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ChapterlL aws of Techni coal Systemsd Evol ut

1.1 Existence & Position of Laws in EngineerindRIZ is abbreviation ofTeoriya Resheniya
Izobretatelskikh @datch in Russian. In English, it translates @Theory of I nventi v
S o | v TRiZgwias founded by great Soviet enginggerald Altshulley beginningl946. Forsome,

TRIZ is a poweful design methodology, others use itaedive imagination boster and few others

use it as tool to overcon@eadlock situationgaced in technical progress. A popular nickname for

TRI Z i n west miasa difepsedrohingt sorting, classifying and profoundly studying

millions of patents, Altshuller came #ostartling conclusiortechnical systems evolve whiehering

to some laws. If these laws are generically defiaed applied toa particular Technical S/stem

(TS)* ** of interest to innovatopurposefully that & similar technical systems refine quicker

These daws of technical systems evolution ( L T SE) constitute a very si
content. The laws are:

Law of System Completess

Law of Energy Conductivity in system

Law of Harmonization

Law of Transition From Macrdo the MicroLevel

Law of Increasing the Degree of Substafged Interactions
Law of Transition to the Sup&ystem

Law of Irregularity of System's Parts Evolutio

Law of Increasing Ideality of technical systems

ONO O WNE

1.2 Concise treatment of laws!1ill 6%

The laws of TS evolution reveatonsiderable, steady & repeated relation betwalements inside of
system anaf those elementwith exterior environment irhie process of progressive development, i.e. of
transition of system fronis one state to another wigurpose of increasing of its useful functidinis an
undisputable & universal fact that any TS builds up its package of useful function(s) qualitatisiésr
guantitatively over time. After all, sole aiof TS coming into existence is promise of dislivery of
useful function(s) sought byan.

Laws were revealed during analysis of large groups of factdrlilentions from patent funcdistoric
techrical researchesHowever in engineering the laws act as spontarsefmrce and one can never be
confidentthat steady, considerabéad seriousas opposed to casdalystem relations arat playin the
selected grop of facts picked over ahort period oftime. Any reasonable period of time chosen
discoverlaws will be shortvhen placed alongsidmtire inventive age of human civilizatiohhat is why
cognition of laws goes by the method sificcesive approximation: deliberatelghoosingstrongr
invenions (technical solutions), revealing of principles technical contradictionsluring resolution
selection of thetsady combinations of principles and physical effects, and fisédigdard steps in the
development of technical systems. Alv@stigation phases are prone to subjective factorsifikigvidual
approach, estimatiormbs@ce of quantitative criterions, etc. Hence suppression or cancellation of such
errors is also mandatory.



* Technical System or TS will soon be defined unambiguouslyhdiilany mechanism, machine, process, etc. may be termed TS. TS can be used
in singular or plural sensei Techni cal System or Technical Syst ems wi || hencefo
**For simplicity, TS can be used in singular and plural nses.

1.2 MUF, MDE, Ideality andldeal Final Result

MUF stands forMain Useful Function. Every TS is characterized by its MUF. A TS witii MUF

simply wouldnot exi st because man woul dnot creat
fulfilment of a particular function. When he finds his limited abilities cannot delivar function, he

looks attechnospherewith hope. Heis thencompellal to assemble new TS that performs needed

function. The needed function of human translates to MUF of TScdse a TS performs multiple

functons, MUF can be substituted x (MUF). For simplicity of expression, MUF is often used
universally, both in singular as well as plural sense. Any TS is always ready for its MUF increase.

MDE stands forMass, Dimensions& Energy Consumed Every real TS is characterized by MDE.
Another close term i8VSE standing forWeight, Size & Energy consumepboth MDE and WSEre
interchangeably useds obvious it is, MDE is an undesired characteristic of TS; TS is always (or should
be) prepared for its reduction.

The most comprehensive, profoumditerion for measuringorogressivechangesn development of any
technical systensifactor ofideality or justideality. Ideality of a TS, I(S) is defined as below:

F.> (MUF)
I(S) = —WpE

When greater precisiois requiredMDE is substituted by Harmful Effgs) or HE.
HE = MDE + cost of production of TS + pollution caused by TS + other losses.

The 8" law, viz. law of TS idealizatiorpresents increase of Ideality as ultimaten of all TS. It is the
most inportant of all laws. A remainingsevenlaws are in factoncrete realizations of th&" law on
different stage of T8levelopmentsReaders are cautioned notdverread meaning of this, viz"8aw.
This law does not assarbntinuous rise of Ideajitwith TS evolution. It only establishéacreaseof I(S)

in TS evolutionin the long run.I(S) of a TS sequences aslittle decrease or constancy followed by
substantial increase followed hylittle decrease or constancy followed by substantial inerdéet rise is
assured.

What is the uppeirhit of I(S) set in minds of TS or mind of its innovator?
Answer:Infinity!

What would belie physichstate & configuration of TS when 1($) D or ishigh enoughR
Answer:ldeal Final Result (IFR) stateor IFR

TS strives to achieve its IFR state. Of coursés gasier said than attained. As TS atterpptgressing
towards IFR it faces technical problems, mostly of inventive kind. Theentive problem isn turn is
narrowed down to a dchnical Contradiction (TC). Removal or relaxation of TC supplies required



technical soluti on. Many a ti mes, we are stuck wi
andappreciating terminajoodnes of TS, viz. IFR.

*the entire marmade world is called technosphere. It is in contrast to biosphere which is nature created.

There exist@ scheme to formulate IFR easily & universabn e of el e melace of systém an 06 i
or an environment itéfeeliminates harmful (unnecessary, superfluous) action, keeping ability to make
useful action.

Here themagic word is6 i t d.e lwithéut participation of the person, without inflow additional

energy, withoutclubbing new subsystems, without interémce of supesystem o0l is gsed ifi 6
absolutesense without anything. In realityt is impossibleto achieve such resultlFR in most cases is

just aleading light, allowingan inventorto bedrifted tobestplausiblesolution?The aspiration t@ome

nearer to IFR cuts all solutisnof lower levels. It snapthem at oncewithout an enumeration of
possibilities. IFR and a small set of variadisseto itremainl nvent i ve sol utions of h
lower6 pri ced f or ¢ h achigwng mdrerdessey sffeces simultdnéolisky.

An example from pharmacy industry demonstrates how a high level inventive solution closeiso IFR
wittingly cheap(in terms of costs paid). Aachine manufacturing o u n d  @resael froenta pdivder

is showed inFig 1 below. Powder is filled in small bunkekbout 2625 tablets are produced from each
batch of powder. Every tablet, in standiageposition,is rolled down a channel on the table for packing

into boxes.
ﬂ/ bunker

press
/ tablet

channel product

N / table \

\ /
N\

bucket for spoilage

Fig 1: tablet separator

But as a rule, last tablet is made incomplete; there is nal@ote finishit. It cracks, crumbles, litters the
table, messing the good Iinatusbin\Woeawayeto avoitittenmngisittohr ow t
| et al ert wor ker ethefaetitcishréceivechan sableb We riow formulageletsthe

def ecti ve |tfadb ldeett ebca Eheicdmsspondihgnvandivie sottion gneratednvolves

a dight shifting of either table or channalvay from eactanother A small gapdoes the jobThe bucket

is now repositioned verticallipelow thisimportantgap The spoilag itself slips into the bucket whilbé

whole tablets roll with &ertain velocy to skip gap and land onto table.

1.4 PLaw- Law of System Completeness



TS must be complete itseid be able to perform MURt ought to contain four parts for sumeorking
unit, trarsmission, engine anbntrol unit Figure 2.These parts can bddntified by their key roles given
below:

Product: that which is processed. Processing can be displacement, transformatituction,
modification, improvement, detection, safeguardimgasuringetc.Product is considered outside TS,
though inclusionin TS is not a grave error.

Working Unit : place where the energyputs

Transmission through whicherergy flows

Engine: source of energy

Energy/Power source source of engy for engine

Control Unit: place that signals operation of all parts of ayste

Power Source I__l Engine I_l Transmission I_l Working Unit |__| Product |

----------- -i Control Unit I —_———— -

Figure 2: Schematic diagram of TS

Few salient comments: working unit is often akin to tool of a machine or system; engine receives energy
from energy source in probably disorganized, undirected or unusable form & converts this energy into
more organized, directed or usable form. Engine

Example 1TS is Rifle. MUF is hitting a target.
Preliminary investiation is often erroneous as below.

What is procesd? Bullet. Bullebecomes product

What is the place whe the energy inputsBullet. Bulletbecomes working unit

Through wiat energy flows? Barrel. Barreécomes transmission

What is the surce of errgy? Pwder gasPowder gabecomes engine

What is source of energgif engine? Gemical reaction, specifically explosion of gunpowaeore
exactly explosive energy releadsecomes energy soutce

Above analysis contairtevo mistakes:

1. Product is dfinednot correctly. Poduct istarget,outside of technical syem.Bullet is working
unit.

2. Transmission islso defined inorrectly. Energy is transmitted powdergasto working part
viz. bullet Powdergasbecoms transmission. Of courgeowder gas isimultaneously alsdhe



engine:powdergas transformshe explosbin energy into forward movemerBarel is part of
enginetoo; it directs stream gfowder gas.

Example 2TS isSyringe MUF is not mentioned-igure 3.

AT \5
1 218 E 85 8 8
Fig. 9. Syringe - technical
system.

1 - liquid, 2- skin, 3-
needle, 4 - cannula, - liquid, 6-
piston, 7 - rod, 8 -cylinder.

Figure 3 Medicinal Syringe as TS

As wusual, we begWhnatisprotehsed? i Mwsltt igulees tda msnwerés ar e

(a) Body (organim) is processed by liquid medicine
(b) Liquid is pushed out, i.e. processdxy piston
(c) Needle pierces, i.e. processes skin

Then how to choose prod@cBest way to proceed is to keep human being or living organism out of
ambit. The middle choice is left out nokiquid is processed by piston. Liquid becomes product. It seems
pistonwill become working unit. Let uBawlesslyestablish pi®n as working unit.

MUF of TS is intimately related to product. Liquid has been established as product above. Displacement
of product, specifically its entry of under the skin, is obvious MWBrking Unit, hereafter called/U,

is characterized by two strong features. It is the part to which energy from engine is delivered. It is also
the part which fulfils MUF of TSFigure 4illustrates this.

What part is fulfiled WU To what part the
MUF? energy is delivered

Figure 4: JudgingVvU in MUF

What part in syringe ftils MUF, i.e. displaces liquRllt is a pistonWhat is the place where the energy
inputs? Piston; from thete liquid. Therefore WUs piston.



The remaining parts: Transmission istpinrod, Engine is pistonod as italigns the motion of finger
trangorming not-always organized motion of finger into unidirectional movement dbpisod. Energy
source is the hand of manylider isalso a part of enginet directs the motion of pisterod and piston.

What about needle? It is WU, but of another aaml system- subsystenfor piercing of skin.In this
subsystem, skin becomesoduct being procesd (pierced), needle becomes Witannulaand cylinder

are transmission anttand ofman is engine as well as energy source. MUF of this subsystem is piercing
of skin. Any dowts in above demarcation are stwfiwitnessing a nurse injecting a patieBhe holds
upper part of cylinder and delicately pushes the needle into skice Emmneedle comes via thigutei

upper part of cylinder to lower part of cylieidto cannulao needle Since hand is engine & energy source
both, we must mentally subivide hand if feasible. pper part of hand acts more as energy source
whereadower part of hand (fingersjcts as egine; former supplies raw muscular power to lattatter
converts itto a carefully directed and delicate for¢atter then delivers this refined, controllable force.
This explains why a strong and heavy nurse can give soft painless injections.

Auxiliary systems are first to undergo alteration orredésappearance in geess of TS development.
Moderninjection pisto$ haveno needleThey are often used in mass vaccinations to control epidemics.

Problem 1: Underground pipeline built 50 years ago wesentlyinvedigated. It was found that it had
still not lost durability. Only minorcracks and other small defects on several sitere discovered.
Pipeline was in sections, each sectidiout 100m long with a well on either side. It was deciugtdo
replace these pipes, and to cotlemfrom within by polymer material. Idea soundsiinple: to cover
polymer sleeve oside by glue, to mve it inside damaged pipelitetween two consecutiweells, and
then to fill it by water or air undearessure and wait untijlue fastenedButfirst attempts to ove sleeve
turned out to be unfortunate. Inet first instance a cord wased to push sleeve from one end to another.
This procedure was effectivanly in thebeginning;soon sleeve got crumpled, wringestick in pipe &
glue began to be grasped. Time weasted indragging out parts of sticky sleevelow was polymer
sleevepushed through? How was it ensured that it moved along the pipe axis? Howasesriaied
thatit uniformly & accurately stucko the inner surface of pipe?

Hints to solution:

1. Ther is no systemVe should synthesize TS. MUF of TS needs be st&rts of TS likeVU,
transmission, engine, etc. need be poinRedduct need to be stated.

2. Few logical conclusiomfrom problem conditions:df sleeve to stick to internal surfagkpipe, it
shouldcontain glue. But fosleeve motiorio be unhindered in pipsleeve should not ctain
glue. Contradiction emerges. We needesolve it? From where should glue appear at required
moment?

3. How is sleeve translated in pip&?dnext toimpossible to draw sleeve frooontrary ed of
pipeline.Final Technical Solution in figure {5



Sleeve made of film 1, having the glue on the internal side 2, is twisted on the drum 3. Drum 3 is placed in
the waterproof reservoir 4. The end of sleeve 1 is fastened along the perimeter of socket 5 and tube 6.
Then water is delivered through the choke 7 into reservoir 4. Water turns out sleeve and press film to
internal surface of the tube.

Figure 5 Soviet Patent as Technical Solution

Problem 2: This is problem #47 dfook tittedd The Ri ght Sol ution at the Ri
&Exhaust jpes of trucks have a largitameter and should be capped before parking. Otherwise the pipes

get clogged with dirt or solid objectRemovable caps often get lost. Flapping caps are ineffective,
because their fixing hinges get covered up with dirt antlawa cease to work properly. Can you think of

a more reliable cag?

Previous attempts to use mechanical fieldxdfausgases, as in flapping caps, had faiMt: need to

think afresh. Onlyne substance, vizap existslt is product to be treated, i.epened & closed.riire

TS needs be assemblddhere is no engine, no transmission, and no control unitThee is no engine,

no transmissiorand nocontrol unit. The control unit slud issue a command to opeap when exhausts

come outand to closét when there is no exhaust. Accordingly, the systbould be controlled by gas

i.e. by its emergence and disappearance. We now attempt using heat energy of exhaust gases as energy
source. There nestb be an engine thaantransforns input heat energyrom energy sourceto

mechanical energgs output. This mechanical energy would then open and clos€lepasiest way is

to use abimetal plateHeat will bend platevhich in turn wouldopen cap,while cooling will shut the cap
reversgy. In this cae, TS consists of



a) thermal field of hot exhaust gases as source of energy & control unit
b) bimetal plate agngne, transmission, working urdgind a
c) cap as producbf course outside TS

System can be further develogattoducirg nitinol, a nickel anditanium dloy with memory shape
effect. The cap gets twisted upon heating and untwists upon coblow).TS consists of:

a)thermal field as source of energy, control unit
b) nitinol cap agngine, tranmission, working unit, product

A single component, viz. camtegrally performs role of as many as thnearts of systenplus product.
TS isleaner, lighter and less energy consuming than its predecesssay system got convoluted from
former to latter state. Introduction of a smarteni@ has done the joln informal primitive definition

of convolution can be framed as belowwWhen a TS switche® a new state with:

1. reduction of mass, complication, size, power input, lgsses
2. perseverance or enhancement of required function(s) pedprme

evolution istyped as convolutiorOverlapping of several parts of TS is visibly apparent in convoluted
systems.

1.5 29 Law - Law of Energy Conductivity in system

At the synthesis of TS one should striver Lising one field* énergy) for 8 processes of work and
control in the system. Every new subsystaided to TShould operate with energype passing throgh
the system or with free one, ifeom the environment, waste products of other system

Example 1:Use the field that the systecontaingto solve the problemat filling up mouldwith metal

latter can weld onto the bridiing (casing) or it can flow into the crack between the frame and the upper
part. At cooling downingot ges smaller in volume, its lengtifiecreases. The inghoversi it holds on

the weldedoint between frame & upper part or flows in gap of that watdhis cracks appear in it under

its own weight. How can we evolve TS to increase i MUF); added function to MUF should be
getting rid of problem experienced.

*Field is used almost synonymously with energy. Finer distinction will gradually emerge later.
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2 — frame,
3 — upper part, .
4 - brick-lining 4 il
7 —vaporiv
8 — piston,
9 —water,
10 — safety valve
Figure (6) : Earlier TS Figure (7): Latter TS

Solution: Thermal field is available in given TS. Subsystem added to enhance MUF value must use this
field only.

Melted metal is poured.iquid (waer) in inner cavity ofpiston vapoizesand presss piston.Piston in

turn raises gasket. Elevated gasket supports hanging ingot releasing stresses ihviagadr pressure
exceedpermissiblelimit, safety valve acts | f t hi s safety measure isnodt
gasket and hendagat overshooting& taking away upper part away from frarbg breakagePart of

thermal energy available in TSdéverted to added subsystem. Subsystem uses this energy to heat water.
This o6l ossd of ther mal e nngat apes fasteni Midla of S isTr&@secaby t ual |y
another pointFigures 6 & 7.

Example 2The evolution of eletro-magnetic relay over years. Electrical and electromagnetic fields were
used throughout in advancing TS. Any attempt to grope in a different field, say mechtaiiedl

1t version: Primitive electremagnetic relay is shown in two positions: switchedasffinFigure §a) &
switched onas inFigure &b). Disadvantagecontactis broken at onset of serious vibration. Not robust
enoughfor usein airplanes & spagships.



Winding of control

Magnet controlled contact

Figure 8(a & b): an earlier version of relay two modes

2"d version: Electromagnéic relay with a mechanid latch was designed. Figure for this neither required
nor provided.After the switchingon, the maile contacts fixed with a mechanic latch. Disadvantage: to
provide movement of latclseparate power supply line, controlling windiragsl the scheme of control
are required.

3 version: Electromagnetic relay withmemory wasinvented Figure 9.Heate is turned onby a
separate direct current. Dielectric meltfieTcontact is turned ofdeater current is reversédneating
changes into cooling. iBlectric sdidifies and fixes contactDisadvantagesswitching on takes more
time; dielectric interferesvith the contact by forms a thin layer between contacts even in closed position.

0]

Melted hard dielectric

heater — soldered joint of two semi-conductors, at the change of the
current direction — cooling.

Figure 9: Relay with problems

4" version: Idealization of relay Soviet Patent 138706%igure 10 Alternating electric current is
directed on the winding. oy becomes liquid. Alternatingurrent is suddenly replaced by direatrent
With this, alloy closes the contacts by stretchahgng magnetic field lineDirect current, even though
running cannot causequuce eddy currents in alloy; its hegtiaction vanishes. Allogolidifies. Direct
current can be switched off comfortably nadelay in switching it off has no harmful effect except little
power consumption. @rentof dozens of amperes is controlleddan extremity of jerks, vibrations, etc.
Notice idealization here The mobile contactas disppearedits function has transferred to an alloy
There are no supeufbus subsystems and substancesHhiéaters, fusing dielectrics, mechaicatches,



etc. MUF has increased, MDE has decreased. Ideality has greatly increased. Convolution of a superior
kind has incurred.

O O—
¥ Fusible metal (for example, Wood's 4
/ alloy) with ferroparticles
< <
O—- — O— —
—

Figure 10 Highly idealized relay

1.6 & Law - Lawof coordinating system rhythms or Law of Harmonization

In technical systesythe action of lte field shouldbe coordinatedvith proper frequency of product or
instrument The objects sway at the highest amplitude with the exact demog of the frequencies.
During this harmonizationminimum of energy 9 spared from outside tmaintain resonance and
maximum of he energy that is supplied enténg system.

The reverse effect is also useful in many cases. Prevention or neutralization of resonance is a de
coordination of selrequency of system with frequency of outer influenge organization of
counteraction.

Example 1:A confusing situatiomappearsin the area of ultrasonimetal machining. Though having
unique possibilities this technology is extremely naughty. The basic disadvantage: the generator
frequency is tuned ito self-frequencyof instrumen oscillations under free running. Free running implies

no load on the instrument.uB as thenstrument starts working, it influenced by different tensions. Its
frequencychanges immediately and stops coinciding with thahefgenerator; the system is no more in
previously setesonant mode. lisoefficient of efficiencyrapidly drops Figure 11

TS is ultrasonic machine. Metal lump being processed is prdtigizery had to get rid ofmismatching
in ultrasonic machinesinder loaded conditiondnstrumend self-frequency is influenced bgeveral
factors like alternating (vibration) propertiesprbcessed matial, the force by whichnstrumentpresses
half-finished product, conditions of ultrasonigtting, etc. In ordr thata substantigbart of energy should
reach the destinatiprone has tdncrease the per of actuators and generators by extrerBes.it is
utterly ineffective, prodigal method. How to solve the problem efficiently?



—_— 8 g — Principle ofthe work of machine for
Z7 ultrasonicmachininginthe
v autoresonance mode.

P ~ P _~
5 5 A A
—~ 1-pool,
= 2- product,
— 7 uliFy=— 3-suspension,
4 ™. Hd ™. 4 - vibrating instrument,
P § — 4 | 5- concentrator,
6 1k 1 H 9 47 6-— magnetostrictive vibrator,
4 > - 7 - sensor (microphone),
S— - 8 — generator,
9- intensifier,
4
3 P - supply intensifying.
2 0 v a) traditional scheme,
I | OO0 XXX b) autoresonance mode,
1 ¢) with amplitude-frequency
characteristic ofinstrument oscillations.
C)
A
d) COE=50%
Autoresonant mode A =
Instrument /
amplitude
Big
supply
< COE=3%
-
AJ \\ — _» >
Free Small
3 Frequen
running supply aens Supply

Figure 11 ultrasonic machining

IFR is framed.IFR: let the system choose the most profitable (resonance) frequnaly times
Autoresonance is required!

Sensor for feedback, a standanttrophone, is set behind tlaetuator from the siden front of zone of
processing. Mi cr ophone iithfubctionirsg ofprnachineElectical sghadi® s n 6t i
from microphone igransferred to anagretostrictive actuator winding via antensifier. Autooscillatios

appear; their frequency keenly reacts ty amanges inworking conditions. Continuously adaptive
resonancenables effective ultrasonic energy transmisdiogure 11.

In process of work (interaction) different parts of the system, mainly instrumdntraduct should be
coordinated to each otheridenticalfrequency for bettecooperation or deoordinated to each other at

discordant frequencie® prevent harmful coordination. Moreovér,is profitable to coordinate or de

coordinate not only frequeies but alsccharacterists like speed, mass, size, form, elasticity, etc.
influencing these frequencieS.o met i mes t he not i onm oadr infthe solutioesncy do

Example 2:When a airplane lands, clouds of smoke can sometimeolisened. Reason: as wheels
touch ground, there is a hit resultingtivisting and subsequeslipping of wheelsAt this the wheels fray



soon. Here is an evident-deordinationbetween rhythmsf the wheel as instrumerdndleg as product.
According to the Frach Patent 300619, it is suggested to set bladeslos side surfaces of the wheels
Counter flowof high velocity air prewists the wheelsn opposite senskeeforelanding.Net deformation
is close tozera Figure 12

Plane wheel according to
French Patent 2 600 619.

Figure 12 French patent in aviation

Problem 3:  When wind blows wires of power line swayYou might have listened to singing wires,
whistling pipes, etcduring storms. flflaws coincide with their oscillationghe wiresbreak. What will
you suggest?

Multicore wirereplaces ordinary set of wireQuter wire is chosen as thahelled hollow cylinder of
greater diameter while inner wire is a solid cylinder of lesser diameter. Inner wire(s) is nestled within
outer. Dynamicdy, system behaves d@houghtwo springswith different values of elasticity are placed

one within another. The natural frequencies of this system are no more discrete vdlaes, sabsided
continuum graph resultSharp resonances caused by wind arectrdinated.

1.7 Not a law but a strongly obsenteshd: Dynamization

Dynamizationof substancebegins usually from th@artition of a solid substance into twaartssharing a
joint. Then dyrmmization follows thigpath one joint- a lot of joink - flexible substance liquid i gas.
Sometimes dynamization ends by tleplacement ofaseousubstancéy a field tie.Fig 13.

one alobiob flexible
joint [P gines [P Sub- [P liquid P g3as  —P field
stance

Figure 13: Dynamization of matter



Dynamization of field in simplestcase is carried out ldyansition from constant action to puisene,
then to &ernating and nonlinear typesigure 14.
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Figure 14: Dynamization of field (energy)

Both chans of dynamization refle only most characteristic stages of cgas in systems. |IAstagesare

not n e c pasesda r t h fpyo syglemsand not all systems reachet end of chains in their
development.

Example 1:What will futuristic cranes bdike? Contemporary ones hawmn ancient vinch (monkey
engine) addedtabr ace (arrow) . Thi s br aly ekecagmféound eRaethly d o v e r
under rollers, through which a rope with hook moves. Ewest advanced cranesth telescopic arrow
and hydraulic control cannotke a weight in the aperture of built building or take cargo from any
construction nook. Cranes will have thisalivantage until arrolvecoms flexible, like aswanneck.
Figure 15.Such arrow bs been invented in Russfasimplistic version of it is nedered here.t8el discs
with decreasing diametare jointed peripherally byas many as 1@lastic arrowsA flexible carcass
shaped like a pipe is generated givargows required stability. t8el ropestwo or four in number also
connect all steel disqseripherally ropes are configured diametrically opposite. If one rope is drawn by
hydraulic actuator on the rotating platform situated on operator end, arrowibehdsmostfantastical
way. Gargocaptured bysuch arow can be delivered through windowbasement obuilt homeor nook

of a construction sitd=igure16.

Fiure 15: Crane birds



1 Steel Rope

2 Disks

3 Load

4 Rope ends to
operator

5 Arrow

3
Figure 16: Next generatiarane

Example2: Here is an invention of year 1949the method of producingoncave mirrcs for reflex
telescopesProcess is thai slver is placed into chambecpver is welded & lskamber is heated lyxydric
torch up to themelting point of silver Chambeiis rotated by electric motor. Liquid silver forms ialeal
parabolic surfacelorch is shut down. During entire manufacturiagcuum pumpperates to isolate air
from silver.This is hecessary because air can be absorbe@bgratter its output can give rise pmres
on finished surface.

Problem 4 Microprobeof materialfrom miniature objectswhetherunique or chegps necessary when
a sample has to be collected for immediate or future reseatdéiesl method is: somste of objects
covered by subsite for exampleLavsart film of high purity,which is transparent tays of laserThe
operator turns opulse laserSpraying of material on inner (lowenide of substrate occurszigure 17
Two disadvantages exist with this method:

a) Transparency quickly decreases at the spraying and that is why the probe can be spoilt by laser
ray.

b) On the one and the same locatioriilof, vaporous minute particles and the liquid dropbigger
size are sprayed. Thelkave to be separated during analysis.

*Lavsan : a polyester developed in Soviet Union
Let us preserproblem in detail.
1. There is a miniature object.
2. ltis necessaryttake microprobe of substance from thiseohj After experiment this substance

should be szed.
3. One chosesite of miniature object is covered by transpafiémt (substrate).



4. There is daser and the operator turih®n. Beam is directed towards chosite. Beam
penetrates film reachirgte.

5. What will happen undeaction of the laser radiation? The substance of the object willizapor
and settle on the back side of the film.

6. Process can bepeated for different sites.

7. There are severalghdvantagem this process:

a) Transparency of filmuwjckly decreases at the vaporizing. To continue process, laser intensity is
raised. This spoils the probe.

b) Minute particles and the liquid drops of bigger size are settlédeosame site of film. They need
to be sparated during analysiSolution of one problem causes another problem.

Some scientific history on such sampting

After about 100 yearscientists investigatedddle of the Timgus meteorite that fell iBiberian taiga in
1908. All unusual subjects duasparticles of substance, tesimples of ground, part of trees etc. found
at that place are stored in several museums of Rudsfaen analysis commenced, more than 30
hypotheses aboutature of this phenomenaxisted but tre final solution was missg To validate or
dismiss a hypothesis, there was necessity of a chetkbiis were takerirom museum and researched
on. During many tests, black ballesembling drops of the fused glassdi@meter 25 mm were found.

All fine methods of substance dgais: x-raying nuclear magnetic resonanaeegight- spectroscopy etc.
were at disposal. It wasnoughthat microprobe (micrcamount) of substance was made availdbte
these methodgl o take such microprobe, earlier niened methodology was used. Impeonent in this
methodology was demanded.

,_f,,Beam of laser
V4 Film

Ball / /

Laboratory bowl

Figure 17 Microprobe in attempt

Solution:It is necessary that

a) transparency of a filmither does not reduce does not play any role method
b) paticles ofdifferent size reacHifferentsites of film (substrate).

It seemdall of sample and laser beam can be kept unchanged péntke neede changed.
Evolved methodology: ®y/sical effectused:division of particles based on mass when these particles are

setinto rotation. Dynamizationtrend comes in effect. Control answsubstate is established vertically.
Sample is rotated with such speed that products of erosion under the action of centrifugal forces get



different accelerati@and fall onsubstrate atlifferent levels.Transparency of film is not necessany a
laser beam has been spaf@in systemFigure 18

Why has effect of gravity been neglected? What will deposit radially ouswamaller or bigger
particles?Answersare left as exercise for r@ers.As final note to this case study, note that TS has
contracted with MUF ricreased. TS appears leaner, yatre useful TS has convoluted. Before
convolution is introduced formally, we want some informal ideas on it to sink in your minds.

Figure 18 Microprobe in success

1.8 & Law- Law of increasinghe degree of substanfield interactions of technical systems

A TS is composed of several parts, with each part composed of a single or a set of substances. These
substances interact amongstch other via energy transfers.

TRIZ vocabulary is expandewd proceed comfortablyfl subst ance 6A6 applies
push F, on substan@Béresulting in actual or a tendency of displacement, deformationwatcsay a
mechanical fieldexists between A & B.Better still we say, ield (mech) acts from A onto BA, B &
F(mech)constitutea Substancd-ield Model (SFM).

A F mech ; B

The development of technical systems goes indther ect i on of increasing of
systems aim to become SFM, andalnreadySFM enabledsystemsdevelopment goes by means of the
increase of the number of ties between elements, increase of sensitivity of elements and increase of the
guantty of elements.

Example 1:Seefigure 19. A bushing (part 2) is manufactured by moulding. It becomes difficult to
remove it from blind hole (part 3) as edges of bushing cannot be grasped. Primitivenakaya flute
inside bushing and to tedtr out from case of detail by using ome O6pul | i ng &met ool
consumingunreliable. And fomass disassembling ittstally unacceptable.



Much more effetive solution {igure 19 once agaipis offered: oil is filled in aperture, steel roller is
inserted,and impact by hammer is made on roller. External action causes hydraulic impact of oil on
bushing. With each blow of hammeoller sinks deeper causi ng oi | 6s .Eydrauicr essi or
pressure of oil on bushinguilds up. With last blow, bushig pops up. Method is safe. Also notice that

pressure of oil on bushing is uniformly scattered on latter. Hence there is no deformation of bushing.

Figure20illustrates SFM of this solution.

Ee=asa <<

Method of molded
bushing drawing.
1 — roller-piston, 2 — bushing, 3
— body, 4 - oil.

Figure 19 Superior solutionhrough complexes in SFM

Fm ech. impact S3 (roller)

!

Fhydraulic impact 94 (oil)
Fm‘et:h.
o e,

o *,
o' .,

~"'0 0"."
Si~e § /> s S,

(bushing) (detail)

Figure 20 Complexity of SFM is solutiom itself

Example 2:0ne more safe methanf achieving highpressure iroil is renderedEarlier version of this
technique(not shown): injeciitrogen in chamber & raise pressure by heating. Method susceptible to
explosion & very high pressures impossible. Refined metkaglire 2): Chamberis filled up by oll,
valve is closedflexible element (belt)s moved from an external drum to be wowwdinternal drum.
Thusvolume of flexible elemennisidechamber is increased. Pressure sharply risashnique is sed in
calibration of halffinished material. Readers are left to draw SFM of previous & refined solutions as

exercise.



Method of producing of high pressure,
patent 566 656.
1 - Elastic element (belt), 2 — drums, 3 -
aperture, 4 - valve, 5 - chamber, 6 -
aarotoeka, 7 — mould

Figure 21 Anothe mechanism to build great pressure in olil

Example 3:Figure 22 displays split connectionof bushingarbourbushing. Evolution: n order to
decrease labotintensiveness and increase productivity of assemidis@ssembling of connectipn
covered bushings made of magnetostrictive material with positive coefficient of magnetostriction and its
elastic deformations carried out byan externally influencing electmagneic field. Figure 23shows
corresponding SFM diagram.

=< NN =

t 3

Split connection according to the
Patent 1298 439
1 - electromagnet, 2 - arbor. 3 - bushing.

Figure 22 Split connectionn electrical rotating machines

F Fmagn. Fmech. elastic deformation

- -
..
Gl .,
- *
+ -
L *
- *
0 *

- *

S, ———> s, S2

(bushing) (arbor) (magnetostrictive (arbor)

material)

Figure 23 SFM of above split connection



In this example weakly controlled fields likeechanicali setting, beading, thermat hot setting are
replaced byawell controlled nagnetic field with simultaneous replacent of substance of the bushing.

1.9 % Law of transition fom macrao micro level

As TS evolvesmolecules, atoms, ions, electrons, etc. that are easily controlled by fields with the help of
physiali chemial effects replaceheels, shafts, gearstc.Figures 24,25.

Continuous Lamellar, | | Small | | Aggregates Molecules, | || Elementary
solid fibrous, matix particles of molecules atoms, ions particles
CPM of a CPM, another
Solid | __,| Solidwith | | Perforated | | Cpm definite | | substancein | [ Zeolite,
one cavity substance structure the pores gels

Figures 24, 25From large to small

Example 1Evolution of the substance of automobile tyres:

a)tyre ofsolid substance

b) tyre with an air cay or pneumatic

) poly-pneumatidyre: cavityseparated bparriers

d) macro poed tyres

e)tyres of Caplary Porous Material (CPM)

f) tyres withcavity filled with pored polymeric particles, gels, etc.

Example 2Evolution of lifting methods of sunken ships followed the way of using:

a) Solid body, e.glifting of sunken ship with rpes without water removed froimternal rooms of
the ship

b) Large caities, e.g. pontoonrs

c) Plenty of small cavities, e.g. hard foafmPU

d) Grinded foam, e.godls, granules of foamed plastic

e) Germs of foame.g. rubber granules, microcapsules

*But for Russiandeepea vessel 6 P e a cce ¢c,o ud rdaennddudbdalvne Thieteann pr

Problem 5. Elevatedindustriatscale plarg, like derricks for petroleum and gas, requi@nstant
presence of manpowelt can besometimes be&ery dangerous for people. In an emergency there can be
emissions and flashes of fuel. The problem dit favacuation of people is very important. Usual
multilevel ladders are abhkitely uselesspeople have no time to go down to reach ground. To minimize



risk, special lifts which move in a steel pipe nearthe industrialscale plant, were installed. Onpto
platform people run fotift, close the door and press the butt&ut even higkspeed liftsalways canot
provide desiredsafety since unwound ropes have inertness. Besides during dcpmear cut is likely
disabling lift.

The following solution wuld be ideal. Ectricity is not required. @bin of thelift freely falls down, but
does not break. It smoothly lands after which people run out from calsiafé¢oplaces. What isyour
suggestion?

Solution:You shouldtake into account following:

a) | t Gedeigh ¢f 30-40 meters, i.e. equivalent 1812 storied building

b) Itis difficult to imagine a material: absolutelyflammable, easy, thin, with a Higlegree of
thermal protection

c) the sleeve should be inwisted conditiomormallyand should open #te fire This mechanism
must bereliable, especiéf unaffected by likely winds

d) most important: in such cases there is a panic, any slogans and suggestions will not help.

e) fight near the sleeve can occurislinecessary to provide easy access for alplee
simultaneously in a saving cabin (capsule) and instant disapmeairom thelace of accident.

L_!! squib
o [ B j
i |} — cabin
i | | —entry
| upperarea
| . i
i
i
i
—_—
i ;
j licht membrane
T
: Layer A
. L . granularpolystyrene,

melting temperature - $73°C,
density — 25-30 kg'm®

Cvlinder with gas
Layer B

granular vermiculite,
melting temperature - 1100°C,
density - 100 kg/'m®

Layer C
granular venmiculite,

melting temperature - 1100°C,
density - 150kg'm’

Soring shock-absorber

Figure 26 an extraordinary lifessaving patent



Solution: Rtent 1287890Figure &. People enter inta cabin,a door tightly closg, people sit in
armchairs squib operatesgcabin falls downwards, W&es of cylinders with gas open,bailing layer of
granuless formed, the membrane breakse stram of granules flies towards cal@moothly stopingit.

The part of ganules of polystyrene move ontoof of cabin and if there is fire ¢y melt and in addition
protectcabin. Notice how smart substances are better than components/subsystems of components in a
wonderful convolution like this.



Chapter 20rigins of Convolution

Law of transition to the super-system subtly adds positity to TS while deducting negativity
simultaneously. Systemets more suited for requdeapplication,yet does not complicate. This law is
better understood thugh extended examples. Convolution gently enters life of TS.

When and who invented to patslice of chese, sausages or something esebutter? Sandwichwo
slices of bread with butter, between whitiere is a chunk of meawas invented in XVllicentury by
English admiral Lord Sandwich. Sudandwich was more convenient éat during card game; butter
didnot dGan weycallaasandwich a-dystean composed of two morsystems, two slices of
breadplus something extra?

Aperture of the caera wasnstalled beforeor behind lensln the former arrangement, image became a
little swollen,straightlinesturned intoconvex In second case image became a bit shrigtiaight lines
turned into concave. This phenomenon, a kind of optsibrtion, could not be eliminatkfor a long
time. The saltion was finally foundto set two aperturesne before andtherbehird lens. The beam
first expandedand then shrank almost identicalBistortionswere mutually compensatedt is a classic
case ofminus & minus becoming plua algebra System quality appears in-Bystem fom two similar
elementsin caseif they fulfil the counter (conflicting, contrarily directed) functomixamplespair o
scissors, apertures in camera. System quality alseaap in Bisystem from twdiffered elementgwith
shifted characteristics) like in famous twinl a d e o f- oné Badéalses hair,esécond one cuts it.

Look at ausua drill. Guess in whichway will it evolve?We attempinvening a new drill wich is beter

than known. Conventionalists might offer faspeoduction of drill or more sharpéng to it. In such
offers the system stays agstem: psychological inertia does not $gstempass on tdi-system or to
poly-systemRight answer is: drilmust become binary drill. What does it means to connect two drills? It
is necessary to take two drills and to turn their in onaridrill. Like adouble barrelledjun with two
barrelssharing single buttstockr a two-colour pencil - one end bludead another red lead, sharing
common outer wooden cylindaBinary drill has spiral rifling at botlends. When one end gdtlunted;t

can be turad around and the worker can workdgcond one.

Transition to bisystem and pobgystem isan inevitable stagén the development of every system. For
example, ancient anchor was a hook with one fluke. Then anchors with two flukes and polyflukes
appeared. A drawingin (thumbtack) with one spike is simpsstem. But bthumbtack (two spikes) and
poly-thumbtack (bree spikes) wer@vented. Such transition increaddUF of system.

Nail is a sinple singe system. What wilbe its form if it pasgs oo a poly-system? Pohnail was
develomd by Finnish engineeri has a metal plate witlmultitude of spikes. One taal is enougifior 200
spikes. Wooden cotrsictions using pohnail is two times faster timusual.Take notice: it is incorrect
and no goodo simply add gstems together. One cupboatécked ortop of anotherserves no extra
purpose; it is, if at all, aolv grade inventionAddition must give bendfibi-system should be easier or
efficient than two separatesystens considered togetheWhen two guns are joined to formdauble
barrel gun several parts are eliminatéthe mostadvantageousick is to unte something with nothing,
emptiness, free of charge resources.prevent injury duringraining dives bottom layer of water in
swimming pool is united with air; air bubbles are released & diffused from floor of ppobrparison
with dense waterair is almost emptines§ oget her they form a O6softdo |
producing a cushion effect.

ay



Example 1:Magnetostrictive pumpA pump with magnetostriste elemats powered by ultrasonic
generator is inventedatent 885635-igure 27

4

[V TV
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- section of the perpendicular axis of pipe,
- the end of working element,

- magnetostrictive working element,

- working chamber of pump,

- ultrasonic generator

1-st element /> 2-nd ele%
! s 7z ry / Z Z FISIRINS Z L
p b4

ASY X T W)

_—
/

Figure 27: Bi-system with biasing between parts manifested as phase lag

N EWN =

in counter phase,
shift on 180°

Element and 29 are magnetosttive working elementdf an element operates singly, it is a meno
system. It can just achieve shaking of liquid i.@ushes it forwardackward. Maybe in some
consideration this is a useful function. When we tbigsetwo similar elements with their phases shifted,
it is bi-system withbiased characteristics. A novel system property, to pump licuishined. Her¢he
positive propertiesf elements, vizto pushliquid forwardare addedvhile negative properties, vito
pushliquid backare eliminatedThis bisystem fulfils two functions:

a) pumping function, transferring difjuid forward,
b) valve function, locking thenotion of liquid backward

Both functions are actually part of single MUF of thisiTgumping liquid. It is mentionable that
treatment of stepy-stepworking of this system is beyond context of this book.



Example 2Welding

We begin with Laser Beam Weldj frequently referred to as LBW this procesanultiple pieces of
metals are heated to a molten state and fused together usingli&seossists of twor moreportions of
metals to be jointed, laser beam with its subsystem for optical focussifeealtdck & filler wire This

TS is a monosystem. Some of you may disagree, arguing that tworemetal parts are involved. Our
answer is: let the mono, bi and poly nature of TS be set according to numerical value of laser beams.

To increase MUF, this anosystem is evolved towarllsand poly systems. Few possible directions are
given hereir:

a) Either the beam is divided into two beams, or two different beams are used. The two beams are
not equalpowered. Theyfocused symmetrically arounddirection of welding. New system
property: h case of dissimilar metlbeing welded, different thermal powen® required and
outputted to each metal.Figure 28. This is bisystem with het@geneous characteristics.
Interestingly, weld is homogeneous.

lower fusion temperature : Metal 1 Metal 2 : higher fusion temperature

Laser
beam ¢

Filler wire
Laser beam 1 < Laser beam 2

Figure 28: Different metals require different heats of fusion

b) In case (a) above, if identical metals are used, laser beams may be identical. TS is now a
bi-system with homogeneous characteristics.

c) Two laser foci are aligned idirection of welding. New systemproperty the keyhole which is
formed because of the allegporizationis more stable, assumedly because the keyhole is bigger
and the evacuation of metal vape is eased. Consequently there is less porosity within the weld,
and Bowholes (local explosions of the weld) almost disappdachanical strength of the welsl
greater.Consequently there is less scrap or repaithefwelded components. This isdyistem
with heterogeneous characteristiegyure 29.
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first advanang part is not focused on the material, so that only conduction heat is produced, but

of defectslike porosity were produced. To proceed, laser beam was diuitedwo parts

sheefsheet interface result

In su

d) Galvanizedsteel

characteristics.

e) Laser welding of tailored blanks has becoming usual for the steel companies which sell their

different thicknesses which are butt welded. The Corus company has developed a means of

producing at industrial scale (for Lamborghini Gallarda)miniumtailored blanks. Foa long
time, the problem ofluminiumtailor blanking has been dissatisfactory due to mp@dity of the

products to the automotive industry. [Bagéd blanks are usually composed of two sheets of
laser weld root

fusion. Spikes are problematic for further forming (stamping), and lack of f

forming failure or, what is worse, to a failure

root of the weld (or maintains further the melting of the weld root), which smoothes the root

millimetresaway, on the other side, a nfoctused, second laser beam (diode lasemebks the
weld

solve that problem, the laser beans lyne to &i-systemprocesson one side, a laser beam

classically welds the twaluminium blanks in lutt configuration

Consequently the high quality of the weld root eases the forming of the tailored blank and the

high mechanical resistance of the part

than (c) case above.



f) MIG-welding: MIG-welding is interesting because it brings a large weld, but the depth of the
weld and the welding speed are very limited. Laser welding is interesting because the welding
speed is high (interesting for industriabguctivity), and the weld is deep, but the quality of the
weld is not as good as that of MMlding, and the idth of the weld is narrow. MI@nd laser
welding have been put in synergy into one single welding process, called hybrid whleing.
property the new process cumulates the benefits and erasedraidacksof each process
because its speed is high, the weld is of excellent quality, and its width and depth araikigh.
also a heterogeneousdjistem.

g) Friction stir welding (FSW) is a very t@resting welding process, which allows the welding of
any aluminiumalloy, including secalled nonweld-ablealloys (by fusion because it is a solid
state process. The minus of that process is its low speed. By addingacused laser beam in
front of the FSW tool, the material becomes heated, and its plastic flow stress becomes lower,
therefore easing the advancing of the tdldw property the FSW tool can go at a higher speed,
which increases productivitnce again a heterogeneousystem.

h) Laser with Antilaser:What is the inverse of a laserhfklaser. What is its property? When the
antilaser crosses the laser, the laser vanishes. What could be the interest to couple a laser and an
antilaser, with still the same purpose to weld metals®i#f difficult to play with a pulsed laser
with the differentparametersit is possible to perform it mechanically or optically: the -¢adier
cuts the laser with some time characteristics, and thepul®ed, continuous laser, becomes
pulsed.Inversebi-system.

i)  What is the inverse function of welding? Cutting. Indeed lasers are also used in the industry to cut
metals. Actually CO2 lasers can do both: welding and cutting. One can imagine the following: the
same high power source laser is used at threegame for cutting and for welding. How to do?

The laser ray is divided into multiple laser rays by the means ofredlieiting mirrors. The laser

cuts the blanks of different gauges and welds later the different blanks iotdlesh tailored
blanks, wih different parts of itself, modulated in energy with regards to the task to beNbne.
property assumedly: higher laser ray energy stability (relative to each task); enhanced
productivity. New properties possibleone may imagine a laser that perfardifferent tasks with

a high degree of quality: welding, cutting, shock preening (for better fatigue performance),
printing. This is a partially convoluted {siystem.

J) Mono-substanceWe have seen that for the stability of the capillary (keyhole) duhagvelding
of aluminiumalloys, it is necessary to use two laser beams. It has been shown that the use of one
single laser beam stabilizes very much the keyhole, if the beam is pulsed with some definite
frequency, following a given percentage of the tinseiqul with less energy or no energy. It can
be bet that these parameters are optimal if they are in relationship with some time constants of the
keyhole physical phenomena: this follows, also, the use of one other evolution law: the
coordination ofrhythms New propertiesbetter keyhole stability, and consequently less porosity
and explosions (blowholes).



k) One may easily imagine putting together three, four identical pulsed laser beams together, so that
the stability of the keyhole during welding is mucfore stabilized. The laser beams could be
also of different energies, different shapes, etc. Other functions may be also r&irenluted
poly-system.

Example 3: Bat.

Two boats coupled by transverse beams constitute a homogenesystehi called atamaran. New
property horizontal stability allows higher and larger sail, so that the wind driving force is higher, and
consequently the catamaran is speedier.

Three boats transversely connected constitieraogeneous polgystem calledrimaran. Itpossesses

one central body and two lateral floadew property Same as irtatamaran, plus its performances are
higher than those of catamaran. For that reason, trimarans are much liked for sailing competitions.
Internal mediumstructure (beams) betwetre body and the floats (like in the catamaran).

A trimaran hydrofoil with waterballasts in the lateral floats constitutes a poigtem with biased
characteristicsUsually ballast is used for submarines. The ballast on the side of the wind is fudl as th
other one is emptyNew property Enhanced stability, which allows easier hydrofoil effect.



Chapter 3ldealization and Convolution: twaides of same coh

3.1: Emergence of convolution in TS evolutibrroncise treatment

1. Every now & tlen, man finds deficiency in TS created by him. Requirement tedserits MUF
emerges. Time and MURove in one anthe same directioh forward. This permits both time
and MUF to be marked on a single axis, generalgxis. Of course former progresses
continuously, while latr discretely. Every step taken by Wirks a jump in MUFR signifying
that an invention has taken place regarding that TS.

2. Toincrease MUF one bBdo strengthen (accentuate) a releymaoperty of one element of system.
Efforts ae thus concentrated on this part or element of EN&lution of the systems goes
irregularly: the more complicated the system, the more irregularly the development of its
parts goesThisisthe7"Lawof Techni c al Systemsdé Evolution.

3. Several mechanisn ar e available to adivanerofdhent being &écho
differentiating it into several zones with specialized property or chosen value of property ascribed
to one zone. This reminds us of beginning of engineering itself; allocation of warkijag,
transmission, energy source, etc. from mbstructure took place.

4. At accentuation of one propertyofie6 f avour edd el ement, coordinat:i
TS is broken. A technical contradicti6hC) arises. This step &ucidated with gamples.

Example 1Cellular device is TS her&ncrease of MUF compriseaising capabilities of TS,

loading it withmodernfeatures like multimedia, camera, Bluetooth-®#/and list is endless. TS
consists of two clef elements: power block & electiiorblock. Generally, former is battery,

latter is cell phone without batteffhe favoured element is electronic block, favoured more by

the electronic & communications revolution tHananything else. With evernew featureadded

to cell phoneMUF advartes. To achieve thiglectronic block advances spectacularly. It

becanes more sophisticated, yahaller in size. To get an idea of size, compare gas filleé&diod
valves with t oday 6dimenhsiohsBujthegpover blockihnegiesteciipfe n a n o
because of fact that materialeete and chemistry cannot keep pace with IT revolution of
exponential naturéA contradiction arises:

If electronic block is advanced, powepbk has to become bulky. We hgwawerful (hence

bigger) bdteries for sme handhelddike BlackBerry. The size reduction achieved by

advancement of electronic block is more than compensated by size increase of power block. On
the whole, size of instrument increases. Framing itemhilicalContradiction (TC) in vogue with
TRIZ:-



TC - if one property of system, reely ability to offer advanceihterface multimedia, camera,
etc. is upgraded, another property of systemmely size, degrades. Degradation of size consists
in its actual increase.

Example 2Tungsten filament bulhgheir mass production & widespread usag is composed
largely of twoelementselectric bulbs and manufacturing of electric bulbs. By the beginning of

this century, disadvantages of lamps with carbon filament were defined. The carbon filament got

destoyed soon, limited the temperature of incandescence and the brightness of luminescence. It

appeared that filament of some refractory material was required. A. Lodygin managed to make a

filament of tungsten and demonstrate such an eléatnp in the Worldexhibition in Paris in
1900. Neverthel ess metal |l urgi st C 0 utlingsted t
filaments. In Europethere was patented and put into practice the technology of producing
filaments of other refractory materialtantalum. Anple production of tantalum was organized.
But no other material could compewith tungsten in qualities like fastness, enduraige.
tungsten was preferred. Tungsten bulbs were used sparintiggy were produced by expensive
and delicate craftsmanship.\\F arises now widespread lighting of homes, offices and streets

c

via tungsten filament bulbs. Note carefully that tungsten filament has been invented before this

MUF arises. The element of TS which is favoured is electric bulbs (existence, usage) while
element of TS that is neglected is manufacturability of electric bulbs. A contradiction emerges. If

tungsten bulbs are used more often, efficient, reliable and powerful lightning can be enabled

everywhere, but production to meet this demand is massive, sxpeand sluggish. TC can be
framed here as:

If set of these system propertiepower, efficiency, reliability, widespread lighting etc. are
upgraded, set of these system propertimsst of production, bulk of industrial processes, etc. are
degraded.

r

e

Rssol ution of TC is done MUF gain as proposed
very soon man becomes dissatisfied with TS6, |
achieved, TS6 becomes TS66 Pr oc erses jiuss tu néebnadlial

poi nt s-gefiningpgraphvobTsS.

Resolution of TC occurs in two distinct ways:

a) Expansion of TS: Contradictios iresolved in obvious senseSd has mor e MDE

Efforts are made so that MDE gain is not as muclprasiouslyspeclatedi to this end,

some functionally useful stdystems are added, some not so functionally usefusysstems
subtracted. But stilhe net result is rise of MDH.C arisen inExample 1 viz. Cellular Phone

is resolved by Expansion of TS. The downsigetl smarter electronic block is clubbed or
coupled to the larger (may be largeness subdued a little) battery resulting in smarter bu
bulkier instrument.

b) Convolution of TS: Contradiction is tactfully resolved by disappearing of subsystems or even
TS itself How can this happen? Either, their functions are transferred to the adjoining

systems far away from TS or they are replaced by an ideal substance. This ideal substance is

0 s ma it is grogrammed to fulfil the function that was previouslifilled by subsystem or

TS. TC arisen inExample 2 viz. Tungsten filament bulbs, their mass production &
widespread usage was resolved by Convolution of TS. Finally, the technology of producing
filaments of tungsten cheaply and in huge numbers was worked out dnddayt tungsten

t

t



filament electro lamp industry is on run. MDE of TS has fallen in per bulb sense; cost to
manufacture and use a single bulb has dramatically reduced.

A hypothetical idea: If TC was resolved by Expansion of TS, what could be state of @S? W
could have an auditorium lit by 100 bulbs alongside 10 factories to produce those bulbs! The
compact treatment is concluded by an astonishing revelatiohSAesolves its consecutive

TC by choosing expansion mode for few times, followed by convoldtiofew times, again
followed by expansion for few times and so on.

TS —»p TSé6—>» TSH-6p TSOHGHp TSOOHOOTSOHHOOTSOOO6ODOO
resolvingTC resol vinegoT€@dng eB@d&i ng TCO6D resolsiohyi TGO TE®® 606
via expansion via expansion via expansion via convolution via convolution via convolution

Physical reason foTS following this behaviourinitially TS uses all available resources, both

within and outside (environment) to resolve its facing TC and increase its MUF. These resources

can be substances as well as fields. As a result, MDEan@eTS expands. After few spudf

exparsive growth, B is unable to withdraw fromvailable resourcésthey have been exhausted.

The only choice for TS to proceed is by becoming clever. It convolutes so to say; in doing this it
sometimes uses Ohiddendé properties soommosubst an
materials by smarter ones containing natural programming, sometimes shedding its extraneous
subsystems off its sleeve.

Thus a TS follows a wave of evolution, first half wave of expansion, next half wave of
convolution. Of course, this is an ummy waveform.

3.2: Emergence of convolution in TS evolutibextended treatment

Analysis ofhistory of all TS shows that all of them develop through a chain of following
successive events:

1 . Appearanc®f requirement

2 . Formulation of MUF social demandor new TS.

3 . Synthesi®of anew TS, start of its functioning (minimal MUF).

4 . Increase of MUK an attempt to get from the system more than it can really give.

5 . Atincrease of MUF some paot propertyof TS worsesi techncal contradiction appears.
Opportunty to formulae an inventive problem.

6 . Formulationof the required changes of TS by answemguestiondike these what should be
done to increase MUF? it?ATradsition to éhe invéndive probemn. | et o

7 . Solution of the inventie problen using knowledge of science and engineeseng at times
even culture.lt is herethat diversification occur§ system follows either expansion or
contraction. Contraction is given a special nacogyvolution This $ep is akin to step (5) of
limited verson above.



8 . Change of TS posnhcorporation of invention. TS modified oS 6 .

9 . Increase of MUF.

These 9 separate stagesT& evolution are examined thoroughly. Points are abolished; an integrated
discussion interspersed with widespread examples is pohvide

Everything createéh the world of engineering is madaly to satisfy the requirements of mamnd his
society. If there is no need for TS, it will never appdhfia requiremeh appears, then as time flies
requirement becomesharper& obsessive- nothing canthen prevent societfrom creating a TS &
putting it into practiceOf course, society employs innovators for labour. Summaritirggparagraph
requirement is the mother of all inventions.

Post industrial revolution, expense of muscular poweéndistry is extremely low, about 0.1% of total
mechanical energy spent in industry. It means that without machines we can get only ¥4006@ of
current production. Mzhine paver has become significant and wiiicreasingly becomén future as
remairning labour functios are transferred ttechnology. Can we call this trend, automatidieéed to
economizethis machine powepught to anchasrightly become a vitahuman needOf course man has
already fulfilled prior needs like food, water, sleep, offsprproduction,and defencdrom exterior
dangers. This need in particular provekeventiveness in engineering. How? This need gets escalated to
necessity. Tis is the beginnig of contradiction of individuabr society with the environment, breach of
the required balance with it. The appearedtradiction becomes a motivation for active wditected to
satisfy the requirement&urther technologidaevolution is impelled, rather compelled?rogress of the
society would have been impossible withoumstiating role of requirements. Law of emhce of
requirements is a croshsciplinary law acting on human history independently and objectively, through
its subtle mechanism of influence on human will & consciousness. This law has unabatedly governed us
from prehistoric ages till todayand there are no signs it will lose it hold in centuries ahaatntrizing

till now, necessity of satisfaction of constantly growing requimresieof the society comes to
contradiction with the existing methods of its sitction. This contradiction i®solved througipower of
creative abilities of human mind.

Impossibility to meet increase@quirements with old (availabJeTS makes one invent new system or
improve old ondntroducing new subsystems. The first traffighif, for example, appeared in London in
1868, when intensiveness of movement of carriages exceeded all safe limits. A shamgmedui
movement controller, appeared paving way for creation of a newAlTthe extremely lively square in

front of the Englsh parliamentthey set pole with gas lamps, which were hand controlled and showed
two lights, red and green, through coloured glasses. Neverthieliesduction of a new $ provoked a
harmful effect too the lamps sparked and hissed, frightening hofse&s only in the beginning &0th
centurythattraffic lights with electric lamps appeared in USA. It washofizontal type, with three light
filters1 red, yellow and green. The construction turned out to be suitable and soon international standard
on vertical traffic lights was accepted.

First aircraft disaster in thworld occurred in 1908 fobreakage of anerescrew. It was the time when
failure of any elemet on the plane led to flying eident. To increase safety dfyihg, new ideas of
increasing steadiness and cooitof air-plane in the restless atmosphere were in asking. In 19ddeirof
the conpetitions on the safety of aviation, a new airplaggiipped with stabilizer of fly spd was
displayed. Thiplane stoodhe tests greatly durinflight from Versailles-Shartr and back at a speed 75



km/hour under wind with speed of 15m/sec. Thus requirement of increasing MUF was meeaitbn
of a new subsysteinstabilizer.

The bigger the jerk in MUF idemanded, the harder it is achieviéds obviousOften first TS with high

value of MUF are awkward, their functioning is on the verge of possible brbakpeople did this, for

example, at waiime. Victory depended on leadimventive race in all spheres of militarygineering.In

1943 alove Moscow at altitude of 13000m (immense for those times) aircraft bombers would appear. For

a long time it had no punishment,asanti r cr aft fire coul dnd&@dnomierafit h t he
that could fly atsuch altitude Immediatelya speal interceptomwas created. It was a category of plane

with two specialitiesadditional air superchargér plane maximally lightened in order to reach altitude

of 14000m.Second achievement, viz. dramatieight reduction was achieved by measures likiaoémg

ironclad back of theilot chairby vereer one anéliminating all armamentnboard except machine gun.

Finally thetwo planes viz. enemy bomber and Soviet interceptor met at altitude of 13000iphtAwas

required. But none of them could staghf it as they workedtdimit of their abilities. More fascination:

enemy aircraft bombers as it turned out didnodot e
coul dndt take t he polarses douldardly make amyt turm evdn.Ergdbentding a i r
radii. Final outcome: having circled, they separated neveneet ever again. Modifications of TS with

increased MUF and new helpful subsystems méut even then a harder jerk in gain of MUF was

required. This jerk could not be matchedituyovations in those times.

First refrigerator was created by a butter seller T. Moor (US Patent 1803). He distributed his ptbducts a
over Washington andequirement of such invention wereally sharp for him. It was a big box with

doubled walls, beteen which ice was put. The useful function was gaibetice was prepared in winter
andafter that it had to be saved, carried, ett, In 1868 fridge compressavas createdo get artificial

ice for food stores, chocolaeinits, etc. By end df9th century first domestic ¢e producing machines
appeared in markecOne of them called 6Eski mobd was sold in
fuel 1 firewood, coal, kerosendn 1911,giantf i r m O Getnreircad sEtl aerct ®idhbespfr oduct i
moderntype: this compressebasedmachine could be installed inside kitchen cupboard. This fridge was
actually invented by a teacher in the monastic college in France T. Oddifent. Compressor with driving
belts produced much noise, gassuchammonia and anhyafe sulphide withunpleasant smeéiscaped to

fill the kitchen. In 1926a Danish engineer A. Stindrup took a further step: he hid compressor with belts
under hermetic cowl with isolatio The fridge became noiseless amdell disappeared. First donties

fridge without compressor was based on absorptiowa#t invented in Sweden by B. Platen and K.
Moonters in 1922. Since that time desperate competitive fight of two types of fridiglest without
compressorhas taken place. In 1951 in the Institute om@®nductors, Russian Academy of Sciences,
thermoelectric fridge in the world was created. Nevertheless compressor fralgesuickly improved:
poly-functional automatic systems appeared that prepeesilom water themselvedrinks were cooled

to definite temperatureputter to definitemaintained softnesdjlock for forecastingappearance of
faultinesses was added, etc.

Time recorders popularly called clocks took a different development curve. Clock as TS with clear and

exact helpful function time aunt, haveexperienced long evolution. As the basis of principles of action

of this systemone or other periodical processes wer@ | i ed upon: Earthods rot s
pendulum swaying irmechanial and electromagnetic clock; tuning forks in tugifork clock; quartz

plates inquartz clock. Modern electronic watches hawery high value of MUR inaccuracyof time
doesnoét e X ¢ e e gear.lW¢he wecertithdkeepers evalved to this degree of precision? Was

there a genuine need? No. Degree uskfulness viz. measuring time to this fineness exceeded
requirement, i.e. need for such finenédsis gap had to be closed. So evolution decidegbtother way.

Needs for precise time were escalated. Results are vigibdssure sensor, pulsecorde, digital

temperature, skin resistangeasurer in lie detectgrsound and light signalization, diary, notebook, disk



players, wireless, television set, games, computer, stofh@gin cricket, messagirgpde signals like
6ambul anced arelyingsoomeseands. Qipcksevihout apparent power supply lete s
charging from wrist motions arttlose obtaining energy from the environment were messuced. After
90s watches we absorbed by cellular phones; they automatically seixéxt timethrough network
towers. In 2000s, clocks are embedded in operating systems of computers; they automatically update their
time from Internet. Invention of systems with MUF exceeding level of contempargujrements is not
a rare case in the history of émgering.When a wide gap appeagsthersearch foisphere of application
appears one of the problems of marketiray stimulation of requirements start€xtreme adveiding,
Oupbri ngi ngoVeritable reqoirersemts efr society should be distisiged from forced,
artificial and even silly ones. Acoing to the point of view of a famous American sociolggadiout
80% of all produced or sold goods in USA today the faictwrespondo the real requirements or are
useless fosociety.

MUF of sygems constantly increases. Recesshitthes and short pauses occur only when TS comes

close to the moment of exhaiast of resources correspondingttee physical principle laid in the basis of

the given system. Change pfinciple of functioning opensiew resource for development. A. A.

Mikulin, a famous onstructor of aviation engines, once sé@id., et 6 s show tabl e of rec
year 1904 and everyone will see: steady increase till 1943. And then every new 10km/hour was obtained

with greateffort andat 700-950km/hour the curve stopped, deadléak!l 6 | | expl ainé, we nt
smiling t o e x pl @he mplanevfaced thet souhdabprpee frgtder inciease of speed
required increase of traction, power in the geometrical progresgind increase of traction is

enl argement of di mensions of engine and the whol

engi neso.

Increase of productivity of computiarstill following almost a linealaw. Figure 30Nevertheless at
12

productivity of more than 10 per second increase of MUF will slow down and transition to new
principle of work is expected molecular forms of bearer.
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Productivity of computer, operation

per second

1950 1960 1970 1980 1990 2000
Productivity grow of different classes computers.

1 — computer with highest productivity; 1a — SP (single processor), scalar; 1b —
multiprocessor, scalar; 2 - personal computer; 2a - SP (single processor), scalar; 3 —
super computer; 4 - multiprocessor special computer, 5 — cryogenic SP (single
processor), scalar.

Figure 30 linear growth of computer processing powalculated from 1950 to 2006



We retmommalod 6TS wherein requirement of MUF i s
which is generally an inventive problem, is processed till a bold Technical Contradiction (TC) is
disclosed. Complete resolution or partial resolution (some relaxation) of €his done. Result is
inventive solution to inventive problem that was faced. This inventive solution helps TS step aside
from action of harmful factors that had prevented MUF from increase. New properties, functions
appear in the system; substances anmbystems of TS @mgeil transformed or replace®n the

other handif compromise is attempted instead of solution, system is left unchangeethle whole.

Just to let you know your milestone, we are now in step with pg)nvf(limited explanation ah
point (7) of elaborate version.

A fierce competition & interconversion between s ub st anced sayrmsd edndu kbseyys tnesm/
To ensure you are firm footed, let us take examopla common & universally likeable TS motor

car. Transmission, Engine, §rension ca all be regarded asubsystems of TS. Each siglysem

may be a single element or group of mutually inedatedelements. Enginesasubgstem has outer

cover, piston, cylinder, fuel injectors as component parts. Each part is made of ongeor mo
substances. Outer cover can be Aluminium coated with paint on outside and Titanium from inside.
Aluminium & Titanium aresubstances.

The process of TS expansion, i.e. first half of the wave of evolution, most frequently starts from
perceived limitationof substance. Right otevel of substance, much stronger action of factors
preventing increase ®iUF is displayed. Many bignventions and improvements througteation of

new subsystems to fulfil additional useful functions andease of the existinfunction appeared

for lack of required properties of substances (materials) of TS, or for inability to use hidden (not
evident) resourcefproperties, effectspf the sibstanceThe process of TS convolution, i.e. the
second half of the wave of evolutionnsists in a victory of substance over systems. It is worth
examining this paragraph depthand elaborating it stepwise.

We now define several stages or transitive moments in the full wave of TS evolution: expansion
followed by convolution:

a) Attemps to improve (allocate) required property of the substance

b) Division of the homogeneous substance into functionad site

c) Specialization of siteaccording to thefiunctions:transition to the heterogeneous substance

d) Compound substance made of specializézstances with high value of useful function

e) Expansion of the compound substances to the subsystems

f) Convolution of the compound substance or subsystem into an ideal substance

Above steps deserve some details with supporting examples.

TS is faced with a dilenge to increase MUF. Apparently, the simplest solution is to increase MDE
of a key substance of which TS is made of. Either or all of these factors, Mass, Dimensions (say



thickness), Energy consumed (power supplied) can be increased. Remember, wenshdd
worried about rise of MDE at this stage. Because we are aware that TS has to expdlgdanitia
evolve. Howeverattempt to escalate MDE usually faces a contradicttimer properties or parts of
TS start worsening.

Innovator now turns his heddr om 6 headl ess MDE increased to i mp
of t he Kkeye pswrbadgiamalldeatiombtiie required property, quenchingharmful

incidental properties. Thus many variaaggpearin form of modifications and model®r different

systems, objects and work conditions. For example over 8t grades are produced in world

today. Such supespecialization of the substance, nearly a new steel grade for every new TS, is
forced.

If there is no oportunity to create a nwrial covering the whole range of required properties, then

one has to think microscopically. Anisotropic substances like crystals, wood, etc. are suggested for
use with their 6rightd orientation. |l mi l@née, of
remarkably high value of MURhat chiefly consisted in quality of rolled metal, was obtained by

carefully employingmona-crystal of leucasapphirewith its crystallographic axis oriented along the

pivot pin of roll. In many industrial applicationa precious stonef first class- a sort of corundum

is used withmost profitable orientation of crystal lattice. In processing hard metalsenatar har de st
available substance vili amond i s wused with most gOleynhd i ngd
that? How do we produce harder substance than rightly gesitidiamond? Does it mean end of

rise of MUF in cutting of materials?

No, process of evolution now proceeds with division of mgnbstance to sites, layers, parts

resulting in transition to a egpound substancd&he reason is clear: at recurrent effort to increase

MUF one soon finds out that whole substance needhaet the property, on whichdhncrease of

MUF is dependant. Only a part of substance ought to possess this prépegiyeers célthis
pampered part as O6working siteb. I'tds easier toa
the whole substance. Invention of smokeless blasting powder and introduction of rifled guns in the
middle of the 19th century made a breakthioirgthe artillery engineering. This was in response to

a real oppdunity to rapidly increase range of gurBut increase ofpower of the charge led

constructors to the deadl ock. Even change of o
result: stekpipes would stand pressure of maximum 2000 atm. Moreover thickness of walls had

little influence on steadiness of stock. Only researches of FrencBmam® brought clarity: he

showed that in the pipe influenced by equal pressure inside, layers of ametglven unequal
pressur e: interior | ayers bear basic tension, a

iS No use in creating tools with very thick walls, unless one makes exterior layers work. The problem
was wittily solved in 1861 by al®sian engineek.V.Gadolin He suggested strengthening the stock
with ringsT1 in hot condition they put cylinders on the stock, which after natural cooling pressed
interior layers.

Recently investigation of a Russian sword belonging t& déhtury but éund in 1900 has been

carried out. It was made of heterogeneous metal: cutting edges had a layer of advanced hardness and
central part of blade was iron with low hardness. Mitroicture of the sites was also different,

because these were two materialsvee combi ned by bl acksmithods wel di



Famous sefsharpening knives b. N. Ignatiev invented way back in 1926, consist of several

| ayer s. A Dbiologi st by education he wondered 0
sharp?06 as t ey swhewl d hgryow rialy . Nevertheless th
even change the angle of chock thinning. As it turned out, cause of it is different hardness of the
interior and exterior sides of the chock. Less hard interior side of thefrifaymy faster than the

exterior one. For this a sharp chock appears with constant effective angle of tHmimng.31.

Principal of claws and fangs self-sharpening lies
inthe base of foliated cutters by M.Ignatiev.

Figure 31 Inspiration from Nature

The fact of transition from monrsubstance to foliated onerhs out to be useful. If definite
properties are applied tevery layer one can get significant gain in MUF. Harsh winter jackets
composed of mukfoliated panes have been made out. They are ten times thinner and lighter than
homogeneous ones (even MDEshdecreased here) and at same time they offer better thermal
isolation (MUF has obviously increased). Same method is used to qguench wave processes, acoustic,
optical, radio physicatlastic, etc.

In Donetsk Polytechnic Institute researchers thought thike about machine tools: pivot of the
arbour should have advanced durability and arbour should work properly at alternate load.
Consequently there should be more chrome and molybdenum in the pivot and nickel in the middle
part of the arbour. Ideally evedetail should have some kind of mosaic stomction. In any site of

it, chemical composition and properties should be in accordance to the character of loads.
Researchers succeeded in manufacturing metal tools and products with phesicahic propertge
varying throughout volume continuously (gradually) or discreetly (ate ormmpletely). These
properties afunctionsof volumewere set according to condition of operation of these parts.

After the division of the substance into the functional sitescavn pr ocess <call ed 6s
begins. Each site fulfils only one function. N
provide increase of usef ul function of every s

worked out car tyrgvith asymmetric tread pattern, providing equally good cohesion when driving on
the snow or ice and on plain dry road. Such a tyre is as if sealed of two different halves. A half set on
the side of the car has a protector to drive on snow and ice and & ahadbber,having more

silicon to providebetter cohesio with the surface of the roadxtérior half of the tyre has a protector

to drive on the plain dry road and its rubber has more gas black, that makes better conditions to drive
at high speed. Reg#less of asymmetry of construction and varied compositionldfer, such tyres
getfrayed equally. The firm guarantees a very lomg before attrition.



Car headl amps are set to light road in front of
have one more headlamp, which would spread light a bit up and aside, lighting the sign boards,
standing on the way sidén UK, both functions were conjoint in one headlamp. A shoulder in the

form of the prism was put on interior side of headlamp glagsmRs such that at switching to anti

dazzle mode a part of beam of light of the headlamp declines aside and up, lighting side boards at a
distance of 25m from the cak.more serious problem of night driving is daztélt by driver due to

light from lamps of oppositely travelling vehicles. Hundreds of patents were granted internationally

on methods of prevention of daztat no universally acceptable and cheap technical solution came

up. Some innovations of f er e dscreemar drifire speatatlies.aButé gl a
all these lowezd visibility. Some otheinnovations used photiodes incontrolling brightness of
on elényp glow at oncominggr i val 6 | i ght curr entquenchrgnttee i nn o\

reflector with chokesbut thes requirel a complée reconstruction of headlamps. Moreover they
were complex and not quiteeliable Some patentssuggestedolarizing glasses and filters: their
usage meant fourfold magnification of light power. Moreover such glassegjuitgeexpensivand

in deficit Some hi ghways have obliqgue reflectors at h
highway divider. Something likgtled signboards on lamp pole®nly way to fight dazzle seemed
switching to antidazzle. Antidazzle mode, popularly dale d O6di pper 6 is a uni v

installed in all cars around the world; when two cars approach each other, both drivers dip their
beams and convey mutual respect

Eventually this problem was solved Batent 52@87, which suggests laeadlamp, which somehow
bends Il i ght fl ow and it doesnot Fignaek €32. t he

Model of headlight with ‘prismatic echelon®, Patent 520 487

Figure 32: Technical solution to dazzle during night driving



Method of application of fransparent liquid due to light focusing through
the reservoir (Patent France 2 535 659) is shown.

Figure 33 a Frerch aesthetic patent

A French patent on application of optics is shown in Figure 33. Thigristhod of defining esthetic
properties of liquids containgd plastic and glass reserwiln the walls of the flask or bt different
optical elements likéens, prisms, etare formed

I n USA a 6hol o grinaegnthd. Refinitei halahm@mphié structure was applied to the glass,
with the help of which parts of the room that are usually daeke lit. Such glass cover coulérect sun

light up to theceiling instead of the floor, light dark corners. Filtration ofrtiys keeps freshness and
coolness in the rooms. Sun light can even be transferred to the room without windows through the air
channel with reflecting walls and themade to disperse throug the hole in the ceiling.

Specialization of siteaccording to fulfilled functions leads to division of heterogeneous substance into
constituents, to replacement of separate parts by substances with high value of useful feaction.
example, one of thenodern compositions of the kettle has an inkthitee layer body: copper base for

high thermo conductivity, a thin inner layer of Teflon so teatle de s n 0 t stick to it
electrochemicalayer that glows and provideafe covering. In Japannawfile of cheap unordered steel

was worked out, cut of which wasvered with super hard ceramicaifadium carbide). An outer layer

to protectthe file from corrosionto enablét to process hard alloys atwlincrease its life duration 56

timeswas coated. In France, leatid accumulators were produced. Their weight was 4 times less than

usual ones, as they containmaly a functional layer of lealead is heavy, so was trimmed) in them that

was applied tglass and carbdiibres.

In cities glass surfaces gedirty so oftent h a t even constant washing canboi
time.A composi ti oinventedinrsFoahce t® hefp solva this ft&r its application on clean and

dry glass surfacé prevented, adhesioof rain water, stking of polluting particles, formation of frost,

etc. it. Composition was chemically neutral and a litre of the compositioeneagh for 1020 square

meters of theurface.

Substances fulfilling the required function on their own, i.e. working eir thwn energyr that available

in the system are not ahwys available or producible. In this casesavicing subsystem joinghe
substanceBot h dri ver s and qobthad easytto disingusstnafficnlightvsignat adns® n
sunny day. Réd¢cting from colour glasses sunlight givesong signal. For this reason patent on traffic



lights with black curtains appeared: when the lamp (for example red one) is turrieddghéiss is covered
with automatic curtainAccording to Great Britain Patent4b4386, glass of the lamp is covered with

film of liquid crystals with electrodes on thelse s ;

when

the | ampci gstoalws tddre

let the light pass and look like lustreless black surface; at turning the lamp on electric field groguce
flowing current reorients the crystal molecules and the curtain becomes transparent.

Sooner or later subsystems or compound substances should again convolute into substance. Such
substance that experienced a circle of expanstovolution and got newuality, providing high value of
MUF in the concrete TS can be called an ideal substance of the first rarjge (IS

It is knownthat ultraviolet light oppress plants. Especially greenhouse plants are sensible to ultraviolet

light. Bearing this in mind, spélists all over the world cover roofs of the greenhouses with a light filter

film also. Ultraviolet is absorbed and transformed into heat. It is also found thiawiidp the length of

the wavelying in redorange area has goodext on all plants. Thetransform itbetterinto chemical

vital activity. But itobs
optical transmission will immensely drop. The attempts to apply two oppositertiespe the glass, viz.

not topass UV and keep IRght, failed. The problem wasuccessilly solved by M.S.Kurnakov. Alm

transforming UV light into IR light was created. Herdiarmful factor is taken away and the useful one

is introducedsimultaneously This transformer filmused lumingphor on the basis of europiunmicro

energy in the process

dosesoflumophor are mixed

of

nt o

(@}

p ol y mave an unexectediyshighe t a n

increase of harvest: tomatoes and cucumbeb®%, saladi 20%, water meloni 60%! Needless to

mention, Ptysvetan is an IS

3.3 : Tracing ldeality in expansiaronvolution waveform

Applying I(S) to expansiogonvolution waveform, I(S) may or may not increase during expansion, but it
definitely increases during convolution. This is an important key tatitogcurrentposition ofa TS on
reaktime axis. But since every expansion is followed by convolution, it can be stated that Ideality must
increase for system to evolve. So here comes the Law of incredsgre of Ideality. It is'8and last of
ourLavs of Techni ¢ ah ReStatiagthasimspdrtarElawo | ut i o

Evolution of all the systems moves in the direction of increasing thredegree of Ideality.

An ideal TS, also called an IFR, is characterig@ninfinite or near infinitevalue of Ideally. In words,

an ideal TSis a systemwhosemass,dimensions and energy consumed (MOENHd to zerobut its
capacity to fulflwo r k d o e s nld the lithie arrideal systerd o e s n 6t exist, but [
preserved and fulfilledin reality, norexistence is impossible. A neigieal system is one with very

nominal value of MDE but a substantial (required) valusloF. Two examples given here:

Example 1Gas lealdetecteccured by microphone

Salient comment: Solution close to IFR achieved thnougplacement of expensive sophisticated
measurement TS by readily available, cheaply priced TS. MUF is maintained constant.

A gas pipe wasuddenlyfoundleaking in a chemical plant. Gass nearly transparesb visual detection
was unreliableBut wasdangerous by being inflammable and toxic, so urgent action was manddtery.
engineer on duty rushed to emergency controhrdo fetch a gas detector. He was unable to find it. What
did he do?He looked foran ordimary microphone in store room aridckily found it. It was runover



doubted part opipeline. Location ofhiss' identified leakage. A twBuro microphone saved the plark.
significant suggestion emerges from this construction & usage of this near ideal TS.

Identify all availablefields, sulstances and their interactioridere audible sound waves, concentration
gradient field (causing diffusion and undesired spread), mass transfer (leakage into environment) are
available resource3he first one was picked.

Example 2Fuel tank of spaceship:

Sdient feature:lFR may seem physically impossible or unattainable, but it must be held in mind while
idealizing TS towards solution.

In space irconditionof weightlessness, fuel ianks of space vehicles breaks dawmlrops. The big and
smal balls fredy float insidespace of tanks. By may not be present near intake apertiued;cannot be
delivered to theltamber of combustion. What was the solution adopted?

Following solutions werénitially offered:

1. Before turning onhe basic engineggn additimal micromotor (for example, using gas) is turned
on for some seconds. This miemotor push the fuel; it nestles to the intakmerture of tank.
Solution is unacceptable because it complicatedrol sysem and reduces reliability of entire
space vehid.

2. Tank has two compartments separated by an elastic partition such as a well defined membrane
On the one hand ifsiel, while on the other hand ia gas. During refuiing at the cosmodrome
gas is compressed. In space under the action pfrgasbrane pshes fuel to the aperture till tank
is fully emptied. This offewasalso rejected. Fuel duringfuelling shold be delivered under
pressureto compress gas behind the membraB8ace pressure is higherfuel containsmore
dissolved gas.nl an orbit when fuel enterschamber of combustigulissolved gas allocates and
form bubbles.lt can result in damage of space vehicle. Preliminary degassing obdtmie
refuelling is not recommended becaulegjassingausesasy fractions of fudio disappearSo
no option could make this solution acceptable.

IFR: fuel itself moves to an intake aperture and always positions near it. Pay attention: reasoning
whether it is possible or impossilileat fuel itself places near the aperfumedif yes, how it will
be caried out has ninfluence orformulatingIFR.

Adopted TSFigure 34has illustration and explanation.



Figure 34: A Soviet patent in space technology

All systems, irrespective of domain they belong to, tend tdeme IFR.So much so, we have an
alternative, more explanatory name for TS evolution. It is idealizai/d&. have learnt earlier that
evolution of TS consists of alternating phases of expansion & convolution. This section is devoted to
tracing movement ofactor of Ideality, I(S) as TS travels its interesting evolutionary p¥ile. achieve

this by choosing a case study: our TRé&fractrometer.

Refractometer is a device to measure &atd light refraction in a transparent or translucent medium
(substane) and hence deduce the refractive index of that medMhy is this measurement so
important?Any change in value dhdex corresponds tchanges irseveralphysicatichemtal properties

of the substancélence accurate measurement of this index is impbiriecontrolled processes.
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