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Presenter
Presentation Notes
Good afternoon….(etc)


We are taught...

Performance


Presenter
Presentation Notes
In engineering we are taught that the universe behaves something like this..<gesture>.  There is some relationship – for any system – between the system’s performance and its cost, and more performance costs more.  Furthermore, we are taught to expect it to curved this way <gesture> such that each increment of improved performance costs more than the increment that came before it.


We are taught...

Point of

diminishing

returns

1S0D

Performance
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So somewhere in the ‘universe’ of the particular system, there is a point where we say “enough” and we decide that the additional performance isn’t worth the additional cost.

You know this, but let me give a real simple example of this kind of thinking…


e Save: 75W each
e Cost: $10 each

e Net: $133 / kW
saved

e Life: 1000 h
e Savings: 75 kWh

e Cost of savings:
$0.075 / KWh



Presenter
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I am considering changing to Compact Fluorescent Lamps.  The lamps cost $10 each.  Each lamp will save about 75W compared to a 100W incandescent bulb.  Each lamp will last about 1000 hours.  So for each $10 I invest, I save about 75kWh, which works out to 7.5c/kWh.  That’s a little less than electricity costs in New Orleans, so I should do it – It’s a better investment to buy the lamps than to buy the energy. 

Again, this is the kind of thing we all do every day, not news.  IT amounts to this…



We are taught...

Performance


Presenter
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But then what happens in some fields is that we are merrily working along this curve, making or not-making various incremental improvements, when all of a sudden somebody builds one like this…


But then somebody:

Performance


Presenter
Presentation Notes
He’s way off the curve.  He’s got twice the performance at half the cost.  His goes faster, carries more weapons, handles the seas better, has lower manning and is cheaper too.

Not fair!

But more importantly – How is this even possible?
This curve <gesture> is our map of reality.  This fella has just put out a product that according to us isn’t even possible.  What happened?

Well, in fact, any of several things might have happened, but one of them might be this…



Perhaps...

/

1S0D

Performance
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It might be that our map of reality is only a map of one piece of reality.
Now let’s understand something – let’s think about this mathematically:  If this curve is discontinuous – I mean it shoots up to infinity about here, and then there is another segment bucket shaped like this.  If this curve has that shape, and we start out over here, well there is no way that we can move along our portion of the curve and end up over here.  You can’t make an incremental improvement…and incremental investment in cost…and jump to the other portion of the space.  You have got to have some kind of ‘breakthrough”…some kind of “paradigm shift”…some “Game Changer”…some Radical Innovation


ﬂ
New reality: “tunnelmﬁ&

through the cost barn?ﬁ/

[ “tunnelling through
the cost barrier”...

&) ;

Performance

e ...to even BIGGER and
cheaper energy savings
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My friends at the Rocky Mountain Institute call this “Tunneling through the cost barrier.”  And we’re going to return to this Japanese character here, and learn a little bit more about “muda” in a few mintues.


to CFL

e Save: 75W each
e Cost: $10 each

e Net: $133 / kW
saved

e Life: 1000 h
e Savings: 75 kWh

e Cost of savings:
$0.075 / KWh
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But let’s go back to the light bulbs.
What kind of “game change” would redefine my cost benefit relationship?  I already know that at $10/bulb and 7.5c/kWh I have break even, and if bulbs costs more or electricity costs less then the CFLs aren’t indicated.
But as I have told this story you have been picturing me living in my house in New Orleans.  What if…
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What if I own the powerplant?
See I actually live on a sailboat in Puget Sound.  And on the sailboat I DO own the powerplant.


Power Plant?

e A dozen light
bulbs = 1 kW

Honda
_ eu2000
| = $800

- $100 / light bulb
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My powerplant is one of two Honda generators…the 2-kilowatt rig at $800, or the 3kW unit at $2000.

Now the economics of changing lightbulbs is totally different.  Now changing a dozen lightbulbs will reduce my electric load by one kilowatt, and that kilowatt represents a $1200 difference in price of my powerplant.  Those lightbulbs are now worth $100 each to me!  Damn right I’ll pay $10 to save $100!

OK, so this is a kinda cooked-up example.  But what have I just done, in the language of engineering?  I have re-drawn the system boundary.
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Presenter
Presentation Notes
The origianl example I drew the system boundary for the problem around the lightbulb, and we ‘valued’ the flow of money and electricity in and out of that system.

In the second example…


Re-Define the Syste
Boundary



Presenter
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..I drew the system boundary around the plant as well.  And we got a very different answer.




Presenter
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My green friends tell me I should really draw the system boundary here…but frankly, that’s just too  hard.

OK, so far this has been pretty simple, pretty much basic Systems Engineering thinking.  In a sense all that I have said is “draw the boundary around the whole system, not just a component.”  But I want to focus on one or two nuances that have don’t usually make it into the mainstream of SE.


How IS Breakthrou
Possible?

e The cost/benefit curve is i
discontinuous J

e Continuous-process methods
(i.e. Incremental iImprovement)
won’t find breakthroughs

e You have to “jump the track”


Presenter
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And the subject is “Breakthrough.”  How is it possible to make a Breakthrough?  If we just make incremental changes – dy/dx as it were, then we will stay on the curve.
But the curve is discontinuous….you have to ‘jump the track’

The majority of engineering techniques are techniques for exploring the continuous portion of the curve, areas where dy/dx is defined.


How Is Breakthrou
Possible?

- Techniques for jumping the
track: Q
Multitasking b
Muda-Elimination
Teleology
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The majority of engineering techniques are techniques for exploring the continuous portion of the curve, areas where dy/dx is defined.

There are, fortunately, techniques for jumping the track too.  They are a lot less well known and a lot harder to quantify, but let’s at least meet them.

I have chosen to list them as three, as listed here….<ad lib>

Now, before I go on to these three I want to make a point about this sort of Breakthrough.  See, it’s my belief that Not Everybody Can Do It.


How is Breakthrou 0
Possible?
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e Techniques for finding It:

w\‘ "/r'
e ‘4“ - “\
f
\ -
\
\

 Muda-Elimination
- Teleology
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Let’s talk first about the one I call “Multi tasking”

What I mean by this is to try to make every part of the system do more than one job.  This is a technique that I have used, as a CONVENTIONAL designer, when trying to make a more-than-incremental improvement in, say, ship weight.

Consider the case of a container ship


o
=
X
0
©
=
=
S
=

e Container steel
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In a 10,000 teu container ship, there is more steel in the containers, than there is in the ship.

To me this says “gosh, as long as all those tons of containers are there anyway, can’t I use them to hold the ship together?”  What would it take to re-design the Container Ship paradigm such that it relied on the container itself for strength?

I have a lot of ideas on this one, but let’s just take it as an example.  How about something less exotic:
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Multitasking
« Container steel
e Structural pipes?
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How about using the pipes in the ship in a structural role.  Why don’t I rely on the firemain, bilge and ballast system, heating ventilating and air condition ducts, other distributive systems to contribute to a ship’s longitudinal bending strength?

Why aren’t the air conditioning ducts in this room contributing to holding the second floor up?

OK, I can tell you that in the case of the room.  It’s because there is no incentive to save weight by making the ducts structural.  But in a ship design, taking advantage of those tons of pipes and ducts might take a few tons of steel out of the structure elsewhere, and those few tons of steel can be replace by a few tons of bullets, bombs, or beans.

But this doesn’t have to be just about structure, or just about weight.  It is about reliability redundancy and cost too.


Multitasking

e Container steel
e Structural pipes?
e Conductive Structure?
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F’r instance, what it I used the conductive steel structure of the ship to carry data?  Or power?  Before you laugh…


Multitasking

e Container steel
e Structural pipes?

e Conductive Structure?
It’'s done In cars!
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…remember that that’s how your car is wired.  The DC return leg in your car is the structural frame itself.  This, in one fell swoop, cuts in half the number of wires that are run.


Multitasking

e Container steel
e Structural pipes?
e Conductive Structure?

e SKJOLD’s Insulation
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Or how about this ship.  She has sandwich composite structure…designed for structural purposes.  But that structure is so effect also at INSULATION (which is NOT one of it’s design parameters) that the ship has zero HVAC insulation.




Multitasking

- Container steel i
e Structural pipes? \j)
- Conductive Structure?

e SKJOLD’s Insulation
Alr conditioning in winter Iin
Norway!
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And this ancillary role, this secondary task if you will, is so well accomplished that they have to run the aircon in winter…in Norway!


Multitasking

e Container steel

e Structural pipes? \j)
e Conductive Structure?
e SKJOLD’s Insulation
Alr conditioning in winter Iin
Norway!
(Maybe they went too far?)
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And this ancillary role, this secondary task if you will, is so well accomplished that they have to run the aircon in winter…in Norway!


Multitasking

e Container steel

e Structural pipes?

e Conductive Structure?
e« SKJOLD’s Insulation

e Amory Lovins’ house
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Here’s another case – I encourage you to Google this reference.  Dr. Amory Lovins has a 7000 sqaure foot house in Snowmass Colorado, at 7000 feet elevation.  In the winter it gets to -40F up there.

Amory’s house has NO heating plant.

He made a combination of incremental and game-changing improvements, and found that, in my words…


Multitasking

e Container steel

e Structural pipes?

e Conductive Structure?
e SKJOLD’s Insulation

e Amory Lovins’ house

The second root i1s a Colorado
home with no furnace
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The “second root” of the function has the perfect efficiency of furnace:  None.

Cost is zero, for all the performance he needs.  That second bucket in the cost/benefit curve I started with.


How is Breakthrough./—

Possible?

e Techniques for finding It:

- Multitasking \t)

 Teleology
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See, Amory is the fellow who introduced me to the Japanese word “muda”.  And his explanation goes something like this:
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In real life…
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Source: EIA 2009
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We find that to “get one out, you have to put Three in.”

This figure is from the Electrical Institute of America.  In brief, what it shows is that..<gesture>  here is the delivered electricity sent to industrial, commercial, and residential functions.  And here is the total amount of energy input required to create that electricity.

And this big arrow here – 2/3 of the total – is “conversion losses.”

To get one out, requires three in.

So now let’s talk about Amory’s house…


Another example
The Heating Plant f//ﬁ X

=
e Large complex system requwed
to generate domestic heat =

e Simultaneously other system\
are cooling components to
minimize heat

e Can | reduce the heat NEED far
enough to ELIMINATE the
heating plant?
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..or any other heating plant.

In most situations we build buildings with the assumption that we will include a fairly sophisticated piece of machinery to generate domestic heat.

Simultaneously we build other systems to cool some components.

Can I reduce the heat NEED far enough to ELIMINATE the heating plant?  That’s exactly what Amory did.

Let me look at this in a made-up warship example:


Heat

Alternator
Electricity

Reefer Plant

/ Heat

Heat CIC

Cooking

Heating
Hot Water
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My warship has a system like this:

<walk through the steps>

The question that arises is:  Isnt there some way I can streamline this?  Can’t I do something like this?...<click>
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Heating & Cooling ‘ 7

" I;f 3 ] A

/ Heat \t)

Alternator
Electricity
Reefer Plant
fe]le
Heat

Heat
Heat CiC

Cooking

Heating
Hot Water
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If the excess heat from the CIC were big enough to satisfy the cooking heating and hot water demands, could we eliminate all this part here? <gesture>


Amory’'s House

Snowmass CO. (Near Aspen) 7,000 feet above sea level


Presenter
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In Amory’s house, he relies on all the heat wasted by the TVs, the cook stove, the energy gain from the greenhouse, etc etc.  By superinsulting the house, these heat contributions are enough to carry the whole heating load of a home in the mountains.


This room is the "furnace" for the building. This 900-square-foot space,
plus the heat gain from the other windows, lights, appliances, and people,
provides all the heat that's needed for the entire building most of the year.
The heat is stored in the masonry, the floor, the water, and the earth under
the house. Because of the building's huge thermal capacity, heat is stored

for months, not just hours. Heat captured in September may be used in
December. Two wood stoves are available for additional heating duty, but

they are generally used only on very cold winter mornings.


Presenter
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I encourage you to visit the Rocky Mountain Institute’s web page, or their eBook Natural Capitalism, to learn more about how this works.  But the real bottom line is….


fﬂ
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e By reducing the DEMAND

- And MINIMIZING THE WASTE\_)

 Dr. Lovins ELIMINATED THE
HEATING PLANT

\

\
\

Amory’s house
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<read>

Now, the conventional wisdom would be that making incremental improvements in the house’s efficiency would not pay off.  You would have to get way past the point of diminshing returns, and you’d still probably not get to “zero” heating plant.

But, by “tunneling through the cost barrier”…
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green was to leave things out, not _ -
add things. J

e The cost of the alternative energy
systems was, in 1984, $6100.

e The cost of energy to heat the house
would have been $7000.

e Payback in ten months.
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Amory’'s House ;
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Much of the “cost” was negative.  Much of the impact was to leave things out, not add things.  Yes, they did add the solarium and some PV panel – six grand worth.

The heating bill alone would have been seven grand.

This, my friends, is unconventional systems engineering.


Engineering

- Where do you get the ideas for
this type of breakthrough? [ &

- How do you apply engineering
methods to this?


Presenter
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But where do you get the ideas for this sort of thing?

And how do you linearize those ideas so that you can apply the tools of engineering to them?


e One tool: Teleology


Presenter
Presentation Notes
Next of my tools:  Teleology


Possible?

e Techniques for finding It:

- Multitasking \j)

 Muda-Elimination
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Teleology was listed third on my list of tools.

Teleology is a word we more encounter in the Philosophy of Ideas than in Engineering.  It is defined as the study of purpose.  Why are we here?  What is the meaning of life?

It’s a question we don’t ask often enough in engineering.

In engineering we tend to start by looking at prior art.

I am tasked with designing a ship rudder…
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- “What does a ship rudder look [
like?”

Normally
e Prior Art


Presenter
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I start by looking in some references and finding out what ship rudders look like.
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But if I start with teleology I would start by studying the purpose…


Teleology

e The study of purpose

S "

- What is the purpose of a rudder? \._')


Presenter
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What is the purpose of a rudder?


.

= /4{/4_%
Teleology e
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- The study of purpose
- What is the purpose of a rudder? Q

|


Presenter
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It is to give a ship Direction.


Teleology

- The study of purpose

4

- What is the purpose of a rudder? C)

 Direction
 What do other “directors” look like?


Presenter
Presentation Notes
Well, what are some of the other ways that things are given direction?


Teleology

- The study of purpose

- What is the purpose of a rudder? C)

 Direction

 What do other “directors” look like?
» Rudders


Presenter
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I look at airplanes and I see that they use things that look like rudders


I look at some recreational boats driven by outboard motors.  They don’t have rudders.


Teleology

- The study of purpose

- What is the purpose of a rudder? C)

 Direction

 What do other “directors” look like?
» Rudders
e Combined rudder propellers


Presenter
Presentation Notes
…they have combined rudder/propellers

But I looked also at the Dolphin out here in Monterey Bay, and they don’t have a vertical fin.  (Sharks do, fish do, Dolphin don’t).  


Teleology

= The study of purpose
- What is the purpose of a rudder? Q

e Direction
 What do other “directors” look like?
» Rudders

e Combined rudder propellers
e Horizontal rudders


Presenter
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They have horizontal rudders.  Hmmm…I wonder why?  What do they get?  What are they multi-tasking that with…?

But there are still other methods… <tell story from SWATH HALCYON>


Teleology

 The study of purpose
e What iIs the purpose of a rudder?

e Direction |
e What do other “directors” look like?

- Rudders

< Combined rudder propellers

e Horizontal rudders

 Differential thrust

B |
V"
4
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…They were steering with differential thrust

But even that’s not the end.  I then went to the park and watched a kid throw a curve ball…


Teleology

= The study of purpose
- What is the purpose of a rudder? \E)

e Direction

e What do other “directors” look like?
e Rudders
e Combined rudder propellers
e Horizontal rudders
 Differential thrust
- Lateral forces


Presenter
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He simply generated boundary layer forces right on the body, with no appendage at all!  Gee that might make a very interesting rudder, with no power requirement(?), with no “aft steering compartment”, no Special Sea and Anchor Detail

In fact, if I’m trying to eliminate rudder-related systems, how about this one…


Teleology

e The study of purpose
e What iIs the purpose of a rudder?

 Direction |
e What do other “directors” look like~"

- Rudders

< Combined rudder propellers

e Horizontal rudders

 Differential thrust

- Lateral forces

- Ballistics
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Presenter
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How about I just point it in the right direction to begin with?

OK:  My point isn’t to lecture about how to steer ships.  It is to lecture about how to decompose the problem by “peeling it back” from what we THINK the problem is, to what it REALLY is.  What the REAL purpose of the system is.

In effect…





Teleology

e “TRIZ” (Theory of Inventive _
Problem Solving) is a Teleology
tool \)

e “ARI” — Accelerated Radical
Innovation


Presenter
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There are tools for Teleology.  TRIZ is one, in which once you peel back to the ‘real’ problem you can then look up a library of solutions, instead of spending your time on the Bay of Monterey and down at the ball park, like I did.  <smile>


 One tool: Teleology {\
- Second tool: Eliminate I\/Iuda:i:d


Presenter
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SO that was “teleology” 

Let me return to this Japanese word “muda”




Presenter
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Muda is often defined as “waste” but it is actually something much more subtle than that.
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e That for which there i1s no

customer


Presenter
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Muda is “that for which there is no customer.”

See that’s different from waste, because there are two ways of dealing with it.  With “waste”, we want simply to minimize the waste.  But with muda…<click>


€\
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How do you ellmlna =

Muda? f%

e ]: Getrid of It
e 2: FInd a customer for it Q
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We get a second choice.  We can get rid of it, or we can find a customer for it.  Redefine it so that it’s not waste any more.


A Cooling system

- Teleology: Remove unwanted
heat :)
- Teleological Solutions: |
Radiate it
Convect it
Insulate from it
Etc.


Presenter
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Here, let’s look at the cooling system problem again.

The teleology is to remove unwanted heat.

And we use TRIZ to find various “heat removing means” such as these…


A Cooling system

e Teleology: Remove unwantedjf
heat ¢

- Muda Solution: J

Don’'t make unwanted heat
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But the Muda Solution adds two more choices:

We can either not MAKE the heat in the first place, or…


A Cooling system

e Teleology: Remove unwanted‘i‘“

heat i::>

e Muda Solution:
Don’'t make unwanted heat

Change it from “unwanted” to
“wanted”


Presenter
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We can change it from “unwanted” to “wanted.”  We can find a customer for it.


Unwanted heat…The beer is too warm.

Wanted heat:  I like warm beer.
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Presenter
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This is certainly the least-cost solution to storing beer for undergraduates….Grow up English.


I normally lecture to Undergrads, you see.  But I can put this in Naval terms as well:


Dear ONR:

 You want a breakthrough in _
reducing the weight of 5)
shipboard cooling systems?

 |[nvest In systems that don’t
need to be cooled

e ceramic engines
 electronics that like to run hot


Presenter
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<ad lib>

…  These investments have the potential to eliminate entire cooling systems.  And zero is definitely better than the highest efficiency you can get.


prosaic example.

e Double resilient mountings



Presenter
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Is that too exotic an example?  Here’s a more prosaic one… 

<ad lib>

There is more than enough “other stuff”  in an engine room that you can build an intermediate mass without adding a slab of concrete!



e Decompose the problem .
Teleogically &

e Take the benefits all the way
upstream

e Look far afield for Teleos
e Be creative In eliminating Muda
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OK – we are drawing to the end.

What have I said?

<read>


- Very large savings can cost
LESS than small ones \f)
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<read>


The Truth

":;1; S
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- The Cost/Benefit relationship is
not necessarily monotonic C)
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<read>


The Truth

e The Cost/Benefit relationship |s

.

not necessarily monotonic C)
|t may not even be Continuous
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<read>


The Truth

e The Cost/Benefit relationship |

/
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not necessarily monotonic 5)
|t may not even be Continuous

e Incremental solutions CAN NOT
find the ‘second root.’
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<read>


The Truth

e The Cost/Benefit relationship |

/
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not necessarily monotonic 5)
|t may not even be Continuous

e Incremental solutions CAN NOT
find the ‘second root.’

e Practical tools exist


Presenter
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<read>


Practical Tools

e Multitasking

- Teleological Study, including| &
TRIZ -

- Muda elimination



EXAMPLES
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Why do homes have lawns?  I don’t play golf in my front yard.  I have NO interest in owning a lawn!  It is all “cost” with no “benefit”…pure MUDA!  No customer.




Presenter
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This is a drawbridge….




Presenter
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Once you realize that you can get the bridge out of the way by other than lifting it up as one piece.
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e Find out what the goal is



e Find out what the goal iIs
How to fix the base to the tree?:Q



- Find out what the goal is

. -
V\‘

How to fix the tree to the floor or
table?




—tabte?

How to maintain the tree In a
vertical orientation
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Outside the Box



Outside the Box

e Solution In One Line?
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Outside the Box

e Solution In




Outside the Box

e Solution In One Line?
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Can Anybody Do It’?:fif‘ S
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<click through>



Can Anybody Do It?2 = *

e NO.


Presenter
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Remember High School, when you wanted to go into science and engineering, and many of friends didn’t?


Not everyone can doit:

e
)
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Presenter
Presentation Notes
Not every body can do math
End even those that can do math, not everybody can apply that math in the way that is needed for engineering analysis


Not everyone can doit:

e Math
e Engineering Analysis


Presenter
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And I have learned, over the thirty years of my career thus far, that there are a lot of excellent engineers, excellently skilled in engineering ANALYSIS, who cant do the problem backward and do engineering SYNTHESIS, which is what design is.
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Not everyone can doit:

e
e Math r—

- Engineering Analysis Q
e Engineering Synthesis
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And of those who can do design, there are some who can’t do this sort of non-linear design that we are going to talk about today, which I call INNOVATION
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Not everyone can doit:

e
e Math —

- Engineering Analysis Q
e Engineering Synthesis
e Engineering Innovation
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Now, I need to say that this is not a value judgment…
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Not a value - just a fact


Presenter
Presentation Notes
.. Just an observation.

As an innovator myself, I am not a great mathematician.  As an engineering designer myself, I greatly need good engineering analysts in my team.  I am not saying that Innovation is some sort of “higher” skill, just that it is a different skill.

SO if you, or your team member, or your colleague, can’t “do” innovation, don’t take it hard.  It is a specialty in it’s own right.

And as long as I’m given some caveats to this, here’s another important one:



Caveat:

“Creativity IS a poor
substitute for knowing
what you're doing”

Bob Colwell
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