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YV oksupy enobanne cmpamezuje unmezpannoz paseoja npou3eooa jeoHa 00 meopuja Koja y npumjeHu oaje 0obpe
pesyimame no2omoeo Ha nowy Npouanazaxa eucozoe pauned je TPU3. I'padrwa modena pynxyuja u uz60p npuHyunckux
pjewerva npema Anmwynep mampuyu cy napyujarne TPHU3 memoode koje he oumu npumjervene y oozosapajyhium
¢azama pazeoja cucmema 3a neremuparbe OpeHoe omnaoa. Pjewasary npobrema openoe omnaoda y pazeujeHum
3empama 3a0uUx 200UHA ce NOKIAANI0 NYHO nadickve. Pezyamam mux ucmpanicusarsa je npoHanda3ax u pazeoj Hoge
mexHoao2uje 3a npepady OpeHo2 omnaoa, mexmono2uje neiemupared. Ipumjenom nomenymux memooa anarusupahe ce
0ocadauiiba NPUHYUNCKA pjewierba U NOKYUAmMY 2eHepucamy Ho8a NPUHYUNCKA pjewerbd cucmema 3a neiemuparse
OpsHO2 omnaoa.

Within the global strategy of integral development of products, one particular theory which has shown good results in
use, especially in the field of inventions of high rank is TRIZ. According to Altschuller matrix, the development of
models of functions and the selection of principal solutions are the partial TRIZ methods which will be used in
appropriate phases of the pelleting of the lumber scraps development system. Much attention has been given to solving
the lumber scraps problem in developed countries during the last few years. The result of this research is the invention
and development of new technology for lumber scraps processing; the technology of pelleting. By applying the methods
mentioned above the previous principal solutions will be analysed. In addition, there will be an attempt to generate new
principal solutions for lumber scrap pelleting systems.

1. VYBox 1. Introduction

Jenan o BenmukuX npoOiiemMa NpBHE MHAYCTPUje HA OBUM
npoctopuMa (apkae ousiie COPJ) je mpobiiem mpepaze
W WCKOpHIUTEHa JpPBHOI OTHaja. Y I[MJbY INTO
€KOHOMHUYHH]ET T0C/IOBaka y AaHAIlbe BpHjeMe Tpaxe
ce HauMHHM J1a CE€ CBHM Pecypcu MCKOpHCTE ITO 0OJbe, aa
€€ MCKOPUCTH CBE IITO C& MOXE UCKOPUCTHTH H OCTBAPH
mro Beha wmarepwjamHa mobutr. Ca  €KOJOMIKOT
CTAaHOBHUINTA TO je TPOOIeM M YUTaBe JPYIITBEHE
3ajeqnunie. Ox 1997. roamHe moueo je pas3Boj HOBE
TEXHOJIOTHje 3a Tpepagy APBHOT OTHalna, TEXHOJIOTHjE
nejerupama. Paam ce o mpecoBamy IPBHOI OTHajza y
komaze nmpeyruka 6+10 mm u xyxkure 15+30 mm, 13B.
nenere. [Iponec menerupama OasupaH je  Ha
UCTUCKHMBAky yJla3He CHPOBHHE KpO3 OTBOpe Ha
marpuiy. OONMK ¥ BeNMYMHA TIeneTa Cy M ca
CTAaHOBUINTA CaropujeBama © Oclo0ajgjamka TOIUIOTE
ONTUMAITHU. Y Pa3BHjeHUM 3eMJbaMa 3alaJlHe U CjeBEepHE
EBpomne, ka0 u y AMepuI, TEXHOJOTHja TEIETHPAma CE
YBEIMKO  pallUpwia HM  I[OTUCIAa  NPETXOJHO
NpUMjebUBaHE TEXHOJIOTHje Npepane OPBHOT OTHaja.
HaxanocT Ha oBuM mpoctopuMa (apxkase ousine COPJ)
TEXHOJIOTHja NeJIeTHpamba IpeacTaBiba HOBY Y HEIIO3HATY
TEXHOJIOTH]Y.

One of the biggest problems of lumber industry in this
area (area of former SFRJ) is the processing and use of
lumber scraps. With the aim of operating as economically
as possible in mind, people today are in seek of ways in
which to use all their available rsourses as best as
possible and achieve as much financial gain. From an
ecological point of view, this is the problem with society.
Since 1997 the development of new technology for
processing lumber scraps has begun; the technology of
pelleting. This technology encompasses the pressing of
lumber scraps into pieces of 6 — 10 mm in diameter and
15 — 30 mm in length, called wood pellets. The process of
pelleting is based on the concept of pressing out the input
raw material through the openings of the matrix. The
shape and size of the wood pellets are optimal from both
the combustion and heat releasing viewpoints. In
developed countries of west and north Europe as well as
in the USA, the technology of pelleting has been widely
spread and has also suppressed previously used
technologies of lumber scrap processing. Unfortunately,
the technology of pelleting is new and unknown in this
area (the counties of former SFRJ).



2. Mopennpame nmapumjanHux (pyHKnuja cucrema
3a meJieTHpPame APBHOT 0THAaAa

Usrpagmwa wmopena ¢yHkiuja je mnapuujanHa TPU3
Metoga. TPU3 je jenna teopuja, Koja HCTpaKMBauyuMa
(npoHanasaunMa, WHXKEHEpUMa pas3Boja) Jaje  Ha
pacronarame cabpaHa HCKyCTaBa M 3Hamba ca YIyTCTBOM
ynotpebe 3a cucreMmcke mpoHanacke. ,,Orar TPU3-
Mmetoze je ,,Genrich Soulovich Altschuller (15.10.1926.-
24.09.1998.), jemaH HEKOHBEHIIMOHAHH  HAYYHUK H
mucimnan y paadjem Cosjerckom Casesy. Ca 14 romuHa
xuBota (1940.roguHe) 1npujaBuO je CBOj IIPBU
npoHanasak. Y mpolecy Tpaxema pjeietha paspalyjy ce
anTepHaTUBHE MOTYhHOCTH pjeliema, Koje ce ¢ 003UpoM
Ha MoryhHOCT mnpuMjeHe pa3MaTpajy NpeKo MeTozaa
n3bopa M JOHOCH OJJiyka O u300py oxarosapajyher

pjelema.

baBehm ce aHanmm3uM ¥ pa3pagoM  TEXHOJIOTHjE
nenerupama, y3 npumjeny TPU3 wmerone, omHOCHO
rpagmoM  Mofela (QyHKIHja MOXE C€ ypaauTH
nexommosunmja GpyHknuje menerupamwa ( Cauka 1.). [Ja
OM ce MOTIIO M3BPIIUTH IEIETUPAkE APBHOT OTHANA y
onrosapajyhu o6k (DIN 51731) morpebHO je mpwmje
TOTa U3BPIIUTH MJbEBEHE (YCUTHABAE) APBHOT OTHAA,
3aTUM CYIICHE Ja OU ce BIaXKHOCT CBElla Ha OHY Koja je
nponucada (DIN 51731), a mo u3BpIIEHOM MpEcOBamY
noTpebHO  je U3BPIIUTH xnaheme TOTOBHX
npousBoja(menera). Y3 CBe HAaBEICHO IOTPEOHO je
00e30jeuTH TpAcmopT MaTepujajia OJ CHCTeMa [0

pelleting

The creation of models of functions is partial TRIZ
method. TRIZ is a theory that places collected experience
and knowledge with the instructions for use of system
inventions at researchers’ (inventors, development
engineers) disposal. The “father” of the TRIZ method is
Genrich  Soulovich  Altschuller  (15.10.1926. -
24.09.1998.), an unconventional scientist and thinker of
previous Soviet Union. At the age of 14 (1940),
Altschuller made his first discovery. In the process of
finding a solution, alternative solutions are also
developed, which, concerning the possibilities for use, are
examined through the methods of selection, whereby the
decision for the best possible solution is brought.

Dealing with the analysis and development of pelleting
technology, together with the use of the TRIZ method,
that is, with models of functions forming, the
decomposition of pelleting function can be achieved
(Figure 1.). In order to gain the appropriate shape by
using lumber scrap pelleting (DIN 51731), it is necessary
to firstly grind (chop up) the lumber scraps, and then dry
them in order to reduce the moisture to a regulated level
(DIN 51731). Following the pressing, it is necessary to
cool the completed products (wood pellets). In addition to
all that has been mentioned above, it is necessary to
provide transport of material from one system to another,
as well as both manage and regulate the synchronized
work of the system.
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Slika 1. Dekompozicija funkcije peletiranja drvnog otpada-Figure 1. Decomposition of a lumber scrap pelleting function

3. U300p nNpUHOMICKHX pjeliera mpeMa AJITHIyJep
MaTpHIH

Anammupajyhu 200.000 onmca matenara Antoyiep je
crno3Hao cienehe:

e arcrpaxupaHe IocTaBke mpoOinema (3agaTtka) u
BUXOBO pjellaBame IOHABIBA]Y C€ Y PA3IUIUTHM
HAyYHHM TpaHaMa U WHAYCTPHjCKUM CIIydajeBUMa
TIpUMjeHE.

e  CBONYIMja TEXHWYKHX CHCTEMa MPOTHYE YBHjEK IO
HCTOj MYCTpH.

e 10 CTBapHHMX MHOBAIIMja JI0Ja3U CE CaMO CIajambeM
Pa3IMINTUX HAYUHUX O6ﬂaCTl/I.

[Tpu Tpaxkemwy OAroBopa CIHUjEJHO je YETUPU OCHOBHA

cTaBa:

1. Iwuss jenHor pa3Boja je uaeasHu AU3ajH,
2. IIpobsem je mpemMocTHB ako ce mocrojeha
NPOTHBYPEYHOCT PHjelH,

3. The selection of principal solutions according to
Altschuller matrix

By analyzing 200.000 descriptions of patents, Altschuller
perceived the following:

e Abstracted states of the problems (tasks) and their
solutions are repeated in different branches of
science and industrial cases of use.

e The evolution of technical systems is always
according to a same pattern.

e Real innovations can only be reached by connecting
different fields of science.

While looking for answers, he followed four basic
principles:
1. The aim of a development is the ideal design.
2.A problem can be overcome if the existing
contradiction is solved.



3. Camo uHosayuje IpeqCcTaBibajy HANpPeIaK,
4. JemaH mpoyec umosayuje MOXKe ce€ IOCTEIEHO
palriamkbUBaTH.

YMjeTHOCT HMHOBAaTHBHOI pa3Boja TaKO CE CacToju Yy
CIOCOOHOCTH Kako CIIO3HATH NpPOTUBYpedHOCTH (Y
cMHCIy KOH(QUIMKaTa), jacHO UX (GOpMyJHcaTH H
cTBapanauku capnagatu. OTkiamame jeqHe mocrojehe
NPOTUBYPEYHOCTH (WK KoH(}IMKTa 1[WIBA), je
HajBa)XKHHja OCOOWHA TEXHWYKOT HANPETKA W PEIOBHO
BOJIM Ka HOBUM pjelIeHruMa.

Antmynep neuHHINE NPOTHBYPEYHOCT Ha cibenehu
Ha4MH:

w[Ipomuspeunocm ce oOHocu Ha Me)ycOOHO UCKBYUUBA
cmarea, Koja cy ycmjepena Ha jeOHy jeouny @yHKyujy,
KOMNOHEHMY uiu QYyHKYujy ceykynnoz cucmema.”

Texuuuke win (GU3MYKE pa3BOjHE MPOTHBYPESYHOCTH
Ipuje cBera IpecTaBibajy Oapujepe Ka BUIIEM pa3Bojy
jemIHOT cucTeMa KOju MMa 3a IMJb NoBehame yKyIHe
e(eKTUBHOCTH.

KapakrepucTuka jeaqne TeXHUYKe MPOTHBYPEUYHOCTH
ce €acToju y HCTOBpeMeHOM Tmo0o/blamky(AT) u
noropmaBawy (B]) cucremckux mapamerapa ¢
003upomM Ha yunHak cucrema-(C=f(A,B)).

Henorahame cymTrHCKE HNPOTUBPEUHOCTH, MOXE IpU
oOpamu mpobiiema na oxaBeAe y MOTIYHO IOTPEUIaH
cMjep.

Kako je y mpakcu? —Y npeny3ehuma je najuche tako, na
ce jeJlaH IPOM3BO/I, KOjU MOCTOjH, IpoBjepaBa TPU3-om,
Tj. TIpOBjepaBa ce Aa JH MOCTOjH jOII HEIITO JPYro WiIn
6ospe. Tama MPOTHBPEYHOCTH YECTO HECBjeCHO Oymy
M3BECHE M3 II03HATHX MPUHIMIA W TaKO Cy YCKO
(opMynucane, Oa caMO NOOOJBIIAHM JOojamu OymIy
BuubrBH. OBO HE pjelIaBa OCHOBHH IPOOIIEM, Ay HITaK
Ce 4eCTO I'eHepHILy YIIyTCTBa, KOja MOTY Y HEKOM JApYroM
OJHOCY IIpEJCTaBJbaT! HANpPEaakK.

[Mocmuje Anrtorynepa MCTpaXMBayd pPEIOBHO HaWiase Ha
CIIUYHE MeXHuuKe NpomuepeuHocmu, Koju Cy O3HaueHe ca
39 obumencja npomuspeunocmu (Cauxa 2.). Tako Hactanu
oOpaciyl NPOTUBPEUHOCTH OOMYHO C€ MOTY DPa3pHjelIuTu
nomolly 40  umosamuenux — memesmHux — TPUHIHUIA.
IMocpenctBoM T3B. Mampuye npomuspeunocmu (Cnuxa 3. u
4.) [1] onu ce mose3yjy y 1201 pjemiesme NpOTUBPEYHOCTH,
nomohy Kojux ce MHOTH poOJIeMH pjelaBajy.

Jlakne, OCHOBHM NpoOJieM KO OBE METOJIe je AeHHUCATH
MIPOTUBYPEYHOCTH. IIpaBunaum neduHucanem
NPOTUBYPEYHOCTH CTBAPaMO MPETIIOCTaBKe 3a e(pHKACHO
pjelmiaBambe mpobiema uMMe MOTBphyjeMo mocanarima
pjeliera anM W OpPOHANA3MMO HOBA — HWHOBATHBHA
pujelema.

Axo ce mocMarpa (yHKIja HeleTupama JPBHOT OTIIaaa ca
CTaHOBHUILITA OBE METOAE BPJO JIAKO CE MOXKE 3aKJbYUUTH
cenehe, ma OM ce WM3BIIMIO IENETUPAEE PA3HOBPCHOT
JIPBHOT OTIa/ia MOTPEOHO j€ YCUTHCHU APBHH OTMAJ W3
pacTpecHTOr cCrama JOBeCTH y UBPCTO CTame ca
onropapajyhoM  rycTHHOM(3apEeMHUHCKOM  30MjEHOCTH),
OJHOCHO IOTPEOHO je U3BPLIMTU cabHjame U JIUjel/beHe
YeTHIa CHPOBOT JPBHOT OTNAaja y Basbunhie IpeyHrka 6mm
u gyxute 25...30 mm, koju he umaTu NoTpeOHY CTaOUIHOCT
00nHKa U octane ocoOMHE MPONKCaHe CTaHAApAUMA.

3.Only innovations represent progress.
4.A process of innovation can gradually be
separated.

The art of innovative development is the ability of
comprehending the contradictions (in the sense of
conflicts), their formulating and creatively dealing with
them. Removing an existing contradiction (or the conflict
of the aim) is the most important characteristic of
technical progress and it regularly leads to new solutions.

Altschuller defines contradictions the following way:

“Contradiction refers to mutually exclusive conditions
that are directed to only one function, component, or the
function in the whole system.”

Technical or physical development contradictions
represent the barriers toward an upper development of a
system, whose aim is to increase total efficiency.

The characteristic of one technical contradiction
contains simultaneous improving (A1) and worsening
(B]) of system parameters considering the efficiency
of the system. (C =f(A,B)).

Missing the basic contradiction during the problem
processing can lead to completely different direction.

How is the practice? — In the firms usually one existing
project is tested by TRIZ, in other words it is tested if
something better exists. In that case, the contradictions
are extracted from the familiar principles unconsciously
and they are closely formulated, so that only improved
additions are visible. This does not solve the main
problem; however the instructions that in some other
relation can represent the improvement are often
generated.

After Altschuller, researchers regularly meet similar
technical contradictions, which are marked with 39
characteristics of contradictions (Figure 2.). The models
of contradictions which are made that way usually can be
solved with the help of 40 innovative basic principles.
They are connected into 1201 solution of contradiction
through so called matrix of contradiction(Figure 3. and
Figure 4.), and many problems can be solved with their
help.

Therefore, basic problem with this method is how to
define contradiction. By correct contradiction defining,
we make hypotheses for efficient problem solution, and
with that we both acknowledge previous solutions and
find new ones — the innovative solutions.

If we consider the function of lumber scraps pelleting
system from the viewpoint of this method, we can easily
conclude the following: in order to perform pelleting of
various lumber scraps, it is necessary that chopped
lumber scraps are transformed into solid state with the
appropriate density (volume compactness), more exactly,
it necessary to compress and paste the particles of raw
lumber scraps into little cylinders of 6 mm in diameter
and 25...30 mm in length, which will have necessary
shape stability and the other according to standard
qualities.



T THaCa/TERHE NOFPETHOT OOjEkTa 0 [ TOTpolita eHeprHje HENDRpETHRCODjekaa |
2 acadrenmHa HenokpeTHOr OfjEkTa 21 CHArA, KENALATET
3 IhwmHa nokpeTHOr ofpkra 2 Ty GiMTaK eHeprie
4 IhmHa HenokpeTHOr ofjekTa 23 Ty GiMTaK MaTepHEIa
i MoBpLUHHA NoKpeTHOT ofbjekTa 24 Ty GiMTaK MHGOpMALMa
[ MoEpumHa HenokpeTHor ofijesma 25 TyfiuTaK Bpemena
7 SanpMUHa nokpeTHOr ofjerTa 26 KionuuMHa meTepdjana
8 JanpemuHa HenokpeTHor ofjexTa 2 Moz gaHocT
9 Epsuna 28 TauHICT Mjepera
10 Cuna 24 TauHoCT W3page
M HanoH uiM npuTHCcaE 30 LLTeTHM dakTOpM KOjW CRoma yTHYy Ha ofjeaT
12 OhnuE kil YHyTRALLHH CRKTORM KO Ce MHTY kY v camom ofjesTy
13 CTafMIHoCT cacTaea ofjerra 32 TexHONOMYHIT
14 Yeperoha 33 TepoTexHONOMHOCT
14 Tpajate pafa nokpeTH: objerm 34 MoroaHocT NoARLEEaHA
16 Tpajare pafa HenoweTHr: ofjema | 35 [ ng it A %
17 Temnepamypa 36 FomnaMKIEaHOCT CTRYKTY e
18 QAHOCH JMMEHSH[3 7 FOMMNEKCHOCT KOHTRONE W MEpEHa
14 MoTpoura  eHeprdje  nokpeTH: | 35 CTENMEH STOMATHIALM]E
objeiraa 39 MpogyMEHOCT

Cauxa 2. 39 cmandapoHux mexHuuKux napamemapa
(WSP) koju kapaxmepuuty HeKy npomugypeuHocm

JleTaJbHOM  aHalIM30M U pa3MaTpambeM  TEXHOJOIHUje
HeJIeTHpama JI0J1a3y ce 10 ciueaehnx mpoTUBYPEIHOCTH:

1. Mopa ce mnosehatn crnenuduyna maca oOjekra-
noBehialbe  Mace y3  HCTOBPEMEHO  CMambeHe
3aIpeMHHE.

IIporuBypeuynocr 1:

3anpemuHe. (Cruka 3.)

2. Mopa ce mnosehartu crabunHocT o0jexTa-noBehame
yBpcTohe y3 cCMameme 3apeMuHe.

IloBehame Mmace y3 cMameme

IIporuBypeunoct 2: IloBehame cradmjHOCTH cacTaBa
objexTa y3 cMam-eme 3anpemune(Cuuka 4.)

1 Wasshmweight of rowable ohject 20 Energy use of unmovahle ahjects
2 Masstweight of unmovable object 21 Paower, capacity
3 The length of movable object 22 Loss af energy
4 The length of unmovable object 23 Loss of material
5 Surtace of movable object 24 Laoss af information
5 Surface of unmovable object 25 Loss oftime
7 Wolume of movable object 26 Quantity of material
& Wolume of unmaowahble object 27 Reliahility
9 Welocity 28 Measuring accuracy
10 Forze 29 Production accuracy
8l Waltage or pressure 20 Exterior harntul factors
12 Shape 31 Interior factors that induces inside of an object
13 Stahility of object structure 32 Technologicalty
14 Fimness 33 Teroleshnologicality
15 | Work duration of movable objects 34 Sefling advances
16 Work duration of unmovable objects | 35 The ability of adjusting to universality
17 Temperature 36 Structure complexity
18 Dirnensional relations 37 Contral and measuring cormplexity
18 | Energy use of movable objects 38 | Deagree of gutomatization
39 Productivity

Figure 2. 39 standard technical parameters
(WSP) which characterize some contradictions

By detailed analysis and examination of pelleting
technology, we come to the following contradictions:

1. The specific mass of an object must be increased —
increasing the mass with the simultaneous decreasing
of volume.

Contradiction No 1: Increasing the mass with the

decreasing the volume (Figure 3.)

2. The stability of an object must be increased —

increasing the firmness with the decreasing of volume.

Contradiction No 2: Increasing the stability of the

object structure with the decreasing the volume

(Figure 4.)
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Cnuxa 3. Mampuya npomugypeunocmu-npomugypeunocm 1
Fig. 3 The matrix of contradictions — contradiction 1

3ajeqHUYKN TPHUHINI 32 pjelIaBame 00€ MPOTHBPEYHOCTH

je npuHLMI 35, KOju Tacu:

35. lIpyuHUMI NPOMjeHe arperaTHor CTama 00jexTa

OBzje ce He paau O jeHOCTABHOM IMpelsia3dy, Ha Mp. O
YBPCTOT y TEYHO cCTame, Beh mpemas y ‘‘meeyno’’ wim
“xBasu crame’’ (P’kBa3u TewyHOCT ') M y MelycTame, Ha

IpuMjep MpHUMjeHa eJacTHYHO YBPCTHX THjeIa.

principle 35:
35. The principle of changing state of aggregation

example the use of elastic solid bodies.

The mutual principle for solving both contradictions is the

It is not about simple change here, for example change
from solid to liquid state, but it is change into “pseudo” or
“quasi state” (“quasi liquid”) and into inter state, for
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Fig. 4 The matrix of contradictions — contradiction 2

JamuM pasMunbameM y CKIagy ca MpHHIUNOM 35. u
OPUMjEHOM OBOT TIPHHIIMIA IO0Ja3d ce 0 3aK/bydka [a
OPIIMKOM MeNleTHpama Mopell MpecoBamba Mopa 1ohu U /10
NPOMjEeHe arperaTHOT CTama IPBHOT OTMAAa y MEjyCTambe
koje he m3a3BaTH YCIOCTaBJbalke CTAOWMIIHOCTH OOJHMKA
HAaKOH MPeCTaHKa JjelioBama CHje MpecoBama U Bpahama
o0jekta y TpBOOMTHO arperatHo crame. Ja Oum ce
M3BpIIMJIA TPOMjeHa arperaTHOr CTawkba M3 YBPCTOr Y
Mehycrame u3Mel)y TEYdHOr M YBPCTOT MOpa ce y TOKY
IpecoBama 3arpujatd JApBHH oTmnax. Jlakime Mopa ce
noBehaty Op3WHA MpecoBama M TPEHE, a SHepruja Tpema
nperBopuhe ce y TOIUIOTHY €Heprujy koja he mosectu mo
MpOMjeHe arperatHor crama o0jekra. Ilom TakBUM
yCIIOBHMA 03U 10 M3IyYHBaba JIMTHHHA KOJH CIIYXKU Kao
BE3MBHO CPEICTBO, U HAKOH MPECTAaHKA JIjelOBarba CHIIC
rpecoBama U HAaKOH xJyaljema He 103BoJbaBa na nohe 1o
pacriajiama nenera.

[IpecoBameM JApPBHOT OTHaJa HPUMJEHOM TEXHOJOTH)E
neJeTHPeha TPECHE Ce jaBJba HA JOMUPHUAM MOBpIIMHAMA
u3Mely BaJbaka M NHJbCBUHE, U TPEHE MaTepHujajia O 3UI0Be
pyna kpo3 koje ce uctuckyje (Cruka 5.). EHepruja tpemwa
ce mpeTBapa y TOIUIOTHY CHEPrujy W 3arpujaBa yja3HH
marepujan 1o Ttemmeparype ox 80° C mo 90° C, a
M3/TyYHBaGE JIMTHIHA [I0YHELE HA TEMIIEPATYPH OX 70° C.
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Cnuka 5. Ilpoyec nenemuparea 0pgHoz omnaoa

Thinking more according to principle 35 and its applying,
we come to a conclusion that during pelleting, beside
pressing, it comes to state of aggregation change into inter
state, which causes shape stability even after pressing
force influence and returning the object into primary state
of aggregation. In order to make a change from solid state
into inter state which is between liquid and solid states,
the lumber scraps must be warmed up during the pressing.
Therefore, the pressing speed and friction must be
increased, and the friction energy will be transformed into
thermal energy which will lead to object’s state of
aggregation change. Under such conditions, it comes to
lignin secreting, which serves as connective mean, and it
prevents wood pellet decomposing after the pressing force
stops affecting and after cooling.

By pressing lumber scraps using the pelleting technology,
the friction appears on surfaces of contact between
cylinders and sawdust, as well as friction between
material and walls of the holes through which it is pressed
out (Figure 5.). The friction energy transforms into
thermal energy and it warms up the input material to the
temperature of 80°C to 90°C, and the lignin secreting
begins at 70°C.
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Figure 5. The process of lumber scrap pelleting



[lperxomHa aHanm3a, AeQUHHCAE NPOTUBYPEUHOCTH U
BUXOBO pjemaBame TNPHUMjEHOM AJTIIYIEPOBHUX
HMHOBATUBHUX MPUHIUIIA U MAaTpULla IPOTUBPECUYHOCTH, JaJia
je pjememe Koje moTBphyje MaHAIly TEXHOJOTH])Y
nenerupama. OBa MOTBpIa MOXe Ja 3Ha4YM Ja je
HCTPAKHBAYKHU MYT KOJUM CE UJIC UCTIPABAH.
Anammupajyhu nasse oBaj mpobieM Jonasu ce 10 ca3Hamba
KOja MpeBasuiiase AaHallby NPUMjeHY U OIUC TEXHOJIOTH]e
nenetupama. OBa ca3Hama CHanajy y WHOBaTUBHO
pujememe. Tpedaro je Mao XpabpocTH Ja ce OBO CIIOMEHE
Yy OBOM paly ajJd WIIaK pjeliene Jjenyje aocta Moryhe u
Bj€pOBATHO.

Hawuwme, panu ce o cirenehem:

HakoH nexomnosunuje (QyHKIHje MeNeTHpama  HaKOH
ypaljeHor mojena (yHKIHja JOIUIO ce A0 3aKJbydKa Ja je
npuje mpoleca IeleTHpama HEONXOJHO  H3BPIIMTH
MJbEBEHE U CYIIEHE CHpOBOr Marepujana. CylemeM ce
W3Baja BJIara Kao INTETHH (AKTOp KOjU Ce Hajasu y
00jexTy. MICTOBpEeMEHO CyIICHEeM a KacHHje MPEeCOBAmEM
nmoehaBa ce Temmeparypa ofjekra. Y caMOM IIpOLECY
MeNIeTHpamka MaTepHjall ce 3arpuje 10 TeMIepaType OJ
90°C ma je HaKOH TIEJNETHPama MOTPEOHO W3BPIINTH
xnahebe Jga Ou  HOOMjeHM TPOM3BOAM  3apXKAIIU
onrosapajyhu o0JHK U CTPYKTYpY.

Marepujan ce Hajupuje CyllM H 3arpHjaBa a HaKOH
TOra XJaad, M 3a TO ce TPOLIM BeJHKA KOJHYHHA
eHepruje.

OyHKIMje cylemka 1 Xialjema npeIcTaBibajy 1Ba CyIpoTHA
npolueca, ¥ eJIMMHHANNjOM HaBeAEHUX (YHKIH]ja 3HATHO O1
ce IojeAHocTaBuiIa (DyHKIMja IIpecoBama JPBHOT OTIA/A.
Emmvmunannjom ¢yskumje cymema u xnahema nzdjernu ou
HEeToTpeOaH TyOnuTaK eHepruje

ITocTtaB/ba ce muTame, Jaau je Moryhe u3BpmMTH
nejeTupame JIPBHOI oTmaza 0e3 cymema H
xaahewa(Cruxa 6)?

Ca €eKOHOMCKOT CTaHOBHWINTA, IOpe] Tora ITOo Ou ce
MOCTHUIJIC 3HaYajHE YIITEJC CHEPruje Koja ce MOTPOIIH 32
M3BpLICHE OBUX JBU]Y QyHKIHMja, u30jeriaa Ou ce ynarama
y pa3Boj M M3pajy CHCTEMa 3a CyLIeHhe M CHCTeMa 3a
xnahewme. Llpjena m3pane OBUX cucCTeMa MOjeAMHAYHO je
NpuOIMKHO — jelHaKa [HWjeHH UW3paje cucreMa 3a
npecoBabe. Beh je momenyro ma Om cam cuctem 3a
TeNIeTHpamke IPBHOT OTMaga OWo 10CTa jeTHOCTAaBHUjH, a

solving with the use of Altschuller’s innovative principles
and contradiction matrixes have given the solution that
confirms the present pelleting technology. This
conformation can mean that this research way is correct.
By further analysis of this problem, we come to
knowledge that overcomes present use and description of
pelleting technology. This knowledge falls into innovative
solution. A little courage was needed to mention that in
this paper work, but still the solution seems quite possible
and probable.

Namely, it is about the following:

After the decomposition of pelleting function after the
model of function is made, we came to the conclusion that
it is necessary to do grinding and drying of raw material
before the pelleting process. The moisture as a harmful
factor which is in an object is extracted by drying. At the
same time, the temperature of the object is increased by
drying and then pressing. In the process of pelleting,
material is warmed up to the 90°C temperature, so it is
necessary to do cooling after pelleting, so that obtained
product keeps appropriate shape and structure.

Material is first dried and warmed, and after that it is
cooled, which requires much energy.

The functions of drying and cooling represent two
opposite processes, and with the elimination of mentioned
functions, the function of lumber scrap pressing would be
simplified considerably. By elimination of drying and
cooling functions, we would avoid unnecessary loss of
energy.

The question is if it is possible to do lumber scrap
pelleting without drying and cooling (Figure 6)?

From the economical viewpoint, beside achieving
considerable energy saving which is spend for these two
functions, we would avoid investments in development
and in making drying and cooling systemsThe price of
making these systems individually is approximately equal
to a price of making pressing system. It has already been
mentioned that the lumber scrap pelleting system would

n30jernu Ou ce W TPOIIKOBH OAp’KaBama KOju cy Be3aHH 32 be much simpler, and the expenses for systems
aiale
Ha nu je morvhe HsBpIUHTH DeleTHPARE QPEHOD OTIIADEA
Eez ocTEapHEaka QYHEIH|E CYINERa U xnahema’?
Iz it possibife do fwrmiber scrap peliziing with owud dmveg aed
coaling fiinctions?
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Cnuka 6. [lexomnosuyuja Qynxyuje neremuparea OpsHoz omnaoa- Fig. 6 Decomposition of a lumber scrap pelleting function



[Mokymahe ce mpumjeHOM ANTIIYJIEPOBHX MaTpHLa U
OCHOBHHX  HMHOBAaTHBHMX  NpWHOMNA  gohm 1o
NPUHLMIICKOT pHjelieka oBOr mpobieMa U OAroBopa Ha
MOCTaBJbEHO MUTAE.

[ToceOHa mnaxkma ce Mopa IOCBETHTH JeduHHCABY U
NPaBUIIHOM (OpMyJIHCamy MPOTHBYPEUHOCTH Koja hie Hac
JIOBECTH JI0 NIPABOT" pjelIemha.

Ha ocHOBy Hampujen HW3JI0KEHOT Be3aHO 3a (QyHKUIHUjY
Cylllema, CIMjeqd JIOTHYHO MHUTalme, Oa M je Moryhe
pujemuTH cienehy mpoTHBYpPeYHOCT:

Cmarmwumu HU60 wimemHuux (axkmopa(6aarxcuocm) Koju
ce uHOyKyjy y oodjekmy 0e3 noeeharwa memnepamype
odjexma.

[Mpumjenom wmarpuue nporuBypeunoctu ( Cuuxa 7.)
mobuja ce Ja je HaBeleHy MPOTHBYPEYHOCT Moryhe
pHjelIuTH TpUMjeHOM npuHuuna 6poj 22,35,2, 24. koju
riace:

2. [IpuHUMD oABajamba

a) ca o0jexra ce Mory ,,cMeTajyhu nujenosu wimm ,,cmerajyhe
ocoOuHe 1a o11Boje,

0) on oOjekTa ce MOTy TOjeMHH TOTPEOHU IHjEJIOBU WU
nojeanHe moTpedHe 0COOMHE J1a O/IBOjE.

22. [IpyHUuN NpeTBapama ITETHOT Y KOPUCHO

a) Ilrernu ¢axropu (HAPOYUTO IITETHO IjEJIOBAE CPEIUHE)
KOPUCTE C€ 3a II0CTU3aE O3UTHBHOT e(eKTa,

b) Jeman mTeTHH (akTOp TNpeBa3WIa3HM Ce Kpo3 Be3y ca
octanuM mTeTHIM ¢daktopuma [(-) X (-) = (+)],

c) Ilrernn c¢axrop ce mo Te Mjepe yBeha, ma oH mpecraje
IITETHO J1a Jjeryje.

24. IlpuHuMn,, NocpeIHUKa*

a) Kopuctutu Meljy-objexat na ce J€jCTBO MPEHECEe WM Jajbe
npena,

b) IIpuspemeno je Ha oGjekaT NPUK/bYyYeH ApYrd (Jlak 3a
oZCTpamKBae) objekar, koju hie IjerroBame mpey3eTH Ha

cebe.

We will try to reach the principal solution of this problem
and to answer the question with the help of Altschuller's
matrixes and basic innovative principles.

We must especially pay attention to contradiction defining
and their correct formulating, which will bring us to the
right solution.

On the basis of previously explained things about drying
function, the logical question follows: is it possible to
solve the following contradiction:

To decrease the level of harmful factors (moisture)
which are induced in an object without increasing the
object’s temperature.

By using the contradiction matrix (Figure 7) we can see
that the mentioned contradiction can be solved by using
the principles number 22, 35, 2, 24, which say:

2. The principle of separation

a) the “disturbing” parts or “disturbing” characteristics
can be separated from an object,

b) particular parts or particular needed characteristics can
be separated from the object

22. The principle of transforming the harmful into
useful

a) The harmful factors (especially the harmful influence
of environment) are used for achieving the positive effect;
b) One harmful factor can be overcome through the
connections with other harmful factors [(-) x (-) =(+)];

¢) A harmful factor is increased to the extent of stopping
have a harmful influence.

24. The principle of “mediator”

a) To use the inter — object for transferring or forwarding
the influence;

b) The other object (easily removable) is connected to the
first one, and it will take over the activity.

Tlapamerap cucreMa Koju ce moropmasa | 1 17 ... | 39
(He103BOJbEHO Ce Mjerba)-
The parameter of a system that aggravates 5 2
. g =
(change is not allowed) = N
2 o
) g 2 5
IlITa cy yc/i0BM 32 IpOMjeHy :> 2 = 2
cucTeMa Kojer Tpe6a nodo p1maTn 5 >3 = é’
What are requirements for the - g g E 5
appropriate change of a system s £ wB E S S=
thatneed  bei d SRR 55 2%
at nee e improve sgds B8 s
1 Maca nokpetHor o0jekra 35,3,24,37
Mass of movable object
31 [ITeTHu akTOpH KOjU CE MHAYKY]Y Y CaMOM 00jeKTy 22,35,2, 24
The harmful factors that induces inside the object
39 IIponykruHocT-Productivity 35,26,24,37 1,35,10,28

Cnuka 7. Mampuya npomuepeunocmu- npomuspeurnocm 3.-Fig. 7. The matrix of contradictions — contradiction 3

IMpumjeHOM 0OBMX HNpPUHLUNA U Pa3MHILbajyhu y ckiaagy ca
bUMa, HAKOH CBEOOYXBaTHE aHain3e M MPOMHUIUBAKA O
Moryhum pjeremuma, 101a34 ce 10 cieneher 3aksbyuka:

®yukuujy cymema Mmoryhe je usz0jehm npumjenom
Hekor mel)yoOjexTa (mpuHmun 24. a), 0THOCHO XeMHjCKe
cyncraHme koja he 3a ce0e Be3aTu Bjary U (popmMuparun

By applying these principles and thinking accordingly,
after the all-inclusive analysis and thinking about
possible solutions, we came to the following conclusion:

It is possible to avoid the drying function by using an
inter-object (principle 24.a), more exactly by using a
chemical substance which will fuse moisture and form



HOBO XEMHjCKO jequmeme. Tako CTBOPEHO XeMHjCKO
jenuHerm-e OM HMCTOBPEMEHO TMOCIYKHJI0 32 MOCTHU3Ambe
MO3UTHBHOT edieKTa (MPUHIMN 22.), OCTYKHI0 OM Kao
Be3MBHO CPEJACTBO YMjecTO JIMTHHHA KOjU ce H3JIyuyje
Ha Temmepatypu m3Hag 70 °C. C apyre crpaHe MoKe
MOCJIYKUTH U Kao yuspumhusay u omoryhurtu na nesieru
uMajy cTabuiHy cTpykrypy(uBpcrohy u 06/MK mesera)
u Ha Temmeparypama g0 90°C, y Tom caydajy Om ce
u3djersia u ¢pyHknuja xnahewa. HapaBHo na Ou HaBeneHO
XEMHJCKO CPEeJCTBO Tpebasio Ja MOCIjelyje caropujeBame
HeJerTa U 1a HeMa TOKCUYHO J1€jCTBO Ha OKOJIUHY.

[{ujena oBor XeMHjCKOT CPeCTBa OM y CBAKOM Cliy4ajy Ouia
Mama Ol YTPOIICHE CHEepruje 3a CyLICHEe CHPOBOT JIPBHOT
oTIajia W YTpOIIeHe eHepruje 3a xmaheme TOTOBHX
Npou3BOJa- MeJera, a Ja ce He MOMHUIbE IjeHa pas3Boja,
u3paje U OAp)KaBama CHCTEMa 3a CyIIeme U xialeme.

a new chemical compound. That chemical compound
would be of use for positive effect and at the same
time as connective mean instead of lignin which is
secreted at the temperature of above 70°C. On the
other hand, it can serve as strengthener and make
possible for wood pellets to have stabile structure
(firmness and shape of a wood pellet), even up to 90°C
temperatures, and it that case the cooling function
could be avoided. Naturally, the chemical compound
mentioned above should succeed the combustion of wood
pellets and should not have toxic effect on environment.
In any case, the price of this chemical compound would
be smaller than the price of energy used for raw lumber
scrap drying and cooling of finished products — wood
pellets, not to mention the price of development,
production and maintenance of drying and cooling
systems.

LUMEER Ty = iy = WD
scra? | MIBEBEIBE C%ﬂi IIPECOBAHE %E PELLETS
— L — = ———
| CRIVDING D PRESSING c G —
OTIIE T (DIN 517310
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Cnuxa 8. Hnosamusna mexnonoeuja neremuparoa opsnoe omnada-Fig.8. The innovative technology for lumber scrap pelleting

4. 3akibyuax

IMpumjeHom TPU3 Tteopuje, OAHOCHO IPHUMjEHOM
ANTIIyNepOBUX WHOBATUBHHMX TNPHHIHWIA W MaTpHIa
MPOTUBPEYHOCTH, JOIUIO C€ O pe3yirara KOju OTBapajy
HOBa HMCTPaXUBama Koja BOJE Ka MAaTEHTHUM OTKpuhHMa.
Cepxa u npumjena TPU3 teopuje je ynpaBo y Tome, 1a ce
npoHalle mpaBM IMyT OJHOCHO NPHUHIMIICKO pPHjEIICHEe
npobieMa koje he napuM pa3BojeM JIOBECTH /O HAlpeTKa.
Opnocio TPU3 je Teopuja Koja  HUCTpaKMBaue BOIM-
ycMjepaBa Ka WHOBAIUjH, TIPUM]CHUBA je U YHUBEP3alHa 3a
CBe Hay4He 00JacTu.

Ha ©6a3u oBux pesynrara mnoTpeOHO je CIPOBECTH
UCTpa)XMBamka Ca [WJbEM  M[POHANKEHA  OMHCAHOT
XEMHUJCKOT CpeicTBa. Y Jlajba HUCTpaKUBama Tpeda

YKIbYHUHUTH CKCIICPTE U3 obmactu XCMI/Ije u TCXHOJ'IOFI/Ije.

OBa KOHCTaTalMja UAC y NPUIOT YHHEHHIM J1a CE€ Pa3Boj
NpoU3BOJa, a MOrOTOBO TEOpHja HWHTETPaNHOr pPa3Boja
npou3Boja Oa3upa ce Ha THMCKOM pajy, TAje je pa3BOjHU
TUM CacTaBJbeH OJI EKClepaTra W3 pasUuUTUX HaydYHHX
obacty.

Konauno, mo:ke ce 3ak/byunTH 1a ce npumjenom TPU3-a
oTBOpHO M jeduHUcao jenaH pa3BojHu mnpodieM Ha
yMjeM Ja/beM pacBjeTbaBamy Tpeba Aa mopane
eKclepTH M3 00/1acTH XeMHUje U TexHoJoruje. Pjemem
pPa3BojHOr 3a7aTKa A00UJIO0 OM ce HHOBATHBHO pjellerhe
TeXHOJIOTHje 3a mejeTupame ApBHor ornana( Cuuka 8.)

Literatura - References

4. The conclusion

By applying TRIZ theory, in other words by using
Altschuller's innovative principles and contradiction
matrixes, we have reached the results that induce new
researches which leads toward patent discoveries. The
purpose and use of TRIZ theory is exactly about finding
the right way, more exactly the principle problem
solution which will bring to progress by further
development. In other words, TRIZ is the theory which
guides-directs the researchers toward an innovation, it is
usable and universal for all scientific fields.

Based on these results, it is necessary to conduct
researches in order to find described chemical compound.
The chemistry and technology experts should be involved
in further researches.

This statement is in the favor of fact that development of
products, especially the theory of product integral
development is based on team work, where the
development team consists of experts in various scientific
fields.

In the end, we can conclude that a development
problem has been opened and defined by using TRIZ
method, and the chemistry and technology experts
should work on its solving up. By solving the
development task, we would get the innovative
solution of technology for Ilumber scrap
pelleting. (Figure 8.)

[1] Altschuller, G. S.: Erflinden — Wege zur Losung technicher Probleme. Verlag Technik Berlin.1995.
[2] Herb, R.(Hrsg.): TRIZ — Der Weg zum konkurrenzlosen Erfolgs produkt. Verlag moderne Industrie. 1994.
[3] Holz, T.: Holzpellet - Heizungen. Okobuch Verlag, Staufen bei Freiburg, 2003.

[4

Klein.B.: TRIZ/TIPS — Methodik des erfinderischen Problemldsens. Oldenburg Verlag. Munchen, 2002.

[6] Tica, M.: TRIZ - teorija rjeSavanja pronalazackih problema , seminarski rad, Masinski fakultet u Nisu, Nis, 2003.
[7] Tica, M.: Razvoj sistema za presovanje drvnog otpada primenom metode TRIZ, Magistarski rad, Masinski fakultet u

Nisu, Ni§, 2004.

]
]
]
[5] Miltenovi¢, V.: Razvoj proizvoda - strategije, metode, primena. Univerzitet u Nisu — Masinski fakultet, Nis, 2003.
]
]



	????? 8. ?????????? ??????????? ?????????? ?????? ??????-Fig.8. The innovative technology for lumber scrap pelleting

