs was fired from Apple computer. On his re-

instatement it went from a nearly bankrupt company to the largest 
company in the USA. 

• Aerosud was started by Atlas personnel 
• Parsec Aero was started by a disgruntled employee of AMS which 

was started by disgruntled employees of Kentron (Are we 
successful?) 

• TFASA was formed by ex Air Force and Denel test pilots 
 
 



Enemy of Knowledge 

“The greatest enemy of knowledge is not 
ignorance, it is the illusion of knowledge”  
- Stephen Hawking 

A few examples: 

• Strain gauge board 

• OEM restrictions 

• Pilots and aerodynamics 

• Your “experts” can easily fall into this trap 



Family Jewels 
Each company should identify its “family jewels.” These are expertise without 
which the success of the business cannot be assured. In the aeronautical 
industry very important disciplines are: 

• Aerodynamics 

– Most OEM’s will not share any information 

– It is the top level system engineering item 

• Aeroelasticity 

– This is also of importance for missile companies 

– It is a pre-requisite for safety 

• Ground Resonance 

• Control System Design 

• Flight Testing 

• Etc 



Gaining Strategic Knowledge 

Lyle Dodds once remarked “Flight testing is not a correspondence 
course.” To learn to fly an aircraft you have to; fly an aircraft. 
By the same token you cannot learn to conduct weapons clearance 
flights at a university 
• Secrecy means that you cannot publish tests in the open literature 
• You have to deal with air forces and industrial politics 
• It has to be in-house expertise 
• You must experience the fear of failure first hand to make sure your 

calculations are correct (Is FSI an illusion of knowledge) 
I love flutter testing. It is very real and high pressure engineering 
I suspect Holt Ashley never conducted a flutter flight test 
You have to make your mistakes in an industrial environment 



The Seat of Knowledge 

• Knowledge is seated in individuals or relatively 
small groups (Me, remember?) 

• Knowledge walks on two legs 
– They are normally rebels of some form or another 

– These are the first individuals to leave when they 
become unhappy (And become your competition) 

– They do not play well with others 

– Above all, they want to make a contribution 

– It is the challenge of management to keep expert’s 
happy 

 



The Cost of Knowledge 

Knowledge is very very very very expensive. Airbus is an example. 
The cost of knowledge is easy to measure within a company. These 
costs are discussed below. 
Training 
A companies training budget is an obvious cost of knowledge. This is 
normally budgeted well in advance, tightly controlled and the first 
expenditures to cut when financial difficulties are encountered. It is 
also a relatively ineffective means of transferring knowledge. 
Formal Technology Funding 
Some companies have very aggressive technology programs. An 
example is Bell labs, where literally thousands of people are funded 
with the sole purpose of creating knowledge. This is one of the 
reasons America remains a world leader in many fields.  



The Cost of Knowledge 

Budget Overruns 
Training and deliberate technology funding are not the major 
contributor to the cost of knowledge. My claim is that: 
 
Actual Cost - Budgeted Cost = Cost of Knowledge 
 
This is a serious expense. In the industries that I have worked 
in the common wisdom is that the actual cost is π times the 
budgeted cost. Thus, for most projects the cost of knowledge 
is (1- π) times the budgeted cost. The single biggest issue that 
I have noticed is that companies are prepared to carry this 
cost again and again and again and again. 

 



Drivers of Cost of Knowledge 

Honest Mistakes 

Sometimes budget overruns comes from honest mistakes. What 
then is a dishonest mistake? 

Intractable Problems 

A CFD study has no relevance in the design of a surf board. 

Difficulty of Measurement 

Knowing the answer improves any calculation. A very large 
section of knowledge comes from measurements trying to 
understand experiments. 



Drivers of Cost of Knowledge 

Short Cuts 

Difficulty is conserved. It doesn't matter how clever you are, you must do a 
fixed amount of work to achieve an end goal. 

Unreasonable Expectations 

Placing unreasonable constraints on a development leads to expenditure in 
cost of knowledge = cost overruns. 

Dark Secrets 

In any field there are dark secrets jealously guarded by its practitioners.  

Politics 

People having knowledge are often described as nerds. Their social skills may 
not be their strong point. Unfortunately, this leads to a disadvantage in the 
game of company power plays. They leave first. 
 



Some Guidelines 
• Stop making rules. 
• Get technically competent managers to control 

knowledge. Is this a rule now? 
• Accept that you cannot regulate innovation. 
• Give people lots of freedom and little money.  
• Try and do multi year projects. 
• Pay the bright guys. 
• You have to let go. Sometimes your money will be wasted. 
• Try to avoid supporting groups that are already funded. 
• Keep groups small, even in large companies. 
• Get technically clever people as managers. (See why you 

need small groups.) 
 



Some Guidelines 
• Be honest. Bad news is OK, surprises are much more difficult to 

handle. 
• Use consultants, but plan to fire them. 
• Learn to work with offshore companies: 

– Have personnel on both sides. 
– Give them freedom. 
– Get technically competent managers. 

• Do not confuse facilities with expertise. 
• Do not make a new 10 year plan every 6 months. 
• Modify your aircraft. 
• Listen to engineers every now and then. Sometimes they know 

more about flying than pilots do. 
• Try to create wealth. Jobs will follow. 

 



So.. 

You need to create knowledge, not the illusion of 
knowledge. 

The only reliable way of distinguish between the 
two concepts is to build and test hardware. 

 

“The best excuse will not convince the  dumbest 
troop in the army that the missile will hit the 
target next time.” (Jan van Eeden) 



Controlling Knowledge 

Many of the formal agreements like ITAR are an 
attempt to control knowledge. 

This is a subject on its own. 

 

 

 



Pride Crosses Borders 


