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YUTRIB'95

Cetvrta medunarodna konferéncija

Cetvrta jugoslovenska konferencija o
tribologiji odrzana je u Herceg No-
vom u hotelu "PlaZa

Septembra 1995 godine uz ucéedce !

brojnih nauénih radnika iz zemlje i

inostranstva.

Konferencja je odrZana pod pokrovi-
teljstvom

» Srpske akademije nauka i umet-
nosti,

» Saveznog ministarstva za razvoj,
nauku i Zivotnu sredinu,

» Ministarstva za nauku i tehnolo-
giju R. Srbije,

» Ministarstva za prosvjetu i nauku
R. Crne Gore i

» Univerziteta u Kragujeveu.
Sponzori konferencije bili su
» NIS - Rafinerija "Beograd", Beo-
grad,

» NIS - Fabrika maziva "FAM",
Krusevac,

» RaR, Batajnica - Beograd i~
_ » Modric¢a-Lube.

Prilikom otvaranja Konferencijel'i

predsednik Organizacionog odbora
Prof. dr Aleksandar Rac istakao je da
su prve tri konferencije odrZane u

Kragujevcu na MaSinskom fakultetu ;

1989. godine(200 ulesnika, 81 saop-i_."

Stenje), 1991.godine (102 ucesnik
70 saopStenja) 1 1993.godine (72
snika, 55 saopStenja).

"od 27 do 29

o tribologiji

Na ovogodisnjoj konfeféhélj' ri-

/javljeno je 118 radova i to 35 iz in\()\
stranstva (Grcka, Bugarska, Rumuni- \
ja, Belorusija, Rusija, Poljska) i 83 iz

skoro svih domaéih univerziteta, na-
unih instituta i vecih industrijskih

sistema. Na Konferenciji je uCestvo- ,
. valo 115 nau¢nih radnika od kojih Jc;’

18 bilo iz inostranstva. v

Uvodnapredavanja po pozivu bila su

saop§tena na plenarnoj sednici, a
ostala naucna saop3tenja odrZana su
po sekcijama.

U sekciji A koja se odnosila na Fun-
damentalne aspekte trenja i habanja
saopSteno je 12 radova. Na sekciji B
koja se odnosila na Materijale i
prevlake izloZeno je 12 radova, a u
sekciji C sopSteno je 26 radova iz
oblasti Tribologije maSinskih eleme-
nata. Nedto, manji broj radova (24)
izloZen je na sekciji D koja se odnosi-
la na Tribologiju obradnih procesa. O
dijagnostici i odrZavanju tribo-meha-
nickih sistema govorilo se na sekciji E
(prijavljeno 10 radova), a o Primeni
maziva na sekciji F (prijavijeno 15
radova).

Poslednjeg dana konferencije prezen-
tirani su rezultati istraZivanja dobije-
ni realizacijom nauéno-istraZivackih
projekata finansiranih od Ministarst-
va za nauku i tehnologiju u prote-
klom petogodiSnjem periodu i to:

od. XVII, br. 3, 1995

* Razvoj programa za modifikovanje
i regenerisanje kontaktnih slojeva
tribo-mehanickih sistema i infor-
macionih sistema,

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

* Razvoj tehnologkih osobina i ka-
rakterizacija novih legura na bazi
aluminijuma i Zeljeza.

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
ENERGIJE I MATERIJALA SMA-
NJENJEM TRENJA I HABANJA , jer
kako pokazuju poslednja svetska is-
kustva, kroz primenu postojecih i
razvoj novih triboloSkih znanja
moguée je ostvariti velike ustede
energije i materijala u proizvodnim i
transportnim procesima. U uvodnoj
reci Prof. dr Aleksandar Rac ukazao
je, pored ostalog, na neophodnost ra-
zmene miSljenja , transfer znanja i
iskustva izmedu naucnih i struénih
radnika i to na samo na konferencija-
ma koje se u ovoj oblasti sve fe§ée
organizuju i kod nas i u svetu, veé i
kroz neposredne kontakte u svako-
dnevnom radu.

Za vreme odrZavanja konferencije
uCesnicima je podeljen Zbornik si-
nopsisa prijavljenih i prihvaéenih ra-
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dova §tampanih uporedo na srpskom
iengleskom 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 izlaganje
suitina svakog rada. Stampanje zbor-
nika sinopsisa pre konferencije na
srpskom i engleskom jeziku omogu-
¢ilo je pracenje konferencije na oba
jezika bez ucesca prevodioca. Ovakav
nalin organizovanja konferencije
ocenjen je kao optimalan.

Nauéni odbor konferencje izvrSice u
toku ove godine recenziju svih
saop§tenih radova i predloZiti jedan
ograniceni broj za §tampu u Casopisu
TRIBOLOGIA U INDUSTRIII
koji ima medunarodni karakter.
Manji broj radova bice predloZen za
Stampu u Casopisu BALKAN TRI-

BOLOGY koji izdaje Balkan Tribo-
logy Association sa sedi§tem u Sofiji,

¢iji je €lan i suosnival Jugoslovensko
drustvo za tribologiju.

Na konferenciji je data informacija o
dve znadajne manifestacije na
medunarodnom planu iz oblasti tri-
bologije.

Prva informacija se odnosi na Drugu
balkansku konferenciju o tribologiji
koja se odrzava poletkom juna 1996
godine u Solunu u organizaciji Bal-
kanske triboloSke asocijacije i na ko-
joj je veé prijavljen znatan broj rado-
va iz celog sveta od Japana i Amerike
do skoro svih balkanskih zemalja.
Druga informacija se odnosila na
Svetski kongras o tribologiji koji se
odrzava u Londonu 1997 godine i u
¢ijoj organizaciji ulestvuje i Jugoslo-
vensko drustvo za tribologiju.

Pozdravnu reé uéesnicima konferen-
cije uputili su:

Prof.dr Milun Babié, ministar u vladi
R. Srbije,

Prof.dr Rajko Tomanovié, pomoénik
direktora NIS-a u ime JUNG-a,
Dejan Tomasevié, predstavnik Jugo-
slovenskog drustva za motore i vozila,
Ljuba Pavlovié, direktor hotela
"Plaza" i

Prof. dr Branko Ivkovi¢, predsednik
Jugoslovenskog drustva za tribologiju.

Prema misljenju veéeg broja u€esnika
konferencije saopsteni radovi bili su
na visokom nauénom nivou. Poseban
utisak ostavili su radovi iz balkanskih
zemalja, jer ukazuju na znaCajan raz-
voj tribologije kao nauke i tehnologi-
je o procesima trenja i habanja i na
ovim prostorima,

The Fourth Yugoslav Conference on Tribology YUTRIB'95

The Fourth Yugoslay Conference on Tribology was held on October 27 to 29 1995. in Herceg Novi, the town
at the Adriatic coast. There were 115 participants, scientific workers from Yugoslavia, Russia, White Russia,
Romania, Balgaria, Greece and Poland. Out of 118 accepted abstracis 99 papers were presented, divided into

SIX SesSions.

The Conference program included several areas of inbology that are related to the fundamental aspects of
friction and wear, tribology of machine elements, tribology of machining processes, materials and coatings,
diagnostics and maintenance of the tribo - technical systems and application of lubricants.

Yersépras IQrociasckas kondepennust no TpuGoNOrAN

Yeflisépitian 1020caa6ckan Kongepenynua 4o wpuborozuu cociionnacy ¢ 27 iio 29 oxiftanabpa e Zopode
Xepye? Hosu, naxoosavemca Ha adpuaitiuteckom iobepewve. B paboilie Konepenpu iipnanu yuacitie 115
Hayunblx paboiinuxos u3 J02ocaasuu, Poccuu, Pomanuu, Beaopycuu, Boazapuu, Ipeyuu u Hoavwu. Hs
cllla 80CceMHadyaliiu TpedvbyeneHHbIX QOKAQOUUKO8 DeaNOCIlo Oes Al 8LICIIYAUAL CO CBOUMU DOKAAOKA-
Mu. Pabotua Kongpepenyuu iposodunaca 8 wectiiu paGouux Zpyiiiax.

Ha Kongpepenyuu obcymdaaucy ecipocs:, xacaiouyuecs pasnoix obaaciiied wipubonozuir: gyndamen-
wanvhble acliexilivt Wpenust U usnawusanus; wpubonoiua deidaneit maw,; 80Lpocu liapuborozuveckux
upoyeccos o6paboitixu, Mailiepuanod 1 Hoxpuiliull; Ipobaempt Ouaznociiiuxy u obcay;usanun Wpubome-
XAHUYECKNX CUCITEM U UCTIONBIOBANUE PA3AUNHBIX CMA30K.
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D. K. BOUZAKIS. N. M. VIDAKIS

An Evaluation Method
of Thin PVD Films

Adhesion, Using
The Impact Test

ISTRAZIVANJA

and A FEM Simulation
of The Contact Response

1. 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-
vity 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 loads. 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, curves of contact load
capacity versus number of impacts have bean established
for various combinations of coatings - substrates. Results
of such tests are shown in fig. 2 [I].

Professor Dr. -Ing. habil. Bouzakis K -D.,
Research Assistant Dipl. -Ing. N. M. Vidakis
Aristoteles University of Thessaloniki (AUT),
Dept. of Mechanical Engineering
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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 for various 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.
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MAGNET COIL
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Fig. 1: Principle of the impact test
Princip udarnog testa
[punyuit ucllsiiianus na ydap
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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
stiffness of the coating substrate compound, even if it has
considerably higher elasticity modulus in comparison to
the substrate material. Thin coatings 1-8 fum] 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 loads 50-120
[daN] are applied onto the coated compounds. Conside-
ring the radius (Rp=2.5 [mm]) and the material proper-
ties (Ep=65000 [daN/mm?], vy=0.2) of the cemented
carbide spherical indentor, such loads can lead to nomi-
nal Hertzian pressures from 600 to 1000 [daN/mm?].

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,,,4. Such
nominal stress cause extended plastical deformation of
the soft substrate. The problem of plastical deformation
in Hertzian contact cases, hasbeen examined analytically
for the axisymetric problem of the homogeneous isotro-
pic elastic-plastic half space [10] and by means of FEM
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calculations for the plane problem of a rigid cylinder
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 one a, p.,r, and the normal maximum Hertzian
pressure Pp, per; normalized to the shear yield stress K,
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:

« L5Fp,

max — 2

7-(a,)

()

Consequently the modified semi-elliptical pressure dis-
tribution is of the form:

(2)

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

2. IMPACT TEST ON COATED
SPECIMENS

The tested specimens have been inspected by means of
profilometer and 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 crater 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 [um] thickness.

Tribologija u industriji, god. XV1I, br. 3, 1995



Fig. 3: SEM picture of impact tested TLAICN coating on 100Cr6
subsirate, Fuax=75 [daN], N=8x10° impacts.
SEM slika udarno testirane TiAICN previake na
100Cr6 podlozi, Fax=75 [daN], N=8x1(° udara
CEM pucynok uciibuianuf Ha yoapu: ilokpuiiiiua TIAICN
na ocnosanuu 100Cr6, Fmax = 75 [dN], N = 810° yoapa

300
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250
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Fe

100
Ti

Fe

50 _J,___..'

L L 13 i
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>
=
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Fig. 4: Micro spectrum analysis of impact tested
TIAICN coating within the contact region
Mikrospektralna analiza udarno testirane
TidICN previake u okviru kontakine zone
Muxkpocilexiipanbrbiii anaau3 uciivillanun
na yoap toxpoitiun TiAICN e 3one xoniuaxiua

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
hasbeen 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 2 [xzm] 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

Tribologija u industriji, god. XVII, br. 3, 1995

Fig. 5: SEM picture of impact tested MoN coating on
100Cr6 substrate, Fnax=50 [daN], N=4x10* impacts.
SEM slika udarno testirane MoN previake na
100Cr6 podlozi, Frax=>50 [daN], N=4x10* udara
CEM pucynox uctiviiianun na yoap MoN loxpuitiun
na ocrosanuy 100Cr6, Frmax= 5 [dN], N=8&1(¥ 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

500
cps Mo

400 _

300 _

200

100

0 2 4 6 8 10
Energy [keV]

Fig. 6: Micro spectrum analysis of impact tested
MoN coating, within the crater central area.
Mikrospektralna analiza udarno testirane MoN
previake u centralnof zoni kratera
Mukxkpociiexiipaablibiil ananu3 uclvilanus Ha
yoap MoN tloxpuitiua 6 yenilipanbroll 3uHe Kpaillepa
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Fig. 7: Micro spectrum analysis of impact tested
MoN coating, adjacent 1o the central area
Mikrospektralna analiza udamo testirane MoN
previake, u zoni bliskoj centralnoj
Mukpociiexiipanvhbiil AHANU3 UCHLITIAHUA HA
ydap MoN floxpbiliua e loOyenilipanbHoll 30ne

most pressed by contact surface loads. Thus, in the first
case (TIAICN 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)-a; 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 SIMULATION

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. Taking 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 impact test. The
surface nodes that fulfill the equation:

X2
— <1 3)

(@5)
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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 simulating 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 elastic without 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 yield criteria, each with an appropriate yield
stress and 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, and continuing through five stress-
strain points,

The axisymetric model has been built in terms of multi-
ples of a, in a way to represent conveniently the axisym-
etric half space. 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 calculation 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 simulation of the impact test.

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

TABLE 1: Material properties used for the calculations

£ Waterial | € {daNimm2] |
indentor Hard metal 65 000 0.23
coating 1 MoN 30 000 0.23
coating 2 TIAICN 38 000 0.23
substrate 100Cr6 21 000 0.30

The yield stress of the specially heat treated 100Cr6 steel
is 135 [daN/mm?].

Tribologija u industriji, god. XV1, br. 3, 1995
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Fig. 8: Equivalenl stress contours of the coating- substrate
compound for the loading stage
Linije ekvivalentnog napona para previaka-podloga
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Fig. 9: Equivalent stress contours of the compound
for the relaxation stage
Linije ekvivalentnog napona para u fgzi bez optereéenja
JIunuu sxeusanenilino?o Halpaxenust Uapot 8
HEHAZDYXCEHHOM COCTUOANLL

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 llustrated in fig. 8. The same behaviour is illustrated
in fig. 9 for the relaxation stage.

The model represents the case of 100Cr6 coated with
TiAICN of 2.5 fum] thickness, for impact load 75 [daN].
The nominal Hertzian radius of the contact circle and the
surface pressure in this case are a, s, =0.206 [mm] and
Praxhertz=516. 3 { daN/mm?] respectively, whereas the
corresponding modified values due to the plastical defor-
mation are aj = 0.262 [mm] and Py, *=872 [daN/mm?]
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
loads.
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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 observed
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. 11 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
Zero.
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Fig. 10: Tpnax stress contours of the coating substrate com-
pound, for the loading stage
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Fig. 11: Tinax contours of the coating substrate compound,
for the relaxation stage
Linije rapona Tmax spoja prwflka-podloga
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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-coordinate.

This information is given for the surface as well as the
interface. The horizontal axis represerits a movement

from the center of the contact circle equal to 2-a}; parallel
to surface. The equivalent stress distribution along sur-
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face and interface is also shown. The according results
for the relaxation 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 endangered 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.

The 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 values 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 compose Tpay, are oy and oy and is
calculated by means of the following equation:

Tiax = 0.5(0y 'Uy) (4)

The distribution 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

about 0.25-a; away from the center. Then T,y starts
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Fig. 14: Maximum shear stress along interface,
during the loading stage
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increasing up to the vicinity of the contact circle where
the absolute maximum appears.

This stress component is a potential failure factor that
often causes adhesive fracture of the coding by destroy-
ing bonds between coating and substrate deve oped du-
ring the sputtering procedure. The alternate shearing
during loading and relaxation stages may caus: surface
damage of the surface even if it is uncoated [15,16].

This behaviour of the Ty, a seems to affect MoN coating
that has poor adhesion to the substrate material. Thus, this
altercating shear stress destroys the links of MoN film
with the substrate material within the area 0.25-a}-ag.
When coating fails due to fatigue at the vicinity of the
contact circle, owing to the high alternating tensile stres-
ses developed there, the delamination is unavoidable.
The above described failure procedure is visible in the
SEM picture presented in fig, 5.

Failure modes like chipping (cohesive failure) or comple-
te delamination (adhesive failure) of the coating 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
Fmax-N), are used for alternating stress situation that
has azero 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 circumference of the contact circle and shear

stresses developed at the interface in between 0.25a,

and ap. 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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ZARKO SPASIC

Odrzavanje i
triboloski opis
tehnickih sistema
u CIM ambijentu®

1. UVOD

Kompjuterski integrisani tehnoloski CIM-sistemi (CIM
- Computer Integrated Manufacturing) integriSu sve
kompjuterizovane aktivnosti jednog preduzeéa. Aktiv-
nosti funkcija odrZavanja i dijagnostike razvijaju se u
okviru odgovarajuéeg CIM-podsistema koji sadrZi 10
modula. U projektovanju informacionih CIM-podsiste-
ma usvojena 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
sve aktivnosi integralnog upravijanja kvalitetom proizvo-
da i usluga (TQM - Total Quality Management). Zbog
toga se u ovom radu posmatra CIM/TQM preduzece u
kome se problem metrologije znatno proSiruje integraci-
jom menadZmenta i kvaliteta na svim nivoima poslovanja.

U radu se polazi od modela CIM/TQM sistema, prikazu-
ju moduli CIM-podsistema za odrzavanje i dijagnostiku
i daju primeri iz industrije.

2. ODRZAVANJE I CIKLUS KVALITETA

Aktivnosti ciklusa kvaliteta u ukupnom poslovanju
CIM/TOM preduzeca definisane su redosledno i kvali-
tativno standardom ISO 9004. Te aktivnosti utiCu na
kvalitet proizvoda i usluga, a na slici 1 prikazane su
segmentima kruga/ciklusa. To su Marketingi istraZivanje
trZifta, Razvoj proizvoda, Nabavka, Proces planiranja,
Proizvodnja, Provera i testiranje, Prodaja i distribucija,
Instalisanje i rad, Tehni¢ka podr$ka i odrzavanje i Ukla-
njanje nakon koriSéenja.

Zarko Spasi¢
Mafinski fakudtet Univerziteta u Beogradu
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ISTRAZIVANJA

Informaciona integracija CIM/TQM preduzeéa podra-
zumeva komponovanje CIM-podsistema i CIM-modula
integrisanom bazom/podataka znanja kao jedinstvenim
informacionim resursom. CIM- podsistemi su prikazani
prema segmentima ciklusa kvaliteta, a jezgro posmatra-
nog modela predstavljaju TQM-aktivnosti [1]. Jos u fazi
projektovanja projektant/konstruktor proizvoda uzima u
obzir pogodnost proizvoda za odrzavanje. CIM-podsiste-
mi i moduli upravljanja proizvodnjom u bliskoj su vezi sa
aktivnostima organizacionih jedinica odrZavanja. Na os-
novu tehni¢ke dokumentacije vrsi se instalisanje i poCinje
eksploatacija proizvoda u realnim uslovima. Podsistem
odrZavanja instalisane opreme zahteva odgovarajucu
bazu podataka, a inteligentne komponente i bazu znanja.

MARKETING

RAZVGJ PROIZVODA

NABAVKA

INSTALSANJE
I RAD PAKOVANLIE
SKLADISTENJE

PRODAJA | DISTRIBUCIJA

Slika 1. Odriavanje i ciklus kvaliteta (ISO 9000)
Maintenance and quality cycle (ISO 9000}
Obcaywusanue u yuxa kavecitiea (ISO 9000)
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3. INFORMACIONI CIM/TQM PODSISTEM

CIM/TQM podsistem za odrzavanje sa dijagnostikom
realizovan je za potrebe nekoliko industrija [2] polazeci
od referentnog CIM-modela Masinskog fakulteta Univer-
ziteta u Beogradu kao i referentnog CIM OSA modela,

Razmatrani informacioni CIM/TQM podsistem izveden
je na modularnom principu projektovanja sistema otvor-
enih za povezivanje tako da su zadovoljene hijerarhijske
relacije CIM-sistema sa CIM-podsistemima, modulima i
segmentima.

CIM-sistem integriSe sve CIM-podsisteme preduzeéa
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, uspostavijenog CIM-koncepta i informacionog
sprezanja sa ostalim CIM-podsistemima. Moduli su niza
hijerarhijska jedinica projektovanog CIM-podsistema.
Predstavijaju kompjuterizovane celine sa definisanim
ulazima (baza podataka, baza znanja, dokumentacija,
parametri obrade podataka, zahtevi za transferima infor-
macija, ugradeni aplikacioni sistemi) i izlazima (modifi-
kovana baza podataka, dopunjena baza znanja, doku-
mentacija, izlazni izve§taji, zahtevi i potvrde transfera
informacija). Modutli se realiznju u viSe segmenata koji
predstavljaju neku logic¢ku celinu.

Projektovani CIM-podsistem sastoji se od konvencional-
nih i inteligentnih CIM-komponenti. Osnova za projek-
tovanje konvencionalnih komponenti je raspoloZivi si-
stem relacione baze podataka. Osnova za projektovanje
inteligentnih komponenti je software-alat za projekto-
vanje ekspert sistema sa odgovarajuéom bazom znanja.

Na slici 2 prikazana je struktura CIM-podsistema sa
logi¢kim redosledom uvodenja modula i potrebnim ula-
zima/iziazima. Moduli nose nazive: Oznacavanje Cinilaca
poslovanja za odrzavanje i dijagnostiku; Baza podataka
za odrzavanje 1 dijagnostiku; Planiranje funkcija iresursa
za odrZzavanje; Struktura odrzavane opreme; Tehnologija
odrZavanja; Poslovanje rezervnim delovima; Upravljanje
nalozima za odrZavanje; Zastoji opreme; TroSkovi odr-
Zavanja i Statistika odrZavanja i dijagnostike. U daljem
tekstu sazeto se navode osnovne karakteristike svakogod
ovih modula.

Modulom Oznadavanje ¢inilaca poslovanja za odrZava-
nje i dijagnostiku obezbeduje se jedinstveno oznafavanje
svih ¢inilaca poslovanja sa kojima posluju organizacione
jedinice odrZavanja. Modulom Baza podataka za odr-
Zavanje 1 dijagnostiku unose se podaci koji se u kasnijoj
fazi integriSu sa znanjem definiSuéi time informacioni
resurs.

Planovi se prikazuju v vidu tabela koje se formiraju
software-alatom za cbradu tabela (LOTUS 1-2-3, Excel,
Plan-Perfect i sli¢no) $io omogucuje tabelarno prikazi-
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vanje podataka i razne vrste izraCunavanja podataka po
horizontali i vertikali. Takode su mogudi razli¢iti prikazi
grafickih izlaza (stubicasti dijagrami, histogrami, kruZni
histogrami i grafikoni trendova). Planovi se defini$u mo-
dulom Planiranje funkcija i resursa za odrZavanje koji je
primenjenim software-alatima kompatibilan sa prethod-
nim modulom kojim se formira baza podataka.

Modulom Struktura odrZavane opreme definiSe se deli-
miéna struktura opreme ili uredaja za odrZavanje. Deli-
mi¢na struktura obuhvata samo one sklopove, podsklo-
pove i delove koji podlezu nekoj od intervencija
odriavanja (pregled, kontrola, dijagnostika, ispitivanje,
zamena, podmazivanje, remont i dr.). Struktura opreme
defini$e koli¢inski i hijerarhijski odnos navedenih kom-
ponenti. Na slici 3 dat je primer delimiéne strukture
matina M-1 i M-2 koje imaju neke iste ugradene delove
(na primer, leZajevi). Koristeéi navedene delimicne
strukture dobijeni su izve§taji o sastavnicama (struktur-
na, modularna i koli¢inska) kao i o pregledima ugradnje
(takode strukturni, modularni i koli¢inski). Strukturne
sastavnice i pregledi ugradnje odnose se na celu defini-
sanu strukturu. Modularne sastavnice i pregledi
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Slika 2. Moduli CIM/TQM podsistemna
Modules of the CIM/TOM subsystem
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ugradnje odnose se na jedan definisani nivo ugradnje.
Izvestaji o koli¢inskim 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 Kasifikacionu grupu
odreden je redosled intervencija, izvrSioci, frekvencija
intervencija kao i pretpostavljeno vreme intervencije.
Time je omoguéeno da se izvr§i sortiranje intervencija po
izvr¥iocima i frekvencijama intervencija kako bi se pri-
premila potrebna dokumentacija. Ekspert sistem se ko-
risti za ekspertize u ispitivanju i dijagnostici na osnovu
integrisane baze podataka/znanja.

Modulom Poslovanje rezervnim delovima omoguéen je
uvid u trenutno stanje rezervnih delova po magacinima.
Za odredeni deo, izveStaj se daje na ekranu terminala
dok se za ceo magacin §tampa zbirni izve§taj. Zahtevi za
nabavku standardnih ili izradu nestandardnih rezervnih
delova dobijaju se na osnovu parametara za upravljanje
zalihama rezervnih delova. Modul takode signalizira pre-
komerne kao i dugo neupotrebljavane rezervne delove
uz sratunavanje vrednosti ovih zaliha.

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

Modulom Zastoji opreme predvideno je pracenje zastoja
opreme po pojedinim maSinama kao i organizacionim
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Slika 3. Sastavnica maSina za odrzavanje
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jedinicama u kojima su instalisane odgovarajuée grupe
masina. Zastoji se spreZu sa uzrocima $to zahteva azurno
vodenje baze podataka sa formiranjem svih potrebnih
entiteta i relacija.

Troskovi odrzavanja dobijaju se pretraZivanjem podata-
ka i izveStavanjem u okviru posebnog modula. Tro8kovi
se definiSu prema poslovanju organizacionih jedinica a
treba da obuhvate ugradeni ili potroSeni materijal i iz-
vr§eni rad. Troskovi se vezuju za masinu, grupu masina
ili organizacionu jedinicu. Njihovo uspesno pracenje ta-
kode zahteva aZurno vodenje baze podataka.

Statistika odrzavanja kao poseban modul projektovanog
CIM-podsistema zahteva primenu odgovarajuéeg soft-
ware-alata (npr. SQC, STATGRAPHICS i dr.). Ovi pa-
keti omogudéavaju sva statisticka izraCunavanja, primenu
velikog broja parametarskih i neparametarskih statisti-
¢kih testova, kao i ostale analize neophodne u kontroli
kvaliteta.

4. PRIMERI IZ INDUSTRIJE

U postavljenom konceptu CIM/TQM preduzeéa potre-
bno je realizovati CIM-podsistem ODRZAVANJE I DI-
JAGNOSTIKA prema zahtevima JUS ISO 9000 stand-
arda. Na slici 4 prikazani sy formati dokumenata za
prikupljanje i ulaz podataka. Dokumentom Pregled sta-
nja (UP12) upisuju se rezultati provera na objektima
odrZavanja. Radni nalog (UP13) je dokument za sve
intervencije odrzavanja (kvar, planske popravke, rekon-
strukcije). Ulaz podataka o mestima podmazivanja obje-
kata odrZavanja kao i izve$taj o podmazivanju prikazani
su dokumentima UP24 i UP25.

Na slici 5 prikazan je izlazni izve§taj Karta podmazivanja.
Za odredenu masinu se daju mesta podmazivanja, odgo-
varajue 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-
nja, Za izabranu masinu i za svako njeno mesto podma-
zivanja daje se ident broj maziva/ulja sa datumom pod-
mazivanja, vrstom intervencije i koli¢inom maziva/ulja.
Na kraju izveStaja se daje zbir koli¢ina po vrstama mazi-
va/ulja koje se uporeduju sa planiranim koli¢inama.

Dokumentacija za prikupljanje podataka prilagodena je
poslovanju kako bi se direktno koristila pre nego $to se
aZurura integralni informacioni resurs CIM/TQM pre-
duzeda.

5. TRIBOLOSKI OPIS PROIZVODA STEP
STANDARDIMA 1 EXPRESS JEZIKOM

Informacioni opis proizvoda za ceo njegov Zivotni ciklus
definiSe se STEP standardima (ISO 10303) (STEP -
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CIM{TQM preduzece TOPIS 6.0/rb. Datum:
0DR§AVAN8E CPli: Odrzavanje i diea(nostlka 10/06/95
Copyright MCMXCV, MF-Bgd/SV

KARTA PODMAZIVANA
Ib. magine: 12103009 Naziv: STRUG PIREX-32

fB 8r
MP Mesto podmazivanja NP P Vrsta maziva n. E f mu mu mu

01 REZERVOAR VRETENI%

TA CC 1 HD-50 IN2M 1
02 REZ. MENJACKE KUTIJE CC 1 HD-50 IN2M 1

Slika 5. Format izve$taja "Karta podmazivanja"
Form of the report "Lubrication card
Bedomociuv "xapitla cuasvisanua”

CIM%TQM preduzete TOP1S 6.0/rb Datum:
ODRZAVANJE CP1l: Odrzavanje i diga nostika 14/06/95
Copyright MCMXCV, MF-Bgd/Sv
EVIDENCIT JA PODBMAZIVANA

Id.broj RB [d.br. DBatum vr

maSine MP Mesto podmazivanja maziva podmaz. in Kol. UM

12103009 0! RCZERVOAR VRETENISTA 900090 15/11/94 7 2.250 1
30/11/94 D 0.350 1
15/12/94 P 1.500 1

Slika 6. Format izveitaja "Evidencija podmazivanja"
Form of the report "Lubrication evidence"
Popma BeloMocTH " Y u€T cMaspiBaHus "

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

REZ. DEO
"struktura” Qaba se

MESTO
P\’IASINA ——(Ima >-POD1\«£AZ,
<€()dmazuje>

ULIE/
MAZIVO

b _masine
haziv_masing

fanska
cohiding

Slika 7. Baza podataka za triboloki opis proizvoda
Data base for the tribological description oﬁhe product
Basa panmwix gias T pHOOIOrHYeCKoro
OINCaIs MPOU3BOJCT Ba
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—(] STRING , :
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&
planirano za MAZIVOY/
ULIE
N id_broj T
d s [ - ”
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(=]
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id_broj
d string | o= )

Slika 8. Exspress predstaviljanje baze podataka
Express representation of the data base
Cropocilinoe iipedcitinanerue 6a3bt JaHHbLX

finiSu se meduprostori (interface) za CIM/TQM integra-
ciju. "Neutralnim" opisom proizvoda u odnosu na komp-
jutersku opremu raznih proizvodada omoguéena je
razmena podataka unutar CIM/TQM preduzeéa kaoiu
njegovom poslovnom okruZenju.

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

SCHEMA base:

ENTITY masina;
ib_ma3ine: STRING:
naZiv _maSine: STRING:
klas_bBroj: STRING:

UNTQUE
un} = ib.masine;

END_ENTITY;

ENTITY mesto podmazivanja;
pripada: masina:
redni_broj: INTEGER:
naziv_m_pod: STRING;
kolicTnd: REAL ;

END_ENTITY:

ENTITY mazivo_ulje:
planirano 7a: masina;
podmazujer mesto podmazivanja;
ib maz_ul je: STRING:

[QUE
und: ib maz ul je:
naziv_mu:~ ~ STRING:
standard: SIRING:
kb mu: STRING:

END_ENTITY;

ENTITY date:
day: INTEGER :
month: INTEGER:
ear: INTEGER;

WHERE
days ok: 1 <= day <= 31{:
months ok: I <= month <= 12}

END_ENTITY:

END_SCHEMA:  -- base schema

Slika 9. Shema posmatranog primera
Sheme of the considered example
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ka sadrZi tri glavna entiteta i pet relacija. Za entitete su
navedeni osnovni atributi koji ¢e 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 svim 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. ZAKLJUCAK

» Kompjuterizacija aktivnosti odrZavanja i dijagnostike
tehni¢kih sistema podrazumeva informacionu integra-
ciju preduzeéa u CIM ambijentu.

» CIM-sistem preduzeca sastoji se od integrisanih CIM-
podsistema i CIM-modulima koji sadrZe konvencio-
nalne i inteligentne CIM-komponente.

» Postavljeni zahtevi standarda ISO 9000 podrazumeva-
ju modifikaciju CIM-koncepta, informacione infra-
strukture i baze podataka kroz usvojeni model
CIM/TOM preduzeéa.

» Definisanje triboloSkog opisa proizvoda principima
STEP standarda i konvencijama EXPRESS jezika do-

prinos je standardizaciji CIM meduprostora. Time je
moguéa razmena podataka o proizvodima kroz stand-
ardizovani model podataka kao osnove za informacio-
nu integraciju.
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Maintenance and Tribological Description of Technical
Systems in The CIM Environment

Maintenance and diagnoctics of the tribo-technical systems is one of the activities of the quality cycle defined
by the ISO 9004 standards. The mentioned series of standards imposes requirements that in the CIM/TOM
company all the activities of the quality cycle must integrate informationally. This means that one of the CIM
subsystems must be related to activities of maintenance and diagnostics of the manufacturing equipment and
it must exchange information with other CIM subsystems.

In this paper we start from the definition of the adopted model of the CIM{TQM company. The subsystems
structure assumes realization of several modules for which the needed inputs and outputs are defined. The
data base contains the large number of entities and relations of the relational model of the data base. As an
example of the realized subsystem presented is the documentation for data acquisition, as well as the example
of the tribological description of the machine by the EXPRESS language by which the activities of the parts
life cycle are described by the STEP standards (Standard for the Exchange of Product Data Model).

Key words: CIM, maintenance, integration.

OO0 ciryKIBanne H TPUGOIOrHYECKOE ONMCAHME
TexHnyecknx cucreM B CIM cpene

Obcaywusanue u duaznociiiuxa Wpnbo fiexHuHecKUX CUCTeM REAAIOTICH 0OHOI U3 OealieAvHoCTliel YUKAQ
Kkaueciusa, olipedenénrnoo cilandapiiam ISO 9004. [Tpugedénnas cepus ciuandapitia wpebyeill unpopma-
KUOHOZ0 0OBEOUHENNUA 8CEX MEPOUPUAITNG [0 Kayecilgy na ipedipunitiuy CIMITQM, Do suavuil, witio
00Ha U3 HOOCUCITeM OMHOCUIHCS K MEPOUDUATTIUAM 06CAYICUBANIUR U OUAZHOCTIUICH [pou38odCciiseHnozZo
obopydosanun 1 4itio obmenfelicn un@opsanuamu ¢ Opyumu iodcuciiemamyu CIM,

Asltiopb: paboilibt ucxoORM Uz olipedenenus Apunaimioi modeau CIM/TOM apediipunitiua. Cilipyxiliypa
loocucitiemst lodpasymeeaelll peanrusayuio 6oavwe Modynoe Ol KOWOPHIX OUPedefiofiic HyxHbie
8x00bt u 6b1x00bL. B 6aze dannvix codepycuilicss 6oaviuoe YucAo saementiios u Haiipasnenuii eé Haipas-
agiowels Mooeau. B xaveciise fipumepa peanu3osannoii odcuciiiems, HOKa3aHa ooxymenitiayun cbopa
Oanbix, 6Mecilie ¢ UMpOP MALUOHHBIM THPUBOAOTUMECKUM Ollucanues ciliarka na savuce EXPRESS uciioab-
3yemoM lipu onucanuu cpoxa caywbyt wacitieiit STEP cfiiandapiiiamu.
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M. BALACEANU, A. POPESCU, I. TUDOR

Erosion Resistance
of TiN Hard Coatings

Deposited by lon
Plating

1. 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 from the seat depends
mainly on the moving speed of the piston and on the
apparent viscosity of the fluid. The presence of the gasin
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 quantity 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
HYV, rapidely removes the corrosion products and digs
the unprotected material. The, direct effect is the one of

Balaceanut M., Institute for Physics and Technology of
Radiation Devices, Bucharest-Magurele, ROMANIA
Popescu A., Tudor I. Petroleum-Gas University of Ploiesti,
Ploiesti, ROMANIA
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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 ranging from 18 to
35° and the intensity of the erosion due to microfatigue
is maximum at an impact angle of 90°[1].

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 1500
HV y can be achieved by TiN ion plating. The TiN layers
has also anticorrosive qualities. Its hardness over 1700
HVj ; 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 microcutting,
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2. EXPERIMENTAL DETAILS

The TiN ion plating was achieved in an installation with
glow discharge electron gun of an original conception [2].

The experimental research was achieved in two stages.
The first stage - the one in Jaboratory - 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 TiN 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 25% field water and
3% sand from the well with the maximum grain structure

of 90 um.

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. RESULTS AND DISCUSSION

3.1 TiN 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™!), the samples
were plated at substrate bias voltages ranging from 1 to
5kV and N flow rates from 33 to 65 cm°min’!, The N,
flow rate and the voltage applied on the substrate influence
very much the value of the TiN coating microhardness.

For a Ny flow rate of 50 cm’min’, the optimum micro-
hardness can be obtained at bias voltages of 3-5 kV

(Fig.1).

(1

g

g
N

Microhordness Wo.ps

o
3

" Sbstate sios (v

Fig. 1 Microhardness of TiN coating as a function of substrate
bias (N2 flow rate = 50 cm®min-t)
Mikrotvrdoéa TiN previake kao funkcija ;)redna ona podloge
(brzina kretanja N3=50 cm min'l,fJ
Muxpoilipépdocitic TuH floxpuilius 6 hynryuu
ApeOHAUPANEHUA OCHOBANUA (CKOPOCITbL
Osunceriua Nz = 50 emdmin’T)
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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 N, 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 HV) g5 (Fig. 2)

The attempts of erosion took place at an abrasive grain
velocity of 7.85 ms™! and an impact angle of 75°. The wear
was established by a gravimetric way. The variation of the

]
Vo= dxv

2000 |-

000 '// \\

7] 77 50 60
Ny Flow rafe fcm3/mrin)

Microfiordness Hg.os

70

Fig. 2 Microhardness of TiN coating as a function
of N2 flow rate (Vs - subsirate bias)

Mikrotvrdoca TiN previake kao funkcija brzine
kretanja N2 ﬁ?/_fz;rednapon podloge)
Muxpoiupépoocius TuHl doxpuiliua xax pynkyus
ckopocitiu Osuwenun (pednaiipaxenue 0OCHOBAHUA)
wear depending on the coating microhardness is presen-
ted in Fig. 3. It is to be noted a decreasing erosion wear

with the increasing microhardness value.

The erosive wear is much less for the TiN covered surfa-
ces than for the uncovered ones (Fig. 4)

V=785 mfs
2 K= 75°
t = 50 .
=
R 15[
< \
S
°§) ! \
I * *
S o5 T
&
800 200 377} 2000 2490 7500
Mbroégmﬁmm HVo.05

Fig. 3 Erosion wear as a function of TiN coating microhardness
(v -abrasive grain velocity, a -impact angle, t - wear time)
Eroziono habanje kao funkcija mikrotvrdoée TiN previake
(v-brzina abrazivnih zma, a-udami ugao, t-vreme habanja)
Ipoauonnoe usnatuneanue Kax QyRKyun
Murpotlisépdociuu Tull iokpuidiina (8-cropociiis
abpasusnoio 3epna, a-yian yoapa, M-epema iznosa
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Fig. 4 Erosion wear as a function of wear time
Eroziono habanje kao funkcija vremena habanja
3posuonnoe usnawusanue Kax GyHKYIA 8peMenl
USHALEAHUA

3.2 TiN plated parts

The obtained coatings had microhardness values ranging
from 1600 to 1900 HV o5

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

Fig. 5 The flow of the fluid through the valve with ball
(v - flow velocity, H - raising height of the ball
Tok fluida kroz ventil sa kuglicom (v- brzina to
H-rastuéa amplituda kuglice)
Hofllox wudxociiu wepes xaaiian c wapuxom (8-cxkopociliv
iloitioxa, H-so3pacfiaiouyan amilauitiyda wapuxa)

valves compared with the uncovered ones of approxima-
tely 3 times (from 50-60 days to 130-170 days)

4. CONCLUSIONS

The research showed that by using an ion plating instal-
lation with glow discharge electron gun, TiN 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 ¢vrstih prevlaka formiranih jonskim pre-

vlacenjem

TiN tvrdi filmovi dobijeni su pri instalaciji za jonsko prevladenje pomoéu elektronskog pitolja sa svetlucavim
praZnjenjem. Ovaj rad je namenjen prezentaciji uticaja nekih parametara jonskog previadenja (?-prednapon
podloge, ?-brzina kretanja N2), na mikrotvrdoéu i otpornost na eroziju kod TiN filmova. Kao primenu TIN
filmova izabrali smo onu u naftnoj industriji, uglavnom kod leZista i kuglica ventila crpnih pumpi.

Jposnonnas ycroiunserb TBEPAbIX TiN moxkperrnii
NOJYYEHHbIX HOHHBIM HAaHEeCeHneM

Teepobie TuH foxpouiiug Hoayvenbt 30eKiApOHNbIM QUCTHONETIOM C CEelUAUMUMCR paspaxceniem. B na-
cluoaweli pabollle paccMalipLi8aetlic s BAUARUE HEKOOPLIX RAPAMEIIPO8 UOHNOZ0 HAHECEHUA TOKPBLITIUA
(ipedeapuilienvnoe naiipsxenue, ckopociiv OBUNEHUR) HA MUKPO [HaépOOCill U 3POIUOHMYIO YCIHOLi-
uugocitde TuH Gokpuutivui. B kavecidse lipumepa uciionvsoganun TuH Goxpuiliiuii 66110 uccaedosano ux
Upumenenue & nedlancil BpoMbIUAEHHOCIAU, UCCAe00BANUCH HOKDBLUTUA HAHOCUMBIE HA OFIODbL U LUAPUKL
HOOWUIINUKO8 KAQLIAHO8 8CACHIBEIOWLUX HACCOE.

Tnibologija w industriji, god. XVIL, br. 3, 1995

85



v

ISTRAZIVANJA

UDK 621.91:681.177.16

S. SEKULIC, S. BOGICEVIC

Metodologije za
odredivanje
pouzdanosti reznog
alata podrzane

racunarom

1. UVOD

Prikupljanje podataka o otkazima reznog alata je odgo-
voran i dugotrajan posao. Medutim, i obrada podataka
je takode zametna i ako se izvodi u ru€nom postupku
zahteva, takode, znacajno poznavanje statistike kao §
obimnu obradu podataka. Da bi se olakS$ao rad obra-
divadu, u radu se iznose tri metodolo§ka pristupa. Prva
dva odnose se na nedovoljno reprezentativne uzorke
N=<50. Prvi za uzorke 5sN=<10 i drugi za 11<N=< 50.
Oba pristupa se baziraju na medijalnom rangu pri odre-
divanju funkcije raspodele. U prvom medijalni rangovi
se odreduju za sve otkaze u uzorku, dok se u drugom oni
grupiSu u intervale pri ¢emu se broj intervala krece u
granicama 5=<z=<8&. Treéi metodoloski pristup odnosi se
na reprezentativne uzorke N>50 i N>>50, pri emu se
otkazi takode grupidu u intervale. Za sve metodoloske
pristupe pored odredivanja funkcije raspodele otkaza
daju se i granice intervala poverenja, na osnovu d,, testa,
Cije vrednosti zavise od veli¢ine uzorka za usvojenu veli-
¢inu rizika a. Pored toga odreduje se srednje vreme
bezotkaznog rada.

Dr Sava Sekulié, dipl. ing, red. prof.

Sava Bogicevié, dipl. ing, asistent

Institut za industrijske sisterne, Fakultet tehnickih nauka,
Univerzitet u Novom Sadu
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2. PROCEDURE ODREDIVANJA
POUZDANOSTI REZNOG ALATA

2.1 Nedovoljno reprezentativni uzorci

2.1.1 Nedovoljno reprezentativni uzorci S<N<10
Z.a sve otkaze uzorka odreduju se medijalni rangovi po

obrascu:

J 0.3
MR "N +04

1)

gde je j - redni broj otkaza uredenih u nizu u rastuéem
poretku.

Zatim se metodom najmanjth kvadrata odreduju kon-

stante u Weibull - ovoj raspodeli koja se primenjuje pri

analizama pouzdanosti alata.

Y
F(t) =1 —exp[— (;) ] )
N
R() =1 —F(t) =exp [_(;) | “
A1 .
o 2%0):5(5}) “1’["(:/) 1 @)
-]
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Za odredivanje veli¢ina intervala poverenja funkcija ras-
podele otkaza primenjen je da test (Kolmogorov - Smir-

nov) gde je d,, = f(N,ax), pri Cemu se varira veli¢ina rizika
(a = 0.01, 0.05, 0.10, 0.15, 0.20). Gornja zavisnost izra-
Zena je u analitickom obliku:

dy=C, N’ (¢)
gde C, i N zavise od .
Srednje vreme bezotkaznog rada je odredeno na osnovu
funkcije raspodele (2).

U intervalu (tmin, tmu.t) je

14

] max
Flty) = fF@)a (7)
max min tmin

Vrednost odredenog integrala

Lnax tﬂ
I'={{1 —exp [—(’7) 1t (8)

predstavlja povr§inu omedenu krivom F{t) u intervaiu
(tmax, tmin)-

Velifina povriine odredena je primenom Simpsonovog
pravila,

F(t,) = [F()dt =

min

i L5 ko1
~3 {p(,mm) +F(l) 4> Flty a2 EF(:Z,.)] (8)
i=0 i=l

gde je: k - broj intervala (k=100);

h=(tmar-tmin)/k
F(ty) predstavlja visinu pravougaonika iste povrsine i
OSNOVE byyay - by (1. 1.).

F(t) A

1

A

Fit)

SL1 Graficka interpretacija odredivanja T
Graphical interpretation of determination of T,y
Tpagpuveckoe usodpaxcenue oiipedenenin Ty
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Kada je poznato F(T,,) iz funkcije raspodele (2) sledi da
je:

~

Ty =y i{ —ln Lq —F(Tsr)] }:l )

2.1.2 Nedovoljno reprezentativni uzorci 11 sN=<50

Ova metodolo§ka varijanta nastala je iz prethodne, izlo-
Zene u 2.1.1. Za nju se svi otkazi grupiSu u jednake
vremenske intervale A, a za svaki od intervala z; 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 od z otkaza, koja je data u 2.1.1. Broj
intervala se krece 5<z<8. Za nereprezentativne uzorke
N=50 neke od sekvenci na ekranu redosledno do izlaza
date su na zbirnoj slici 2.

2.1.3 Reprezentativni uzorci N>50 i N>>50

Pri obradi podataka za reprezentativne uzorke polazi se
od diskretnih 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 mozZe izraziti

R(@) =A—jg) N-n(®) ;‘ t | (10)

Funkcija raspodele otkaza (verovatnoéa pojave otkaza)
je komplement pouzdanosti

Ft)=1-R(t) =1 —-N£) =”£)- (11)

Frekvenca otkaza definie se kao

sy =52 (12

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

Intenzitet otkaza

10 =570 =85 (13)

Pored gore navedene Cetiri karakteristike srednje vreme
bezotkaznog rada iznosi

. N
- 1
Ty =y 281t =
-

- N N
1
=X’ g EZ ( )1 —n(t )l —l:l! Tim =i=§l,} @) tim (14)

gde je #;.; vreme na pocetku a #; na kraju i-tog intervala
odnosno tim vreme u sredini i-tog intervala. Gornji
obrasci pogodni su za odredivanje empirijskih karakteri-
stika, a izvedeni su iz osnovnih definicija teorije pouzda-
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S1.2. Neki ekranski izlaziza N < 50
Some screen outputs for N < 50.

Hexofliopuie sbixodut ha sxpane 0aa N < 50
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nosti i na osnovu njih mogu se nacrtati histogrami pro-
mene kao i izracunati T,

7a nesimetrican raspored frekvence koji se najcesce jav-
lja kod tehnitkih sistema najvise je u primeni Weibull -
ova raspodela (2). Iz izraza (2) sledi

B
[
1-F(t)) =exp | |~ 15
(0 p[(n)] (15)
pa se nakon dvostrukog logaritmovanja dobija
1 ------- = .
ln{ln [1 F([):l} =g nt—f-ny (16)

oznadimo li sa

1
y =in {In h(—tﬂ } (17)

izraz dobija oblik
y=p x~f Inn (18)

- koji predstavlja pravu liniju sa uglom nagiba B iod-

setkom b= In n. Prema tome odredivanje parametara
Weibull-ove raspodele moZe se svesti na odredivanje
ugla nagiba prave i odse¢ka u Weibull-ovom listu ver-
ovatnoce. Polazeéi od jednadine (16) koja predstavlja
pravu oblika

y=ax+b (19)

i primenjujuéi za nju metodu najmanjih kvadrata, tj da je
zbir kvadrata pojedinih greSaka minimalan, dolazi se do
sistema linearnih jednacina

Sy -a > (x )2 b 3x; =0 %
Syi~a Yxi—b-N=0 )
odnosno

A1 ‘a +Bl b =C1

(207
A2 ‘a +Bz b =Cy
gde su
2
Ay =E(x,-) s Ay =2x,~ =By; B;=N;
Cr=) (x5 )i Co=Yy
Gornji sistem ima reSenja
Ci By
D, G, By
a-D—A1B1~ (21)
Ay B,
41 C
Dy 4, C,
b =T ==y L
D |4y By (22)
Ay By
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Zamenom se dobijaju konstante a ib pa je

J=a; n =exp @)

Na osnovu gore izioZenog parametri raspodele funkcije
otkaza odreduju se grafoanalitickim postupkom. U tom
cilju prikupljene podatke o otkazima alata (N>50), treba
svrstati u jednake intervale 0f, koje obuhvataju dijapazon
otkaza A¢, tako da je

At =k =const; 8sk=<12
ot

Kada je poznata funkcija verovatnoce lako se mogu odre-
diti teorijske vrednosti pouzdanosti

R =1 —F() (23)

teorijska frekvenca
iy =228 = o, F()“) | Py Rl (24)

iintenzitet otkaza:
A1) ) (25)

Provera hipoteze provodi se kao u prethodnim sluCajevi-
ma preko d,, testa (Kolmogorov - Smirnov).

Srednje vreme bezotkaznog rada odreduje se prema
obrascu (14)

Za reprezentativne uzorke N>50 neki od karakteristi-
¢nih izlaza dati suna SL. 3 (aib).

Prae 4 T Thise 20 | T }
fime 2 | JEiae as | TR ]
glb( 3 x| 'i rbllt :zj J Fh‘ 44 l ]
Fise a7 Jhtae 23 | Thiae a2 T 1
fiae s ] —jEiae_as ] ] fiae_an ]
Fiee < ] Jfiar 2 | ] Eved ae |
Lrag r |  miar as T hi ST 1
Fl.k bd l v_j El.( ar j F‘( 486 [ l
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Fiat 10 ] | Biae us Jfiet_an | 1
frae 1 ] } Eiar 30 I 1
b | j oy G | n
flae 13 [ ] btae 32 ] TR |
Frse 2w ~ Jbee aa JEiae 52 | ]
;.l( 13 i ] Elll 4 l J Ell\ 33 ] ]
Lllt 16 I ] Ll-t as ! ‘l Ell( S4 [ ‘
(SN BT ] free s ]
iat 18 } ] Lllt a7 ; J Ll-l 36 l I
Frae 10 7 BTN T ke 37 ] ]
13a Neki od ekranskih izlaza za N>50
Some of the screen outputs for N>50.
Hexoitiopnie suixodu Ha 3axpare dan N>50
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3, ZAKLJUCCI

Na osnovu napred izloZenog mogu se doneti sledeéi

zakljuci:

» da su sa predloZene tri metodologije obuhvaéene sve
veli¢ine uzoraka,

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

» predloZene metodologije mogu se koristiti ne samo za

odredivanje pouzdanosti alata, ve¢ i bilo kojeg teh-
nickog sistema.
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Methodology For Determination of The Cutting Tools Reliability
Supported by The Computer

In the paper are presented three methodological approaches to determination of the cutting tools reliability as
a function of the sample size. The first two are related 1o the statistically insufficiently representative samples,
while the third one is related to representative and very large samples. Besides determination of the basic
reliability indicators (distribution function, reliability, frequency, intensity and medium time of flawless
operation), methodology also contains testing of the distribution functions. Based on the developed program
supports realized in the computer language "Turbo Pascal 6.0" the processing realized simply, where, besides
the analytical and numerical outputs are also obtained the graphical representations (histograms and curves)
of the cutting tools reliability indicators.

Key words: cutiing tool, reliability, sample, medium time of flawless operation.

MeTtoauku onpepeenns HaIéKHOCTH PEXKYINEro HHCTPYMEHTA
NoJ/IepXUBaeMble KOMIBIOTOPOM

B paboiiie usnoxcene: fpu iiodxoda ofipedenenuio nadénociiu PENCYUIEZO UNCIUDY MERTUA 8 3a8UCUMOCITIL
ot seauunbt obpasya. Hlepevix 0aa olinocatlica k o6pauam ciliaiiuciliiecku 1edoCailiouno 060cHO-
BAHHLIM, 1UaZ0a Kak Wpeliiuli Hodxod xacaeiicilia cillafliuciliunecku OoCiUalioHO lipedciladnennbix
06pa3yos 1 kpyiibix obpasyos. Hapsdy ¢ ofipedenenuem ochosnbix Roxasaidieneli nadéwnociin (bynryusn
paciipedenerusi, HAdEéxHOCD, HaCOWHOCHb, UHIlenCUGHOCHIL U cpednuli cpox Gesotixaanoli paboiliv)
MellioduKa oxeaeliviéaelli u uccaedosanue @ynxyuu paciipedenenus. Ha ocrnosanuu pazsuitiosi upozpamm-
Hou Uoddepxcku, pearusosannoli na Savice Typ6i [Tacyan 6.0, obpaboilixa fiposoduilica ovenb Upociio,
Hpu 4éM HAPAOY C AHANUTUUNECKUMU U HUCAOSBLMIL 8bIXOOAMI Doaywarniica u 2paghurecxue uzobpamenun
(xucitoZpammu u kpuebte) foxasaiieneti HAOEXHOCITIL pexcyeIo UHCIApyMenila.
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