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Cetvrta medunarodna konferencii a
o tribologiji

eewrta iugoslovenska konferencija o
tribologiji odrZana je u Herceg No-
vom u hotelu "Plai.a " od 27 do 29
Septembra 1995 godine uz ude56e
brojnih naudnih radnika u zemlje i
inostranstva.

Konferencja je odrZana pod pokrovi-
teljstvom

> Srpske akademije nauka i umet-
nosti,

> Saveznog ministarstva za tamoj,
nauku i Zivotnu sredinu,

> Ministarstva za nauku i tehnolo-
grju R.Srbije,

> Ministarstva za prosvjetu i nauku
R. Crne Gore i

> Univerziteta u Kragujevcu.

Sponzori konferencije bili su

> NIS - Rafinerija "Beograd", Beo-
grad,

> MS - Fabrika maziva 'FAM",

KruSevac,
> RaR, Batajnica - Beograd i

_ > Modrida-Lube.

Pri l ikom otvaranja Konferenci je '
predsednik Organizacionog odbora
Prof. drAleksandar Rac istakao je da
su prve tri konferencije odrZane u
Kragujevcu na MaSinskom fakultetu .
1989. godine(200 uiesnika, B1 saop-
Stenje), 1991.godine (102 udesni
70 saopltenja) i 1993.godine (72'$e-

Na ovogodiSnjoj konferencli-B.ri-
.' javljeno je 118 radova i to 35 iz in\

stranstva (Grdka, Bugarska, Rumuni- \
ja, Belorusija, Rusija, Poljska) i 83 iz \
skoro wih domaCih univerziteta, na-
udnih instituta i vedih industrijskih
sistema. Na Konferenciji je udestvo- ,

\ valo 115 naudnih radnika od kojih j9'
'.(8 bilo iz inostranstva.

gvodn*gredg!3dlpo poziw bila su
saop5tena na plenarnoj sednici, a
ostala naudna saopltenja odrZana su
po sekcijama.

U sekciji A koja se odnosila na Fun-
damentalne aspekte trenja i habanja
saopiteno je 12 radova. Na sekciji B
koja se odnosila na Materijale i
prevlake izloieno je L2 radova, a u
sekciji C sopdteno je 26 radova iz
oblasti Tiibologije maiinskih eleme-
nata. Ne5to, manji broj radova (24)
l.z,loien je na sekciji D koja se odnosi-
la na Tiibologiju obradnih procesa. O
dijagnostici i odrZavanju tribo-meha-
nidkih sistema govorilo se na sekciji E
(prijavljeno 10 radova), a o Primeni
maziva na sekciji F (prijavljeno 15
radova).

Posled njeg dana konferencije prezen-
tirani su rezultati istraZivanja dobije-
ni realizacijom naudno-istraiivadkih
projekata finansiranih od Ministarst-
va za nauku i tehnologiju u prote-
klom petogodi5njem periodu i to:

. Razvoj programa za modifikovanje
i regenerisanje kontaktnih slojeva
tribo-mehanidkih sistema i infor-
macionih sistema,

. Istraiivanje na razvoju metoda za
karakterizaciju novih i konstrukcij-
skih materijala.

. Razvoj tehnololkih osobina i ka-
rakterizacija novih legura na bazi
aluminijuma iteljeza.

Prezentacija rezultata rada ostvare-
nih na ovim projektima na ovoj kon-
ferenciji izvedena je po predlogu mi-
nistarstva za nauku i tehnologiju
R. Srbije.

Moto konferencije bi je STEDNJA
ENERGAE I MATERUAI,A SMA.
NJENTEM TRENJA I I{ABANJA ,JET
kako pokazuju poslednja svetska is-
kustva, kroz primenu postojedih i
razvoj novih tr ibolo5kih znanja
moguie je oswariti velike u5tede
energije i materijala u proizvodnim i
transportnim procesima. U uvodnoj
redi Prof. dr Aleksandar Rac ukazao
je, pored ostalog, na neophodnost ra-
zmene miSljenja , transfer znanja i
iskustva izmedu naudnih i strudnih
radnika i to na samo na konferencija-
ma koje se u ovoj oblasti sve de5ie
organizuju i kod nas i u wetu, vei i
kroz neposredne kontakte u wako-
dnevnom radu.

Za vreme odrZavanja konferencije
udesnicima je podeljen Zbornik si-
nopsisa prijavljenih i prihvadenih ra-snika,55 saop5tenja).
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dova Stampanih uporedo na srpskom
i engleskom jeziku. Prema upustu or-
ganizacionog odbora sinopsisi su pri-
pemani na jednoj stranici formata A4
na srpskom jeziku i drugoj stranici na
engleskom jeziku, tako da je imalo
uvek dovoljno prostora za alaganie
suStina svakog rada. Stampanje zbor-
nika sinopsisa pre konferencije na
srpskom i engleskom jeziku omogu-
iilo je praienje konferencije na oba
jezika bez udeiia prevodioca. Ovakav
nadin organizovanja konferencije
ocenjen je kao optimalan.

Naudni odbor konferencje izvrSiie u
toku  ove god ine  recenz i ju  sv ih
saop5tenih radova i predloiiti jedan
ogranideni broj za Stampu u dasopisu
TRIBOLOGIA U INDUSTRIJI
koj i  ima medunarodni karakter.
Manji broj radova bi6e predloZen za
Stampu u dasopisu BALKAN TRI-

BOLOGY koji izdaje Balkan Tiibo-
logry Association sa sediStem u Sofiji,
diji je dlan i suosnivai Jugoslovensko
druitvo za triboiogiju.

Na konfercnciji je data informacija o
dve znadajne manifL:staci je na
medunarodnom planu iz oblasti tri-
bologije.

Prva informacija se odnosi na Drugu
balkansku konferenciju o tribologiji
koja se odrZava podetkomjuna 1996
godine u S<;lunu u organizaciji Bal-
kanske tribolo5ke asocijacije i na ko-
joj je ved prijavljen znatan broj rado-
va iz celog sveta od Japana iAmerike
do skoro svih balkanskih zemalja.
Druga informacija se odnosila na
Svetski kongras o tribologiji koji se
odriava u Londonu 1997 godine i u
dijoj organizaciji udestvuje i Jugoslo-
vensko dru5tvo za tribologiju.

Pozdravnu red udesnicima konferen-
ciie uputili su:

Prof.dr Milun Babi6, ministar u vladi
R. Srbije,
Prof.dr Rajko Tomanovii, pomoCnik
direktora NIS-a u ime JUNG-a,
Dejan Toma5evii, predstavnik Jugo-
slovenskog druStva za motore ivozila,
Ljuba Pavlovi i ,  direktor hotela
"Plaia" i
Prof. dr Branko Ivkovii, predsednik
Jugoslovenskog dru5wa za tribologiju.

Prema mi5ljenju veieg broja udesnika
konferencije saoplteni radovi bili su
navivrkom naudnom nivou. Poseban
utisak ostavili su radovi iz balkanskih
zemalja, jer ukazuju na znadajan raz-
voj tribologije kao nauke i tehnologi-
je o procesima trenja i habanja i na
ovim prostorima.

The Fourth Yugoslav Conference on Tribology YUTRIB'9S
The Fourtlt Yugoslav Conference on, Tribologt was held on October 27 to 29 1995. in Herceg Novi, the torvn
at the Adialic coast. Tlrcre were 115 pafticipatts, scientific workers from Yugoslavia, Rrussi4 Wile Russia,
R.onmn.ia, Balgaria, Greece and Poland. Out of l lB accepted abslracts 99 papen were presented, divided into
Jtr.fe.ts/oru.
The Conference program included several areas of tibologt that are related to the findamental aspects of
fiction and weer, tibologt of nrachine elements, tibolog of machining processes, mateials and coatings,
diagnostics and maintenance of the tribo - technical systems and application of lubicants.

tlerntipra.s IOro cnaBcKafl Korr (F ep enqr{fi no rpr{ 6 oJtro rHH
Vetua4-ptuaa rciocnnecrcan rconQepenqta uo tupudo,oolttu cocfroattaa, c 27 uo 29 orcwondpn e \opode
Xep4ei Hoeu, uaxodat euca ua adpuauutuecno"tv uo6epexue. B pa1otue l(oncfiepetugtrtt rlpuanu yuactue 115
uayuuaa pa6ot-uHuKos w K)Iocnaeuu, Pocctru, Pouauuu, Eenopycuu, Eonlapuu, lpe4uu u Ilont wu. Ad
clua aocerundrytfuu ftpedtya,aenuwx dorciidd.rurcoe deeilncluo deenw ewcwyLunu co caou,vlt dorcnadrca-
,*uu Pa6oua KouQtepeu4utt upoeodwtacn e wecltrtt pa6o,tLu lpyililax.
Ha KonQepeu4uu odcytrdanucu ecLpoca4 Kac*otquecfl pasbtx o6nacwert wputioaolutc Qyndaaeu-
tua,nt'uurc acilercwat wperun u u3HauurcaHun; tupuSonolua letuaneit aaruwr; eoupoctt {ttpu6ottoltt,lectctrx
ilpo4eccoa o6padouucu, "unutepuanoa u uotcpatwuit; ltpo6"ae.wr dualuocruurcu u o6cny;uaarum wpu6oue-
xa Hu\ec H tx cttc[ue.u u ttc iio n uaoea ilue Da J./tulLtbx cilctao K.
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An Evaluation Method
of Thin PVt) Films
Adhesiohr Using
The Impact Test
and A FEM Simulation

tl
l l

tl

of The Contact Response

l.INTRODUCTION

Hard layers that are used to coat several machine ele-
ments and cutting tools are nowadays a usual and reliable
alternative for the improvement efficiency and producti-
viry in several applications. The main advantage of thin
coatings is the excellent tribological and wear behaviour
that they provide, which is a very significant parameter,
especially for coated pieces, being usually exposed to
heavy normal and tangential loacls, Although a lot of
conventional tests are used in order to characterize coa-
tings regarding their adherent behaviour, none of them
gives quantitative information about the coating beha-
viour under dynamic loading conditions. A new control
technique has been proposed by Knotek at al. [1], the so
called impact test. During this test a plane coating,sub-
strate compound is exposed to a Hertzian contact pres-
sure, by impacting its surface by means of a cemented
carbide ball. The configuration of the test is illustrated in
fig. 1 [1]. This coating impact test permits variable impact
force and frequency as well as number of impacts. Simi-
lar, as these for fatigue life, diagrams can be obtained
trough the impact test. Thus, cuwes of contact load
capacity versus number of impacts have bean established
forvarious combinations of coatings - substrates. Results
of such tests are shown in fig. 2 [I].
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Furthermore the failure mode that is observed can give
qualitative information about the adhesion and the co-
hesion of the thin film.

To describe the stress field that is developed during such
a test and to give critical values forvarious stress compo-
nents that seem to contribute to the initiation and to the
development of coating failure, FEM simulation of the
impact test has been developed.

Fig. 1: I'rinciple of the intpact test
Princip udarnog testa
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CrN on Cemented
Carblde

Number of lmpacts N

Fig.2: Fatigue ofCN coated high-speed steel and
cemented carbide.

Zamor kad CrN prevutenih bnoreznih
telika i tvrdih metala

Yctuanoctuu ilo xpaiuuil CrN na
6atctupopatcyuqux c.wwrx u utadpdatx cunneax

The stress field occurring during the point contact be-
tween an elastic ball and an elastic homogeneous semi-
infinite space was described analytically by Hertz[2]. The
elastic problem of a ball indentation onto a coated sur-
face has been widely examined using analytical [3,4,5] as
well as numerical methods to describe the stress field

[6,7,8,9]. The main observation regarding the stress field
is that the coating does not affect significantly the overall
stiffuess of the coating substrate compound, even if it has
considerably higher elasticity modulus in comparison to
the substrate material. Thin coatings 1-8 [pm] ad like
flexible films, following the deformation of the substrate
without affecting it. However, coating parameters as its
thickness and elasticity modulus, strongly aged the stress
distribution within the coating and along the interface.

In order to accelerate the impact test, heavy lo ads 50-120
[daNJ are applied onto the coated compounds. Conside-
ring the radius (Rn:2.5 [^m]) and the material proper-
ties (85=65000 [daNlmm21, v6=9.2) of the cemented
carbide spherical indentor, such loads can lead to nomi-
nal Hertzian pressures from600 to 1000 [rtaNlmrn2].

According to the Hertzian description of the stress field
at the contact region, the maximum equivalent stress
occurs beneath the center of the contact circle, within the
substrate material and it has a value of 0.55'P-or. Such
nominal stress cause extended plastical deformation of
the soft substrate. The problem of plastical deformation
in Hertzian contact cases, has been examined analytically
for the axisymetric probiem of the homogeneous isotro-
pic elastic-plastic half space [10] and by means of FEM

70

calculations for the plane problem of a rigid rylinder
indentation onto a coated plastic half space [11].

The plastic deformation of the substrate leads to an
increased contact area between the indentor and the
plane surface. The interdependency between the ratio of
the real radius of the contact area a| to the nominal
Hertzian onl e6,6orz and the normal maximum Hertzian
pressureP.* pn"normnhzed to the shearyield stressK,
has been described for the case of the plane strain confi-
guration, for the application of cylinder on plane [12].

A corresponding curve for the axisymetric configuration
can be obtained by using an experimental procedure.
Thus, with the successive application of gradually increa-
sing contact loads, by forcing a cemented carbide ball
against an elastic plastic substrate and measuring the
formed imprint, modified values for the radius of the
contact circle and the maximum surface pressure can be
performed.

The modified maximum contact pressure is given by:

Consequently the
tribution is of the

(1)

pressure dis-

D* -D'
r  -r  

max (2)

By means of the above mentioned equations, the loads
of the FEM simulation described in the followins sec-
tions, are defined.

2. IMPACT TEST ON COATED
SPECIMENS

The tested specimens have been inspected by means of
profilometer antl of Scan Electron Microscope (SEM).
Furthermore, in order to investigate the failure modes,
micro spectrum analyses on the contact region have been
carried out. Herewith, die geometrical and material fea-
tures of crater can be obtained. The geometrical charac-
teristics are the craier diameter; maximum depth and
shape.

The material features indicate whether coatings have
failed with adhesive or cohesive failure. In general, films
with poor adhesion suffer from delamination at the in-
terface (adhesive failure) or buckling of the film, whereas
films having strong bonds to the substrate material from
cracking and chipping (cohesive failure). Mixed failure
modes have been observed as well. fig. 3 illustrates a
SEM photograph of a crater of a steel substrate, coated
with a TiAICN film of 2.5 /prn/ thickness.

modified semi-elliptical
form:

T-2
It - r, ̂
V (ob"

p*  _1 .5 'Fmar- max , *,2
z'lao)
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Fis. 3: SEM picture of impact tested TLAICN goating on l00Cr6- 
subitrate, F^ax=75 [daN], N=8xIF impacts'

SEM slika udamo kstirane T|AICN prevlalz na
fi0Cr6podlozt, Fm=75 [daN], N=8xlP udara

CEM pucvn6rc ucautuaHua ua vdapar uoxpatilua TUICN
,u oinodanuu 100cfi, Fm,. ='75 idNl, N = &xIF ydapa

Ti

Ti
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Fe
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8 1 0
Energy fkeVl

Fig. 4: IvIbro spectrum anatysb of impact tested
TUICN coatingwilhin the conlacl region
Milqos oektralna anali za udarno les lirane
TiAtCN prevtakc u okviru kontakhe zone

M u tcp ocue xtil pa.nuuu trt aHa tua ucuwtua urut
na ydap uoxpt r[tua TiAICN e eone rconruarcEta

The failure mode is cohesive since the micro spectrum
analysis within the contact region, illustrated in fig. 4.,
indicates that except of the substrate material (Fe) that
has been exposed, coating remains (Ti, Al) still exist. The
micro spectrum is almost similar, regarding its shape, for
the whole area, that contact circle captures.

Fig. 5 illustrates a similar SEM photograph of a crater
for a specimen consisting of 100Cr6 steel substrate coa-
ted by a 2W^) thick MoN coating. The spectrum analy-
ses indicate that the failure mode is adhesive. Fig. 6 gives
the micro spectrum analysis in the center of the contact

Fis. 5: SEII{ picnre of impact tested MoN coaling on
I0dC6 subsiate, F^*=JQ [daN], N=4xIF impacts.

SEM slikn udarno testircne MoN prevlake na
100C6 podbzi, Fmu=50 [daN], N=4xld udara

CEM pucviox ucuatuauua ua ydap MoN tloxpai[tun
na ociroaia,tuu lNCr6, f,,'r= 5 [dN], N=&lfr ydapa

circle and indicates that coating still exists there. Fig. 7

gives the micro spectrum in the area between the center

and the vicinity of the contact circle, i. e. the darker area

of the crater. This diagram shows clearly that MoN coa-

ting has been delaminated.

During the impact test, coatings fail generally in the

vicinity of the contact circle. Moreover, in both cases

coatings seem to suffer less in a region close to the center

of the contact circle, even though these areas are the

Fig. 6: Micro spectrum analysis of impact tested
MoN coating, within the craler cenlral area.

Mikosoektralna analba utlarno teslirane MoN
prevlake u centralnoj zoni l<ratera

Murcpocuexwpanat tutti at aailB ucttt ttttauua ua
ydap MoN tloxpr'uwn e 4etrtttpatt'uoti toue xpatuepa
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Fig. 7: Micro spectrum analysis of impact tesled- 
MoN coatins, adiacent to the cenlral area

Milsosoelarabla aializa udamo testbane MoN
prevlakc, u zoni bliskoi centralnoi

M urc p ocue xw p a nwtatfi aHanu3 ucila tilauua na
ydap'MoN iloipanuua a uod4anwpanuuoti aoue

most pressed by contact surface loads. Thus, in the fint
case (TiAlCN on steel substrate), chipping is less exten-
ded near the center of the contact circle. This effect is
more visible in the case of MoN film having poor adhe-
sion. In this photo, the delamination of the film, exists
from an area close to the vicinity of the contact region to

an area about (0.25-0.3)'atr away from the center of the

contact circle.

In the present paper, in order to interpret the observed
fatigue failure behaviour, a FEM simulation is developed
for the description of the developed stress field during
the impact test.

3. FEM SIMUI-ATION

The used model for the simulation of the impact test

consists of 2500 isoparametric, rectangular, four noded

elements, with two degrees of freedom per node and

plane, axisymetric and plastic capabilities. For the di-

stinctive test stress situation the axisymetric feature has

been used. Thking advantage of the symmetry, only one

half of the semi-infinite compound was modeled. A mo-

dified Hertzian distribution, as previously described, has

been chosen for the loading stage of the irnpact test. The

surface nodes that fulfill the equation:

are subjected to a surface vector of magnitude, described

by the equation (2). The pressure profile consequently

consists of 30 pressure vectors. In order to create a
general simulatfurg model, independent of the configura-
tion and loading conditions of one single test, a parame-
tric FEM approach has been conducted by using a para-

metric design language.

The coating material is assumed to be elasticwithout any
load limit, Material properties for the coatings, necessary
for the FEM analyses such as elasticity moduli and Pois-
son constants, have been obtained through the nano-
hardness tests [13], The substrate material possesses

multilinear kinematic hardening properties according to

the Besseling model, also called sublayer or overlay mo-
del [14]. The material response is represented by a set of
von Mises f ield criteria, each with an appropriate yield

stress ernd weighting factor, which are derived from the

uniaxial stress-strain curve. The uniaxial behaviour is
described by a piece-wise linear stress- strain curve, star-
ting at the origin, :lnd continuing through five stress-
strain points.

The axisymetric model has been built in terms of multi'

ples of aj, in a way to represent conveniently the axisym-

etric halispace. The coating and the substrate are assu-
med to be perfectly bonded together, whereby no
interfacial sliding is allowed. The solution is nonlinear
due to the nonlinear substrate material properties and
the choice of the large deformation effect on the overall
stiffness matrix. Consequently the solution procedure of
the FEM calculatirtn is iterative and comprises two sta-
ges, i. e. the loading and the relaxation situation, respec-
tively of the compound during the impact test.

The model has been tested for the homogeneous elastic
case. The comparison between the Hertzian and the
arithmetical solution proved the convenience of the de-
veloped model for the sintulation of the impact test.

The material properties for the indentor and the com-
pound coating-substrate are given in TABLE 1:

TABLE 1: Mateial properties u.red for the calculatioru

Component Material E [daN/mm2]

indentor Hard metal 65 000 0.23

coating 1 MoN 30 000 o.23

coating 2 TiAICN 38 000 o.23

substrate 100Cr6 21 000 0.30

the yield stress of the specially heat treated l00Cr6 steel
is 135 [daNlmm2].

zx -

lao)

72

(3)
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A=12, F29, C:t7, IH3, E40, F=98, G=lt5

Fis. 9: Eauivalenl stress conlours of the compound
for the relaxation stdpe

Linije ekvivaleninog napona para u fazi bez opteretenja
Jfwtuu exeuaaneutilttolo naupattcetutn uapu a

t r el Q ? py rrc HH o,u coctu o arutu

4. DISCUSSION OF RESULTS

The developed FEM model has been used for various
cases, changing parameters, such as the thickness and the
elasticity modulus of coating. The developed equivalent
stress distribution during the loading stage for one case
is illustrated in fig. 8. The same behaviour is illustrated
in fig. 9 for the relaxation stage.

The model represents the case of l00Cr6 coated with

TiAICN ot2.5 [pm] thickness, for impact load 75 [duN].
The nominal Hertzian radius of the contact circle and the
surface pressure in this case ?tE ao,lrrp=0.206 [mm] and
P^*6rrp:516. 3 [daN/mm2] respectively, whereas the
corresponding modified values due to theplastical defor-

mation are ai:0.262[mm] andP,n ox*:872 [daNlmm2]
respectively. The influence of the plasticity on these
values is evident. The decrease of the maximum surface
pressure, due to the increase of the radius of the contact
circle, is significant cant, especially for such high contact
!oads.

The stress contours indicate the volume under plastical
deformation. This deformation is observed from the in-
terface downwards to the substrate and the largest part
is created during die first few impacts. During the rela-
xation stage at the end of the contact, while the indentor
is moving upwards, remaining strain can be obsewed
within the substrate. Since costing follows the substrate,
the result is a "permanent" elastic deformation of the
coating and a light elastic deformation of the substrate,
due to the tendency of coating to return to the initial
plane shape.

The same behaviour can be observed for the case of
maximum orthogonal shear stress contours during the
loading and relaxation stages. The corresponding distri-
butions are illustrated in fig. 10 and fig. 1L respectively.
The stress distribution gives critical values for the maxi-
mum stresses that seem to cause damage to the coating.
These critical stresses have mean values different from
zeto.

A=-69, B-{0, G-11, IFl8, E=,17, IE76, G=105

FiE. 8: Equivalenl stress conlours of the coating- substrate
comoound for lhe loadins staPe
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face and interface is also shown. The according results
for the relixation stage are presented in fig. 13.

The high values of the equivalent stresses that have been
developed near the vicinity of the contact zone are cau-
sed by the high tensile stress that appears there. This is
the mostly enclangered position for the initiation of coa-
ting cracks, especially for very hard and brittle coatings,
even if they have adequate adhesion to the substrate
material. In general thin brittle films are very sensitive to
tensile stresses, although they are capable enough to
stand high compressive stresses.

lhe local maximum of the equivalent stress near the
center of the contact region is due to the high compres-
sive stresses that appear in this area. This behaviour of
the developed equivalent stress distribution, along coa-
ting surface and interface, can be used to interpret the
crack initiation circumferential to the contact circle.
TiAICN film seems to suffer from this kind of high tensile
stresses. The calculated values indicate coating fatigue
tensile strength and not static one, since the coating
withstands these veilues for many impacts without brea-
king.

Fig. 14 illustrates the distribution of the maximum shear
stress along the interface. The stress components of the

stress tensor that compos€ T.*, are ox and ot and is
calculated by means of the following equation:

I,nux = O.s'(ox-oy) (4)

The clistribution of the shear stress component at the
interface indicates that sheering is low nearby the center
of the contact circle and has a zero value in a distance

abott 0.25'aj away from the center. Then Tr* starts

Fig. 13: Equivalent stress and d$omtation along surface
and interface, duing the relaxation stage
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6es deiictueua ua 2 p y sxu

The stress field can be described more representative,

while moving along a certain direction, that may give

information about potential failure modes. Fig. 12 illu-
strates the deformation of the coating in a form of the
initial nodal x-coordinate plus the displacement of the
node versus the same values for the y+oordinate.

This information is given for the surface as well as the
interface. The horizontal axis represents a movement
from the center of the contact circle equal to 2.aj parallel
to surface. The equivalent stress distributiou along sur-

74

Fig. 14: Maximum shear slress along inlerface,
during the loading stage
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increasing up to the vicinity of the contact cir'-;le where

the absolute maximum appears.

This stress component is a potential failure firctor that

often causes adhesive fracture of the coding bi destroy-

ing bonds between coating and substrate deve, cped du-

ring the sputtering procedure. The alternate shearing

during loading and rela:ration stages may caus3 surface

damage of the surface even if it is uncoated [15,16].

This behaviour of the T,nu* seems to affect MoN coating

that has poor adhesion to the substrate material. Thus, this

altercating shear stress destroys the links of ItzIoN film

with the substrate material within the area 0.25'a[-a[

When coating fails due to fatigue at the vicinrty of the

contact circle, owing to the high alternating tenr;ile stres-

ses developed there, the delamination is unavoidable.

The above described failure procedure is visiirle in the

SEM picture presented in fig. 5.

Failure modes like chipping (cohesive failure) cr comple-

te delamination (adhesive failure) of the coatir-rg may be

combined with a fatigue spall formation of the substrate.

5. CONCLUSIONS

In the present paper, an experimental - analytical me-
thod that allows reliable indication of the adhesive and
cohesive features of any kind of coating substrate system
has been presented. The main conclusions that can be
drawn using this method are:

> The representation of the impact test results in a form
presented of fatigue diagrams is not convenient. That
yields from the fad that fatigue life diagrams (S-N or
Fmavl|,, are used for alternating stress situation that
has a zero mean value. As it has been shown during the
discussion of results, due to the plastical deformation
of the substrate, critical stress have a non zero mean
value. An adequate diagram for the representation of
the critical stresses, would be a Smith diagram.

> The critical stress components that seem to affect the
fatigue behaviour of thin films are high tensile stress
on the circurnference of the contact circle and shear

stresses developed at the interface in betwee n 0.25.aI

and ai. This effect, has been explained by comparing
the shape and the features of each crater with the
developed stress distribution.

Critical values determined by the introduced calculation
procedure can be considered as fatigue life limits of
coated surfaces subjected to dynamic stresses.
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Odrilavanie i
tribolo5ki opis
tehnidkih sistema
u CIM ambijentus

1. []VOD

Kompjuterski integrisani tehnoloSki ClM-sistemi (CIM
- Computer Integrated Manufacturing) integri5u we
kompjuterizovane aktivnosti jednog preduze(a. Aktiv-
nosti funkcija odrZavanja i dijagnostike razvijaju se u
okviru odgovarajuieg ClM-podsistema koji sadrZi 10
modula. U projektovanju informacionih ClM-podsiste-
ma uwojena je arhitektura sistema otvorenih za povezi-
vanje.

Serija standarda ISO 9000 postavlja zahteve da se pro-
jektovani i realizovani CIM podsistemi i moduli perma-
nentno inoviraju i modifikuju. Ciklus kvaliteta obuhvata
we aktivnosi integralnog upravljanja kvalitetom proizvo-
da i usluga (TQM - Total Quality Management). Zbog
toga se u ovom radu posmatra CIMIQM preduzeie u
kome se problem metrologije zn:rtno pro5iruje integraci-
jom menadZmenta i kvaliteta na svim nivoima poslovanja.

U radu se polazi od modela CIMIQM sistema, prikazu-
ju moduli ClM-podsist ema za odrZavanj e i dij agnostiku
i daju primeri iz industrije.

2. ODRZAVANJE I CIKLUS KVALITETA

Altivnosti ciklusa kvaliteta u ukupnom poslovanju
CII\,VTQM preduzeia definisane su redosledno i kvali-

,tativno standardom ISO 9004. Te aktivnosti utidu na
kvalitet proizvoda i usluga, a na slici 1 prikazane su
segmentima kruga/cikiusa. To su Marketing i istraZivanje
trii5ta, Razvoj proizvoda, Nabavka, Proces planiranja,
Proizvodnja, Provera i testiranje, Prodaja i distribucija,
Instalisanje i rad, Tehnidka podrlka i odriavanje i Ukla-
njanje nakon koriSienja.

harko Spasit
Mai inski fa kul t e t Univetzi t el a u B e o gra tlu

Informaciona inte gracij a CIN4ff QM pr eduzeta podra-

zumeva komponovanje ClM-podsistema i ClM-modula
integrisanom bazom/pod atak a znanj a kao je dinstvenim
informacionim resursom. CIM- podsistemi su prikazani
prema segmentima ciklusa kvaliteta, a jezgro posmatra-

nog modela predstavljaju f'QM-aktivnosti [1]. JoI u fazi
projektovanja projektantikonstruklor proizvoda uzima u

obzir pogodnost proizvoda za odrZavanje. ClM-podsiste-
mi i moduli upravljanja proizvodnjom u bliskoj su vezi sa
aktivnostima organizacionih jedinica odriavanja. Na os-
novu tehnidke dokumentacije vrli se instalisanje i podinje
elaploatacija proizvoda u realnim uslovima. Podsistem
odrZavanja instalisane opreme zahteva odgovarajuiu
bazu podataka, a inteligentne komponente i bazu znanja.

PRODAIA IDISTRISUCIJA

Slika 1. Odriavanje i cikltu lcl,aliten (SO 9M0)
Maintenance and quality cycle (SO 9000)

O6cnytrcuaauue u UuKn KaqecEtaa (LSO 90A)
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3. INFORMACIONI CIMrtQM PODSISTEfuI

CIM/TQM podsistem za odrZavanje sa dijagnostikom

realizovan je za potrebe nekoliko industrija [2] polazeii

od referentnog CIM-modela Maiinskog fakuiteta Univer-

ziteta u Beogradu kao i referentnog CIM OSA modela,

Razmatrani informacioni CIM/TQM podsistem izveden
je na modularnomprincipu projektovanja sistema oivor-

enih za povezivanje tako da su zadovoljene krijerarhijske

relacije CIM-sistema sa CIN{-podsistemima, modulima i

segmentima.

ClM-sistem integri(e sve ClM-prtdsisteme predtue(a

koji su integrisani i postavljeni na bazi jednog od refer-

entnih modela. CIM-podsistem je integralni deo CIM-si-

stema a projektuje se na osnovu raspoloZivih CIM-kom-
ponenti, uspostavljenog ClM-koncepta i informacionog
sprezanja sa ostalim ClM-podsistemima. Mr:duli su niza

hijerarhijska jedinica projektovanog ClM-podsistema.

Predstavljaju kompiuterizovane celine sa definisanirn

ulazima (baza podataka, baza znanja, dokumentacija,

parametri obrade podatak a, zahtevi zatransferima infor-

macij a, u gr a de ni aplikacioni siste mi) i izlazima (mod ifi-

kovana baza podataka, dopunjena baza znanja, doku-

mentacija, 
'wlazni 

izve5taji, zahtevi i potvrde transfera

informacija). Moduli se realizuju u vi5e segmenata koji

predstavljaju neku logidku celinu.

Projeklovani CIM-podsistem sastoji se od konvencional-

nih i inteligentnih ClM-komponenti. Osnova za projek-

tovanje konvencionalnih komponenti je raspoloZivi si-
stem relacionebaze podataka. Osnova za projektovanje

inteligentnih komponenti je software-alat za projekto-
vanje ekspert sistema sa odgovarajuiom bazom znanja.

Na slici 2 prikazana je struktura ClM-podsistema sa
logidkim redosledom uvodenja modula i potrebnim ula-
zkna/izlazima. Moduli nose nazive: Oznadavanje dinilaca
poslovanja za odrZavanje i dijagnostiku; Baza podataka
zaodriavanje i dijagnostiku; Planiranje funkcija i resursa
za odrLav lnje; Struktura odriavane opreme; Tehnologija
odrZavanja; Poslovanje rezerv'nim delovima; Upravljanje
nalozima za odrZavanje; Zastoji opreme; lioBkovi oclr-
Lavanja i Statistika odrZavanja i dijagnostike. U daljem
tekstu veZeto se navode osnovne karakteristike svakosod
ovih modula.

Modulom Oznadal,anje dinilaca poslovanja za odrZava'-
nje i dijagnostiku obezbeduje sejedinstveno oznadavanje
wih dinilaca poslovanja sa kojima posluju organizacione
jedinice oclriavanja. Modulom Baza podata.ka za odr-
Zavanie i drjagnostiku unose se podaci koji se u kasnijoj
fazi integriiu sa znar,lem definiiuii time informacioni
resurs.

Planovi se prikazuju u vidu tabela koje se formiraju
software-alatcin za obradu iabela (I-OTUS 1-2-3, Excel,
Plan-Ferfect i slidno) Sto omoguiuje tabelarno prikazi-

't8

vanje podataka i razne vrste izradunavanja podataka po
horizontali i vertikali. Takode su mogudi razliditi prikazi
grafidkih izlaza (stubidasti dijagrami, histogrami, kruZni
histogrami igrafikoni trendova). Planovi se defini5u mo-
dulom Planiranje funkcija i resursa za odrZavanje kojije
primenj enim software-alatima kompatibilan sa prethod-
nim modulom kojim se formira baza podataka.

Modulom Struktura odrZavane opreme definiSe se deli-
midna struktura opreme ili uredaja za odrZavanje. Deli-
midna struktura obuhvata samo one sklopove, podsklo-
pove i delove koji podleiu nekoj od intervencija
odrZavanj a (pre gle d, kon trol a, dij agnostika, ispitivanj e,
zamena, podmazivanje, remont i dr.). Struktura opreme
definiSe kolidinski i hijerarhijski odnos navedenih kom-
ponenti. Na slici 3 dat je primer delimidne strukture
ma5ina M-1 i M-2 koje imaju neke iste ugradene delove
(na primer, leZajevi). Koristeii navedene delimidne
strukture dobijeni su izveltaji o sastavnicama (struklur-
na, modularna i kolidinska) kao i o pregledima ugradnje
(takode strukturni, modularni i kolidinski). Strukturne
sastavnice i pregledi ugradnje odnose se na celu defini-
sanu strukturu. Modularne sastavnice i  pregledi

Slika 2. lvloduli CII'llTQM podsistcma
X I o d u les oJ' t he ( : I M l' tQtvf s ubsyst em
M ody n u C I M ITWI r1o d arcw eut t
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ugradnje odnose se na jedan definisani nivo ugradnje.
Izveltaji o kolidinskim odnosima komponenti daju koris-
ne informacije za planove nabavki i ukupno poslovanje
organizacionih jedinica odrZavanja.

Modulom Tehnologija odrZavanja definisani su svi post-
upci intervencija odrZavanja na principima koncepta
grupne tehnologije. Za definisanu klasifikacionu grupu
odreden je redosied intervencija, inr5ioci, frekvencija
intervencija kao i pretpostavljeno vreme intewencije,
Time je omoguieno da se izvr5i sortiranje intervencija po
izvriiocima i frekvencijama intervencija kako bi se pri-
premila potrebna dokumentacija. Ekpert sistem se ko-
risti za ekspertize u ispitivanju i dijagnostici na osnow
integrisane baze podatakalznanja.

Modulom Poslovanje rezervnim delovima omoguden je
uvid u trenutno stanje rezenmih delova po magacinima.
Za odredeni deo, izve5taj se daje na ekranu terminala
dok se za ceo magacin Stampa zbirni izveltaj.Zahtevtza
nabavku standardnih ili izradu nestandardnih rezervnih
delova dobijaju se na osnow parametara za upravljanje
zalihama rezervnih delova. Modul takode signalizira pre-
komerne kao i dugo neupotrebljavane rezervne delove
uz sradunavanje wednosti ovih zaliha.

Modul Upravljanje nalozima odrZavanja predviden je za
definisanje potrebnih intervencija, njihovo izvodenje i
kompjuterizovano praienje kako bi se ubrzao protok
naloga kroz pogone. Dokumenti Pregled stanja i Nalozi
za rad prilagodeni su kompjuterizaciji aktivnosti kao i
logidkoj vezi entiteta i relacija u bazi podataka (slika 4).
U kasnijoj fazi, a na osnow definisane baze znanja pred-
videna je ugradnja inteligentnih komponenti dime bi se
tok dokumentacije automatizovao.

Modulom Zastoji opreme predvideno je praienje zastoja
opreme po pojedinim ma5inama kao i organizacionim

Slika 3. Sastavnica maiina za odriavanie
List of thc nachine ntaintenance 

-
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jedinicama u kojima su instalisane odgovarajude grupe
ma5ina. Zastoji se spreZu sa uzrocima Sto zahteva aZurno
vodenje baze podataka sa formiranjem svih potrebnih
entiteta i relacija.

Tiolkovi odrZavanja dobijaju se pretraZivanjem podata-
ka i izveltavanjem u okviru posebnog modula. Tiolkovi
se defini5u prema poslovanju organizacionih jedinica a
treba da obuhvate ugradeni ili potroieni materijal i iz-
vrSeni rad. TioSkovi se vezuju za malinu, grupu ma5ina
ili organizacionu jedinicu. Njihovo uspelno praienje ta-
kode zahteva aZurno vodenje baze podataka.

Statistika odrZavanja kao poseban modul projektovanog
ClM-podsistema zahteva primenu odgovarajuieg soft-
ware-alata (npr. SQC, STATGRAPHICS i dr.). Ovi pa-
keti omogu6avaju sva statistidka izradunavanja, primenu
velikog broja parametarskih i neparametankih statisti-
dkih testova, kao i ostale analize neophodne u kontroli
kvaliteta.

4. PRIMERI IZ INDUSTRUE

U postavljenom konceptu CIIWTQM preduzeia potre-
bno j e realizovati ClM-podsist em ODRZAVANJE I D I-
JAGNOSTIKA prema zahtevima JUS ISO 9000 stand-
arda. Na slici 4 prikazani su formati dokumenata za
prikupljanje i ulaz podataka. Dokumentorn Pregled sta-
nja (UP12) upisuju se rezultati provera na objektima
odrZavanja. Raclni nalog (UP13) je dokument za sve
intervencije odrZavanja (kvar, planske popravke, rekon-
strukcije). Ulaz podataka o mestima podmazivanja obje-
kata odrZavanja kao i izveStaj o podmazivanju prikazani
su dokumentima UP24 |UP?S.

Na slici 5 prikazan jealazniuveitaj Kartapodmazivanja.
Za odredenu ma5inu se daju mesta podmazivanja, odgo-
varajuie mazivo/ulje i vremenske frekvencije kontrola
(zamena filtra, kontrola kvaliteta ulja, kontrola nivoa
ulja) kao i vrste intervencija podmazivanja (zamena, do-
puna, podmazivanje).

Slika 6 prikazuje izlazni izveStaj Evidencija podmaziva-

rya.Za izabranu ma5inu i za svako njeno mesto podma-
zivania daie se ident broi maziva/ulia sa datumom pod-

- mazivanja, vrstom intewencije i kolidinom maziva/ulja,
Na kraju izve5taja se daje zbir kolidina po wstama mazi-
valulja koje se uporeduju sa planiranim kolidinama.

Dokumentacija za prikupljanje podataka prilagodena je
poslovanju kako bi se direktno koristila pre nego Sto se
aZurura integralni informacioni resurs CIIvVTQM pre-
duzeCa.

5. TRIBOLOSru OPIS PROIZVODA STEP
STANDARDIMA I BXPRESS JEZIKOM

Informacioni opis proizvoda za ceo njegov Zivotni ciklus
definiSe se STEP standardima (ISO 10303) (STEP -
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Slika 6. Format izveltaja "Evidencija podmazivanja"
Fomt of the repo'rt " Lubicatibn' ev'idence"
(Dopr'ra BeAolrocrlr' Y'rdr cuagurBatutq'

Standard for Exchange of Product Data Model) ili in-
strukcijama usvojenog jezika EXPRESS. Prikazani tri-
boloSki opis ma5ine koja se u CIM ambijentu odrZava
obuhvata sva potrebna podmazivanja i zamenu delova
usled habanja na osnovu preporudenog perioda eksploa-
tacije u uslovima preventivnog odrZavanja. Slidnim opi-
sima za druge aktivnosti Zivotnog ciklusa proizvoda de-

Slika L Exspress predstavljanje baze podataka
Erpress reDresentation of tlrc data base

C rc o p ocw n o 6 up edct-uaanenu e 6 aaa t dauuutx

finiiu se meduprostori (interface) za CIM|IQM integra-
ciju. "Neutralnim" opisomproizvoda u odnosu na komp-
jutersku opremu raznih proizvodada omoguiena je
razmena podataka unutar CIN,I/TQM preduzeia kao i u
njegovom poslovnom okruZenj u.

Slika 7 prikazuje rezultat informacionog modeliranja za
troboloiki opis dela (objekta odriavanja). Baza podata-

Slikn 9. Shema posmalranop Drimera
Shenre of the'considered drample

Sl ika 5. Format izt eltaj a " KarTa podmaziva nj a"
Form of the report "Lubricalion card
B e do.ubcwa t x a D wa cL,rnawaanua'

Slika 7. Baza podataka za tribololki opis proizvoda
Data base for thc fibologit:al desciptioi of the product

baja AaHlIl,Ix ,q.;1q T pHoononrqecKoro
oflIrcaifi{ll [poI{3Bon gI. Ba

CIH ITQ}4  p feduze ie  T0p lS  6 .0 / r b  Da tu r r :
O D R I A V A N J t  C P ] l : O d r i a v a r r . t e t d i . t d q r r o s t t k , l  1 4 / 0 6 / q 5

Copy r  r qh t  MCHXCV.  M f  .Bqd /Sv

t V I D T N C I . ] A  P O O M A Z I V A N J A

Id. bro. i  RB
ma5ine- l4P Mesto podmazlvanJa

12103009 u t  RUtRVOAt l  vRtT tNts tA

Id .b r .  Datunr
rnaz t va porlnaz . r n  K o l .  J H

9 0 0 0 9 0  1 5 / 1 1 i 9 4
30/ I t /94
t5 /  t2 /94

1 2 . 2 5 0  |
D  0 . 3 5 0  IP l=!9i=l

4 . 1 0 0  I
oz Ril  HtN.lAaKt KTJTiJI

or niz. r i iv. ir  izntn

SCI IEM base:

E N T I T Y  m a s i n a ;
i b  n a S i n e :  S T R I N G :
n a Z i v  m a 5 i n e :  S T R I N G :
k I as 5r'<.r.1 : STR I NC ;

UN]QUT 
-

u n l  =  i b . n i a i i n e :
FND EN'T] TY :

f H f t I Y rnesto-potlnraz I vonjrr ;
p r  t  paod:  i las  i  nd  :
redr r  i_bro j :  INTtCFR:
n d l r v  I n  p o d :  S T R I N C ;
ko l  i cTna:  RtA l  :

I N D _ [ N I I T Y :

ENTITY nraz ivo_u l je :
p t d D l r d i l o _ z d :  m a s i n a :
p o d m a l u J e :  m e s t o  D o d m a z i v a r r  i a :
t l r  n d z  u l . j e :  S T R I N G :

UN IQUf
u n 3 :  i b  m a z  r r  l . i e :
r r d z  i v  m u ; -  

-  -  
S l  R  l N G :

s t a n d a l d :  S I R I N G ;
kb  mu:  STRING:

tND ENTITY;

tNTI I 'Y  da le ;
d a y :
month :
y e a r :

l^/HENE
d a y s  o k :
mohtl ls ok:

IND_FNI ITT;

I  NTEGER:
I NTIGEII :
I N I'IGFR ;

{ !  . =  d a y . =  3 l } :
{ l  < =  t n o r r t l r  . =  i 2 }  :

ENIJ SCHTMA: base schema
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ka sadrii tri glavna entiteta i pet relacija. Za entitete su
navedeni osnovni atributi koji ie se posmatrati na prime-

ru opisa koji sledi. Prema definiciji pojma tribologije
posmatraju se problemi podmazivanja i habanja delova,

Slika 8 daje prikaz prethodne baze podataka prema pra-
vilima EXPRESS-G konvencija sa svi-rn definisanim en'
titetima kao i tipovima atributa.

Kompletni opis prema jeziku EXPRESS sastoji se od
jednog ili viSe delova koje nazivamo shemama. Za pos-
matrani primer navedena shema ima format prikazan na
slici 9.

6. ZAKIJUCIT

> Kompjuternacija aktivnosti odrZavanja i dijagnostike
tehnidkih sistema podrazumeva informacionu integra-
ciju preduzeia u CIM ambijentu.

> ClM-sistem preduze(asastoji se od integrisanih CIM-
podsistema i ClM-modulima koji sadrie konvencio-
nalne i inteligentne ClM-komponente.

> Postavljeni zahtevi standarda ISO 9000 podrazumeva-
ju modifikaciju ClM-koncepta, informacione infra-
strukture i  baze podataka kroz usvojeni model
CIWTQM preduzeia.

> Definisanje tribololkog opisa proizvoda principima
STEP standarda i konvenciiama EXPRESS iezika do-

prinos je standardizaciji CIM meduprostora. Time je
moguia razmena podataka o proizvodima kroz stand-
ardizovani model podataka kao osnove za informacio-
nu integraciju.
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* Istralivanja se odnose na strateiki projekt'CIM-modeli
za upravljanje poslovno proizvodnim sistemitna i njihov
transfer ka drugim granama indwtrije" u iijemfinarsiranju
uCestvuje Ministarstvo za nauku i tehnologiju Srbije.

Maintenance and Tribological Description of Technical
Systems in The CI1VI Environrnent

Maintenance and dingnoctics of the tibo-technical systems is one of the activilies oJ the quality cycle defined
by the ISO 9004 standards. The mentioned seies of standards imposes requirements that in the CIMITQM
company all the activities of the quality cycle must inte7rate informationally. This means that one of the CIM
subsystems rrutst be related to activities of rnainlenance and diagtloslics of the manufactuing eEdpment and
it must exchange information with other CIM subsystems.
In this paper we start from the dfinition of the adopted model of the CIMITQM company. The subsystems
stntcture essumes realization of several modules for which the needecl inputs and outputs are defined The
data base contains the large number of entities and relalians of the relational model of the data base. As an
*ample of the realized subsystern presenled is the documentation for data acquisition,'as well as the example
of the tibological desciption of the machine by the EXPRESS language by which the activities of the pans
life cycle are described by the STEP standards (Starulard for the Exchange of Product Data Model).
Kqt words: CIM, maintenznce, integratiott.

O 6 cnynxr,rBanrr e rr rpr{6 ororrlqe cxo e o[rr caulr e
TexHurrecKrrx crrcTeM u cIM cpoAe

06cnyxuaawte u dualnocwurca wpu6o[IleuHu,rccKur cucureu aeaanurca oduoti ua deawent'ttoctueil 4LtKlta
rcauectuea, oupedentunoTo cwandapwnuu ISO 9004. IIpuaed1unan cepuncwandapun frpedyewuuQopua-
tluouolo o5teduueurtfl, ace-v uepoltpunutuil Ao rcaqecutey tm ttpedupuntuuu CIM/TQI'L 3uto auaqutu, ,turo
odna ua uodcuctueu ottutocttilctt rc .uepotlpunutuau odc.nytrcuaatilut u dwtzuocutniu upouaeodcfueenno\o
o6op1fie"o,rua tt utuo o6"ueunetucn ut<pop,+a4uant c dpyiu*tu uodcucuteuauu cIM.

fe(opat pa6outu.r ttt:xodnut ua otlpedeneutn ltpuuntuofi,sodenu CIII|T}M upedupuntuun. Ctup1,rcfuypa
uodcuctueuot uodpaal'ueea-etu peanuaa4uro 6ottt tue aody"noa dna rcofroporx oitpedenanruca' uyttciirc
axodut u euaodat B 6aae datuu,a codepxuwcn 1onttruoe qucrro erTeA4.ettwoa u tnupaanenutt e€ iailpaa-
"oarculeii uodenu. D ra,tectuae ilpu-uepa peonu3osaHHoil. Eodcucweuu, ltorcasarta dorcyuentua4tun c6opo
dauatx, auecrue c uurlopua4uowrbr.u tupu1onotuaecrcuu oilucaHueu clunHtca no naurce'EXPRESS uclioia-
ayeilo.u ltptt ouucattuu cpoKo ctty,tc5u aacuurt STEP ctuatDapwant
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Erosion Resistance
of TiN Hard Coatings
Deposited by Ion
Plating

l.INTRODUCTION

The TiN coatings obtained by ion plating ensure the
protection of the surfaces against some forms of erosion
wear,

The erosion wear is specific to the valves with ball of the
bore- hole pumps which assure the oil extraction.

The oil which enters the pump contains an appreciable
quantity of sand, field water and natural gas. The flow
velocity of this mixture throught the interspace created
between the ball and the seat achieves considerable va-
lues. The raising height of the ball frorn the seat depends
mainly on the moving speed of the piston and on the
apparent viscosity of the fluid. The presence of the gas in
the fluid makes unstable the position of the ball.

The accidental change of the ball raising height makes
the flow velocity vary within very large rangers from 0 to
over 10 ms-| .The field water contains a great quantify of
resolved salts and have a proeminent corrosive action.
The corrosion products are cracky and little adhesive.

The sand in movement, having a hardness of 1400-1500
fIZ, rapidely removes the corrosion products and digs
the unprotected material. The, direct effect is the one of

Balaceanu M., Institu,te for Physics antl Technologt of
Rndiation Devicer, Bucharest-M agurele, ROMANIA
Popescu A., Tutlor L Petroleum-Gas University of Ploies$
Ploiati, ROIIANIA
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local change of the ball and seat shape. The change of
the geometric form leads to the accentuation of the
troublesome character of the flow and to the intensifica-
tion of the erosion process.

The delay of the degradation of the surface can be obtai-
ned by making the ball and the seat in stainless materials,
of a great hardness. It is to be accepted the idea of delay,
because the taking off from the material is due both to
microcutting and to the microfatigue.

The intensity of erosion by microcutting is maximum at
an impact angle of the abrasive grain rangin gfrom 18 to
35o and the intensity of the erosion due to microfatigue
is maximum at an impact angle of 900[11.

Because of the construction of the valve, such critical
angles cannot be avoided. To increase the period of
functioning, the erosion due to microcutting must be
decreased. This supposes that the eroded surfaces should
have a greater hardness than that of the sand and a high
resistance to corrosion.

The obtaining of a hardness surface more than 15@
IM7J canbe achieved byTiN ion plating. The TiN layen
has also anticorrosive qualities. Its hardness over l7M
I[Vg.1 makes the erosion processes develop only in con-
ditions of microfatigue. The erosion velocity due to mi-
crofatigue of some anticorrosive surfaces is much less
than the one due to microcuttins.

B3



2. EXPERIMENTAL DETAILS

The TN ion plating was achieved in an installation with
glow discharge electron gun of an original conception [21.
The experimental research was achieved in two stages.

The first stage - the one in laboratory - enabled us to settle
the influence of the parameters of the ion plating process
on the hardness and erosion wear of the thin films.

The erosion attempts were made on a laboratory rotating
installation. On the vertical axis of the installation is
planed a rotator like support on which three tablets are
mounted equispaced and having 'fiN covered surface
oriented under a certain impact angle of the abrasive grains.

The whole assembly is passed in a tight vat in which is the
fluid that contains abrasive particles. The working medi-
um was made up of raw oil having 25Vo freld water and
37o sand from the well with the mzximum grain structure
of 90 trtm.

In the second stage we pursued both the determination
of some characteristics of TiN coatings on the valves and
the conduct in operation, in the conditions of the well of
the plated valves.

3. R.ESULTS AND DISCUSSION

3.1TiN plated samples

Working at a constant power of the electron gun of 12.6
kW, which determines an evaporation rate of the titani-
um approximately constant (0.40 gmin-l), the samples
were plated at substrate bias voltages ranging from 1 to
5 kV and N2 flow rates from 33 to 65 c-3min-1. The N2
flow rate and the voltage applied on the substrate influence
very much the value of the TiN coating microhardness.

For a N2 flow rate of 50 cm3min'|, the optirnum micro-
hardness can be obtained at bias voltases of 3-5 kV
(Fie.1).

The dependence of the microhardness on the substrate
bias may be explained by the fact that once with the
increase of the bias voltage it is to be noted an increase
of the current density and of the substrate temperature,
that determines - as it is known [3] - the improvement of
some characteristics of the coating (compactness, dimen-
sions and orientation of the grains).

As regards the influence of the N2 flow rate, it is to be
noted the existence of an optimum field of values of this
parameter which determines the getting of films with
microhardness over 2000 I{V6.65 @ig. 2)

The attempts of erosion took place at an abrasive grain
velocity of 7. B5 rns-l an d an impact angle of 7f . The wear
was established by a gravimetricway. The variation of the

Fig. 2 Microhardness of TiN coating os a function
of Nzflaw rate (Vs - substrale bias)

Milcrotvrdota TiN prevlake kao funkciia bnine
lcetanj a N 2 (Vsprednapoit podlitge)

MuxpowpEpdocwa TUH uorcpwwua xax Qyux4ua
crcopocfuu dawrceuua (upeduaupatrcenue ootoeauun)

wear depending on the coating microhardness is presen-
ted in Fig. 3. It is to be noted a decreasing erosion wear
with the increasing rnicrohardness value.

The erosive wear is much less for the TiN covered surfa-
ces than for the uncovered ones (Fig.4)
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Fig. I Microhardness of ?iN coaring as aJunction of substrate
bias (Nz-fktw rate = 50 cnfmin-t)

Ir,lil<rotvrdota TiN prei,lake kno funkcija prednapona podloge
(brziia krerania N j=50 inf min't)
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Fig. 3 Erosion wear.as a,function.of TiN coa.ting microhardness
(v -abrasive grain v'elocity, a -impact angle, t - wear time)

Eroziona habanie kno funkciia ntilcrotvrdote TiN prevlakc
(v-brzins abrazivnih zma, a-idomi ugao, t-vremehabanja)
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Fie. 4 Erosion wear os a function of wear time
Eroi.iono habanje kao fuikrtla vreriena habania

sposuouuoe''""IzT:ii:":;:"'$vux4raapeileHu

3.2 TiN plated parts

The obtained coatings had microhardness values ranging

from1600 to 1900 Hvo.os

The coating thickness was measured by microscope, on

anormal cross-section on the layer and substrate.

The values were about 9 um on the seat and 5 um on the

balls respectively.

Functional tests

In the conditions of the well, the wear of the valve seat
begins with the removal of material from the region

immediately placed under the conicity on which the ball
is placed (Fig. 5).

The place in which a "pocket" is formed because of the
erosion will depend on the local characteristics of the
material (structure, hardness, quality of surface)

The wear continuously advances along the conicity until
a canal that makes the valve out of work is formed.

The functional tests made in the wells on a set of 10 valves
showed an increase in the lifetime of the TiN plated

Fis. 5 The flow of the fluid throuqh lhe valve with baU' 
(, - flo* velticity, H - raisingheight ol the ball)

Tok fluida J<roz ventil sa kuglicom (v- brzina toko,
H - ras tu t a a mpl il u d a la6l ic e )

Ilowox ttcudxoctuu uepea xnaltau c rtutpuKo,rl (e-cxopoctrta
iloruo rca, H - eoa pactttntouqa n a,uuttut[ty da ua puxa )

valves comparedwith the uncovered ones of approxima-
tely 3 times (from50-60 days to 130-170 days)

4. CONCLUSIONS

The research showed that by using an ion plating instal-
lation with glow discharge electron prn, TN coatings of
a high quality can be obtained, which assure an important
increase of the lifetime of the plated valves with ball
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Otpornost na eroziju TiN ivrstih prevlaka f,ormiranih jonskim pre-
vladenjem

TiN tvrdifrlmovi dobijeni stt pi irctalaciji za jonsko prevlatenje pomo&t elelctronskog piJtolja sa syetlucavim
prainieniem. Ovaj rad je namenjen prezenlaciji uticaja nekih parametara jonskog prevlaCenja (?-prednapon
podloge, ?-brzina kretanja N2), na mikrotvrdotu i otpontost na eroijtt kod TiN filmova. Kao pirnenu TiN
filmovn izabrali srno orut u naftnoj indwtriji, uglawtom kod leiiita i kuglica ventila crpnih pumpi.

3p os uonu a-fl ysro li.run srn rB iipAbtr Ti N n o xpr,rrurl
IIoJIyqeHHblx r{oHHbIM rraHecelrHeM

Ta|pdarc TulI uoxpt tuum tlonyveuu e.nerctupouttuttt Ettcfuottefroa c ceetunugtucn paopu{eHue* B ua-
ct-tnnuleil pa6owe pacc.tnutpweaetucn o.nunHue uercoutopua uapaaetnpoe uottttolo ttunecenu-n uorcputhun
(upedeapuwe_ttouoe ttatlptttrevue, cKopocfuu dawceuun) Ha t4uKpa fie\pdocfu u eposuaHHyn 

-yctuoti-

\ueocua TuH tloxpt'twttit B rca.recwee ipuuepa ucuonuaoeatttn TuII ltotcpatwuti 6amo ucciedooaHo ux
uptt"+eneuue e ne$utanafr {tpout'ruuteuuocwu, uccnedooa.nucn ilorcpuwun ileirocttrtbte uo ouopat tt uutpuKu
uod wuuu u rco a rau ua n oa acac b Be,oultu Haccoa.
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pr2. PROCEDURE ODREDTVANJA

POUZDANO STI REZNO G AI-ATA

2.1 Nedovoljno reprezentativni uzorci

2.1.1 Nedovoljno reprezentativni uzorci 5<N< 10

Za sve otkaze uzorka odreduju se medijalni rangovi po
obrascu:

(1)

gde jej - redni broj otkaza uredenih u nizu u rastu6em
poretku.

Zatvn se metodom najmanjih kvadrata odreduju kon-
stante u Weibull - ovoj raspodeli koja se primenjuje pri
analizama pouzdanosti alata.

t r (
r(t) =l -exPl-l:-l | (2)v) '

,ot=#?;t4 t["

F(
OS:

F

R0) =r -r'(t1=* yN t Q)
\r) 

'

/rf):4-4.(t) J (f' r,(
a q V/ ) "YI'I- V) 

1 s)

f--l f----l 
UDK 621.e1:6rt.t't7.16

I ll ll I s. ,EKULIC, s. B^GICEW,
llLtL-l

Metodologije v,a
odredivanje
porrzdanosti reznog
alata podrilane

\r/racunar0[n

Z

E
n(
(c
ie

g(

Sr
tu

L. t]vOD

Prikupljanje podataka o otkazima reznog alata je odgo-
voran i dugotrajan posao. Medutim, i obrada podataka
je takode zametna i ako se izvodi u rudnom postupku

zahteva, takode, znadajno poznavanje statistike kao i
obimnu obradu podataka. Da bi se olakiao rad obra-
divadu, u radu se iznose tri metodolo5ka pristupa. Pwa
dva odnose se na nedovoljno reprezentativne uzorke
N<50. Prvi za uzorke 5<N<10 i drugi za LI<N< 50.
Oba pristupa se baziraju na medijalnom rangu pri odre-
divanju funkcije raspodele. U pwom medijalni rangovi
se odreduju za we otkaze u uzorku, dok se u drugom oni
grupiSu u intervale pri demu se broj intervala krede u
granicarna 5=z<8. Tieii metodololki pristup odnosi se
na reprezentativne uzorke N>50 i N>>50, pri demu se
otkazi takode grupi5u u intervale. Za sve metodoloike
pristupe pored odredivanja funkcije raspodele otkaza
daju se i granice intervalapoverenja, na osnovrr do testa,
dije wednosti zavise od velidine uzorka za usvojenu veli-

dinu rizika a. Pored toga odreduje se srednje vreme
bezotkaznog rada.

Dr Sava Sekuli6, dipl. ing red" ptof.
Savn Bogicet,i6, dipl. htg, asislent
Irutitut za industrijske sisterne, Fukultet tehniikih nauka,
Univcrzitet u Novom Sadu
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Kada je poznato F(7,,) afunkcije raspodele (2) sledi da
j" :

I

ro=4 . i-n'F -F(r; l l7 Q).  L  J '

2.1.2 Nedovoljno reprezentativni uzorci I 1 < N < 5 0

Ova metodoloSka varijanta nastala je iz prethodne, izio-
Zene u 2.1..1. Za nju se svi otkazi grupi5u u jednake

vremenske intervale N, a za svaki od intervala zi odre-
duje se srednje vreme otkaza kao zbir svih otkaza u
posmatranom intervalu podeljen sa brojem otkaza u
njemu. Nakon toga se odreduju medijalni rangovi za
svaki od intervala, tako da se procedura sprovodi kao da
je u pitanju uzorak odz otkaza, koja je data u 2.1.1. Broj
intervala se kreie 5 <z < B, Za nereprezentativne uzorke
NS50 neke od sekvenci na ekranu redosledno do lzlaza
date su na zbirnoj slici 2.

2.13 Reprezentativni uzorci N>50 i N>>50

Pri obradi podataka zareprezentativne uzorke polazi se
od disketnih definicija pouzdanosti.

Ako se posmatra ukupno N alata i ako je nakon isteka
vremena t, N(t) broj ispravnih alata, a n(t) broj alata u
otkazu, onda se pouzdanost moLe nraziti

R(t)=# =o#t (10)

Funkcija raspodele otkaza (verovatnoia pojave otkaza)
je komplement pouzdanosti

F(t) =1 _R(t) =r _{f, :rrP

Frekvenca otkaza definiSe se kao

f0=*

gde je An broj alata u otkazu u intervalu vremena &.

Intenzitet otkaza

,r'r =t#r,r =fflj (1 3)

Pored gore navedene detiri karakteristike srednje weme
bezotkaznog rada iznosi

/V

) &'r,^ =
i=1

(14)

gde je ti-1 vreme na podetku a /; na kraju i-tog intewala
odnosno tim vreme u sredini i-tog intervala. Gornji
obrasci pogodni su m odredivanje empirijskih karakteri-
stika, a izvedeni su iz osnovnih detinicija teorije pouzda-

j

=; .) l,Ot 
-"0_r1t,,,:Y()tr,

l \  H t  I

i=l ' ' j:l

Za odredivanje velidina intewala poverenja funkcija ras-
podele otkaza primenjen je da test (Kolmogorov - Smir-

nov) gde je do = f(N,u), pri demu se varira velidina rizika

(a = 0.01, 0.05, 0.10, 0.15, 0.20). Gornja zavisnost izra-
Lena je u analitidkom obliku:

do=Co ' I { (6)

gde Co i Nzavise od a.

Srednje weme bezotkaznog radaje odredeno na osnovtt
tunkcije raspodele (2).

U intervalu (t,nir,.,r,or) je

, '-*

r(t) =;---'_:, : 
.[F\'tt (7)

-mu "rnrn 
,^n

Vrednost odredenog integrala

l . -  
.  ,B

r=llr -.-p t-fj J 11,/,
,  Y r i' n in

predstavlja povr5inu omedenu krivom F(t) u intervalu
(t^or, t^in)'

Velidina povrline odredena je primenom Simpsonovog
pravila.

'.*

FQ) = [nQ1dt =
I

gde je: k - broj intewala (k:100)'
h=(t^*ior;n)lk

F(lrr) predstavlja visinu pravougaonika iste pow5ine i
osnove lnrax- lmh Gl. 1.).

SI.I. Crafiika intemretaciia otlrediv'ania T*
C r a pl ic al in t c rp re r a t'i o n of tl e t e m t i n a t i oh o1 i,,
I paq) i r t t cc,i oc u io o i ) dJtft' H ue o u pc d e n a t t n 7",

(B)

( 1 1 )

(12)

. r  _ it r t  -N
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nosti i na osnovrr njih mogu se nacrtati histogrami pro-

mene kao i izradunati T'.

Za nesimetridan raspored frekvence koji se najdeide jav-

lja kod tehnidkih sistema najviSe je u primeni Weibull -

ova raspoclela Q).lznraza (2) sledi

Zamenom se dobijaju konstante a i b pa je

iJ =a; 7 ="*P (b;)
r/

Na osnovu gore izioZenog parametri raspodele funkcije

otkazaodreduju se grafoanalitidkim postupkom' U tom

cilju prikupljene podatke o otkazima alata (N>50), treba

svrstati ujednake intervale dt, koje obuhvataju dijapazon

otkaza lr, tako da.le

L t
; : k = c o n s t ' ;  

8 < k s 1 2

Kada je poznata funkcija verovatnoie lako se mogu odre-

cliti teorijske vrednosti pouzdanosti

(17)
(23)

(1s) /(,)=#
N(roi -F(/)i-{)

=F(t), -FQ),u Q4)

i intenzitet otkaza:

1(t):ffi

(1e)

Provera hipoteze provodi se kao u prethodnim sludajevi

ma preko d,, testa (Kolmogorov - Smirnov)'

Srednje vreme bezotkaznog rada odreduje se prema

obrascu (14)

Za reprezentativite uzorke N>50 neki od karakteristi-

dnih izlaza dati su na SL 3 (a i b)'

r(/-r(,) =*r t(ijl (15)

pa se nakon dvostrukog logaritmovanja dobija

r  I  l .
b,lk l; !;i;rl l=f 4n r -f 'tn 4 (16)

r - r-'J
oznadimo li sa

. ._ r - t , -  [  /  - l ty=m\m 
Frr( t) l l

izraz dobija oblik

y =p .x -f .lnrt

koji predstavlja pravu liniju sa uglom nagiba B i od-

sedkom 6=B ln ry. Prema tome odredivanje parametara

Weibull-ove rasp,odele moZe se svesti na odredivanje

ugla nagiba prave i odsedka u Weibull-ovom listu ver-

ovatnoCe, Polazeii od jednadine (16) koja predstavlja

pravu oblika

y =ax +b

iprimenjujuii za nju metodu najmanjih kvadrata, tj da je

zbir kvadrata pojedinih gre5aka minimalan, dolazi se do

sistema linearnih jednadina

s\ ' 
l{tt )2 -b 

)x' 
=s

/\xi 
' l i  

) 
-a 'Z\xi 

) 
-D ' ) .xi:v 

e0\
!u, -, .S,r' -b 'N =o
lJ' .a-J '

odnosno

A 1 ' a  * 8 1 ' b  : C t  
( 2 0 ' )

A 2 ' a  + 8 2 ' b  = C z

gde su

.4 ,  =S(x ,  )2 ;  l r  = !x ;  =Br ;  B t  =N;
'  . L ' , "  '  , 1 r

C,  = !  (x , ' v ; \ . '  G  =Syt
,  z - J ' ,  . , , .  "  ' z - J . .

Gornji sistem ima re5enja

Ct Bt

Cz Bz

R(t; =r -P1',

teorijska frekvenca

(2s)

B1

B2

C1

C?
B1

B2

1

2

2_

I

2

I A

I
I A
VA
I
I Ar -

tA- t - . - :

v4
I
I A
t"

, D 6
o  = ' -D '=

i
i
i

i

(21)

SL3a Neki ad elcransldh izlnza za N>50
Some of lhe scrcen c,utpuls for N>50.

Hexowooie rtr,woDu ua Saxp-utte dna N>5A
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Sl.3b Neki od ebanskih izlaza za N>50
Some of the screen outputs for N>50.
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3. ZAKIJUECI

Na osnow napred izloZenog mogu se doneti slededi
zakljudci:

> da su sa predloZene tri metodologije obuhvaiene we
velidine uzoraka,

> obrada podataka je vrlo pouzdana, precizna, laka i
brza,

> predloZene metodologije mogu se koristiti ne samo za
odredivanje p,ouzdanosti alata, ved i bilo kojeg teh-
nidkog sistema.
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Methodolory For Determination of The Cutting Tools Reliability
Supported by The Computer

In the paper are presented three methodological approaches to determination of the cuttittg tools reliability as
a fu.ncti-on of the sample size. The first treo are related to the statistically irtsttfficiently repiesentative samples,
while the third one is relate.d to representative and very latge samplis. aeiitles diterminatian of the 6asic
reliability ,indicators -(distri_bution functiory reliability, frequency,-intensity and meclium time "of 

flawless
operatbn), ryah.o.dolgA also contains lesting of lhe distibution firnctiors. Based on the developed program
sltpports- rgalized in the computer lan&tage "Turbo Pascal 6.0" the processing realized simply, ihere, Uistdes
the analytical and numerbal outpttts are also obtained the g'aphicit represeitations (his6giams and curues)
of the cutting tools reliability indicaton.
Kq words: cutting lool reliability, sample, medium time of flawless operation.

MeroguKn onp eAeJrenrrfl rr aAi:>KHo crrr pe)Kyrqero rrrrcrpyMeHTa
rroAAepx(IIBa eMbre KoMrrbroTopoM

B pa6orue usrtotceHb. utpu uodxoda oilpedeneuwo uadi;uocutu petrcyqeio uttcutpyuentua e saeucuuoctuu
ofu aenu\uuut 96pae4a. Ilepat,u daa otuuocawca rc o6paa4au ituaiuu'cmttuecrci iedoctuttnto,luo o6ocuo-
saHHbt,tl, tualda rcarc tupewufi uod-uod tcacaewcwa ituawucwuvecrcu doctuawo,ttto ilpedclilaaneuuaa
o6pae4oe u rcpytlux o6paa4oa. Ilopady c oilpedeneuuetl ocHooHbtx ilorcaeatueneil Hadcbfiiocwu (Qyuitjun
pacupeoeneHua, xadEtntocwa, uoc.[Dottatoct4o, uuttteuarcttocruo u cpednuft cporc fleeoutrcasuoit pii6oAat)
aewodurca oxaaetuarcaetu u uccnedoaanue Qyurc4uu pacupedeneuui IIa or,tieoru, paseuuioil ttpoZparui-
uori iloddeptrcKu, pearuaoaaunoil na flaarcZ-'fyp6a ilacqatt 6.0, o6pa6otirca fipoaoiulucn ouetri u1ioctuo,
upu uEa_uapady c auatutwu\ecKu-ttu tt uucnoeil,+tu eaaodauu uonyuarcwca uipaQuuecrcue ueo1piwetrui
@ucmo? pa.tqilu u rc p u e a rc ) uo rca ea tu en e fi u a d ctnt oc tuu p exy 4er o u t c m p y aeu ma.'
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