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This paper describes a comprehensive programme og&search to produce a systematic
technology transfer knowledge framework and toolkit for the aerospace sector. The
framework builds upon a global knowledge organizatin structure compiled from the
analysis of nearly three million successful innovadns taken from across all areas of human
endeavour. In addition to describing the underlyingphilosophy and form of the framework,
the paper presents a number of short case studiesneed at demonstrating the systematic
innovation capabilities offered to aerospace acadeam industry and customers in terms of
some of the main tools resulting from the research.

I. Introduction

HE rate of expansion of scientific and engineekngwledge feels close to exponential. The rateemiegation

of intellectual property is currently averaging o\d&% growth year on year. Certain sectors of #mespace
industry are generating innovative solutions atemen greater rate. Such tremendous growth in tobagl
knowledge base presents industry, academia andrnoest with an expanding set of conflicts and catittions
associated with both the management of existingmeauige, the disposal of redundant knowledge and the
acquisition and transfer of new knowledge. Theagagereported in the paper describes the outconieeofvorld’s
largest study of creativity and innovation. Keythis research has been the formulation of a knoydextganization
framework able to span different industries. Thiagiple enabler behind the resulting framework wnalidated
over the course of the last 50 years — has beeid¢néfication and distillation of what determingsccessful versus
unsuccessful innovations. In this regard, the mesebhas shown that financial success alone isyap@or indicator
of a successful technical solution since it is @rextly the case that an enterprise may do 99 thiiggrs and one
thing wrong and as a consequence end up with a evamh failure. The 99 things that were done cdlyec
however, have much to teach future projects. Is plaiper we will discuss five fundamental parameteasoffer far
more reliable means of identifying what determiaesiccessful solution.

What these success parameters go on to reveadtishidre is a considerable amount of re-inventirgwheel
that takes place across different industries. Ttient of this duplication — which gives new meantoghe word
‘re-search’ — is such that over 95% of, for examplatents found on the current patent databaselseofvorld
represent low novelty derivations of solutions thave already been discovered in other industBgseliminating
the vast amounts of duplication, the research as $ought to create systematic means of idengifi{gnccessful’
solutions and then placing those solutions insidenewledge framework that encapsulates the besillobf
mankind’s creative endeavours. The paper desctitieframework in the context of both its univeisaland then
its specific applicability and relevance to theaspace sciences. We propose that the result ofehéarch is a
framework and associated systematic innovatiorkibdésigned to enable engineers and scientists to:
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a) Objectively determine and rank what technologies sutions will be successful
b) Organize aerospace knowledge in such a way thbédbmes possible to systematically access ‘good
solutions in a fraction of the time the job curigriakes (Culley suggests that designers typically spend
over 30% of their time looking for information)
c) ldentify ‘low-hanging fruit opportunities to impoexisting solutions from other industries to sobtgrent
and future aerospace problems
d) Identify opportunities to export existing aerospaokitions to other industries
e) ldentify holes in the knowledge tapestry and tosthientify future enabling technology requirements

A. Background to The Systematic Innovation Research

The roots of the systematic innovation methodolegretch back to 1946 and the Soviet initiated Theafr
Inventive Problem-Solving, TRIZ, originally conceiy by Genrich Altshullér TRIZ is a series of tools, methods
and strategies developed through over 1500 pemsars pf research and the study of over two milibthe world's
most successful patents. TRIZ research, at leastras new knowledge acquisition, effectively adltn the early
1980s. Consequently, when attempts have been noadpply TRIZ to more recent innovation situatioitshas
frequently been found to be inadequate. Thus,istaim 1996, a programme of systematic analysipaténts and
scientific research was instigated in an attemptigdate the methddin addition to adding modern data to the
initial TRIZ database, a second key element ofrtees research has been to integrate best practioes dther
problem solving and creativity methodologies. Tésutting Systematic Innovation Methodology now em@nts the
integration of TRIZ with a host of other tools aedhniques like 6 Sigma, Lean, DFMA, Axiomatic QpsiValue
Engineering, Theory of Constraints, QFD, Robustiffesand others; the overall aim being to ‘putaflthe good
stuff in one place’ and thus to create one singhjed knowledge structure.

Systematic Innovation is about providing meanspfamblem solvers to access the good solutions odudaiyy the
world's finest inventive minds. It provides a comdtion of methods and tools for creativity and stiliiation of the
world’s best inventive knowledge. The basic procbgswhich this occurs is illustrated in Figure lidve
Essentially, the method has sought to identify amchpsulate the principles of good inventive pcacéind set them
into a generic problem-solving framework. The tadkproblem definers and problem solvers using trgd
majority of the Systematic Innovation tools thusdi@es one in which they have to map their spepitiblems and
solutions to and from this generic framework.

A SITUATION E:) e e
LIKE MINE g -

SITUATION

MY SPECIFIC
SOLUTION

MY SPECIFIC

SITUATION

Figure 1. Systematic Innovation generic problenvisgl framework

B. The five pillars of Systematic Innovation

Study close to three million innovations, whichwisat the Systematic Innovation database now coegrand a
number of general heuristics emerge that are contmati successful solutions. According to M3rthere are five
such heuristics — or ‘pillars’ — that together detme what will make a given technical solution essful or not.
These are:

Functionality, Contradictions, Resources, Ideal8kifting Perspective

The paper will discuss each of these pillars in tbatext that each of them may be expected to play
facilitating better knowledge management and mdfectve technology transfer within and around Herospace
sciences. We begin that journey by examining fmcéind functionality:
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[I.  Function Databases

A. The importance of function

The Systematic Innovation and preceding TRIZ rede&iave both vividly shown that the same problents a
solutions were appearing again and again in diffenedustries. In addition, it was observed that gtrongest
solutions tended to import knowledge from differelotmaing. Functionality is the common thread by which it
becomes possible to share knowledge between thdstywliffering industries. A motorcar is a specifiolution to
the generic function 'move people’, just as a washowder is a specific solution to the genericcfion 'remove
solid object'. By classifying and arranging knovgedy function, it becomes possible for manufactuodé washing
powder to examine how other industries have achidfie same basic 'remove solid object' functioolut®ns
change, functions stay the same' is a messagernfgrantentral thread in the methodology.

Many large companies’ and famous inventors’ inniovest depend almost solely upon the transfer ofrteldyy
from one situation to anotherThe inventive step required in the developmerthefDyson twin cyclone vacuum
cleaner, for example, was a direct transfer of \wsthblished cyclone separators, quite common nviseiveral
industrial filtration processes, into the househadduum cleaner. The key that links this applicatid technology
transfer is function. Dyson’s solution too perforthe function Remove solid objecbut in a different way.

Central to the development of functional thinkirgythe large number of scientific effects that héesn
discovered over the course of human research. fionadily however, scientific knowledge is presenteda
predominantly neutral fashion. The conditions thegate a particular effect, such as ultrasonic tatwn for
example and the resulting changes the effect pexlace recorded. However, the knowledge of thesetsfis not
recorded in such a fashion as to enable the ideatidn, choice and implementation of a particugffect in a
problem-solving situation. To use an example frolisiullef, a typical scientific recording of knowledge colie
“Under the effect of heating solid bodies dilatBut if we were to present the effect for use inrabfem-solving
situation, for example “Under the effect of heatisgjid bodies dilate, therefore this phenomenon lbarused
whenever we wish to move solid objects by smalpldisements with great precision”, it becomes muarem
useful. The Function Database uses this type afsifiaation of knowledge that provides access ® ¢ffects
available in a particular situation.

B. The Function Database

Effective knowledge classification by function
is therefore a very powerful tool to apply for

FUNCTION Database|
Function DATABASE

March 120

R CAToi innovation, problem solving and technology
p— transfer. The Function Datab&d®s been created
o= as a collection of knowledge detailing known
" B means of delivering certain key functions. The
H Database relies upon the careful classification of

different scientific effects. We can use the

= The dust particle adhered 1o the walls of tube, are reroved! by process of acoustic PW""": H H H
ittt m“reecoee  Fynction Database when we are looking to deliver
an alternative or more effective method of
FEEDBACK/SUGGESTIONS ON THIS FUNCTION :- . . .
e —— delivering a function than we are currently
achieving.
Suaaeion : An example of a page of the Function
R Database is shown in Figure 2.
T

Figure 2. The Function Database for ‘Move iitju

To use the Function Database you follow theege Systematic Innovation problem-solving framewby
translating your specific function to a genericdtion.

The essential form of this translation taskoimes subject-verb-object descriptiosgmething does something,
to somethingTaking the specific problem ‘How can | get disdgheat from an engineering structure?’ the generi
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function is ‘cool solid’ which corresponds to théerb-Object’ part of the classification. Having neatthis function
abstraction, the Function Database will then aldmeess to all of the currently known methods amehsific effects
that are able to perform the chosen generic funcfitlhe Function Database — which continues to latgg on a
continuous basis - permits users access to wayseahs of delivering functions culled from all aredishuman
endeavour. Figure 3, for example lists some of rii@n ways of delivering the function ‘move gas’ —key
functional requirement in and around the aerospacwr — but, as indicated by some of the entrieg ro means is
this a function delivered exclusively by the indystThe database thus identifies possible ways rardns of
importing solutions from other sectors or exportixisting aerospace solutions to other sectors.

Acoustic Vibrations Ferromagnetism
Archimedes’ Principle Gravity

Bernoulli's Theorem Inertia

Cholosky Effect Jet Flow

Coanda Effect Pascal Law
Diffusion Ranque-Hilch Effect
Ejector Shock Wave
Electrocapillary Effect Spiral

Thermal Expansion
Peristaltic Pump
Vacuum

Venturi Effect

Electroosmosis
Electrophoresis
Electrostatic Induction
Fan/Compressor

Figure 3. Function Database entries for ‘move gas’

C. Classifying a Company’s Capabilities

When faced with a problem-solving situation withirtompany it is desirable to find a solution thidtzes the
company’s existing resources and capabilities. large company the capabilities known, used andgss®d that
are available as methods for performing a functiom not always well distributed between employ&gkat the
systematic innovation Function Database enablagrsmework in which the capabilities possessethbycompany
are mapped into an internal knowledge databasenizeyh by function.

The Systematic Innovation research has built aipuldmain version of such a database. Leading adges of
the method are now beginning to use the same gfadrakbwork as a means of organizing and integratieq own
proprietary knowledge. The construction of such iaregrated internal/external knowledge databasailires
consideration of the generic functions that eaghabdity, process or method can perform. For exanil an
enterprise should possess the capability and haperience in using ultrasound the following gendtinctions
shown in Table 1 become available for use by engdey

Table 1. Functions that the use of ultrasound psrmi

Generic Function State

Absorb/Accumulate  Gas
Breaks down /CI?ans /Corrode%olid, Liquid or Gas
Decomposes
Changes phase of /Melts /Freezqﬁquid
/Boils /Evaporates /Condenses
Destroys /Erodes /Corrodes  Solid, Liquid
Detects Solid
Dries Solid, Gas
Embeds Solid
Holds /Joins /Assembles  Solid
Mixes Solid, Liquid
Moves/Vibrates Liquid
Separates /Removes /Polishes Solid, Gas

It is evident from this list that the capabilitie$ the company when mapped out by function becormeem
useful, more accessible and more extensive thanappgear in isolation to the contexts in which tlaeg currently
used. Capabilities are resources that are oftererargloited and not utilized to their full potemtiddditional
resources that the company was previously unawbieamw be revealed during the creation of such abdese.
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Capabilities and functional knowledge can be cetldtom a variety of sources including patentdfileublications,
equipment, employee knowledge and past experience.

Thinking in terms of function during problem solgirsituations will not only lead to stronger, lesasteful
solutions but will enable the team to utilize suchknowledge database. The designers first idetitidygeneric
function required to perform in the particular plerh situation. A simple search can then be perfdrroe a
company capability based function database thatldvoapidly enable designers to see whether the eomp
possesses the required capabilities.

The knowledge of a functional capability being mss®d within a company, will avoid experiences saghbne
team of aerospace researchers underwent when disog\an existing patent filed by a different depemt within
the company. In addition this knowledge opens mpimber of possible solution paths that may otherwist have
been attempted due to the limited knowledge withiparticular team of designers. A key philosophgartying
Systematic Innovation is the notion that ‘Nobodysssmart as everybody together'. In effect, aernal function
database provides any designer access to thedoatknowledge that the entire company possessgsFlinction
Database developed at CREAX effectively providesigieers with all the ways the world knows of deling any
type of function.

Whilst it is extremely useful to identify alternati means of means of performing your function thisreo
guarantee the company will have access to thabdépalf the capability is not present within tltempany then an
internal database search saves the designersibhattand effort searching for a solution using émgstapabilities.
This may prompt the designers to reevaluate thél@m from a different viewpoint in which the furmtial
capability not possessed will not be required. rhltgively, the designers will know that they needearch outside
the company for someone who can provide that fanati capability. The terminology used in the geméoim of
the database has been designed in such a wayhthatords used represent useful search words witbhwisers
can interrogate online databases like the US ooji@an patent databases in order to locate moréispe@mples
of a given effect in action.

In a further aspect of the Functional Databasse fidssible to associate the companies that aret@lpieovide
that capability with the methods for performing ¢tions. In this way, the database can act as actianal Yellow
Pages’ connecting those with a functional need pittential providers. Turing one of the key TRIZgdes around,
‘someone, somewhere wants the solution you alrdadgd’. Through further incorporation of effectsnking
algorithmg, it further acts as a means of identifying knowjedoles and pitching the aims and goals of rekearc
programmes.

1R Contradictions

A second pillar of Systematic Innovation involvég notion of Contradictions. Researchers have iiteththe
fact that one of the most powerful tests of sudoés®lutions is that they emerge when innovatarscessfully
challenge or eliminate the conventional trade-affst most designers take for grarfteMore importantly the

research has now presented systematic tools threbin
problem solvers can tap into and use the strategies
AVE'Ue_r employed by such inventdrsThe most commonly applied
dnnticy tool in this regard is the Contradiction Matrixriginally a
39x39, and now a 48x48 mattigontaining the most likely
strategies for solving design problems involving thost
common contradiction types. Probably the most ingr
philosophical aspect of the contradiction part gétSmatic
Innovation is that, given there are ways of 'eliating'
contradictions, designers should actively look them
during the design process.

Central to understanding the importance of
contradiction and trade-off elimination is the exanary
e ptih Titne S-Curve shown in Figure 4. The evolutionary S-Cusva
W commonly employed tool in business and designackta

product’s relative state of maturity.

or related
parameters

Retirement

Maturity

Infancy/Growth

Figure 4. Evolutionary S-Curve model
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The idea of resolving design conflicts is of partir relevance when one considers the fundamentaslof a
system. At this end of the curve, systems are Iméggnto hit fundamental limits. Fundamental in tbhiése means
fundamental. In these cases, no amount of optimisatill improve the system beyond these limitsuhrcovering
the dynamics of system evolution, the Systematic
Innovation research has demonstrated that the only
A\ Measured Parameter possible routes to improving a system involve
either lowering expectations (‘moving the
goalposts’) or changing the system. The research
also shows that when we opt to take the ‘change the
system’ route, in most instances all of the
mathematics and mathematical models produced to
support and optimise the present system become
largely irrelevant. This is a phenomenon that often
causes significant reluctance to adopt innovations.
In order to move to a system with higher
fundamental limits a designer must resolve a

Poor O e St . contradiction or design conflict, see Figure 5.

Good

Target

Altered System

Figure 5. Overcoming fundamental system limetguires
designers to resolve a contradiction or desagiflict.

A design conflict occurs when trying to improve aspect of the system another aspect worsens.xaormse,
we want an aircraft structure to be strong buthesvy. Traditional approaches reach a compromisedea these
two parameters, but TRIZ recognises the designlicordnd suggests that a smarter solution will eyaeby
challenging rather than accepting the trade-ofint/she contradiction matrix (see Figure 6), a gesi is directed
towards the most likely inventive methods that ottlesigners and problem solvers from all fieldssofleavour
have successfully used in this situation to avbalttade-off. Thus far, looking at all conflictkdithis one; only 40
inventive strategies have so far been uncoverdeeréfmay be more of course, just that so far oflpeen found.)

e

. Ena ;
| e | Weioht| Power

Speed

Strength 40, 31,
2,1,17

Fressur

Figure 6. 2003 Contradiction Matrix example

Contradictions are intensified design conflicts.e$& arise when we want something to be two opposite
parameters, for example, heavy and light, flexdote stiff, present and absent. Once again, Sysiemnaiovation
points a user who has identified a contradictiowat@s the most likely of the 40 known methods thave
previously been used to resolve it in a win-win meam thus allowing direct access to the directitwasg previously
successful solutions have adopted. In many ways,idea of conflict-elimination as a test of satutiimportance
represents an extremely effective means of rankwmigtions and thus determining which are more Yikel be
usefully transferred than others. It also permésanother means of codifying and presenting inglust enterprise
specific knowledge:

A. Storing and accessing design conflict records
It is very simple to keep a record for each prob#uation within a company if it is framed in thentext of a
design conflict. Storing problem-solving knowledgethis way rapidly generates a database of a caypgast
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inventive solutions. This is highly desirable aalibws the company to simply and instantly accekare and re-use
problem-solving knowledge company-wide. For a téacing a design problem, all that is required i$réane their
problem as a design conflict and then map the prolib the generic parameters of the contradictiatrirusing
the Matrix 2003 tool. This mapping can then indiashow whether the company has already faced ahed a
similar problem.

It is a simple addition, and one that can be

or | Weigtot [ engihofa] anginora] Arescra | aeacre | wmoat | voumsar —= 4 automated, to link both documents and the people
Stati e Stati e Stati Hhoir Stati Speed (9) Intensity Py
Object (2] | Object (3) | Object (4) | Object (5] | Object (8) | Object 7} | Obest(a) (10) ‘ invo|ved to each Conﬂict so'ution Stored in the
1&::‘(’:“::2“;;! J J ‘,1,; j j D I,,Z,; J |_‘j II n database. Documents can include anything from
I o e e = ‘J _’II “ design sketches to project reports detailing the
e = J B _”I * | solution method. The importance of attaching the
j:;;:;;?mw BB &2 B3 B3 % ( \ . p(_aople involved with the project is vitlal to a_ssist
e | an o w ~ @m == | with the transfer of tacit less easily codified
i i S S fnowledge
Areaof a Stationary : Patent Details Frg @ .
| oblect te atent No it Issue Di 36 ‘_ﬁ_l H H H
7Vn\ume:f)Muv\ng0b]ecl Others |556145:21 I;na‘fﬂinghdderhrahnthnw |I14'Nn37 j ® An example Of SUCh a too' In use IS the Matrlx
e =z Explorer. This tool follows from patent research
——— SRR | s 1= - | performed over the last three years at Systematic
i romed H_agﬁ |2 | |us6164252  Reciprocating piston engine with a swivel disk gear . }_g' ‘_3_( . do . . . .
e ~— ~ | Innovation Lta". As an inventive solution requires
e ﬁ — % :‘ overcoming at least one design conflict it is
tstressorpressure i) | 1% 38 i :
an = B | El~ i possible to extract from patent documents and other
2| Sacpeitiz) 28,40 |z a0 i . . H 1
= =] patert « | L. .| inventive solution knowledge sources the conflicts
Stabiity of objects (2138) (B33 ﬂ [ A
E— o ‘“J i j e = . solved and the principles used in their resolution.
LR L) la01s] 274 835 2826 4029 28 1z 1715 2614 |34 e . .
Lol ;5| The current generic database contains around

150,000 such conflict-eliminating solutions.

Figure 7. A sample of the Matrix Explorer.
Each square of the matrix contains links to allgh&ents that have solved the particular desigflicon

Whilst an internal company based database cange@dcess to the company’s experience and knowl¢okge
Matrix Explorer based upon the global patent degabgrovides a direct link to specific examplesnoentive
solutions in the world for the same problem youfang. As such the Matrix Explorer offers a pofuétool for
accessing, sharing and re-using both company mtapyi and world’s inventive knowledge.

IV. Resources

The next pillar of the Systematic Innovation metlmedolves around the idea of resources and themisaiion
of the use of resources within systems. This islament that is particularly important in the apaxe sector since
there are extremely strong drives to push the epesl of capability of every element within a syst®e discuss
the resources pillar here via a discussion of f&e®natic Innovation uncovering of a number of higiredictable,
discontinuous evolution trends of evolutiol. These trends have emerged again from the studiosé to three
million successful solutions. Of particular impartea when looking for the trends has been the ifieatiion of
step-change improvements in systems where the ehah@t take place repeat across many other ineksirhe
original Soviet TRIZ research uncovered 8 suchdseMore recent research has raised this numig% telating to
the evolution of technical systems.

A. Evolutionary Potential

The trend framework has also been extended todedhe concept of Evolutionary Potentidf™This concept
allows the measurement of the relative maturityaofystem by quantitatively evaluating a solutiolggel of
development relative to the established discontisumends of evolution. Any type of technical systcluding
patents can be evaluated and modelled in thisdasldince the trends have been uncovered fromttity f all
industries, they effectively offer a means of ‘gbbenchmarking’. One of the great advantages, theansing the
trends is that it allows users to identify trenchps that have been used in other industries that hat yet taken
place in their own. As such, these unused trendpgumepresent untapped resources in a system. Sude
occurrences are quite frequent at this point iret{fargely due to the fact that different industriill do not talk to
each other), there is much scope for the accederaif evolution in aerospace systems. In parallgh whis
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accelerated evolution is a correspondingly impdrtBngeneration opportunity. An Evolutionary Potalit’ radar
plot can be drawn to display at a glance the redatiaturity of a system as shown in Figure 8.

When this knowledge about a system is stored in
this manner it becomes possible to search for other
systems that may be ready for implementation of a
novel solution. For example, when patent
information is stored in this way one could then
search for other roller bearing patents that aaelye

to be improved using a new innovation in flap
design or fly-by-wire control architectures, or
whatever else is of interest — another outcome of
starting from  globally-focused  knowledge
architecture.

Figure 8. Evolutionary Potential™ radar plot exagnpl

Analysis and construction of radar plots for seivbrmdred thousands of aerospace designs and patamal
considerable strategic information on technologytumty and opportunities to transfer trend jumpseidved in
some industries that have not yet occurred in paes Figure 9, for example, illustrates how gabite fan
system design has evolved over the course of #iedlayear. What the plot also shows is that there are atill
considerable number of technology jumps that hapmpéned in other industries, but have not yet haggbén the

aerospace sector.

Smart materials

[rezign methodolagy Space segmentation

Contrallability Surface segmentation

Degrees of freedom Macro to nano scale

- Ist generation fan technology

- 3D aerodynamics, hollow blades
- swept, snubberless , honeycomb
- composite

[ esign point Increasing asyrmetny

A WOWN P

4

tono-bi-poly-faious objects Geometric evolution of linear constructions
ono-bi-poly-Similar objects Geometric evolution of volumetic constructions
Duramization

Figure 9. Evolutionary Potential™ radar plot of gabine fan evolution

As with the Function Database and Matrix Explorl$, the Evolution Potential tool presents a kreage
sharing framework. In this instance, it allows ssr quickly and accurately place their currentigieselative to a
global standard of best practice. From an R&D statperspective, construction of Evolution Potdrtiats for
each of the constituent parts of a system offareans of determining which elements are more malane others.
In this way it becomes possible to have an objectivans of determining which areas of a system hawe
development potential than others, and hence whielas will deliver the biggest benefit per unitresearch
funding invested.

V. Ideality

The fourth pillar of the Systematic Innovation nwblogy relates to ‘ideality’. Similar in form tovalue’,
ideality is typically defined as the sum of the ifise functional benefits delivered by a systemididd by the sum
of all the negative aspects. Negative in this sermessponding to things like cost, waiting timayieonmental
damage or social impacts, anything in fact thatistamer might decide is something they do not wahe key
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features of the ideality pillar are, firstly, thenghasis on the customer and the customer’s defindf what ‘ideal’
means to them. And then secondly, it is about aafgeobjective measures by which different desiglutons can
be measured. One of the overriding trends of eimiuin TRIZ is that successful designs deliver ‘madeal’
solutions than an incumbent solution.

While principally used as a test of success ofgiesblutions, the ideality pillar is also structlite point users
towards more effective design solutions. An impatrt&ord in this context is ‘self. Design solutiotisat deliver
functions ‘by themselves’ tend to be more ideahttiaose that do not. Thus, for example, the batanof rotating
structures in and around aerospace systems is @angxe and time-consuming business. A more ideaigd
solution would be one that was able to ‘balancelfitsAgain the important TRIZ message ‘someonenswhere
already solved your problem’, implies that someank have been thinking about precisely such selancing
design solutions. Using ‘self’ as another generiowledge search word is an often effective meanloadting
more ideal design solutions, not just in termsedf-balancing, but any other desired function. Refiee 3 provides
a chapter on the identification and classificatidrself-x’ type solutions.

VI.  Shifting Perspectives

The final pillar of the systematic Innovation Metlodogy (at least the technical version — the edaivafor
business problems adds ‘complexity’ and ‘recursiom’ the list of five presented héfeis about shifting
perspectives. The main idea behind this pillahérecognition of the fact that the human braimosdesigned to be
creative. Clearly it is able to be creative, bubtlghout our evolutionary history, the ability torfh and remember
patterns has been a far more important day-to-dagval skill. From the perspective of knowledgeddmowledge
transfer, one of the most significant manifestatiad this pattern-forming capability is that wheaewe are
presented with a design challenge, the first qopstiur brain poses is ‘have | seen this problenoreét If the
answer is yes, our brain is then very good ateitny the answers we have already stored and, ¢i@gidone, then
turning off the creative parts of the brain. Thisate capability is very useful if we are beindketd by a dangerous
animal and need to react quickly in either a fightlea mode, but it is very destructive if we amehe business of
trying to identify better solutions than the ones already have.

The same phenomenon — referred to in TRIZ as ‘mHggical inertia’ — applies equally well to problem
definition: the human brain very quickly jumps tonclusions about a situation. Unfortunately, exgreze shows, it
very often jumps to the wrong conclusions. The ftgig perspectives’ part of the systematic innowati
methodology, therefore, presents tools and stregegimed at providing problem re-framing strateggeselp solve
the psychological inertia problem. From a knowledbaring and technology transfer perspective, thegsmming
tools too can be very readily integrated into krenige frameworKs In other words, someone, somewhere already
found a way of solving the psychological inertiatplems within your situation. Very often the psyldgical inertia
effect extends beyond the individual to the whotgamization. Engine manufacturers, for example, \aedl
accustomed to eliminating as much weight from tpeaducts as possible. As the gas-turbine industgymatured,
this weight reduction capability has achieved s@xemely sophisticated, exotic and expensive desijutions.
Further weight reductions now come at an increadisgroportionate price. Psychological inertia p@igas-turbine
designers to the outer reaches of science. A syifierspective, however, might point them towattisfahe ‘low
tech’ structures in an aircraft (e.g. without wigito insult the manufacturers, seats) and thirduabhow much
easier it would be to reduce aircraft weight byufsing known weight reduction technologies in thiection. The
psychological inertia ‘box’ here is that gas-tudbitompanies think they are in the gas-turbine legsinShifting out
of this box, they might come to realize that onehair principal functional skills is ‘reduce weiyhOr ‘increase
strength-weight ratio’, or any of the other myrfadctions the gas-turbine has to deliver.

Re-thinking a whole business through the lens gtislogical inertia is a perhaps extreme examplshdting
perspectives. The same psychological inertia effeatvever, is present throughout the hierarchyystesns and
sub-systems within an industry. To take an exaraplfie other extreme of the size spectrum, prengibgic (i.e.
psychological inertia) dictates that all structuradterials used in aerospace have a positive lBeisson’s Ratio.
Few if any aerospace engineers will question tlsumption. A shifting perspective and an eye todbtside
world, on the other hand, will quickly reveal theistence of a whole class of negative Poisson Ratderials,
several of which could be directly translated idésign solutions that are both patentable and idesd.
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VII.  Conclusion

In this paper a knowledge framework that enablesrgj and accessing knowledge organised by Funetimh
storing design solutions by design conflicts solesl principles used has been proposed. Tools dblerihese
processes such as the Function Database, the Giotit]m Matrix and the Evolution Potential resoufoaler were
also presented.

There is a paradox involved with current knowledgegnagement practices concerning the responsibiliék
when knowledge management schemes are implemelitemlvledge management needs to become part of a
company’s culture. The creation of dedicated kndgtemanagement departments often has the effeetlating
each employee’s perceived role in conserving kndggeas the responsibility now belongs to anothpadment.
This means that schemes, often costing large saraspot highly effective. It is also often the caélsat although
initial take-up of new Knowledge management initias and software is high, the first time that atlase lets an
employee down it will stop being used.

It is the author’s opinion that the only effectilreing knowledge management system is a self-updatine
(another key Systematic Innovation concept). Pedpl@&ot want to spend time entering more data,thacktfore
automatic organisation, management and storagenoWlkdge is of paramount importance in the sucoéssf
implementation of these systems. The proposed mgstevhen integrated into a company’s standard probl
solving approaches, also have the advantage ofratitally storing the knowledge gained during use.

In today’s competitive market place innovation ngereasingly being seen as the key factor in a cogipa
continuing success. Managing the knowledge assatiaith innovation and problem solving should there be of
vital importance to every company. Classifying ataicturing knowledge in a manner to assist inriomatas not
thus far been satisfactorily implemented. A Syst@&nmnovation based approach, founded on the nstiof
Functionality, Contradictions and Resources, presid very effective framework for structuring, stgr assessing,
accessing, transferring and re-using knowledgecistsa with innovation.

Storing information, ideas and solutions by FunctiGontradictions and Resource usage enables strapisfer
of knowledge across disciplinary boundaries. Histmas shown that stronger innovations occur whehrtelogy or
processes cross the disciplinary boundaries theréfi@ knowledge framework proposed is of substhhgnefit in
accelerating technology transfer and, consequentlypvation. In its current state of evolution, therld of
technology presents many ‘low-hanging fruit’ teclogy transfer opportunities. Someone, somewhetieeeinside
your organisation or beyond, really has been sglwyiour problem. The universal framework ambitioristhae
systematic innovation methodology permit ready mapdd means of finding those somebody’s and somesidie
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