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Treca jugoslovenska
konferencija o tribologiji

YUTRIB’93

Kragujevac, 24 - 25 juni 1993. godine

Treca jugoslovenska konferencija o
tribologiji YUTRIB’93 odrZava se
pod izuzetno te$kim uslovima. U jed-
nom delu bivieg jugoslovenskog pro-
stora besni gradjanski rat, a u Trecoj
Jugoslaviji, koju ¢ine samo dve od Sest
bivsih jugoslovenskih republika, veli-
ki broj industrijskih sistema prakti-
¢no ne proizvodi, a ekonomija zemlje
u celini je u izuzetnim teSko¢ama. Me-
dunarodna izolacija Trece Jugoslavije
onemogucava i kontakte sa svetom
nauke i univerzitetskog obrazovanja,
koji su ranijih godina bili izuzetno
ostvarivani i u oblasti tribologije.

Naucno istraZivatka delatnost u obla-
sti tribologije u laboratorijama jugo-
slovenskih univerziteta, instituta i
razvojnih odeljenja vecih jugosloven-
skih industrijskih sistema, medjutim,

Masinski Fakultet

nije prestala. Broj od oko Sezdeset
saopStenja prijavljenih na ovoj konfe-
renciji pokazuje da su u protekle dve
godine u vecini nadih institucija nau-
¢nog i razvojnog karaktera realizovani
brojni istraZivacki programi i iz oblasti
tribologije. Rezultati izvedenih istra-
Zivanja doprinece, nadamo se, resa-
vanju jednog dela problema domace
privrede koji se odnose na funkcioni-
sanje obradnih i transportnih sistema
i stvori¢e uslove za razvoj novih
proizvoda.

U ovom broju ¢asopisa TRIBOLO-
GIJA U INDUSTRII $tampana su
rezimea svih saopStenih radova na
Trecoj jugoslovenskoj konferenciji o
tribologiji YUTRIB’93 na srpskom i
engleskom jeziku sa adresama auto-
ra. Stavljanjem na uvid domacoj i ino-
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stranoj stru¢nooj i nau¢noj javnosti
(Casopis se distribuira u 37 zemalja)
osnovne informacije o rezultatimarada
jugoslovenske tribologije u poslednje
dve godine, redakcija se nada da time
doprinosi i boljoj razmeni informaci-
ja izmedju zainteresovanih naucnih i
struCnih radnika. Radovi saop$teni na
konferenciji, koji budu dobili pozitivhu
recenziju, bi¢e Stampani u Zborniku
radova zajedno sa diskusijama o njima.
Odabrani radovi u kojima su izloZeni
rezultati istraZivanja koja doprinose,
u znadajnijoj meri, razvoju novih tri-
boloskih znanja i unapredenju posto-
jecih, bie Stampani i u narednim
brojevima {asopisa TRIBOLOGIJA
U INDUSTRUJIL

Redakcija

35



Third Yugoslav Conference On Tribology YUTRIB’93

The third Yugoslav Conference on
Tribology YUTRIB’93 is being held
under very difficult conditions. In one
part of the former Yugoslav territory
the civil waris raging, and in the Third
Yugoslavia, that consists of only two
out of six former Yugoslav republics,
the great number of industrial sy-
stems practically do not produce any-
thing, and economy of the country as
a whole is in grave difficulties. Inter-
national isolation of the Third Yugo-
slavia prevents any contacts with the
world of science as well, which in the
previous years were very specially rea-
lized in the area of tribology.

Scientific and research activities in
the area of tribology in laboratories
of Yugoslav universities, institutes,
and development departments of lea-
ding industrial systems, however, did
not stop. A number of about sixty
contributions, submitted for this

Kragujevac, June 24 - 25 1993.

Faculty of Mechanical Engineering

Conference, shows that in past two
years in majority of our institutions of
scientific and development character,
numerous research programs from
the area of tribology were realized.
Results of conducted investigations
will contribute, we hope, to solving of
one part of problems of domestic in-
dustry that are related to functioning
of machining and transportation sy-
stems, and will create conditions for
development of new products.

In thisissue of journal TRIBOLOGY
IN INDUSTRY are published ab-
stracts of all the papers that were pre-
sented at the Third Yugoslav
Conference on Tribology YUTRI-
B’93 in Serbian and English together
with addresses of the authors. By pre-
senting to domestic and foreign ex-
pert and scientific public (the journal
is being distributed in 37 countries)
the basic information about results of

"'FAM Fabnka mazzva u Krusevcu

 Sponzori Trecejugoslovenskekonferencz] o tribologiji-

work of yugoslav tribology in past two
years, the editorial board is hoping
that it contributes to better exchange
of information between scientific and’
expert workers in the field that have
interest for them. Papers that are pre-
sented at the Conference, and that
will receive positive review, will be
published in the Conference Procee-
dings together with discussions about
them. Selected papers, in which are
presented results of investigations, or
knowledges that contribute, signifi-
cantly, to development of new tribo-
logical knowledges and improvement
of existing ones, will be published in
the following issues of journal TRI-
BOLOGY IN INDUSTRY.

Edirorial board
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REZIMEA

YUTRIB’93

Plenarna sekcija ¢ Plenary season ¢
IlnenapHas cecus

ISTRAZIVANJA

TRIBOLOSKE KARAKTERISTIKE ELEMENATA TRIBOMEHANICKIH SISTEMA U
FUNKCIJI METODA MERENJA

B. Ivkovi¢, Masinski fakultet, Kragujevac

U tribomehani¢kim sistemima svih vrsta prisutna su dva procesa i to: proces trenja i proces habanja. Triboloske
karakteristike elemenata tribomehanickih sistema odredene suili silom trenja, koja se javlja u zoni kontakta (energetski
aspekt), ili veli¢inom habanja kriti¢nog elementa sistema posle odredenog vremena trajanja kontakta (ekonomski
aspekt). Velitina sile trenja u zoni kontakta elemenata tribomehanickih sistema nezavisna je od metode merenja, ali
je funkcija uslova pod kojima se kontakt ostvaruje.

Velitina pohabanosti kriti¢nog elementa sistema zavisi od uslova pod kojima se kontakt ostvaruje, vrste parametara
habanja i koriS¢ene metode merenja. Osnovna razmatranja u ovom radu odnose se na relativnost triboloskih karakte-
ristika elemenata tribomehanickih sistema.

Tribological Characteristics Of Tribomechanic Systems Elements As A Function
of Measurements Methods

In tribomechanic systems of all kinds are present two processes, namely, the process of friction and the process of wear.
Tribological characteristics of of tribomechanic systems elements can be determined either by friction force, which
appears in the contact zone (energetic aspect), or by magnitude of wear of critical element of the system after certain
duration of contact (economical aspect). The magnitude of friction force in the contact zone of tribomechanic system
clements is independent of the measurement method, but it is a function of conditions under which the contact is
realized.

The magnitude of wear of the critical element of the system depends on conditions under which the contact is realized,
on kind of wear parameter, and on used method of measurement. The basic considerations in this paper are related to
relativity of tribological characteristics of tribomechanic systems elements.
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HIDRODINAMICKI KLIZNI LEZAJI - TEORIJA I PRAKSA

A. Rac, Maginski fakultet, Beograd

Hidrodinamicki klizni leZaji predstavljaju najviSe koriS¢enu vrstu kliznih leZaja. Osnova za njihov proracun je hidrodi-
namicka teorija podmazivanja. Rad prikazuje domete i primenu teorije, kao i proceduru koja se koristi pri konstruisanju
ovih leZaja.

Hydrodynamic Sliding Bearings - Theory And Practice

Hydrodynamic sliding bearings represent the most used kind of sliding bearings. The basis for their calculation is the
hydrodynamic theory of lubrication. This work presents achievements and application of the theory, as well as the
procedure that is used in design of these bearings.

MENADZMENT I ORGANIZACIJA ODRZAVANJA

D. Stanivukovié, N. Carié, V. Radlovacki, Institut za industrijske sisteme, Fakultet tehni¢kih nauka, Novi Sad

Rad predstavlja razmatranje veza osnovnih upravljackih procesa razradenih prema koncepcijama savremenog mena-
dZmenta i organizacionih aspekata funkcije odrzavanja u preduzecu. Prikazane su karakteristike procesa planiranja,
organizovanja, rukovodenja i kontrolisanja, kao i moguca organizaciona forma funkcije odrZavanja koja na logican
nacin obuhvata te procese. Posebno je dat pregled prednosti i nedostataka centralizovanog i decentralizvanog odrZa-
vanja.

Management And Organization Of Maintenance

The paper presents consideration of relations of basic control processes, developed according to concepts of modern
management, and organizational aspects of maintenance function in a company. Shown are essential characteristics of
processes of planing, organization, management, and control, as well as possible organizational form of the maintenance
function, which, in logical way, embraces these proccsses. Separately is given the survey of advantages and disadvantages
of the centralized and decentralized maintenance.

KORELACIJA IZMEDU POJEDINIH PARAMETARA HRAPAVOSTI OBRADENE
POVRSINE PRI ZAVRSNOJ OBRADI NA STRUGU

S. Sekuli¢, P. Kovad, Fakultet tehnickih nauka, Novi Sad

Veza izmedu pojedinih parametara hrapavosti povr§ine najte3¢e se daje tabelarno. U cilju odredivanja ta¢nijih veza
izvriena je obrada ckspeimentalnih rezultata za statisti¢ki reprezentativan uzorak (N = 78>50), uz napomenu da
postoji jaka koreelaciona veza izmedu parametara hrapavosti.

Correlation Between Some Roughness Parameters Of The Machined Surface
in Finishing Turning

The relationship between individual roughness parameters of a machined surface is usually given by tables. In order to
determine more accurate relationship, experimental results were processed for statistically valid sample (N = 78>50),
what points to strong correlation between roughness parameters

TRIBOLOSKI ASPEKTI U KONCIPIRANJU KONSTRUKCIJE

S. Tanasijevié, Masinski fakultet, Kragujevac

Moderno poznavanje konstruisanja jo§ uvek ne sadrZi dovoljno triboloskih aspekata pri konstruisanju. U ovom radu
je pokusano da se ukaZe na glavne pravce kori¢enja principa tribologije u fazi koncipiranja konstrukcije. Ispravan
koncept konstruisanja je onaj koji vodi ra¢una o tribolo3kim aspektima u procesu koncipiranja konstrukcije.
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Tribological Aspects In Conceptual Design

Modern knrowledge of design still docs not contain enough of tribological aspects of design. In this paper it was
attempted to point to the main directions in application of tribology principles in the phase of conceptual design. The
correct concept of design is that one which takes into account the tribological aspects in the phase of conceptual design.

KVALITET PROIZVODA 1 TRIBOLOGIJA OBRADNIH PROCESA

B. Popovié, Fakultet tehni¢kih nauka, Novi Sad

Standardi kvaliteta i tribolo8kih procesa ISO 9000 - 9004 su namenjeni da prikaZu pristup kontroli kvaliteta sa aspekta
tro3kova. Uz vrio mocan proces filozofija ispunjenja cilja omogucava da habanje alata uslovi proizvodenje delova koji
variraju od jednog do drugog ograni¢enja specifikacije. Funkcija gubitaka ekonomski opravdava drugadiji pristup
kontroli kvaliteta. Ukoliko proizvod ne funkcioniSe zadovoljavajuce, onda ostali gubici nastali kod proizvodaca ili
kupca su takvi da su gubici otpadaka konzervativna procena gubitaka za drustvo.

Product Quality And Tribology Of Machining Processes

Quality & Tribology Process Standards ISO 9000 - 9004 are intended to show a cost-oriented approach to quality
control. With a very capable process, the goalpost philosophy allows tool wear to produce parts which vary from one
specification limit to the other. The loss function economically justifies a different quality control approach. if the
product fails to perform satisfactorily, then other losses that are incurred by the manufacturer or a customer are such
that scrap losses is conservative estimate of loss to society. '

TRIBOLOSKI ASPEKTI DIJAGNOSTIKE STANJA MAZIVIH ULJA U
MEHANICKIM SISTEMIMA
M. Rajkovié, NIS - Rafinerija nafte, Novi Sad

Hemijski i fizicki procesi koji dovode do promene performansi u mazivu motora su vrlo kompleksni. Glavni uzrok
opadanja performansi su oksidacija i kontaminacija.

Svrha ispitivanja na kori$¢enim motornim uljima je bila da se otkriju tipovi i kolitina zagadivata §to moZe da ukaZe na
probleme u radu. Najnovija istraZivanja pokazuju da neki od zagadivaa mogu biti toksi¢ni i karcinogeni.

U skladu sa gore navedenim postoji vise vainih razloga za analizu upotrebljenih ulja. To su: odredivanje optimainog
intervala cedenja ulja i promene filtera, triboloski, ekonomski, i ekolo3ki razlozi.

Tribological Aspects Of Diagnostics Of Lubrication Oils Status

in Mechanic Systems

The chemical and physical processes leading to performance changes in the engine lubricant are quite complex. The
major causes of performance decreases are oxidation and contamination.

The purpose of tests on used engine oils is to detect types and quantity of contaminants which can indicate operational
problems. The latest researches indicate that some of contaminants could be toxic and carcinogenic.

In accordance with above there are several good reasons for used oil analysis. These are: Determination of optimal oil
drair and filter change intervals, tribological, economical, and ecological reasons.
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Trenje i habanje ¢ Friction and wear ¢ TpeHHe U H3HOC

UTICAJ BOMBARDOVANJA POVRSINE SNOPOM CELICNIH KUGLICA
NA PARAMETRE HRAPAVOSTI

D. Adamovié, M. Babié, B. Jeremi¢, Masinski fakultet, Kragujevac

Postupkom bombardovanja povr$ine snopom &eli¢nih kuglica parametri hrapavosti mogu biti poboljsani ili pogorSani,
§to zavisi od vrste materijala, po¢etne hrapavosti , kao i parametara bombardovanija. U radu se iznose i analiziraju neki
rezultati ispitivanja uticaja povrdinskog plasti¢nog deformisanja snopom CeliCnih kuglica na topografiju brusenih
povrsina uzoraka od C 5630. Dobijeni rezultati ukazuju na pogorsanje visinskih i strukturnih parametara hrapavosti
nastalih pri izabranom reZimu pomenute obrade.

Influence Of The Surface Bombardment With The Ray Of Steel Balls On The Roughness
parameters

By the procedure of surface bombardment with the ray of steel balls the roughness parameters can be either improved
or worsened, what depends on the kind of material, initial roughness, as well as the bombardment parameters. In this
paper are presented and analyzed some results of investigations of the influence of surface plastic deformation by the
ray of steel balls on topography of the ground surfaces of the steel C 5630 samples. Obtained results point to worsening
of height and structural parameters of roughness which arosc at the chosen regime of the mentioned machining.

MODELIRANJE KONTAKTA HRAPAVIH POVRSINA

N. Jovié, D. Josifovic, Masinski fakultet, Kragujevac

Ovaj rad predstavija jedan pristup problemima kontaktne interakcije. Najnovije teorije kontaktnog trenja su kori§¢ene
za modeliranje stvarnih procesa. Predpostavljeno je su poznate karakteristike povrSina kontaktnih tela, kao i osobine
njihovih materijala i normalna opterecenja. Ovo daje osnovu za ocenu stvarne kontaktne povrdine kao i broja kontakata
na njoj.

Modeling Of Rough Surfaces Contact

This paper presents an approach to the contact interaction problems. The latest theories of friction contact are used
for modeling the real processes. It is assumed that the surface characteristics of contact bodies are known, as well as
their materials’ properties and normal load. These give the basis for evaluation of the real contact area and the number
of contacts on it.

UTICAJ MIKROHRAPAVOSTI ANODNO OKSIDOVANOG ALUMINIJUMA NA
EFIKASNOST a-Si SOLARNIH CELIJA

T. Pavlovié, B. Cabri¢

Uticaj mikrohrapavosti Al/Al O na efikasnost a-Si solarne Celije je prikazan u ovom radu. Pronadeno je da je anodno
oksidovan aluminijum u fosfornoj kiselini bolja osnova za a-Si solarne ¢elije od anodno oksidovanog aluminijuma u
rastvoru za tvrdu anodizaciju.

Influence Of Anodically Oxidized Aluminum Micro Roughness On Efficiency Of A-si Solar
Cells

The influence of micro roughness of Al/Al O on the a-Si solar cells efficiency is described in this paper. It is found that
anodically oxidized aluminum in phosphoric acid is better as a substrate for a-Si solar cells than anodically oxidized
aluminum in solution for hard anodization.
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Maziva i podmazivanje ¢ Lubricants and lubrication ¢
Cmacka U cMa30YHbIe MaTepHabi

OPRAVDANOST PRIMENE SAVREMENOG POLUSINTETICKOG BIOREZISTENTNOG
SHP U CENTRALNOM SISTEMU U SADASNJIM USLOVIMA PRIVREDIVANJA

M. Radivojevié, Fabrika maziva - FAM, Krusevac
B. Curtié, DMB, Beograd
C. Curdié, Fabrika maziva - FAM Krusevac, P.J. Beograd

U sadas$njim ekonomskim uslovima kada, usled uvedenih sankcija, Cesto dolazi do dugih zastoja proizvodnje, sredstva
za hladenje i podmazivanje, kao treci tribomehanicki sistem, imaju jak uticaj na troSkve rada.

Vek trajanja SHP vi3i direktan uticaj na nivo trofkova proizvodnje, §to je posebno oligledno u centralizovanom sistemu
podmazivanja, posto ako se zameni trodkovi su najveci, i iz tog razloga proizvodnja je vrlo skupa.

Kori$éenjem savremenih biorezistentnih SHP u trenutnim ekonomskim uslovima proizvodnja bi se mogla realizovati
uz najmanje moguce troSkove.

Reasons For Application Of A Modern Semi-synthetic Bioresistant Metalworking Fluid
in Centralized Lubrication Systems Under Present Economic Conditions

Under present economic conditions when, because of imposed sanctions, often comes to long production stoppages,
metalworking fluid, as the third tribomechanic system, has a strong influence on operating costs.

The life of a metalworking fluid exerts direct influence on production costs level, which is especially apparent when
applied in a centralized lubrication system, because if changed, the costs are the highest, and from this reason the
production is very expensive. :

By use of a modern bioresistant metalworking fluid under present economic conditions, the production could bee
realized with the lowest possible costs.

PRILOG DEFINISANJU PROBLEMA PRI KORISCENJU BIOGASA KAO GORIVA U
MOTORIMA SUS

A. Stefanovi¢, Maginski fakultet, Ni§

Da bi se u postrojenjima, u kojima se razvija biogas ¢ak i kao nusprodukt, omogucilo celogodi$nje i potpuno kori$¢enje
dobijenoog gasa, jedan od svrsishodnih nacina je njegova upotreba u motorima SUS. Visoka temperatura samopaljenja,
pogodan metanski broj i znatna toplotna mo¢, Cine da se biogas moZe smatrati kvalitetnim gorivom za motore. Veliki broj
postrojenja, podignutih $irom Evrope sa ciljem da se proveri svrsishdnost kori$¢enja ovog gasa, dala su pozitivne rezultate.

U ovom radu biCe prezentirana neka iskustva u kori§¢enju biogas motora i problemi koji su nam se javili u pilot
postrojenju. Uglavnom se svi problemi vezuju za sadrZaj sumporvodonika i vlage u gasu, koji postaju izraziti pri duZim
prekidima u radu. Na osnovu dobijenih rezultata postoji misijenje da se dobar deo problema moZe izbeéi ako
proizvodaci ulja i maziva proizvedu ista, ili kao dodatak uljima propi$u posebne aditive, koji bi smanijili ili neutralisali
uticaj sumporvodonika u biogas motorima.

Contribution To Definition Of Problems In Using The Biogas As A Fuel In Ic Engines

Inorder to make possible, in plants where the biogas develops, even as a byproduct, the whole-year-around and complete
using of obtained gas, one of the useful ways is its use in the IC engines. The high temperature of self-ignition, convenient
methane number and significant heat power, make the biogas to be considered as the quality fuel for engines. The large
number of plants, built all over Europe with purpose to check the usefulness of applying this gas in engines, gave positive
results.

In this paper will be presented some experiences in applying the biogas-engines as well as problems that appeared on
the pilot-plant. In general, all the problems were connected to the content hydrogen sulfide and moisture in the gas,
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and they become prominent at longer stoppages in operation. Based on the obtained results the opinion was formed
that a great deal of problems can be avoided if oil producers produce such oils, or prescribe such special additives, which .
will reduce or annihilate the influence of hydrogen sulfide in biogas engines.

BIOLOSKO-EKOLOSKI ASPEKT PRIMENE SREDSTAVA ZA HLADENJE 1
PODMAZIVANJE U INDUSTRIJI PRERADE METALA

B. Vasiljevié, B. Nedic¢, M. Babié, S. Arsovski, Masinski fakultet, Kragujevac

Poslovanje sa sredstvima za hladenje i podmazivanje je po obimu poslova relativno skroman, ali veoma znacajan
segment ukupnog poslovanja. Uloga koju SHP imaju u ostvarivanju tehnolo3kih zahteva proizvodne operacije mora
se sagledati kompleksno, zajedno sa svim negativnim efektima koji se prvenstveno ogledaju u sve vecoj ceni poslovanja
sa SHP i $tetnom dejstvu na radnike i fovekovu okolinu.

U radu su analizirani problemi poslovanja sa SHP sa aspekta njihove primene i negativnog dejstva na okolinu.
Analizirani su uzroci i posledica zagadenja SHP, kao i postupci za njihovu regeneraciju i razgradnju.

Biological-ecological Aspect Of Application Of Coolants And Lubricants In
metal Working Industry

Working with coolants and lubricants is by extent of work relatively modest, but very significant segment of complete
business. The role that coolants and lubricants have in realization of technological requirements of production
operation has to be considered complexly, together with all the negative effects, which can be observed, before all, in
higher costs of working with coolants and lubricants, and in damaging effects on workers and human environment.

In this paper are analyzed problems of working with coolants and lubricants from the aspect of their application and
negative effects on environment. Analyzed are causes and consequences of pollution by coolants and lubricants as well
as procedures for their regeneration and decomposition.

NEKI REZULTATI ANALIZE POSLOVANJA SA SHP U INDUSTRIJI ZA PROIZVODNJU
KAMIONA

M. Cetkovi¢, Zastava - Kamioni, Kragujevac
Neki rezultati analize rada sa sredstvima za hladenje i podmazivanje u fabrici Zastava - Kamioni su prikazani u ovom radu.

Tehnologija rada sa SHP je zasnovana na viSe faza. Ova studija sadrZi detaljan opis izvrSenja nekih operacija kao i
obavljene analize njihove primene u fabrici Zastava - Kamioni. Ona ukazuje na odredeni broj aktivnosti koje se ti¢u
organizacije rada sa SHP, kao i na mogucnost njihovog poboljSanja.

Some Results Of Analysis Of Dealing With Metalworking Fluid In Truck
Manufacturing Industry

Some Results Of Analysis Of Dealing With Coolants and lubricants in the company "Zastava - Trucks" are shown in this
work.

Technology of dealing with coolants and lubricants is based on a few phases. This study contains detailed description
of performing some of the operations and of the performed analysis of its application in the company "Zastava - Trucks".
The same points to the certain number of activities concerning the organization of work with metalworking fluid, as
well as to the possibility for its improvement.

MOGUCNOST ODREDIVANJA SADRZAJA STRANIH ULJA U EMULZIJAMA
SREDSTAVA ZA HLADENJE I PODMAZIVANJE

D. Radovanovié, Fabrika maziva - FAM, Krudevac

Poznato je da se u toku eksploatacije rastvora i emulzija vodorastvorljivih sredstava za hladenje i podmazivanje
pojavljuje problem stalnog priliva "stranih ulja". Prisustvo "stranih ulja" negativno utie na karakteristike radnih
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rastvora i emulzija sredstava za hladenje i podmazivanje, pa je razumljiv interes stru¢njaka za tacan sadrZaj tih ulja.
Zbog kompleksnosti ove problematike ne postoje merodavne | standardizovane metode za egzaktno odredivanje
sadraja ovih ulja. Predmet ovog rada je analiza korid¢enja spektroskopskih metoda za odredivanje sadrZaja i tipa
"stranih ulja" u radrim emulzijama.

Possibility For Determination Of The "foreign Oils" Content In Emulsions Of Coolants
and Lubricants

It is known that during the exploitation of solutions and emulsions of coolants and lubricants dissolvable in water the
problem ariscs of constant inflow of "foreign oils". Presence of "foreign oils" affects negatively the characteristics of
working solutions and emaulsions of metalworking fluids, so the interest of experts for the precise content of these oils
is quite understandable. Duc to complexity of these problems, no competent or standardized method for exact
determination of content of these oils exist. The subject of this work is the analysis of using the spectroscopy methods
for determination of content and type of "foreign oils" in working emulsions.

REZULTATI LABORATORIJSKOG TESTA MOTORNOG ULJA GALAX SUPER LONG NA
PROBNOM STOLU "TAM M-21"

V. Valjarevié, 1. Ivanovié, Rafinerija nafte, Beograd

Savremeni zahtevi automobilske industrije, kao moderne grane privrede. uslovljavaju proizvoda¢ima motornih ulja sve
teZe zadatke:

* produZiti period izmene uljnog punjenja,

* smanjiti trofenje delova motora,

* smanjiti taloZenje gareZi na kruni klipa i klipnim prstenovima,

* smanjiti habanje bregova bregaste osovine,

* smanjiti habanje klipnih prstenova i ko$uljice cilindra,

» smanjiti ili potpuno ukloniti uglatanost klipa (spreciti pojavu uglatanih povr$ina na klipu)

Rafinerija nafte Beograd je, u Zelji da zadovolji navedene zahteve, razvila novu formulaciju multigradnog motornog
ulja sa poscbno odabranim baznim uljem i paketom aditiva. Cilj nove formulacije je bio produZenje perioda izmene
uljnog punjenja i reSavanje nacedenih problema.

Uz ispunjenje navedenih zahteva proizvoda¢ima motora malo paZnje se obra¢a uhodavanju motora $to izaziva velike
Stete. Sa novoformulisanim motornim uljem uz saradnju proizvodaca motora izvrieno je obimno ispitivanje. Ispitivanje
je realizovano po metodi TAM M-21. Ovaj test na probnom stolu obuhvata ispitivanje motornih delova | procenu
izdrzljivosti motorrog ulja sa produZenim periodom izmene od 600 mh.

Ispitivanja su obavljena u Institutu fabrike TAM-Maribor. Obuhvacena su motorna ulja 4 proizvodaca. Oblast primene
ispitivanih ulja je bila API CD. Motorno ulje GALAX SUPER LONG, kvaliteta CCMC D3, zadovoljilo je kompletna
ispitivanja a da nije doslo do havarije motora.

Laboratory Testing Results Of The Galax SUPER LONG Motor Oil Effectuated On The Test
Rig TAM M-21

The contemporary automotive Industry, as the modern branch of the industry, put on the motor oil producers the more
and more scrious requirements

* extended oil drain interval,

 better wear control,

* decreasing of the deposits on the piston rings and crown,

* decrease camshaft wear,

* decreasc piston rings and cilinder liner wear and

* decrease or eliminate bore polishing,

In order to satisty the above mentioned requirements, Rafinefy Belgrade developed the new multigrade motor oil
formulation using the specially selected base stock and additive package. The objective of the new formulation was the
solutinn of the problems announced and the realization of the extended drain interval.
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The tulfilling of the requirement of the motor manufacturers is not enough and the atention should be given to the
break in interval, otherwise the big damage might occur. An extensive research was done together with the motor
manufacturer on the newly formulated motor oil. The method used was TAM M-21. This test on the test rig includes
motor parts testing and evaluating of the durability of motor oil with the extended oil drain interval of 600 mh.

The test were made in the Institute of TAM Maribor. Four motor oils of different producers were included. The oil
application level was API CD. The motor oil GALAX SUPER LONG, the quality level CCMC D3, satisfied the
complete testing without damage to the motor.

Materijali ¢ Material ¢ MaTepuaJibl

O JEDNOJ MOGUCNOSTI UTICAJA NA SVOJSTVA SPOJA PRI FRIKCIONOM
ZAVARIVANU METALA

M. Durdanovié, Maginski fakultet, Ni§

U ovom radu je analizirana mogu¢nost uticaja energije nemehaniCkog karaktera na proces zavarivanja trenjem.
Zakljufeno je da je clektri¢nom strujom mogudce uticati na kretanje elemenata kristalne strukture i na process
formiranja zavarenog spoja. Ovaj zakljucak je potvrden eksperimentalno pomocu dejstva impulsa struje visoke
frekvencije.

About One Possibility Of The Influence On The Joint Characteristics At The Friction Welding

In this papcr one analyzes the possibility of influence of the energy of non mechanical character on the friction welding
process. It is concluded that it is possible to act, by electrical current, to the moving of the elements of crystal structure
and forming process of welded joint. This conclusion was experimentally confirmed by using impulses of high frequency
electrical current.

FRIKCIONA SVOJSTVA TRIBOLOSKIH PREVLAKA U FUNKCIJI NORMALNOG
OPTERECENJA I BRZINE KLIZANJA

M. Babié, B. Jeremié, N. Milié, Masinski fakultet, Kragujevac

U radu se prezentiraju i analiziraju rezultati ispitivanja frikcionih karakteristika PVD prevlaka (TiN-ion plating, TiN
cathode arc, Ti(C,N), ZrN, i TiAIN), pri razli¢itim normalnim optere€enjima i brzinama klizanja.

Ispitivanje je obavljeno na pin on disk tribometru opremljenom mernim sistemom koji ukljucuje PC racunar za
akviziciju podataka i pracenje procesa trenja. Dobijeni rezultati pokazuju istu prirodu uticaja variranih parametara
uslova kontakta na frikciono ponasanje svih ispitivanih prevlaka. Ona se ogleda u padu koeficijenta trenja sa porastom
normalnog opterecenja po stepenoj zavisnosti, i istovremeno u zanemarljivoj promeni sa variranjem brzine klizanja.
Poredenje dobijenih rezultata pokazuje znacajne razlike frikcionih karakteristika ispitivanih prevlaka, koje su posebno
izraZene u oblasti malih opterecenja.

Frictional Properties Of Tribological Coatings As A Function Of Normal Loading And
sliding Speed

In the paper are presented and analyzed investigation results of frictional characteristics of the PVD coatings (TiN-ion
plating, TiN cathode arc, Ti(C,N), ZrN, and TiAIN), at different normal loadings and sliding speeds. Investigation was
conducted on the pin on disk tribometer, equipped with measurements system that includes a PC for data acquisition
and monitoring of the friction process.

Obtained results show the same nature of influence of the varied parameters of the contact conditions on frictional
behavior of all the tested coatings. It is represented in the decrease of the friction coefficient with increase of normal
loading according to the power law dependence, and simultancously in negligible change with varying the sliding speed.
Comparison of obtained results points to significant differences of frictional characteristics of tested coatings, which
are specially emphasized in the area of small loadings.
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DODATAK RAZVOJU METALOKERAMICKIH ELEMENATA IMPLEMENTACIJOM
KERAMIKA TEHNOLOGIjOM PLAZME

D. Golubovié, R. Je¢menica, Tehnitki Fakultet, Cadak
M. Mrdak, Aeronautitki Institut, Batajnica
M. Simovié, PKS, Cadak

U ovom radu su dati rezultati ispitivanja povecanja stabilnosti specijalnih metalnih elemenata u koje je implementirana
keramika, a koji se koriste u industriji prerade metala. Povecanje stabilnosti metalnih elemenata je zasnovano na
povecanju povriina otpornih na habanje prevucenih keramikom plazma postupkom, to jest, na poboljSanju triboloSkih
efekata. Ispitivanja ukljuluju optimizaciju konstrukcije i svojstava prevlaka, strukture keramika, tipove postupaka
implementacije, kao i podatke o postignutim efektima.

MetalokeramiCki elementi dbijeni implementiranjem keramike tehnologijom plazme imaju dobra triboloska svojstva
i mogu da se Koriste za razvoj i revitalizaciju masina i uredaja Ciji su elementi izloZeni intenzivnom habanju ili kod kojih
se zahteva visoka preciznost u toku procesa.

A Supplement To The Development Of Metaloceramic Elements Implementing Ceramics By
Plasma Technology

Investigation results of stability increase of special metal elements implemented by ceramics, used in metalworking
industry are given in the paper. The increase of metal elements stability is based on increasing the wear-resisting surfaces
coated by ceramics with plasma procedure, that is, on the improvement of tribological effects. Investigations include
the optimization of construction and coating properties, ceramics structure, implementation procedure types, as well
as the data about the achieved effects.

Metaloceramics elements obtained by implementing ceramics by plasma technology have good tribological charac-
teristics and can be used for the development and revitalization of machines and devices whose elements are exposed
to intensive wear or whose high precision is required in the process.

UTICAJ STRUKTURE NA KARAKTERISTIKE DEFORMACIONE ZONE OBRADKA OD
SILUMINA

B. Jordovié, S. Curcié, R. Je¢menica, Tehnicki fakultet, Cacak

U radu je ispitivan uticaj mikrostrukture podeutekti¢kog situmina na karakteristike deformacine zone nastale obradom
rezanjem pod razlicitim uslovima. Odredeni su parametri obrade koji za odredenu strukturu daju optimalni kvalitet
obradene poovrsine.

The Influence Of Structure On Deformation Zone Characteristics Of An Al - Si Work Piece

The influence of hypo-eutectic Al-Si alloy micro structure on deformation zone characteristics appeared at cutting
process under different conditions. Processing parameters, giving an optimal surface quality for definite structure, are
determined.

PRIMENA NODULARNIH LIVOVA U SAVREMENOJ INDUSTRIJI TRANSPORTNIH
SREDSTAVA

D. Jesié, Zanatoprema, Rijeka

Savremeni metalni materijali, koji se koriste za izradu elemenata transportnih sredstava (automobili, kamioni, traktori
i drugi), moraju da poseduju, pored velike &vrstoce, dobre Zilavosti i velike zamorne &vrstoce, jo§ i zadovoljavajucu”
otpornost na habanje. Sve ove osobine imaju nodularni livovi pobolj$ani izotermalnim postupkom. U radu je dat prikaz
koris¢enja nodularnih livova u savremenoj industriji transportnih sredstava.
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Application Of Nodular Cast Irons in Contemporary Industry Of Transportation Means

Contemporary metal materials that are used for manufacturing elements of the transportation means (automobiles,
trucks, tractors, etc.), must possess, apart from high strength, good toughness and high fatigue strength, also satisfactory
wear resistance. All these properties have the nodular cast irons improved by isothermal procedure. In this paper is
given the survey of application of nodular cast irons in contemporary industry of transportation means. Tribologija

obradnih procesa ¢ Tribology in machining processes ¢ Tribologia v obrabotngh procesov

Tribologija obradnih procesa ¢ Tribology in machining processes <
TpubdoJiorrua B 06paboOTHBIX TIPOLIECOB

KLIZANJE PREKO ZATEZNOG REBRA - SPECIFICAN TRIBO-TEST U OBRADI DUBKIM
1ZVLACENJEM

M. Stefanovié, Maginski fakultet, Kragujevac

U radu su izloZene osnovne karakteristike tribo-modeliranja posebne zone komada koji se izvladi - na mestu zateznog
rebra na drZacu (matrici). Ispitivanje ukljucuje intenzivno deformisanje i trenje prisavijanju i ispravljanju oko zateznog
rebra, praceno sloZenim cikliCnim oja¢anjem materijala. Navedeni rezultati pokazuju zavisnost sile klizanja (prevlace-
nja) od geometrije rebra, sile drZaca, kori§éenog maziva i brzine klizanja. IzloZena metodologija omogucava istraZivanje
tribolo8kih pojava, kao i definisanje odgovarajucih odnosa u zoni drZaca pri izvlalenju delova sloZenog oblika.

Sliding Over The Tensile Rib - A Specific Tribo-test In Machining By Deep Drawing

In the paper are presented basic characteristics of tribo-modeling of the special zone of the working piece that is being
drawn - at the point of tensile rib on the holder (matrix). Investigation includes intensive deformation and friction
during bending and straightening around the tensile rib, accompanied by complex cyclic hardening of material.
Prescnted results show the dependence of the sliding force (stretching over) on geometry of the rib, holding force, used
lubricant, and sliding speed. Presented methodology enables investigation of tribological phenomena, as well as
definition of corresponding relations in the holder’s zone in drawing the parts of the complex shape.

NEKI ASPEKTI RELACIJA TRIBOLOSKIH I MEHANICKIH SVOJSTAVA MATERIJALA
ALATA I OBRADKA U TEHNOLOGIJAMA PLASTICNOSTI

D. Vukiéevic, D. Temeljkovski, P. Popovié, Masinski fakultet, Ni

Poznato je da se u procesima plasti¢nog preoblikovanja materijala javljaju unutradnje i spoljanje sile trenja. Takode
je pooznato i da izmedu koeficijenta trenja pri klizanju u maginskim konstrukcijama i koficijenta trenja u procesima
plasticnog deformisanja materijala postoje sustinske razlike koje se manifestuju i u razlici njihovih intenziteta. U ovom
radu se, polazeCi od identifikacije i analize razlika u klizanju frikcionog para u maSinskim konstrukcijama i procesima
obrade deformisanjem, definiSu neophodna mehanicka svojstva alata i obradka, odnosno, relacioni parametri koji mogu
posluZiti kao osnova za izbor odgovarajuc¢eg materijala za izradu alata.

Some Aspects Of Relations Between Tribological And Mechanical Properties Of Tools And
Work Pieces Materials In Plasticity Technologies

It is known that in the process of material plastic reshaping there are external and internal friction forces. It is also
known that between the friction coefficients of gliding in engineering structures and in the processes of material plastic
forming there are essential differences which are manifested in differences of their intensities. Starting from identifi-
cation and analysis of differences in sliding of a friction couplc in engineering constructions and metal forming processes
necessary mechanical properties of tools and work pieces are defined, namely the relational parameters which can serve
as the basis for choice of appropriate materials for tools manufacturing,
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UTICAJ GEOMETRIJE I KONTAKTNIH USLOVA PRI MODELIRANJU TOPLOG
SABIJANJA

M. Stefanovic, V. Vasiljevié, Maginski fakultet, Kragujevac

U radu se razmatra znacaj konta¥tnog trenja i geometrije komada pri konvencionalnm toplom sabijanju. Postojanje
trenja u kontaktu alata i materijala doovodi do neravnomernog deformisanja i nastanka nehomogenog deformacionog
polja u deformisanoj zapremini. Raspored specifi¢nih pritisaka na kontaktnoj povrsini nije ravhomeran i znacajno
zavisi od geometrije i tribo uslova u kontaktu. U radu su prikazani rezultati fizickog modeliranja procesa toplog
sabijanja, kori§¢enjem vifebojnog plastelina kao modelnog materijala. Osnovni pokazatelj je deformaciono polje u
glavnim presecima komada.

Influence Of Geometry And Contact Conditions In Modeling Of Hot Compression

In the paper is considered the importance of contact friction and work piece geometry in conventional hot compression.
The existence of friction in contact of tool and material leads to nonuniform deformation and appearance of
nonhomogeneous deformation field in the deformed volume. The distribution of specific pressures on the contact
surface is not uniform and significantly depend on geometry and tribo-conditions in contact. In the paper are presented
results f physical modeling of the hot compression process, by application of the multi-colored plasticine as the modeling
material. The basic indicator is the deformation field in the main cross-sections of the work piece.

OTICANJE MATERIJALA 1Z MRTVE ZONE U ALATU I NJEGOV RASPORED PO
PROFILU DOBIJENOM ISTOSMERNIM ISTISKIVANJEM

Lj. Jankovié, D. Vukicevié, D. Temeljkovski, P. Popovié, Masinski fakultet, Ni§
T. Marinkovicé, NISSAL, Ni§

Poznato je da konfiguracija radne komore u alata za izradu profila od Al i Al- legura istosmernim istiskivanjem utice
na formiranje mrtvih zona. Medutim, zbog postojanja sila trenja dolazi do oticanja materijala iz mrtvih zona. U ovom
radu se daju rezultati istraZivanja fenomena oticanja materijala obradka i njegovog rasporeda uzduZ formiranog profila,
$to treba da doprinese stvaranju podloge za sveobuhvatnije izufavanje i analizu fenomena uticaja mrtvih zona na
plastino preoblikovanje materijaia pri istosmernom istiskivanju.

Material’s Yield From The Tool’s Dead Zone And Its Distribution In The Profile Obtained By
One-way Extrusion

It is known that working section configuration of the tool for profile making of Al and Al-alloys by one-way extrusion
affects the creation of dead zones. However, due to friction forces material begins to yield from the dead zones. This
paper gives results of the research of the work picce material yicld phenomenon, and its distribution along the created
profile, what should contribute to forming the foundation for a more comprehensive study and analysis of the dead
zone effect on the plastic reshaping of material during one-way extrusion.

UTICAJ SILA TRENJA NA KONTAKTNIM POVRSINAMA OBRADAK-ALAT NA STEPEN
NERAVNOMERNOSTI DEFORMACIJE

T. Marinkovié, NISSAL, Nis§
D. Temeljkovski, D. Vukicevié, Lj. Jankovié, P. Popovié, Masinski fakultet, Ni§

Poznato je da na intenzitet koeficijenta trenja u frikcionom paru, izmedu mnogih faktora, znatajno utite vrsta materijala
elemenata koji sc nalaze u medusobnom klizanju. Polaze¢i od ove ¢injenice, u ovom radu se daju rezultati istraZivanja
koja su imali za cilj registrovanje uticaja vrste frikcionog para na intenzitet sile trenja, pa s tim u vezi i njihov odraz na
stepen neravnomernosti deformacija.
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Effects Of The Friction Force On The Contact Surfaces Work Piece-tool On Deformation
non-uniformity Degree

It is known that the intensity of the friction coefficient in a frictional couple is one of many factors which is considerably
affected by the kind of material of elements which are in the state of mutual gliding. Starting from this fact, this paper
gives results of investigation whose aim was to register the effect of the kind of frictional couple on the intensity of the
friction forces, and also their influence on degree of deformation nun-uniformity.

UTICAJ OBLIKA MOSTA U ALATA ZA I1ZRADU PROFILA OD Al 1 AI-LEGURA NA FORMI-
RANJE MRTVIH ZONA

P. Popovi¢, D. Vukicevié, Lj. Jankovic, D. Temeljkovski, Maginski fakultet, Ni§
T. Marinkovié, NISSAL, Ni§

Za izradu Supljih profila od Al i Al-legura istosmernim istiskivanjem koriste se alati sa jezgrom (iji je nosal most u
radnoj komori alata. U praksi se koriste mostovi razlicitih oblika povr3ina poprecnog preseka, §to se odgovarajuce
odraZava na tok plasti¢nog teCenja materijala u procesu dobijanja ovih profila i s tim u vezi formiranje mrtvih zona.
One se odraZavaju, izmedu ostalog na pojavu sila trenja, §to dovodi do promene naponsko - deformacione Seme u
materijalu koji se plasti¢no preoblikuje i do promene opterecenja alata. U ovom radu je poklonjena posebna paZnja
analizi fenomena vezanih za stvaranje mrtvih zona, radi iznalaZenja optimalnog oblika poprenog preseka alata.

Influence Of The Bridge Shape Of Tools For Profile Manufacturing Of Al And Al-alloys On The
Creation Of Dead Zones

For manufacturing the hollow profiles of Al and Al-alloys by one-way extrusion the core-tools are used whose carrier
is a bridge in the tool working section. In practice bridges of various shapes of cross-sectional area are used, what is
respectively reflected on the course of the material plastic flow in the process of manufacturing of these profiles and
thus it affects the creation of dead zones. They affect, among others, the appearance of the friction forces which lead
to changes of the stress-strain scheme in the material that is being plastically reshaped, as well as to changes of load on
the tool elements. This paper pays the special attention to analysis of the phenomena related to creation of dead zones
in order to find out an optimal shape of bridges cross section.

UTVRDIVANJE KORELACIONIH VEZA PARAMETARA REZANJA PRI OBRADI CILIN-
DRICNIH ZUPCANIKA ODVALNIM GLODANJEM MODELSKIM ALATIMA SA PRE-
VLAKOM TiN

V. Pejic, B. Sovilj, Fakultet tehnic¢kih nauka, Novi Sad
B. Tadié, B. Nedié, Masinski fakulet, Kragujevac

Definisanje i analiza osnovnih korelacionih zavisnosti izmedu parametara rezanja u savremenim proizvodnim uslovima
predstavlja podlogu za upravljanje i optimizaciju obradnih procesa.

Opravdanost uvodenja korelacionih veza u obliku polinoma se ogleda preko vrednosti koeficijenta korelacije i na
osnovu vrednosti standardne devijacije.

Polinomna aproksimacija krivih habanja je veoma pouzdana obzirom da su dobijeni visoki koeficijenti korelacije, dok
polinomnu aproksimaciju srednje aritmetitke hrapavosti treba utvrditi na ve¢em broju tadaka.

Determination Of Correlative Relations Between The Cutting Parameters In Machining Of Cyl-
indrical Gears By Hob Milling With Model Tools With Tin Coatings

Definition and analysis of basic correlative relationships between the cutting process parameters in modern production
conditions present elements for process optimization and control.

Justification of introducing the correlative relationships in the polynomial form is reflected through the correlation
coefficient value and based on values of standard deviation.

Pol_ynomial approximation of wear curves is very reliable, because of very high values of the correlation coefficients,
while the polynomial approximation of the average arithmetic roughness must be established from more experimental
points.
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TEHNO-EKONOMSKA ANALIZA OPRAVDANOSTI PRIMENE TEHNOLOGIJE
ZAVARIVANJA PRI PROIZVODNJI ZAVOJNIH BURGIJA

R. Je¢menica, D. Golubovié, Tehnicki fakuitet, Cacak
V. Drobnjak, M. MiloSevié, FRA, Catak

Danas se primenjuju razlicite tehnologije u procesima proizvodnje zavojnih burgija. Najzastupljenije su tri tehnologije:
glodanjem, brusenjem i valjanjem. Koja ¢e biti primenjena zavisi u velikoj meri od tipa raspoloZzivih brzorezih Celika,
kao i od ekonomskih ograni¢enja koja postavljaju kupci. Uporedujuci kvalitet i cene spiralnih burgija dobijenih ovim
trima tehnologijama uolene su znalajne razlike.

Mi ¢emo analizirati samo uticaj tehnologije zavarivanja, koja se primenjuje samo u nekim slu¢ajevima proizvodnje
zavojnih burgiia, na tehno-ckonomske pokazatelje opravdanosti njene primene.

Techno-economical Analysis Of Welding Technology Application Justifiableness In Spiral Drills
Production

Today different technologies are applied in spiral drills production processes. The most common are: milling, grinding,
and rolling. Which one is to be applied depends, to a great extent, on the type of available high speed steels and economic
limitations imposed by customers. Comparing quality and prices f spiral drills obtained by these three technologies,
considerable differences were observed.

We shall analyze only the effect of welding technclogy, applied only in some cases of spiral drills production, on
techno-economic indicators of its justified application.

TRIBOLOSKE KARAKTERISTIKE REZNIH ALATA SA PREVLAKAMA OD Ti, TiZrN, ZrN

B. Nedi¢, Masinski fakultet, Kragujevac
R. JeCnenica, Tehnitki fakultet, Catak
M. Cetkovié, Zastava - Kamioni, Kragujevac

U radu je prikazan deo rezultata dobijenih pri ispitivanjima u laboratorijskim uslovima sa reznim alatima od tvrdog
metala sa i bez prevlaka od TiN, TiZrN, i ZrN. Ispitivanja su vr§ena u zavisnosti od uslova obrade, a mereni su otpori
rezanja, kvalitet obradene povrSine i habanje alata. Pri ovim ispitivanjima predmeti obrade i uslovi obrade su identi¢ni
sa uslovima proizvodnje u fabrici Zastava - Privredna vozila. Dobijeni rezultati su posluZili za izbor odgovarajuce
prevlake na reznoj plocici za izvodenje analizirane operacije.

Tribological Characteristics Of Cutting Tools With Coatings Of Tin, Tizrn, Tialn, Zrn

In the paper is presented a part of results obtained in laboratory conditions with cutting tools made of hard metal
with/without coatings of TiN, TiZrN, TiAIN, and ZrN. Investigations were conducted as a function of the machining
conditions, and measured were the cuiling forces, cutting temperatures, quality of the machined surface and tool wear.
In this investigations work pieces and machining conditions were identical to machining conditions in factory "Zastava
- Privredna vozila". Obtained results served for the choice of the adequate coating on the cutting plate for performing
the analyzed operation.

UTICAJ GEOMETRIJE VRHA REZNOG KLINA NA OTPORE REZANJA
U OBRADI STRUGANJEM

D. Karovié, S. Milutinovié, Zastava - Automobili, Mehanitka obrada, Kragujevac
B. Tadié¢, Masginski fakultet, Kragujevac

Rezultati prikazani u radu predstavljaju deo eksperimentalnih istraZivanja vezanih za uticaj geometrijskih karakteri-
stika alata na veliCinu ctpora rezanja. Analizirane geometrije alata, G-15, G-61, i G-71, ukazuju na znacajan uticaj
grudnogugla, lednog ugla, oblika lomacastrugotine, i drugih, na veli¢inu otpora rezanja. Adekvatnim izborom odredene
geometriie alata za konkretne uslove obrade, otpori sc mogu smanjiti do 30 %, 3to ima zna¢ajan uticaj na izlazne efekte
obradng procesa.
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Influence of The Cutting Wedge Geometry On The Cutting Force In Machining By Turning

Results that are given in this paper represent a part of experimental investigations that are related to the influence of
geometric characteristics of tool on the magnitude of the cutting force. Analyzed geometries, G-15, G-61, and g-71,
point to the significant influence of the front angle, back angle, shaving breaker shape, eic.,on the magnitude of the
cutting force. By adequate choice of a certain tool geometry, for concrete machining conditions, forces can be reduced
up to 30 % , what has the significant influence on the output effects of the machining process.

UTICAJ RADIJUSA VRHA REZNOG KLINA NA OTPORE REZANJA
U OBRADI STRUGANJEM

S. Milutinovié, D. Karovié, Zastava - Automobili, Mehani¢ka obrada, Kragujevac
B. Tadié, Maginski fakultet, Kragujevac

Rezultati prikazani u ovom radu predstavljaju deo eksperimentalnih istraZivanja vezanih za uticaj geometrijskih
karakteristika alata na veli¢inu otpora rezanja. Analiza uticaja radijusa vrha reznog klina ukazuje na relativno znacajan
uticaj ovog parametra na veli¢inu otpora rezanja i mogucénost ukljucivanja ovog uticaja u proSirene izraze za proracun
otpora rezanja, t.j., pouzdanije predvidanje otpora rezanja.

Influence Of The Cutting Wedge Radius On The Cutting Force In Machining By Turning

Results presented in this paper represent a part of experimental investigations that are related to the influence of
geometric characteristics of tool on the magnitude of the cutting force. Analysis of cutting wedge radius influence points
to the relatively significant influence of this parameter on the magnitude of the cutting force, and to possibility of
including this influence into the extended expressions for the cutting force calculations, i.e., to the more reliable
prediction of the cutting force.

TEMPERATURA I OTPORI REZANJA PRI HABANJU ALATA U OBRADI BUSENJEM

B. Nedié, Z. Dordevié, S. Milutinovi¢, Masinski fakultet, Kragujevac

U radu je prikazan novi na¢in merenja temperature rezanja kod obrade buSenjem. Prikazani metod je omogucio
dobijanje podataka o temperaturi u neposrednoj blizini zone rezanja. Dobijeni rezultati su posluZili za formiranje
odgovarajucih korelativnih veza izmedu parametara procesa obrade i merenih temperatura. Pracenjem temperature
rezanja u toku vremena, kao i poznavanjem zavisnosti habanje alata-temperatura, moguce je predvidati tok procesa
obrade buSenjem i upravljati procesom u smislu njegovog zaustavljanja pre otkaza alata. U radu je pored temperature
rezanja izvrSena i analiza promene otpora rezanja.

Temperature And Cutting Forces Of Tool Wear In Machining By Drilling

In this paper is shown the new way of measuring the cutting temperature in machining by drilling. The presented method
has enabled obtaining the data on temperature in the immediate vicinity of the cutting zone. Obtained results served
for forming of the corresponding correlative relations between the machining process parameters and measured
temperatures. By monitoring the cutting temperature versus time, as well as by knowing the relation tool wear -
temperature, it is possible 10 predict the course of the machining by drilling process, and to control the process in the
sense of its stopping before the tool failure. In the paper is, besides the cutting temperature, also analyzed the change
in cutting force. Tribclogija maSinskih elemenata ¢ Tribology in Machine elements ¢ Tribologia v detali magina
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Tribologija maSinskih elemenata ¢ Tribology in Machine elements ¢
Tpubosiorua B JeTajlv MalllliHa

PRILOG IZVODENJU REJNOLDSOVE PARCIJALNE DIFERENCIJALNE JEDNACINE ZA
POROZNA KLIZNA LEZISTA

M. Jankovié, A. Marinkovié, Maginski fakultet, Beograd

U teoriji poroznih samopodmazujucih kliznih leZiSta u upotrebi je Rejnoldsova jednalina koja opisuje raspodelu
pritiska u sloju maziva. Jednacina se koristi u kona¢no izvedenom obliku koji se razlikuje od jednacine za masivna
klizna leZiSta. Autori rada su pokazali jedan od naCina kako se moZe izvesti ova jednacina polazeci od Ojlerove
diferencijalne jednacine za savréen fluid, uz ograniCenja, pretpostavke i uslove koji su poznati za porozna leZista.

Contribution To Deriving The Reynolds Partial Differential Equation For Porous Metal Bearings

In theory of porous self-lubricating metal bearings is used the Reynolds equation which describes the pressure
distribution in oil film. Equation is used in final derived form which is different from equation for massive metal
bearings.

The authors showed one way how to derive this equation starting from Euler’s differential equation for perfect fluid,
with limitations, assumptions, and conditions, which are known for porous metal bearings.

ISTRAZIVANJE UTICAJA RADIJALNOG ZAZORA NA GRANICNU UCESTANOST OBR-
TANJA KOTRLJAJNIH LEZAJA KOJI SE PODMAZUJU PLASTICNIM MAZIVOM

R. Mitrovié, Maginski fakultet, Beograd

Grani¢na ucestanost obrianja kotrljajnih leZaja zavisi od niza faktora: veli¢ine opterecenja, vrste i koli¢ine maziva,
unutradnje geometrije, radijalnog zazora, klase taCnosti izrade delva leZaja, deformacije uleZitenja, i drugih.

U ovom radu su prikazani rezultati eksperimentalnih istraZivanja uticaja radijalnog zazora na grani¢nu ucestanost
obrtanja kugli¢nih kotrljajnih leZaja koji se podmazuju razlicitim koli¢inama plasti¢nog maziva.

Investigation Of Influence Of Radial Clearance On The Critical Speed Of Rolling Bearings
lubricated With Grease

Critical speed of rolling bearings depends on many factors: loading, type and quantity of lubricant, internal geometry,
radial clearance, quality grade of bearing parts fabrication, bearing deformation, etc.

The paper presents results of experimental investigations carried out in ordeto determine the influence of radial
clearance on thee critical speed of ball bearings lubricated with various quantities of grease. ‘

TRIBOLOSKI KRITERIJUM OPTIMIZACIJE PRI SINTEZI MANTPULATORA HI-
DRAULICKIH BAGERA

D. Janosevié, V. Jefti¢, Masinski fakultet, Ni§

Rad sadrZi kracu funkcionalnu, strukturnu i parametarsku analizu manipulatora hidrauli¢kih bagera; matematicki
model za odredivanje opterecenja i otpora kretanja izmedu kinemati¢kih parova (zglobova) kinematitkog lanca
manipulatora; postupak sinteze manipulatora prema maksimalnom mehanic¢kom stepenu korisnosti njegovih pogon-
skih mehanizama; numericki primer sa zakljuécima.

Tribology Criterion Of Optimization In Synthesis Of Hydraulic Excavator Manipulétor

Work consists of short, functional, structural and parametric analysis of hydraulic excavator manipulator; mathematical
model for definition of loading and resistance of motion between the kinematic pairs elements of manipulator kinematic
chain; algorithmic synthesis of manipulator according to maximal mechanical degree of efficiency of its driving mech-
anisms; numerical example with conclusions.
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UTICAJ TEMPERATURE NA PROMENU EKSPLOATACIONOG ZAZORA KOD KLIZNIH
LEZISTA OD TERMOPLASTICNIH MASA

A. Vulié, Maginski fakultet, Ni§
M. Kocié, Elektronska industrija - Aparati za domacinstvo, Ni§

U radu se analiziraju moguc¢nosti printene termoplastitnih masa za posteljice kliznih leZiSta. Posebno je razmatran
uticaj temperature na Sirenje posteljice od termoplasti¢nih masa. U radu je data mogucnost racunskog odredivanja
veli¢ine promene zazora usled Sirenja posteljice. Dati su primeri konstrukcijskih reSenja posteljica leZiSta koja imaju
mogu¢énost kompenzacije uticaja temperature.

Influence Of Temperature Increase On Change Of Exploitation Clearance For Sliding Bearings
Made Of Thermoplastics

The application possibilities of thermoplastics for sliding bearings shell are analyzed in this work. The temperature
influence on thermoplastics shell expansion is specially considered. In this paper is given a possibility for computational
determination of clearance size change because of shell expansion. Also are given the examples of design solutions for
bearing shell, which have a compensation ability of temperature influence.

ANALIZA STEPENA ISKORISCENJA CILINDRICNIH EVOLVENTNIH ZUPCASTIH
PAROVA

B. Rosié, M. Ristivajevi¢, MaSinski fakultet, Beograd

U radu je analiziran uticaj geometrijskih i kinematskih parametara ozubljenja na stepen iskori$¢enja cilindri¢nih
evolventnih zupcastih parovasa pravim zupcima. Razvijen je matematicki model i kompjuterski program za odredivanje
trenutne i efektivne vrednosti stepena iskoriS¢enja. Uticaj karaktera raspodele opterefenja, u toku dodirnog perioda,
obuhvacen je faktorom raspodele opterecenja. Rezultati kompjuterskog programa dati su u obliku dijagrama trenutnih
vrednosti siepena iskori$¢enja u toku dodirnog perioda i izratunate su vrednosti efektivng stepena iskoridc¢enja za
posmatrani zupcasti par.

An Analysis Of The Efficiency Of Involute Cylindrical Gears

In this work is analyzed the influence of geometric and kinematic parameters of teeth on the efficiency of involute spur
gears. The mathematical model is developed, as well as the computer program for determining the instantaneous and
effective values of the efficiency of utilization. An influence of the load distribution character during meshing period
is included by the factor of load distribution. Results of the computer program are given in the form of instantaneous
values of the efficiency of utilization diagram during the meshing period, and the values of effective efficiency of -
utilization for the considered cylindrical gears are computed.

TRIBO-EKONOMSKI EFEKTI PRIMENE PRIMENE DVODELNE KONSTRUKCIJE ZUBA
NA ROTORNIM BAGERIMA

Z. Jugovié, Tehnicki fakultet, Cacak

Abrazivno habanje je proces koji nastaje delovanjem mineralnih ¢estica o metalnu povrinu reznih elemenata na radnim
organima rotornih bagera. Ovaj proces izaziva direktne gubitke zbog trofenja materijala reznih elemenata, ali i
indirektne gubitke zbog zastoja u proizvodnji i povecane potrodnje energije. Sve to izaziva poveéane trodkove u
povrsinskoj eksploataciji uglja. Radom su prezentirani rezultati istraZivanja koji ukazuju na tribo-ekonomske efekte
primenom dvodelne konstrukcije zuba.

Tribo-economic Effects of Application Of Two-part Tooth Construction On Rotor Dredge

Abrasive wear appears when material particles act on cutting elements surface of a rotor dredge operating units. This
process causes immediate losses due to wear of cutting elements material, as well as indirect losses due to production
slowdown and increased energy consumption. All that causes great expenses in coal surface exploitation. This paper
presents investigation results pointing to tribo-economic effects of application of the two-part tooth construction.
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PRILOG ZASTITI RUDARSKE MEHANIZACLJE OD ABRAZIVNOG DEJSTVA TLA PRI
KOPANJU I TRANSPORTU

V. Jefti¢, Masinski fakultet, Ni§

Veliko habanje elemenata proizvodnih uredaja u dnevnom kopu nastaje usled abrazivnog dejstva tla Sto zahteva
preduzimanje odgovaraju¢ih mera koje mogu da dovedu do sniZenja proizvodnih troskova. Ovaj rad predstavlja prilog
proucavanju najvaZnijeg dela triboloskog sistema i to u smislu abrazivnog habanja delova. Delimi¢no su analizirane
rezne ivice kaSike bagera i kinematski parovi transportnog sistema kao najvaZniji mehanizmi habanja bagera.

Contribution To Protection Of Mining Mechanization From Abrasive Influence Of Soil During
Digging And Transport

Intensive wear of production devices elements in surface dig occurs due to abrasive action of soil what requires
undertaking of adequate measures which can lead to lowering the production costs. This paper represents a contribution
to study of the most important part of the tribological system, in the sense of abrasive wear of parts. Partially are analyzed
the cutting edges of the dredge spoon and kinematic pairs of the transportation system as the most important
mechanisms of wear on dredge.

PROGNOZIRANJE VELICINE HABANJA RADIJALNIH HIDRO MOTORA

V. Buljak, Institut Mihajlo Pupin, Beograd

Pri reavanju zadatka prognoziranja sigurnosti i dugove¢nosti rada hidro motora trebalo je stvoriti metodu koja
omogucava dobijanje ocene ovih pokazatelja. U tom cilju je sprovedeno ispitivanje hidro motora. Ispitivanjem je
ustanovljeno da je dominantno habanje, koje uti¢e na pouzdanost rada i vek hidro motora, habanje u sklopu klip -
cilindar rotora. Pra¢enjem veli¢ine habanja klipova u toku ispitivanja od 2000 sati dobijena je integralna zavisnost
habanja klipova u funkciji vremena. Koriste¢i ovu zavisnost stvorena je metoda prognoziranja rada hidro motora i
odredivanja njegovih resursa. PredloZeni matematiCki model je regresionog tipa.

Prediction Of Wear In Radial Hydraulic Motors

In soiving the problems of safety and life prediction of radial hydraulic motors, a method for predicting wear had to be
developed. A test on hydraulic motors was carried out. During tests it was determined that dominant wear, which
influences the reliability and life of hydraulic motors, takes place between piston and cylinder. Recording wear of pistons
during 200 hours an integral function of wear versus time was acquired. Based on this function a method of prediction,
of hydraulic motors performance and resources was developed. The suggested mathematical model is of the regressive

type.

STOHASTICKI MODEL OCENE PROCESA HABANJA ZUBA NA ROTORU BAGERA

Lj. Papié, V. Jugovié, Tehnicki fakultet, Catak

U procesu eksploatacije jalovine i uglia na povrSinskom kopu vriena je kontrola promene geometrije zuba na kasici
rotora bagera. U toku ispitivanja merena je veliCina habanja zuba postojece i nove konstrukcije zuba. Na osnovu
elemenata statistike ekstremnih vrednosti formirane su teorijske zavisnosti minimaine veli¢ine habanja zuba na
limitiraju¢im pozicijama, vremena i pouzdanosti. Data je uporedna analiza procesa habanja kod obe varijante zuba.

Stochastic Model Of Estimate Of Tooth Wear Process On A Dredge Rotor

A control of tooth geometry change on a dredge rotor spoon is done in the process of exploiting slag and coal on a
surface dig. While testing, the extent of tooth wear of the given tooth construction and of a new one was measured.
Based on elements of extreme values statistics, theoretical dependencies of minimum tooth wear values at limiting
positions, and and time and reliability. A parallel analysis of wear processes for both tooth versions is given.
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PRILOG ISTRAZIVANJU TRIBOLOSKIH SVOJSTAVA OBLOGA DODATNE
SIGURNOSNE KOCNICE NA MEHANICKIM KRIVAJNIM PRESAMA

D. Temeljkovski, D. Vukicevié, P. Popovi¢, MaSinski fakultet, Ni§

Problem obezbedivanja radnika od povreda pri radu na mehani¢kim presama je poznat, $to je rezultiralo ostvarenjem
mnogih zaititnih sistema, pa i zaStitnog sistema koji se zasniva na dvema frikcionim ko¢nicama - glavnoj ko¢nici i
dodatnoj sigurnosnoj ko¢nici. U ovom radu se, polazedi od funkcija ove dve ko&nice i njihovog rada, razmatraju
tribologka i druga svojstva njihovih frikcionih obloga.

Contribution To The Research Of Tribological Properties Of Coverings Of An Additional Safety
Brake On Mechanical Crank Presses

The problem of protecting a worker from injuries at work on mechanical presses is known, and it has resulted in the
creation of many safety systems including the one based on two frictional brakes - the main one and an additional safety
one. Starting from functions of these two brakes and their operation, this paper discusses the tribological and other
properties of their frictional coverings.

Terotehnologija ¢ Terotechnology ¢ TepoTexHoOJIOrUs

TRIBOLOSKE KARAKTERISTIKE REGENERISANIH POVRSINA

B. Jeremié, M. Babi¢, N. Mili¢, S. Arsovski, Maginski fakultet, Kragujevac

Uslov realizacije kontakta je, sa triboloSkog aspekta, glavni kriterijum za jizbor materijala za proces regeneracije. Drugi
vaZan kriterijum se odnosi na materijal i tvrdocu kontaktnog elementa koji se ne regenerise. Ispitivanje je viSeno na
elementima regenerisanim plamenim sprejem praha zasnovanog na kobaltu, niklu i nikal kobaltu, i volfram karbidu.

Ukoliko je tvrdoca nanetog sloja daleko iznad tvrdoce materijala drugog kontaktnog clementa, onda Ce taj element biti
podvrgnut intenzivnijem habanju. Prevlaka od wolfram karbida je vrlo dobra za regeneraciju elemenata koji funkcionisu
u abrazivnoj sredini.

Tribological Characteristics Of Recovered Surfaces

Contact making condition is, from tribological aspect, the main criterion for selection of recovery process material. The
second important criterion is related too material and hardness of the contact element not subjected to recovery. The
research was carried out on elements recovered by powder spray flame based on cobalt, nickel, and nickel with cobalt
and wolfram carbide.

If the hardness of the deposited layer is excessively above the material hardness of the other contact element, that
clement would then be subjected to a more intensive wear. Wolfram carbide layer is very good for recovery of the
element functioning in abrasive environment

MODELIRANJE PONASANJA MODIFIKOVANIH ELEMENATA TRIBOMEHANICKIH
SISTEMA MASINA ALATKI
S. Arsovski, B. Jeremi¢, M. Babi¢, N. Mili¢, Maginski fakultet, Kragujevac

Pri projektovanju tehniCkih sistema vrlo je vaZno oceniti ponaSanje njihovih sistema "ex ante", koje se moZe izvr$iti sa
razliCitih aspekata. U ovom radu je izvr§eno modeliranje ponasanja modifikovanih elemenata tribomehanickih sistema
masina alatki sa aspekta veka trajanja i cene, pouzdanosti i raspoloZivosti ugradenih modifikovanih delova u masine
alatke.

Modeling Of Behavior Of Machine Tools Tribomechanic Systems Modified Elements

In design of technical systems it is very important to estimate behavior of their systems "ex ante” which can be performed
from different aspects. In this paper a modeling was realized of behavior of machine tools tribomechanic systems
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modified elements from aspects of working life and price, reliability and availability of modified parts built in the
machine t001s.

REGENERACIJA MASINSKIH DELOVA - METODE I POSTUPCI

P. Nik$ié, Tehnitki Remontni Zavod, CaZak

U radu su prikazane opSte i specijalne metode regeneracije. Date su tehniCke karakteristike pojedinih metoda
regeneracije sa §irokom primenom i najkarakteristi¢niji predstavnici o$tecenih delova. Posebno je istaknut asortiman
delova i skiopova koji se regenerisu.

Recavering Of Machine Parts - Methods And Procedures

Inthe paper are presented general and special methods of recovering. Given are technical characteristics of each method
with wide application, and the most characteristic representatives of the damaged parts. Especially is emphasized the
assortment of parts and assemblies that are being recovered.

PROJEKTOVANJE ODRZAVANJA NA MODULARNOM PRINCIPU

S. Kecajevié, D. Stanivukovic, I. Beker, Institut za industrijske sisteme, Fakultet tehni¢kih nauka, Novi Sad

Projektovanje funkcije odrZavanja, bilo da se radi o projektovanju za novo preduzece ili o projektovanju radi
unapredenja postojeCeg stanja, zahteva detaljno razraden program rada koji sadrZi sve aktivnosti koje je neophodno
sprovesti, kao iodgovore na pitanjako?,$ta?, kako?,zasto?, za svaku aktivnost. U tom cilju je na Institutu za industrijske
sisteme razvijen modularni prilaz projcktovanju, ¢ije su osnove (prva dva modula - Predvidanje potreba za aktivnostima
odrZavanja i Programiranje - utvrdivanje meduzavisnosti sistem - okolina) prikazane u ovom radu.

Maintenance Design Based On Modular Principle

Design of maintenance function, whether the subject is design for the new company, or design for improvement of thee
existing state, requires detailed developed program of work which contains all the activities which are necessary to be’
carried out, as well as the answers 10 the questions Who?, What?, How?, Why?, for each activity. For that purpose we
developed at the Institute for industrial systems a modular approach to design whose fundamentals (the first two
modules: Prediction of needs for maintenance activities, and Programing - determination of the interrelation system -
environment) are preserited in this work.

1ZBOR KRITERIJUMA ZA OCENU NIVOA TEHNOLOGIJE ODRZAVANJA

B. Jeremié, N. Mili¢, Masinski fakultet, Kragujevac
Z. M. Radojevic, Zastava - Automobili, Kragujevac
S. Backovic - Jeremic, ZNP, Kragujevac

Nivo tehnoiogije odrZavanja ima glavni uticaj na efikasnost proizvodnog sistema. To znadi da sve aktivnosti primenje-
nog odrZavanja moraju biti kvantifikovane, 10 jest, merljive. Ovo je jedini na¢in da se kaZe koliko je neito dobro i $ta
treba da se uradi da se to popravi. Ovaj rad predstavlja jedan prilaz oceni nivoa tehnologije odrzavanja. Delimi¢ni
rezultati ocenjivanja su dati kroz primer jednog jugoslovenskog proizvodaca.

Choice Of Criterion For Maintenance Technology Level Evaluation

Maintenance technology level has the main effect on production system efficiency. That means that all the applied
maintenance technology activities must be quantified, i.e., measurable. This is the only way to say how good something
is and what should be done 10 improve it. This paper presents one approach to the maintenance technology level
evaluation. Partial evaluation results are given through the example of one yugoslav producers.
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UTICAJ TRIBLOSKIH EFEKATA NA POUZDANOST HIDRAULICNIH SISTEMA KOD
ALATNIH MASINA

R. Rakié, NIS-Naftagas promet, Novi Sad

Kori¥¢enje hidrauli¢kih sistema za pode3avanie, rad i kontrolu alatnih masina je rapidno povecano zadnjih godina.
Hidrauli¢ki mehanizmi su danas ¢esto povezani sa sistemima elektronskog upravljanja ili upravljanja sa povratnom
spregom. U alatnim masinama, hidrauli¢ni sistemi imaju prednost obezbedivanja beskoracnog i mirnog prenosa snage.

Cilj ispitivanja se sastoji od:

* smanjenja intenziteta razvoja triboloskih procesa,

* sniZavanja frekvencije otkaza, i

* povecanja pouzdanosti hidrauliCkih sistema.

The Influence Of Tribological Processes On Reliability Of Machine Tools Hydraulic Systems

The use of hydraulic systems for the setting, opcration and control of machine tools have increased rapidly in recent
years. Hydraulic mechanisms are nowadays often linked to electronic controls or to feedback control systems. In
machine tools, hydraulic systems have the advantage of providing stepless and vibrationless transfer of power.

The aim of investigation consists of:

* reducing the intensity of development of tribological processes,
* decreasing the frequency of failures, and
* increasing the reliability of hydraulic systems.

UPRAVLJANJE TROSKOVIMA ODRZAVANJA OPREME U INDUSTRIJI HRANE

S. Arsovski, B. Jeremié, Maginski fakultet, Kragujevac
Z. Arsovski, "Zastava - Informacini sistemi", Kragujevac

Nakon preliminarne analize nekoliko proizvodnih sistema u domac¢oj prehrambenoj industriji utvrdena je struktura,
velitina i rang komponentnih tro§kova odrZavanja za uspe$no upravljanjc proizvodnim procesima. U radu je prikazan
model za obuhvatanje podataka o odrZavanju proizvodne opreme, struktura trofkova odrZavanja u jednom preduzecu
i osnovne procedure koje treba razviti i primeniti za efikasno upravljanje troSkovima odrZavanja opreme.

Control Of Equipment Maintenance Costs In Food Manufacturing Industry

After the preliminary analysis of several production systems in domestic food manufacturing industry, the structure,
magnitude, and rank of mainienance component costs were determined, what pointed to importance of the maintenance
costs for successful control of production processes. In this paper is presented a model for enhancing data on production
cquipment maintenance, maintenance costs structure in one company, as well as basic procedures that should be
developed and applied for efficient control of equipment maintenance costs control.

ANALIZA OBJEKTA ZA DIJAGNOSTICIRANJE

N. R. Gruji¢, VTS Pozarevac

Sveobuhvatnost refavanja dijagnostickih pitanja tehnickih sistema uslovljava sistematican pristup ovom problemu. Od
ideje o nastanku tehni¢kog sredstva do eksploatacije ova pitanja moraju biti u ZiZi interesovanja sa teZznjom ka stalnom
usavrSavanju pracenja stanja tehni¢kog sistema.

Analysis Of Objects For Diagnostics

Universality of solving the diagnostics problems of technical systems requires the systematic approach to this subject.
From the idea of origination of a technical device ali the way to exploitation, these questions must be in focus of interest,
with tendency towards the permanent improvement of technical system status monitoring.
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MODEL INFORMACIONOG SISTEMA ZA UPRAVLJANJE ODRZAVANJEM

Z. Arsovski, "Zastava - Informacini sistemi”, Kragujevac S. Arsovski, B. Jeremié, Maginski fakultet, Kragujevac

Efikasno upravljanje odrZavanjem proizvodne opreme pretpostavlja postojanje odgovarajuceg informacionog sistema
zaupravljanje odrZavanjem. Rezultati preliminarnih istraZivanja ukazuju da uispitivanim proizvodnim sistemima ovom
scgmentu nije poklanjana odgovarajuca paZnja. U ovom radu je prikazan model informacionog sistema za upravljanje
odrzavanjem u jednom proizvodnom sistemu koji do sada nije posedovao odgovarajuce informacione resurse.

Model Of Information System For Maintenance Control

Efficient control of production equipment maintenance assumes existence of corresponding information system for
maintenance control. Results of preliminary investigations show that in the tested production systems this segment did
not receive adequate attention. In this paper is presented a model of information system for maintenance control in
one production system which until now did not have adequate information resources.

ORGANIZACIONI MODEL SISTEMA ODRZAVANJA U INDUSTRIJI HRANE SA
ASPEKTA PREPORUKA ISO STANDARDA

B. Jeremic¢, Masinski fukultet, Kragujevac
S. Backovi¢ Jeremié, Zastava - Namenski proizvodi, Kragujevac
Z. Radojevié, Zastava - Automobili, Kragujevac

Rad prikazuje postupak projektovanja organizacionog modela sistema odrZavanja u prehrambenoj industriji i to sa
aspekta Preporuka Seriji ISO 9000 Standarda. Postupak identifikuje sve funkcije i procese koji se razvijaju u okviru
odrZavanja, 10 jest, odrcduje kompetencije i odgovornosti koje rezultuju dobrim kvalitetom proizvoda u PIK Takovo, |,
Gornji Milanovac.

Organizational Model Of The Maintenance System In The Food Industry From The Aspect
of Iso Standards Recommendations

The paper presents project procedure for the maintenance system organizational model in food industry, and that from
the aspect of Recommendations to the Series of ISO 9000 Standards. The procedure identifies all the functions and
processes developing within the maintenance, i.e., determines competences and responsibilities resulting in good
quality products at PIK Takovo, Gornji Milanovac.

DIJAGNOSTIKA GLAVNOG VRETENA OBRADNOG CENTRA

N. Mili¢, B. Jeremi¢, M. Babié, S. Arsovski, Maginski fakultet, Kragujevac

U radu su prikazani i analizirani neki dijagnosticki sistemi za odrZavanje obradnih centara zasnovano na uslovima, i
mogucnaosti njihovog reSavanja. Prikazani su osnovni dijagnosti¢ki parametri glave vretena, kao i odgovarajuce merne
linije, $to je neophodno za njihovo posmatranje u vremenu. Rezultati ekspeimentalnih ispitivanja pokazuju osetljivost
i trend promena dijagnosti¢kih parametara. Mnogo vaZniji rezultati, sa aspekta definisanja prognoze stanja obradnog
centra, treba da se oCekuju od pracenja vibracionog pona$anja glave vretena.

Diagnostics Of Main Spindle Of The Machining Center

In the paper are given and analyzed some diagnostic systems for condition based maintenance of machining centers,
and possibilities for their solutions. Basic diagnostic parameters of spindle head are presented, as well as corresponding
measuring lines, which is necessary for their monitoring with time. Experimental investigations results show sensitivity
and trend of diagnostic parameters alteration. More important results, from aspect of machining center’s state prognosis
definition, would be expected from spindle head vibration behavior monitoring,
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OBNAVLJANJE OSTECENIH ZUBA RADNIH UREDAJA GRADEVINSKIH MASINA
NAVARIVANJEM

S. Purié, D. Markovié, DD IMK Krusevac
R. Ludié, Masinski fakultet, Kraljevo

Ovaj rad uklju¢uje opis radnih uslova i procesa habanja zuba radnih uredaja gradevinskih masina. On takode obuhvata
rezultate ispitivanja habanja zuba na gradevinskim maSinama IMK. Opisan je takode i proces ojatanja novih, kao i
popravke oStecenih zuba gore pomenutih masina.

Rezultati ispitivanja zuba ojacanih dodatnim zavarivanjem kao i popravljenih zuba pokazuju da im je radni vek povecan
za 20 % u odnosu na livene zupce.

Repair Of The Damaged Teeth On The Working Attachments Of Construction Machinery

This work includes description of working conditions and process of teeth wearing with construction machinery working
attachments. It also includes results of teeth wearing testing with IMK construction machinery. It describes as well a
process of reinforcement of new and repairing of the damaged teeth of above mentioned machinery.

Test results of teeth reinforced by additional welding and repaired teeth show that their lifetime was up 10 20 % longer
than that of the cast teeth.

MOGUCNOST AUTOMATIZACIJE NAVARIVANJA DELOVA

S. Purié, DD IMK, Krusevac
L. Sifovska, AD "Rade Koncar" AT, Skopje

Ovaj rad prikazuje primenljivost razlicitih procesa zavarivanja za popravku delova oStecenih abrazijom i habanjem. On
takode opisuje mogucnosti automatizacije dodatnog navarivanja kod ostecenih delova. Neke od mogudih konstrukcija
za dodatno zavarivanje oStecenih delova su prikazane za neke specifiCne slucajeve.

Umesto zakljuCka prikazane su dalje tendencije u razvoju novih materijala, kao i postupak i masina za dodatno
zavarivanje oSte€enih delova.

Possibility Of Automation Of Additional Welding

This work presents the applicability of various welding procedures for repairing of parts damaged by abrasion and
wearing. It also describes possible designs for additional welding of damaged parts have been presented for some special
cases.

Instead of conclusion further tendencies in development of new material, as well as procedure and machine for
additional welding of damaged parts have been presented.

DIJAGNOSTIKA TEHNOLSKIH SISTEMA NA OSNOVU FLUKTUACIONOG TERMODI-
NAMICKOG MODELA

Lj. Papié, Tehni¢ki fakultet, Caéak
L. Aronov, Scientific and Engineering Center for Nuclear and Radiation Safety, Reliability Bureau, Moscow

Jedna od osnovnih metoda otkrivanja skrivenih defekata, u periodu uhodavanja, i poviSenja pouzdanosti tehnoloskih
sistemna u industriji je tehnolo$ka proba (test na adaptibilnost). U cilju poviSenja efektivnosti tehnoloske probe predlazu
se za koriSCenje rezultati istraZivanja modela promene tehni¢kog stanja tehnoloskih sistema, zasnovanog na fluktuaciji
dijagnostickog parametra. Prema ovom modelu, kao rani dijagnosti¢ki parametar moZe da posluZi prisustvo maksimu-
ma disperzije odredenog parametra. Razmotiren je primer tehnoloske probe Sestovretenih automatskih strugova
"Gildemeister" AS 25. Pokazana je efektivnost primene modela putem poredenija rezultata prognoze perioda uhoda-
vanja sa rezultatima dobijenim SPM postupkom kontrole stanja kotrljajnih leZaja vretenidta automata.
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Diagnostics Of Technological Systems Based On Fluctuation Thermodynamic Model

One of the basic methods for detecting the hidden defects, in the period of settling in and increasing the reliability of
technological systems in industry, is a technological test (adaptability test). In order to increase the technological test
efficiency proposed are investigation results of technological systems technical state change model, based on fluctuation
off the diagnostic parameter. According to this model, as the early diagnostic parameter can serve the presence of certain
parameter dispersion maximum. Considered was the example of technological test of the six-spindle automatic lathes
"Gildemeister” AS 25. Shown is the efficiency of application of the model by comparison of prognosis results of the
settling in period with results obtained by the SPM procedure of state check of the rolling bearings of the spindle root
of the automat.
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LJ. PAPIC

Pouzdanost planiranja

reznog alata u

proizvodnim procesima

(deo II)

5. POUZDANOST PLANIRANJA REZNOG
ALATA NA BAZI REZULTATA 1Z
PRAKSE

Izbor optimalnog plana i utvrdivanje parametara skra-
¢enih ispitivanja reznog alata za ocenu pouzdanosti izvr-
$en je na racunaru, korid€enjem pomenutog programskog
paketa, koji funkcioni$e na principu dijaloga korisnik -
racunar. Postupak izbora optimalnog plana ispitivanja
prikazan je po fazama na slici 6. TM plodice predstavljaju
proizvode koji se posle zatupljenja zamenjuju novim u
fazi eksploatacije (ispitivanja). To ukazuje na potrebu
koriS¢enja planova bez obnavljanja, ali sa zamenom tipa
[NR...]. Usvajanjem ogranifenja: minimiziranje trajanja
ispitivanja od strane korisnika, prema zahtevanom poka-
zatelju pouzdanosti srednja (i minimalna) trajnost dobi-
jena je familija planova skracenih ispitivanja za ocenu
pouzdanosti: [NRr], [NRT] i [NR(r,T)].

Za ispitivanja trajnosti TM plocica najprikladniji je opti-
malni plan skracenih ispitivanja za ocenu pouzdanosti
tipa [NRr]. Ovaj plan se tretira na sledeéi nacin. Nepre-
kidno se ispituje (eksploataciona posmatranja) N TM
plocica istog tipa. TM plocice otkazale za vreme ispitiva-
nja se zamenjuju novim. Ispitivanja se prekidaju kada
kolicina otkazalih TM plocica dostigne broj r.

Na osnovu idejnog algoritma, a prema razvijenom pro-
gramskom paketu "PLAN OBIMA ISPITIVANIA ZA
OCENU POKAZATELJA POUZDANOSTI Trs - [NRr]"
na programskom jeziku COBOL MPB [29] kvantitativno
je definisan plan ispitivanja [NR50] (tabela 8). Prema

Dr. Ljubi¥a Papic, docent
Laboratorija za efektivnost sistema - LESI
Tehnicki fakultet u Cacku
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v

ISTRAZIVANJA

ovom planu, parametar, tj. broj otkazalih TM ploCica
nakon koga se prekidaju ispitivanja je r=>50.

Tabela 5 Preporucene vrednosti za utvrdivanje vrednosti

otkazar
g Broj otkaza r pri q jednako
0.80 0.90 0.95 0.99
0.05 315 650 1000 2500
0.10 80 200 315 650
0.15 50 100 180 315
0.20 25 50 100 200

U praksi su viSena eksploataciona posmatranja kod
osnovnog skupa izmenljivih TM plocica sa tri rezne ivice
[11]. U toku trajanja ispitivanja registrovan je period
rezanja unutra$njeg navoja T [minut] do otkaza reznog
alata, u konstantnim uslovima obrade. U toku procesa
obrade praceno je habanje TM plocica, tako $to je prove-
ra zatupljenja alata vriena kontrolom radnog predmeta
navojnim tolerancijskim kontrolnikom u vidu Cepa.

Uslovi ispitivanja bili su:

* Vrsta zahvata: rezanje unutradnjeg navoja M14x1-6H,
levi, na duZini L = 12 mm;

* Materijal radnog predmeta: elik C.4732, poboljSan
25-29HRc, 0 =85-95 daN/mm?;

* Alatna masina: strug za kopiranje i rezanje navoja CRI-
DAN BTAH;

* Izmenljiva plocica od TM: 11NL1.0 S1P za rezanje
navoja, polupre¢nik zaobljenja vrha r=0.08 mm, broj
reznih ivica z=3, proizvoda¢ "Sandvik Coromant "

¢ DrZal TM plocice: SNL 0010L11;
* Brzina rezanja: v=43 m/min,;
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* Korak: s=1 mm/o;

* Dubina rezanja:
- srednja teorijska dubina rezanja: 1y=0.086 mm;
- srednja nosiva dubina rezanja: in=0.054 mm;

* Broj prolaza: i=10;

* Glavno masinsko vreme: tg=0.0225 min;

* Zahtevani kvalitet obradene povrsine: R=3.2 mm;

* Sredstvo za hladenje i podmazivanje: emulzija sa 10 %
ulja.

Obzirom na broj reznih ivica, svaku TM ploticu karakte-
riSu tri podatka o vremenu U RADU do otkaza, koji se
prema definiciji ckstremnih vrednosti sa slike 1 posma-
traju kao uzorak veli¢ine n=3. Rezultati ispitivanja, dati
u tabeli 6 prikazani su tako da se uklapaju u koncept
definicije sa slike 1. Obrada MINIMALNIH vrednosti
vremena U RADU kod 50 TM plotica iz tabele 6, za slucaj
prognoze MINIMUMA, izvrSena je prema razvijenom
programskom paketu "GUMBELOV MODEL PROGNO-
ZE EKSTREMNIH VREDNOSTI " na programskom jezi-
ku FORTRAN 77 [30]. Model ocene MINIMALNOG

U ci1ju Vzbora opthnaluog plana
fzpitivanja potrebno je odgovo-
riti na neka pitanja

Posle otkaza u toku tepitivanja
proizvodi ze:

< J il ]| obtnauijaju Odgovor:s 2
21t obnavl jaju >
2

2.2
—_

1. ne zanenjuju

Odgovor® 2

]

2.1 [ 2. zamen juju

Flanovi bez obnaul jan)a
i bez zawene tipa [NU.]

Flanoul sa obnaul janjem
tipa (N1 ...]

Planoui bez obnaul janjas
all sa zamenom [NR..]

Odgovor:s 1

hyranicen jos ].

L > ] < ]
L
3
— J Stranas 2.
phwwul bes Zahteouanl pakaratelj) pouzdanosti
obtnaul jan ja
ali ca zanenom 1. Srednja trajnos=t
tipa [NK..] 2. Gama-procentna trajnost
S —— 3. Uerovatnoca bezotkaznog rada
—_— . 4. Koeficijent gatovasti

Trajanje

M e 1

H 3.3 l Troskoul

[HRr ) [[NRT][[NR(r,T)]

[NRr ] |[NRT][[NR(r,T))

LNRr ] [{NRT][[NR(r,T)]

{N.R,r]

[NJR,T]

ku vrenena T

LMk, (r, 1))

rani je

Uptimalnd plan skracenog fspitivanja proizuoda na pouzdanost

Froizvodi otkazali za vrene jsplitivenja =e zan
rajuiu novlm dzpitivania se prekidaju kada ko
licina otkazalil praotzuuda dostigne broj r

Prolzvodi otkazall za vrene ispitivanja =e zan
enjuju noulimt ispitivanja =e prekidaju po iste

Frolzuodl otkazall za vrene Ispitivanja =e zaw K
enjuju novimt ispitivanja e prekidaju kada br
oj otkazalih prolzvada Jostgne r 111 kada iste
ke vrene T - 4 zaviznosti od toga sts nastups

SL.10. Dijagram realizacije [NR50] plana
skracenih ispitivanja za ocenu pouz-
danosti TM plocica
Realization diagram of the [NR50]
plan of shortened testings for eval-
uation of the TM platelets reliability
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ispitivanju za ocenu pouzdanosti r=50 TM plocica, prema [NRr] planu skra

i pri

ispitivanja
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vremena U RADU (slika 7) pokazuje da empirijska raspo-
dela sa verovatnofom 95 % odgovara teorijskoj pravoj u
ckstremalnom verovatnosnom papiru: X=6.9370-
2.2625'Y. Prema ovom modelu moguce je oceniti MINI-
MALNO vreme U RADU do otkaza TM plocica, sa
odredenom pouzdano$€u i kvantitativno definisati deo
vzorka na koji se ta ocena ne odnosi (koordinata T(x) -
period ponovljivosti rezultata).

Za odabrane nivoe pouzdanosti F(y)=0.80; 0.85; 0.90,
prema grafiku sa slike 7 nalaze se teorijske vrednosti
MINIMALNOG vremena U RADU do otkaza TM plo-
¢ica. Ove vrednosti prikazane su u tabeli 7.

Na osnovu formule (8) i MINIMALNIH vremena U RA4-
DU iz tabele 6 dobijaju sc izrazi na osnovu kojih se mogu
planirati MAKSIMALNE potrebne koliine reznog ala-
ta, za odabrane nivoe pouzdanosti,u funkciji od koli¢ine
proizvodnje:

Tab. 7 Teorijske MINIMALNE vrednosti viemena U
RADU TM plocica za odabrane nivoe pouzdanop-
Sti

0.90
1.80

0.85
285

o 0.80
3.50

Tenin [minut}

6. PREDLOG NOVE METODOLOGIJE

Nova metodologija planiranja MAKSIMALNE koli¢ine
reznog alata, koja se predlaZze u ovom radu, predstavlja
nau¢no zasnovanu proceduru. Metodologija je proverena
na primeru eksploatacije izmenljivih viSestranih reznih
ploCica u praksi. Novi metodoloski pristup problemu '
planiranja potrebne MAKSIMALNE koliline reznog
alata, potrebne za ostvarivanje zahtevane proizvodnje,
prikazan je po fazama na slici 8. Dati algoritam generali-
zuje predloZeni postupak tako $to ga prikazuje u tri ko-
raka:

0.80
Ny max = 0.0021428 -n, [kom] (30) e
» korak 1- Plan skracenih ispitivanja za ocenu pouzda-
0.85 osti reznog alata
Ny oax = 0.0026315 -n, [kom] (31) NOSti reznog ,
» korak 2 - Prognoza MINIMALNIH vrednosti vreme-
0.90 .
Ny max = 0.004166 -n, [kom] (32) na U RADU reznog alata i
» korak 3 - Planiranje MAKSIMALNOG normativa
reznog alata.
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SL13 Zavisnost pouzdanosti i MINIMALNOG vremena U RADU reznog alata u vidn TM plocica pri rezanju
unutrasnjeg navoja < Dependence of reliability and MINIMAL WORKING time of the cutting tool in

the form of the TM platelets in cutting the inner thread < 3aBHCHMOCTS HANEXHOCTH H MHHHMAJIEHOTO
BpeMeHH paGoThI pexXyLIero HHCTpyMeHTa B BHAc TM IIIaCTHHOK NpH HAPE3aHNH BHYTPCHIEH pecObl
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POCETAK

Stohasti¢ka prognoza maksimalnog normativa

reznog alata od

izmentjivih visestranih

ploéica,zasnovana nag planu skracenog

do otkaza

ispitivanja i raspodeli minimalnih vrednosti
vremena U RADU

v

SL15 Postupak stohasticke prognoze maksimalnog nor-
mativa reznog alata zasnovan na [NRr] planu
ispitivanja za ocenu pouzdanosti
Procedure of stochastic prognosis of the maximal
norm of the cutting tool based on the {NRr] plan
of testings for evaluation of reliability
Crocob cToOXacTHYECKOTO MPOTrHO3a MaKCHMAJb-
HOro HOpMATHBA PeXyLIero HHCTPYMEHT3,
ocHoBaHHbI Ha [NRr] nnane nccaenopanns
HaeXHOCTH

Korak 1 Plan skradenog eksperimentalnog
- ispitivanja za ocenu pokazatelja
pouzdanosti reznog alata od
izmenltjivih ploéica [NRr]
d(t) *
x-
% /////////////// Y
G-'-{d(!):d)r/ i .
IS IVIIIIIIFIIIi /z :> ol
0 t t t,
Korak 2 Progndzu minimainih vrednostl
vremena U RADU do otkaza
reznog alata od izmenljivih
ploéica
x} Deo uzorka za koji prognoza ne vozi .
- T=
v 1-¢(y)
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v
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z Verovatnoda 1
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U uslovima skupih eksperimenata, plan skracenih ekspe-'
rimentalnih ispitivanja za ocenu pouzdanosti reznog ala-
ta osigurava optimalnu koli¢inu verodostojnih podataka
za dalju analizu. Gumbelov model prognoze MINIMAL-
NIH vrednosti viemena U RADU predstavija nau¢nu po-
dlogu za planiranje MAKSIMALNE potrebne koli¢ine
reznog alata neophodne za ostvarivanje zahtevane ko-
li¢ine proizvodnje.

PredloZena metodologija znatno doprinosi povidenju
ekonomiCnosti i pouzdanosti planiranja reznog alata u
proizvodnim procesima.
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Reliability Planing of Cutting Tools in Production Processes

In order to increase planing reliability and economy of cutting tools in production processes the procedure of
choosing optimal plans to shorten testings of products on reliability is developed. The procedure is realized in
three levels: according to renewingjreplacing; estimation precision, continuation and testing expenses; and
necessary reliability parameter. A new methodology of planing of maximum cutting tools normative forrequired
production is proposed and experimentally confirmed. The methodology is realized in three steps: 1. the plan
of shortened testing on reliability; 2. prognosis of minimum durability; 3. determination of maximum norma-
tive. The new methodology is economical, scientific and its testing is shortened [NRr] plan and it has statistic
elements of extreme (minimum) values.

HanexHocTh IJIAHUPOBAHHA PCXYHIETO HHCTPYMEHTaA
B IPOH3BOJACTBCHHHIX ITPOHCCCAX

C LieJbro MOBBILICHHA HAACKHOCTH M DKOHOMHOCTH IIJIAHHDOBAHHA PEXYHIEr0 HWHCTIPYMEHTA B IIpOH3-
BOXCTREHHAIX TIpoLicccax, pa3paboTaHa Nponeaypa Bbi6opa ONTUMAJIEHBIX ITJIAHOB COKPAILICHHBIX HCIIBITaAH Hil
JJ1A OHEHKH HaJleXHOCTH H3AeHi. [Iponenypa 0XBAaThIBAET TPU YPOBHA: BOCCTAHOBJICHHE/CMEHY; TOYHOCTb
OLICHKH, NTPOJIOJIXEHHE H 3aTpaTsl HCIILITAHUH; HCKOCMBIi MOKa3aTeJIb HAAeXHOCTH. TIpe/IoXeHa H IKCIIEpH-
MEHTAaIbHO MOJTBEPKACHA HOBaA METONOJIOMHA NJIAHHPOBAHHA MAKCHMAJIbHOIO HOPMATHBA PEXYILIEr0 HH-
CTPYMEHTa AUIA BHUTOJIHEHHA TPeOyeMOro KoJIM4ecTBa NPOH3BOACTBA METONOIOrHA pealH3yeTca B TpeX
warax: 1. NJaH COKpAUICHHbIX HCIIBITAHHN IJA OLCHKH HaleXHOCTH; 2. NIPOrHO3 MHHHMAJbHOMN 10/
TOBEHHOCTH; 3. IJIAHHPOBAHHE MAKCHMAJIBHOr0 HOpMaTHpa. HoBas MeTO0JIOrUA XapaKTepU3YeTCA SKOHOM-
HOCTBIO M HAy4iHOH 06OCHOBAHOCTbIO HA IIJJAHE COKpAILeHHBIX HCbITaHHi [NRr] u 3j1eMeHTaMu TeopHH
3CTPEeMaJIbHBIX (MHHUMAJIbHBIX) 3HAYEHHI,
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