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Levers 1) – Heating Water Case Study

“Give me a lever long enough and a fulcrum on which to place it and I shall move the world.”
Archimedes

This article represents the first in a two part series examining the subject of levers. Levers,
in the most general meaning of the word, are means by which a small input becomes
transformed into a bigger output. As such, levers represent an important class of
resources within the TRIZ inventive problem solving story: If we can identify and deploy a
lever in our attempt to solve a problem then we stand a good chance of creating a very
elegant solution. The second part of the series will present a check-list of levers. This
article will focus on a simple case study aimed at demonstrating what we mean when we
talk about elegant solutions. Not that we will reveal the whole solution necessarily; our
main purpose as ever is to identify some generally applicable thought rather than to
provide a specific solution. As it happens, we will have to wait a few more months yet
before our patents are filed and prototypes are up and running before we are able to talk
about the specifics.
The case study relates to a problem we’ve recently been working on with a company in
Indian. The problem concerns the efficient heating of water. The context is domestic and
primarily focused on the heating of water for showering and washing purposes, and the
market need centres around parallel needs for low cost, high efficiency and minimum
environmental impact.
The first thing we liked about this challenge is that the conversion of almost any kind of
energy into heat is already an inherently efficient process. With typical efficiency
percentages already in the high 90s, it is pretty difficult to imagine what a ‘breakthrough’
solution might usefully add. Even though raising the efficiency from 99% to 99.5% might
represent a breakthrough in the eyes of the domain experts, in the eyes of the customer
the only reaction is likely to be ‘so what’. So, what we really like about this kind of
challenge, is that creating a customer wow would mean we’d have to break a few rules.
We’ve talked previously about breaking rules (Reference 1). The point we tried to make
then was that looking for breakthrough solutions very often means challenging the textbook logic. In the case of heating water, that logic – ‘the rules’ – says that the amount of
energy, Q, required to heat a known mass, m, of water to give a desired rise in
temperature, ∆T, is fixed by the specific heat capacity, c, of the water. Here’s what the text
books actually say:
The energy required to heat water is the same, regardless of what method is chosen.
This is because the laws of physics dictate the energy requirement,
not the type or brand of product.
Every liquid has a "Specific Heat Capacity" value.
In the case of water that value is 4.187kJ/kg/K
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Note the use of that magic word ‘law’. The ‘laws of physics’ in this case tell us:
Q = mc∆T
Or, to put some numbers into the equation, if we want to heat a kg of water by 1 degree
Centigrade will require 4.187kJ of energy. Plus a bit extra to account for any inefficiency
that might be present.
One of the problems with these ‘laws’ is they hide a host of assumptions. One of those
hidden assumptions is that there is no such thing as a lever that would allow us to get
more out than we put in. Or rather that there is no such thing as a lever that would allow
us to get a greater temperature rise for the amount of energy we put in. The distinction
between these two statements is subtle but important. It is useful here to think back to the
famous Archimedes quotation at the beginning of the article. Archimedes is able to lift a
very heavy object with a small downward force because he adds another element – in this
case distance from a fulcrum – into the equation. So we’re not actually getting out more
than we put in, but rather we get more upward force per downward force because we’ve
now added an enormous length of wood into the equation.
As it turns out, this classical definition of a mechanical lever is actually one of the crudest
forms of lever. In next month’s article we’ll list more refined lever resources. As we will see
from that list, one of the very best of the available levers is resonance. Resonance, of
course, is also strongly featured in the TRIZ story, being present in both the Inventive
Principles (18B) and in the Trends (Rhythm Co-ordination). One of the reasons that
resonance is a great lever is that, at a certain vibration frequency we can get an output
that is many times greater than the input – Figure 1.

Figure 1: Resonance: Getting More Out Then We Put In

The big potential downside of resonance is that it can very easily destroy things if we
aren’t careful. The other potential downside is that it is not always easy to find the
resonant frequency of something. The resonant frequency of a piece of wire strung
between two points has a very distinct and predictable resonant frequency. But how do
you calculate the resonant frequency of water? Indeed what does that concept even
mean? And, moreover, what might that have to do with our heating problem?
It turns out, however, that someone somewhere has already been thinking about
resonance and water. Water vapour, it turns out, has a molecular resonance at a
microwave frequency near 25,000 Megahertz (abbreviated MHz - 25,000 million cycles
per second) with a wavelength of 1.2 cm (0.5 inches). This in turn means that water
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vapour is more efficiently heated at this frequency because a resonant vibration process
occurs between the hydrogen and oxygen atoms in water molecules.
Hmm. Interesting. Except, we know that if we try and heat a mug of water in a microwave
oven it tends to be one of the least efficient ways of heating anything (around 70% of the
energy put in is turned into useful hot water). So, as is often the case, we identify
something interesting only to find there is a new ‘yes, but’: Yes, vibrating a molecule of
water vapour at its resonant frequency theoretically allows you to get more temperature
rise out than energy put in… but how is it possible to focus the microwave energy so that it
is received by each individual molecule?
Well, guess what? That’s the answer we’re not going to tell you. What we can say is that
(where have we heard this before?), there’s always a yes, but, and someone, somewhere
has already found a solution to whatever it might be.
Net result? According to our initial experiments, it is possible to heat a kilogram of water
by one degree, not with the law-specified 4.187-plus-a-bit kJ, but rather with something
rather less than 1 kJ. Or, put another way, about 80% less than the ‘law’ tells us we will
need.
We don’t feel even the slightest bit bad about not telling you the specifics of how to do it.
Very simply because, as we said at the beginning, the important thing here is not the
specific solution (although, we have to say it looks pretty good from where we stand!), but
rather the crucial step of finding a lever in order to create the step-change breakthrough
solution. Easy.
Next job… saving the planet. In the meantime, check in again next month to see our more
comprehensive list of other ‘magic’ levers.
References
1) Systematic Innovation e-zine, ‘Re-Writing The Text Books’, Issue 63, June 2007.
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Universal Principles Of Design
In the beginning, this article was heading towards being a simple book review. The book in
question is ‘Universal Principles Of Design’ (Figure 1) by a triad of authors, each from
differeing backgrounds – one from academia (Applied Management Sciences Institute),
one from industry (Lockheed-Martin) and one from consultancy (Stuff Creators Design
Studio).

Figure 1: Universal Principles Of Design

Essentially, the book is a reference of ‘good’ (as opposed to ‘breakthrough’ necessarily)
design practice. The emphasis is primarily on industrial design of physical artifacts,
although many of the examples feature software user-interface design. All in all, the book
presents around a hundred good design heuristics. Importantly, the authors have selected
heuristics that they believe to be applicable universally, rather than trying to identify a
comprehensive or universal set of heuristics. Inevitably, therefore, what we end up with is
something that, in a TRIZ sense at least, contains some fairly large holes. That being said,
there is much in the book that serves a very useful purpose in terms of providing examples
demonstrating how to use the TRIZ Inventive Principles better.
By way of an illustration, take a look at Figure 2. The figure shows male and female
figures with different shapes. The question for you to think about for a second is ‘which of
the male and which of the female shapes do you find the most aesthetically pleasing?’

Figure 2: Which Shapes Are More Aesthetically Pleasing?
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Chances are that you selected Mr C, and Ms A. If you did – and figures suggest well over
80% of the population would select these two – then you’ve just uncovered one of the
Universals described in the book: Irrespective of how body-shape fashions have changed
over time, preferred waist-hip ratios have remained constant at 0.7 and 0.9 for females
and males respectively.
In TRIZ terms, what we have been given here is an example that can be used to illustrate
several of the TRIZ Inventive Principles. It is, for example, a good generic illustration of
Principle 3, Local Quality. Since it is the constant ratio that is the most important aspect,
then we can also see it as a good illustration of Principle 37, Relative Change (i.e. the
more general version of the ‘Thermal Expansion’ descriptor used in Classical TRIZ).
Or how about this one by way of another illustration of the Relative Change principle.
Figure 3 illustrates three photographs of the same person, but with different composition
ratios of face-to-body.

r = .96

r = .55

r = .37

Figure 3: Face-ism Ratio Universal Design Principle

Whereas with the human waist-hip ratio, some fairly specific optimum values are
observed, in this case the Universal is much more qualitative, and thus more indicative of
design direction than design absolute. Here’s what the ‘Face-ism’ Universal Principle tells
us:
• High face-body ratios emphasize intellectual and personality attributes
• Low ratios emphasize physical and sexual attributes
• People –male or female – are biased toward female bodies and male faces (i.e. low
ratios for women; high ratios for men)
What this principle is trying to tell us is that we can pro-actively use face-ism ratio to both
attract someone to a photograph, or to make someone appear more or less intelligent.
If this pair of examples show some fairly clear design directions, other of the other 98
Universals in the book are rather less consistent with TRIZ ideas of ‘strong solutions’. The
‘Flexibility-Usability Trade-Off’ Universal described by the authors, for example, seems to
suggest that the flexibility and usability of a design – say a TV remote control – are
fundamentally contradictory – lots of buttons gives high functionality and flexibility of use;
few buttons gives simplicity. Anyone that owns an i-Phone will know that there is actually
nothing fundamental about this trade-off at all, and that it is perfectly possible to have high
flexibility and superb usability. This ‘Universal’, then, should be seen as the identification
of a universally good contradiction to solve, rather than a solution heuristic in its own right.

2008, DLMann, all rights reserved

Subscription 0080:

Altogether then, these three examples pretty much describe the range of content
presented by the authors: some of their universals are solutions where there is a fairly
specific optimum value; some are solution directions; and some are merely the
identification of good problems for us (and TRIZ) to challenge and resolve.
The remainder of this article, then, takes the first two of these categories and fits them into
the framework provided by the 40 Inventive Principles. The basic idea being that the
examples and illustrations from the book that turn out to be meaningful to you in your
context can be added to your own personal 40 Principles With Examples’ database.
Note as you scan through the list how well distributed the Universal Design Principles are
when overlaid onto the Inventive Principle framework. This distribution should give you
some idea how ‘universal’ the Design Principles and the book they come from is. Each
new ‘Universal’ is shown in italics, and where Universals seem to map across multiple
Principles, they have been included multiple times.
1. Segmentation
80/20 Rule – a high percentage of effects in any large system are caused by a low percentage of
variables
Development Cycle – successful products typically follow four stages of creation: requirements,
design, development and testing
Five Hat Racks – recognize that there are five ways to organize information: category, time,
location, alphabet, and continuum (e.g. lowest to highest)
Hierarchy Of Needs – in order for a design to be successful, it must meet people’s basic needs
before it can attempt to satisfy higher level needs
Life Cycle – products progress sequentially through four stages of existence: introduction, growth,
maturity and decline
Modularity – divide large systems into multiple, smaller self-contained systems

2. Taking Out
Closure – make use of the tendency to perceive a set of individual elements as a single,
recognizable system (e.g. we naturally fill in the gaps between a sequence of animated still
images)
Constraint – limit the actions that can be performed on a system (e.g. dim or obscure icons that
are not available at a particular time)
Form Follows Function – beauty in design results from purity of function
Mnemonic Device – use mnemonics to make information easier to remember (first letters,
keywords, rhymes, feature-names)
Ockham’s Razor – given a choice between functionally equivalent designs, the simplest design
should be selected
Performance Load – the greater the effort to accomplish a task, the less likely the task will be
accomplished successfully
Readability – improve readability by controlling word length, word commonality, sentence length,
number of sentence clauses and number of syllables
Signal-To-Noise Ratio – look to achieve the highest possible ratio be eliminating irrelevant
information
Uncertainty Principle – avoid making unnecessary measurements since all measurements affect
the thing being measured (Heisenberg Effect)

3. Local Quality
80/20 rule – a high percentage of effects in any large system are caused by a low percentage of
variables
Control – adjust the level of control provided by a system to the proficiency and experience of the
people using the system
Entry Point – incorporate a point of physical or attentional entry into a design (i.e. people do judge
a book by its cover)
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Figure-Ground Relationship – make use of the fact that human perception distinguishes stimuli as
either figure or ground elements, and that figures are given more preference than ground
Fitt’s Law – the time taken to move to a target is proportional to the target size and distance to the
target
Highlighting – bring to attention an area of text or image by altering its appearance relative to the
rest of the text or image (highlighting no more than 10% of the visible design)
Prospect-Refuge – make use of the tendency to prefer environments with unobstructed views
(prospects) and areas of concealment and retreat (refuges)
Threat Detection – make use of the fact that people are able to detect threatening stimuli more
efficiently than non-threatening stimuli
Von Restorff Effect – make use of the phenomenon of memory in which noticeably different things
are more likely to be recalled than common things
Waist-To-Hip Ratio – make use of the preference for a particular ratio of waist size to hip size in
men and women (also give artifacts feminine or masculine properties by using these ratios in the
form design)

4. Asymmetry
Attractiveness Bias – attractive people are assumed to be more intelligent, competent, moral and
sociable than unattractive people
Face-ism Ratio – make us of the ratio of face to body in an image to influence the way the person
in the image is perceived
Fibonacci Sequence – make use of forms created from sequence of numbers in which each
number is the sum of the preceding two (strongly related to logarithmic spiral)
Golden Ratio – make use of the preference for forms incorporating a ratio between segments of
0.618…
Performance Versus Preference – designs that help people to perform optimally are not always
the same as designs that people find most desirable (e.g. QWERTY keyboard)
Recognition Overall Recall – make use of the fact that memory for recognizing things is better than
memory for recalling things
Serial Position Effects – make use of the memory phenomenon where items presented at the
beginning and end of a list are more likely to be recalled than items in the middle
Symmetry – make use of the aesthetic qualities of reflection, rotation and translation symmetry
Top-Down Lighting Bias – make use of the tendency to interpret shaded or dark areas of an object
as shadows resulting from a light source above the object (also lighting from below can often make
images seem scary and unnatural)

5. Merging
Baby-Face Bias – a tendency to see people and things with baby-faced features as more naïve,
helpless and honest than those with mature features
Chunking – combine many units of information into a limited number of chunks so that information
is easier to process and remember
Classical Conditioning – associate a stimulus with unconscious physical or emotional responses
(e.g. use horrific injury pictures to warn people against drink-driving)
Common Fate – make use of the fact that elements moving in the same direction are perceived to
be more related than elements moving in different directions or stationary
Good Continuation – make use of the perception that elements arranged in a straight line or
smooth curve form a related group
Proximity – elements that are close together are perceived to be more related than elements that
are farther apart
Similarity – make use of the perception that elements that are similar are perceived to be more
related than elements that are dissimilar

6. Universality
Accessibility – objects and environments should be designed to be usable, without modification, by
as many people as possible
Archetypes – make use of universal patterns of theme and form resulting from innate biases or
dispositions (e.g. spike-shaped things inherently warn people to keep away)
Consistency – improve the usability of systems by expressing similar parts in similar ways (e.g. all
cars from a given manufacturer have are recognizably from that manufacturer)
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Convergence – make use of the convergent evolution of independently designed systems
Most Average Facial Appearance Effect – make use of the tendency to prefer faces in which the
eyes, nose, lips and other features are close to the average of the population
Uniform Connectedness – connect elements using uniform visual properties such as colour in
order to reinforce the perception that they are connected

7. ‘Nested Doll’
Hierarchy – make use of hierarchies to help visualization of complex information
Hierarchy Of Needs – in order for a design to be successful, it must meet people’s basic needs
before it can attempt to satisfy higher level needs
Layering – organise information into related groupings and only present certain groupings at any
one time
Progressive Disclosure – deploy strategies for managing information complexity in which only
necessary or requested information is displayed any given time
Self-Similarity – make a form from similar parts to the whole or one another (e.g. mosaic)

8. Counterweight
Comparison – illustrate relationships and patterns in system behaviours by representing two or
more system variables in a controlled way (e.g. permit apples-to-apples comparisons)
Framing – influence decision making and judgment by manipulating the way information is
presented (e.g. glass half full versus glass half empty)
Performance Versus Preference – designs that help people to perform optimally are not always
the same as designs that people find most desirable (e.g. QWERTY keyboard)

9. Prior Counter-Action
Weakest Link – introduce deliberately weak elements into a design so that these elements will fail
first (and safely) thus protecting other more critical elements

10. Prior Action
Advance Organiser –help people to understand new information in terms of what they already
know
Prototyping – make use of simplified and incomplete models of a design to explore ideas,
elaborate requirements, refine specifications and test functionality
Wayfinding – introduce spatial and environmental information to aid navigation to a destination

11. Prior Cushioning
Confirmation – prevent unintended actions by requiring verification of the actions before they are
performed
Factor Of Safety – use more of elements than is thought to be necessary to offset the effects of
unknown variables
Forgiveness – create designs that help people to avoid errors and minimize negative
consequences of errors when they do occur (incorporate reversibility, safety-nets, confirmations,
warnings, help notices)
Redundancy – use more elements than necessary to maintain the performance of a system in the
event of failure of one or more of the elements
Rule Of Thirds – use composition techniques in which a medium is divided into thirds, creating
aesthetic positions for the primary elements of a design

12. Remove Tension
Affordance – eliminate tension between the physical appearance of something and the function it
is intended to perform (things should behave the way they look)
Attractiveness Bias – attractive people are assumed to be more intelligent, competent, moral and
sociable than unattractive people
Cognitive Dissonance – make use of the tendency to see consistency among attitudes, thoughts
and beliefs
Constancy – make use of the tendency to perceive objects as unchanging, despite changes in
sensory input (e.g. a person in the distance looks small, but we still perceive them as personsized)
Expectation Effect – make use of the phenomenon in which perception and behavior changes as a
result of personal expectations (i.e. awareness of a probable outcome affects behavior before it
has actually happened)
Interference Effects – eliminate conflicts between perceptual and cognitive processes (e.g. blue)
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Law Of Prȁgnanz – make use of the tendency to interpret ambiguous images as simple and
complete, versus complex and incomplete
Mapping – ensure the relationship between control actions and their movements or effects is
consistent with expectation
Mental Model – ensure that system behavior is consistent with users’ prior experiences and
expectations (e.g. ABS braking is not universally accepted because it demands a change in
behavior compared to prior expectation set by conventional braking systems)
Performance Load – the greater the effort to accomplish a task, the less likely the task will be
accomplished successfully

13. ‘The Other Way Round’
Inverted Pyramid – change the sequence in which information is presented so that the importance
decreases from the beginning through to the end

14. Curvature
Baby-Face Bias – a tendency to see people and things with baby-faced features as more naïve,
helpless and honest than those with mature features
Good Continuation – make use of the perception that elements arranged in a straight line or
smooth curve form a related group

15. Dynamics
Common Fate – make use of the fact that elements moving in the same direction are perceived to
be more related than elements moving in different directions or stationary

16. Slightly Less/Slightly More
Satisficing – settle for a satisfactory solution rather than pursue an optimal solution (particularly in
high-flux markets)

17. Another Dimension
Alignment – place elements such that edges line-up along common rows or columns, or their
bodies along a common centre
Good Continuation – make use of the perception that elements arranged in a straight line or
smooth curve form a related group
Gutenberg Diagram – make use of the pattern followed by the human eye when looking at evenly
distributed, homogenous information (e.g. top left to bottom right diagonals in Western cultures)
Layering – organise information into related groupings and only present certain groupings at any
one time, making use of second and third dimensions
Orientation Sensitivity – make use of the phenomenon of visual processing in which certain line
orientations are more quickly and easily processed and discriminated than other line orientations
(e.g. horizontal and vertical; orientation differences greater than 30degrees)
Three-Dimensional Projection – introduce visual cues that make objects and patterns appear as
three-dimensional (e.g. shading, over-lapping images, perspective, texture gradient)

18. Vibration
19. Periodic Action
Life Cycle – products progress sequentially through four stages of existence: introduction, growth,
maturity and decline
Progressive Disclosure – deploy strategies for managing information complexity in which only
necessary or requested information is displayed at any given time
Shaping – teach a desired behavior by reinforcing increasingly accurate approximations of the
behavior (e.g. reward a first step; introduce a second; reward the second, etc)

20. Continuity of Useful Action
Exposure Effect – repeated exposure to stimuli for which people have neutral feelings will increase
the likeability of the stimuli
Iteration – repeat a set of operations until a specific result is achieved (ordered complexity does
not occur without iteration)

21. Hurrying
22. ‘Blessing in Disguise’
Cognitive Dissonance – make use of the tendency to see consistency among attitudes, thoughts
and beliefs
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23. Feedback
Expectation Effect – make use of the phenomenon in which perception and behavior changes as a
result of personal expectations (i.e. awareness of a probable outcome affects behavior before it
has actually happened)
Feedback Loop – incorporate the consequences of an event back into the system to influence the
input, thus modifying the event in the future
Operant Conditioning – modify behavior by reinforcing desired behaviours and ignoring or
punishing undesired behaviours
Threat Detection – make use of the fact that people are able to detect threatening stimuli more
efficiently than non-threatening stimuli

24. Intermediary
Prototyping – make use of simplified and incomplete models of a design to explore ideas,
elaborate requirements, refine specifications and test functionality
Story-Telling – create imagery, emotions and understanding of events through an interaction
between a storyteller and an audience
Wayfinding – introduce spatial and environmental information to aid navigation to a destination

25. Self-Service
Self-Similarity – make a form from similar parts to the whole or one another (e.g. mosaic)

26. Copying
Mimicry – copy properties of familiar objects, organisms or environments in order to realize
specific benefits afforded by those properties (e.g. computer desktop, recycle bin – looks like a
bin)
Visibility – improve the usability of a system by making its status and method of use clearly visible
(e.g. with a virtual simulation model)
Wayfinding – introduce spatial and environmental information to aid navigation to a destination

27. Cheap/Short Living
28. Another Sense
Aesthetic-Usability Effect – aesthetic designs are perceived as easier to use than less aesthetic
designs (‘Another Sense’ interpretation of Principle 28)
Classical Conditioning – associate a stimulus with unconscious physical or emotional responses
(e.g. use horrific injury pictures to warn people against drink-driving)
Story-Telling – create imagery, emotions and understanding of events through an interaction
between a storyteller and an audience

29. Fluidity
30. Thin & Flexible
Structural Forms – make use of mass structures, frame structures and shell structures to support a
load

31. Holes
32. Colour Changes
Colour – use different colours to attract attention, group elements, indicate meaning, and tap into
innate colour connections (e.g. red=danger in most cultures)

33. Homogeneity
34. Discarding and Recovering
35. Parameter Changes
Iconic Representation – make use of pictorial images to improve the recognition and recall of signs
and controls
Legibility – enhance legibility using different fonts, contrasts, spacings and typefaces
Picture Superiority Effect – pictures are remembered better than words
Readability – improve readability by controlling word length, word commonality, sentence length,
number of sentence clauses and number of syllables
Savanna Preference – make use of the tendency to prefer savanna-like environments to other
types of environment

36. Phase Transitions
Scaling Fallacy – recognize the tendency to assume that a system that works at one scale will also
work at a smaller or larger scale
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37. Relative Change
Constancy – make use of the tendency to perceive objects as unchanging, despite changes in
sensory input (e.g. a person in the distance looks small, but we still perceive them as personsized)
Cost-Benefit – make use of the fact that people inherently make cost/benefit trade-offs whenever
they look at multiple systems; also will only act on something if benefits are perceived to outweigh
costs
Face-ism Ratio – make us of the ratio of face to body in an image to influence the way the person
in the image is perceived
Waist-To-Hip Ratio – make use of the preference for a particular ratio of waist size to hip size in
men and women (also give artifacts feminine or masculine properties by using these ratios in the
form design)

38. Enriched Atmosphere
Aesthetic-Usability Effect – aesthetic designs are perceived as easier to use than less aesthetic
designs
Immersion – create a state of mental focus so intense that awareness of the ‘real’ world is lost,
generally resulting in a feeling of joy and satisfaction
Story-Telling – create imagery, emotions and understanding of events through an interaction
between a storyteller and an audience

39. Calmed Atmosphere
Defensible Space – introduce a space with territorial markers, opportunities for surveillance and
clear indications of activity and ownership (e.g. lights and gates in front of a house)
Savanna Preference – make use of the tendency to prefer savanna-like environments to other
types of environment

40. Composite Structures
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Humour – Cats As Resources

We have two cats, Batty and Nelly. They are sisters, although you wouldn’t know it if you
saw them or watched their behavior. In crude terms, Batty got the brains and Nelly got the
looks. Here’s a picture of Nelly in her current favourite place:

In keeping with the TRIZ resources idea that ‘even the bad stuff is good stuff’, we try and
turn this kind of habit into a positive. So far all we’ve come up with is ‘enhanced odour
trap’. Amazingly, I’ve resisted the temptation to press the flush handle. So far.
While you try and think of a better idea, we leave you with another feline related use of
resources, a cartoon recently sent by a (cat-loving – we think!) friend:

Speaking personally, I’d quite like one of these. Significantly more musical than my guitar
playing I suspect.
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Patent of the Month
Patent of the month this month is US7,368,862, granted to inventors at SRI International in
Menlo Park on May 6:
Electroactive polymer generators
Abstract
The present invention relates to transducers, their use and fabrication. The transducers convert
between mechanical and electrical energy. Some transducers of the present invention include a
pre-strained polymer. The pre-strain improves the conversion between electrical and mechanical
energy. The present invention also relates to devices including an electroactive polymer to convert
between electrical and mechanical energy. The present invention further relates to compliant
electrodes that conform to the shape of a polymer included in a transducer. The present invention
provides methods for fabricating electromechanical devices including one or more electroactive
polymers.

Many organizations and research establishments are busy working in the energy
conversion domain. Particularly in areas relating to the recovery of energy that is currently
wasted. The motivation for this invention, at least in part, stems from work in mechanical
to electrical conversion in human-connected systems such as shoes. Indeed the starting
point for the invention disclosure description is the use of things like piezo-electrics,
shape-memory alloys and magneto-restrictives. According to the inventors, all of these
technologies suffer from a combination of poor energy conversion capability and high cost.
The first thing they do, then, in their invention is make a jump to a different core
technology – electro-active polymers. These too, the inventors suggest, suffer from the
same conversion-versus-cost ‘yes, but’. The main thrust of the invention thus becomes the
resolution of this basic conflict. The idea being to create a step-change improvement in
performance that puts electro-active polymers ahead of the other possible technologies.
Here is some of the key text from the detailed description contained in their disclosure:
Electroactive polymers deflect when actuated by electrical energy. In one embodiment, an
electroactive polymer refers to a polymer that acts as an insulating dielectric between two
electrodes and may deflect upon application of a voltage difference between the two electrodes. In
one aspect, the present invention relates to polymers that are pre-strained to improve conversion
between electrical and mechanical energy. The pre-strain improves the mechanical response of an
electroactive polymer relative to a non-strained electroactive polymer. The improved mechanical
response enables greater mechanical work for an electroactive polymer, e.g., larger deflections
and actuation pressures. For example, linear strains of at least about 200 percent and area strains
of at least about 300 percent are possible with pre-strained polymers of the present invention. The
pre-strain may vary in different directions of a polymer. Combining directional variability of the prestrain, different ways to constrain a polymer, scalability of electroactive polymers to both micro and
macro levels, and different polymer orientations (e.g., rolling or stacking individual polymer layers)
permits a broad range of actuators that convert electrical energy into mechanical work.

The most immediate thing we learn from this paragraph is a description of one of the basic
inventive steps that has allowed the inventors to resolve the problem – they have
incorporated a pre-strain into the polymer (Principle 10). What we also learn is that the
conversion contradiction works two ways – sometimes we put in electrical power to get out
mechanical work (deflection or pressure), and sometimes we put in mechanical work in
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order to get out electrical energy (actually, strictly speaking ‘power’ since that is energyper-second, which is in turn related to ‘work’). Hence from a contradiction standpoint, we
could and should look at this conflict from the perspective of either the mechanical or the
electrical side of the story as the improving parameter. Here’s what we get when we look
up the Matrix in both directions:

Encouragingly, both of the look-ups recommend the Principle 10, Prior Action that forms
the first big part of the novelty being claimed by the inventors. The pre-strain idea in fact is
one of the main reasons we selected this invention as a candidate for the best of the
month recommendation. We like these kind of solutions, because they tend to make better
use of existing resources rather than complicate the system in any way.
The patent, however, goes a considerable distance beyond this first inventive leap (the
disclosure extends to close on 50 pages of description and 20 Claims). Specifically, we
see in the figure below some very elegant illustrations of other Inventive Principles – the
use of multiple thin layers (Principles 1 and 30) and the incorporation of the zig-zag
arrangement within some of the layers (Principles 17 and 3) to take but two examples.

It remains to be seen of course, whether the ‘yes, but’ the inventors have solved is big
enough to allow them to take electro-active polymers to the mass-market. Whether they
succeed or not, at the very least, they have given the world a significant jump in the right
direction and shown us a very elegant illustration of several of the Inventive Principles.
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Best of the Month – Vital Friends

F

S1

S2

“The energy between two people is what creates great marriages, families, teams and organizations”

For a few moments, it looked like we were going to have to resort to recommending
‘Human Sigma’ as our book of the month this month. While not actually being a bad book
– it is way, way better than the title suggested it was going to be – it is always going to be
disappointing when the main thing it uncovers – based on several million data-points – is
so obvious and instinctive. That being said, one of the most useful outcomes from reading
the book is that it references another book from the Gallup Press, ‘Vital Friends’, an easy
choice for best of the month this month. The great thing about Gallup Press is that ,
irrespective of whether the conclusion is interesting or not, the output they publish is at
least it is built on some actual data. Vital Friends, it turns out, is built on the findings of
over 8 million data-points.
It is a better book than Human Sigma because the key insight it makes – that it is the 1-21 friendships that ultimately determine the success of organizations – is some
considerable distance away from obvious. As author Tom Rath notes in the beginning of
the book, this insight makes apparent an enormous gap between the mass of personal
development texts on the market and the mass of team and organizational development
texts.

The book also examines such issues as What's the quickest way to ruin a friendship? Can
bosses actually learn something from marriages? Are very close friendships in the
workplace such a bad thing? As suggested by the 8 million data-points (readers of the
book can add to the total by visiting the password-entry website), the output is the result of
a massive, six year study of friendships. Along with several leading researchers, Rath
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pored through the literature, conducted several experiments, and analyzed interviews from
The Gallup Organization's worldwide database.
Some of the main ‘wow’ findings from the book: people who have a "best friend at work"
are seven times as likely to be engaged in their job; people with at least three close friends
at work were 96% more likely to be extremely satisfied with their life; only 18% of people
work for organizations that provide opportunities to develop friendships on the job.
As is practically obligatory in many of this type of book, Rath segments the world into a
number of different categories. In this case those categories relate to the different roles
that a friend might play:
Builders – the motivators pushing you toward the finishing line
Champions – the friends that stand up for you and what you believe in
Collaborators – the friends with similar interests
Companions – the people that are always there for you
Connectors – the bridge builders that connect you to others; the people you socialize with
Energizers – the fun friends who are there to give you a boost
Mind Openers – the friends who expand your horizons and encourage new ideas
Navigators – trusted advisors and people who keep you headed in the right direction
If you buy the book to get your personal ID code for the website, you can go and do fun
things like profiling all your friends to see how they fit into these categories. By way of
example, here are the top three roles played by four of my best friends:

All in all a fun (to the point of being facile in places), easy to read book with a couple of
very important data-driven insights to share. It is those insights that allow us to
recommend it to our readers.
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Conference Report – ‘Make It With Lasers’, University Of Warwick

This one day event was held at the Warwick Manufacturing Group facility on Wednesday
30th April 2008. The theme was 'Lasers in Emerging Energy Markets', and the overall
event was attended by over 80 different delegates and a dozen exhibitors.

The Make it with Lasers forum (www.miwl.org.uk) holds regular events in the UK in a bid
to promote the use of lasers in a variety of different manufacturing roles. We attended
largely because we’re in the middle of some research examining how quickly ‘field-based’
solutions are going to take over the various different manufacturing sectors. Short answer,
based on some of the things we saw and heard about: very quickly indeed when it comes
to the use of lasers to modify surfaces; not much slower when it comes to using lasers to
remove material.
Amongst the myriad advantages of lasers over conventional mechanical manufacturing
methods, lasers offer the potential for considerable energy and other environmentallyoriented savings. Laser applications were shown to provide novel solutions for harnessing
sustainable energy. As such, the event was a unique opportunity to learn about different
laser processes and gain critical knowledge to enhance business performance. The
programme looked like this:
09.30 Welcome and Introduction to the Make It With Lasers Programme
Louise Partridge, SPI Lasers
09.45 Surfi-sculpt® with Laser Beams
Lien Nguyen, TWI Ltd
10.15 Coffee and Exhibition
10.30 Lasers in rapid prototyping
Greg Gibbons, Warwick Manufacturing Group
11.00 Lasers in solar applications
Jack T Gabzdyl, SPI Lasers
11.30 Lasers in the fabrication of solar thermal systems
Stephan Brandle, Sunlaser
12.00 Coffee Break and Exhibition
12.30 Lasers for low stress, hermetic welding that maintains the
integrity of fluid path channels for fuel cells and batteries
Gareth McGrath, Gentex Corporation
13.00 Lunch and Exhibition
14.00 Laser marking
Simon Lau, Lasers Are Us
14.30 Tour and demonstration of Warwick Manufacturing Group
15.00 Open Forum and Discussion
15.30 Close
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First candidate for highlight of the day was Surfi-Sculpt, a surface modification technology
developed by The Welding Institute to rapidly modify the surface of metallic and other
materials so that they possess a wide range of different properties. Anyone seeing the
TRIZ Surface Segmentation trend and thinking ‘yes, but, we’ll never be able to make that
(affordably), here is the answer:

Close run contender for best of the day then was ‘Lasers Are Us’, who, despite the awful
name, showed what an SME company with some passion for the subject can do. Any
readers out there who think that lasers are only there for the big players doing big jobs,
here is a company that has not only managed to earn their way in life (in the UK!) by lasercutting things like business cards, signs and commodity electrical components, but also
doing a great job of minimizing their environmental footprint. An object lesson in using
high-end technology to allow even the most unusable waste into something valuable.
Check out www.lasersareus.com for more details.
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Investments – Body-Heat Powered Headsets

Without any kind of planning (naturally!), an overriding theme of this month’s ezine has
kind of become ‘resources’. The human body is a great source of resources, especially
when it comes to finding ‘free’ untapped energy that can be utilized to deliver a useful
function. This month saw the announcement from Belgian company, IMEC of a batteryfree wireless 2-channel EEG system powered by a hybrid power supply using body heat
and ambient light. The hybrid power supply combines a thermoelectric generator that uses
the heat dissipated from a person’s temples and silicon photovoltaic cells. The entire
system is wearable and integrated into a device resembling headphones. The system can
provide more than 1mW on average indoor, which is more than enough for the targeted
application.

Thermoelectric generators using body heat typically show a drop in generated power
when the ambient temperature is in range of the body temperature. Especially outside, the
photovoltaic cells in the hybrid system counter this energy drop and ensure a continuous
power generation. Moreover, they serve as part of the radiators for the thermoelectric
generator, which are required to obtain high efficiency.
Compared to a previous EEG demonstrator developed within Holst Centre, which was
solely powered by thermoelectric generators positioned on the forehead, the hybrid
system has a reduced size and weight. Combined with full autonomous operation, no
maintenance and an acceptable low heat flow from the head, it further increases the
patient’s autonomy and quality of life. Potential applications are detection of imbalance
between the two halves of the brain, detection of certain kinds of brain trauma and
monitoring of brain activity.
The system is a tangible demonstrator of Holst Centre’s Human++ program researching
healthcare, lifestyle and sport applications of body area networks. Future research targets
further reduction of the power consumption of the different system components of the
body area network as well as a significant reduction of the production cost by using
micromachining. Interested parties can get more insight in this research or license the
underlying technologies through membership of the program.
Technical details
The thermoelectric generator is composed of six thermoelectric units made up from
miniature commercial thermopiles. Each of the two radiators, on left and right sides of the
head, has an external area of 4×8cm² that is made of high-efficiency Si photovoltaic cells.
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Further, thermally conductive comb-type structures (so-called thermal shunts) have been
used to eliminate the thermal barrier between the skin and the thermopiles that is caused
by the person’s hair on the thermoelectric generator. Around 75% of the heat lost by a
typical adult is lost through the scalp. Hence connecting the thermoelectric system to
devices positioned – like the EEG system – on or adjacent to the head makes a lot of
sense.
The EEG system uses IMEC’s proprietary ultra-low-power biopotential readout
application-specific integrated circuit (ASIC) to extract high-quality EEG signals with micropower consumption. A low-power digital-signal processing block encodes the extracted
EEG data, which are sent to a PC via a 2.4GHz wireless radio link. The whole system
consumes only 0.8mW, well below the power produced to provide full autonomy.
Expect to see more applications using this self-powered technology (quite possibly minus
the solar aspects) in the coming months and years.
IMEC is a world-leading independent research center in nanoelectronics and
nanotechnology. Its research focuses on the next generations of chips and systems, and
on the enabling technologies for ambient intelligence. IMEC’s research bridges the gap
between fundamental research at universities and technology development in industry. Its
unique balance of processing and system know-how, intellectual property portfolio, stateof-the-art infrastructure and its strong network of companies, universities and research
institutes worldwide position IMEC as a key partner for shaping technologies for future
systems. IMEC vzw is headquartered in Leuven, Belgium, has a sister company in the
Netherlands, IMEC-NL, concentrating on wireless autonomous transducer solutions, and
has representatives in the US, China, Japan and Taiwan. Its staff of more than 1600
people includes more than 500 industrial residents and guest researchers. In 2007, its
revenue (P&L) is estimated at about EUR 235 million. Further information on IMEC can be
found at www.imec.be.
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Generational Cycles –
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Biology – Pitcher Plant

The family of carnivorous Nepenthes pitcher plants trap their prey in a liquid filled pitcher
formed from a modified leaf structure. The lip of the ‘pitcher’ is typically brightly coloured
and scented by nectar producing glands in order to attract insects. In dry conditions, the lip
is completely safe to any insect that should happen to land on it. In the presence of any
kind of moisture, however, the lip rapidly transforms into a slippery skid-pad that
aquaplanes any insect unfortunate enough to try and land on it into the liquid filled pitcher.

The slippery lip plus the liquid into which insects fall makes it difficult for them to escape.
Difficult, but not impossible if the insects kick and thrash around fiercely enough. Except
Nepenthes has developed a strategy to prevent even the most energetic of escapee to
free itself.
Here’s what the Contradiction Matrix has to say about a problem like this – where we are
trying to improve our productivity (i.e. make sure the food we captured doesn’t escape),
but the energy being expended by the prey is helping them to escape:

The trap contains a fluid of the plant's own production. The fluid is watery or syrupy and
contains visco-elastic bio-polymers that serve to use the energy of the thrashing,
desperate-to-escape insect and cause the fluid to become more viscous. The more the
insect tries to escape, the thicker the fluid becomes. The effect is known to be highly
localised such that the trapping efficiency of this fluid remains high, even when
significantly diluted by water, as inevitably happens in wet conditions.
This rheopectic fluid is analogous to humans and quicksand. In this case it represents an
excellent illustration of Principles 9 and 13 – effectively turning the energy of the insect
into something that will cause it to become progressively less able to escape.
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Short Thort

News
Matrix 2003 – German Edition
We are very happy to announce that the first German edition of the Matrix2003 book has
now been published. The translation team at Centre For Product Innovation and Kassel
University have exhibited great tenacity and patience in getting the book onto the market.
Interested parties can now download details and a German fax-back order form from our
products page.

Innovation 2008: The Future of Research and Development in Australia
We are happy to announce that we will be conducting a workshop at this prestigious
innovation event, to be held in Melbourne during September. More details on the diary
page of the website. Together with two two-day public ‘TRIZ for Service’ workshops and
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an in-house workshop, this event means our stay in Australia this time will be almost two
weeks long.
Japan TRIZ Conference
Although it looks unlikely that we will be attending again this year, we will hopefully have a
paper presented at one of the world’s biggest TRIZ conferences in September. The paper
will be a review of our patent research from the last two years.
Mexican TRIZ Conference
Speaking of TRIZ conferences, we also expect to have a paper presented at the re-dated
(now 8-11 October) Mexican TRIZ conference. The paper will be a build on the 2-part
‘levers’ article series started in this month’s e-zine.
I*PROMS Conference
We will be conducting a half-day TRIZ/Systematic Innovation appreciation session on July
1 at the Innovative Production Machines and Systems conference being held at Cardiff
University. More details at www.iproms.org.

Certification Workshops
Our next round of certification workshops begins on the 2nd and 3rd of July at our
headquarter offices in Clevedon. This workshop will be the ‘introductory’ level material.
The other two, Intermediate and Advanced level workshops will be held in October and
November respectively. Dates to be announced shortly.
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