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HARD THIN COATINGS AND THEIR APPLICATIONS ON C60E NON-STANDARD GEARS

B crarTi HaBezieH1 pe3ynbTaTH TPHOOIOTIYHIX JIa0OPAaTOPHUX BUIPOOYBAaHb I’SITU TOHKUX TBEPAMX IOKPUTTIB HA TPHOX MaTepianax, sKi BUKOPHCTOBY-
I0TBCSI TIPHU CTBOPEHHI 3y0uatux Kosic. OLiHka IpoBOIHIACE 110 MTapaMeTpaM abpa3uBHOI HAHOMILIHOCTI, KOe(illieHTa TepTs, 3HOCOCTIHKOCTI, TOBIIMHA
TOKPUTTS Ta Horo cTpyKTypH 11 nokputtst DLCI, HaHeceHoro Ha 3y04acTy MIECTEPHIO 3 OIyKJIO-yBITHYTUM 3a4CeIUICHHSIM, BUTOTOBIICHY 3 MaTepiairy
C60E. 3H0C manux 3y04acTux Koiic OyB MpOTeCTOBaHUI Ha CTeHIlI HbloMaHa 3 BUKOPHUCTaHHAM B SIKOCTI 3MaIlyBaHHs OpTraHidHHX MacTHI Biohyd
MS46 ta BioGear S150. PesynpraTn BUIpoOyBaHb MOKa3aIH, IO Yepe3 OCOOIMBI YMOBH ISl 3y0UaCTUX KOJIC, SIKi CHPSIraloThCs, HEMOXKIIMBO PO3PO-
OHUTH MOKPUTTS A 3yOuaroi mepenadi TIMbKH Ha OCHOBI JJa0OPAaTOPHHX BHIPOOYBaHb — HEOOXiJHO BPaxoBYBaTH KOHKPETHI BUMOTHU O HAHECCHHS
TIOKPUTTSI, THITy Ta BHIY Tlepesiadi a TaKoXkK MaTepialty Koeca.

Kurodogi ciioBa: BunpoOyBaHHsS Ha abpasuBHY MilHiCTh, PVD, TBepsie MOKpHTTS, 3yOuacTe KOJeco 3 OMyKJIO-YBIrHYTHM 3a4eIUICHHSM, CTEH/

Heromana, C60E.

B crarthe npencTaBieHbl pe3yabTaThl TPHOOIOTHYECKUX JIA00PATOPHBIX UCIIBITAHNH [SATH BRIOPAHHBIX TOHKHX TBEPABIX IIOKPBITUI Ha TPEX MaTepHasax,
UCHOJIb3YEMbIX TIPU U3TOTOBICHUM 3yO4aThiX mepenad. OIeHKa MPOBOAMIACH IO TTapaMeTpaM adpa3suBHOM HaHOTBEPAOCTH, KO3((GHUINEHTa TPEHHS,
HN3HOCOCTOUKOCTH, TOMIINHEI IIOKPBITHS U €r0 CTPYKTYpPHI A mokpbitHs DLCI, HaHeceHHOro Ha 3y04aTyIo IEeCTEPHIO C BHITYKJIO-BOTHYTHIM 3aIlerlie-
HHEM, H3TOTOBICHHBIM 13 MaTepuana C60E. M3noc JaHHBIX 3y04aTHIX KojIec ObLI IPOTECTHPOBAH Ha cTeHAe HbpioMaHa ¢ HCIONB30BaHIEM B KaueCcTBE
cMma3ku opranmdeckux mMacen Biohyd MS46 u BioGear S150. Pe3ynbTaThl HCIIBITAHHIN MTOKA3aJId, YTO W3-3a OCOOBIX YCIOBH IS CONPSATaeMbIX 3y0oua-
TBIX KOJIEC HEBO3MOXKHO Pa3pabOTaTh MOKPHITHE Ul 3yOuaToil mepenadd TOJIBKO Ha OCHOBE JIAOOPATOPHBIX UCIBITAHUH — HEOOXOJHMO YJHTHIBATH
KOHKPETHbIE TPEOOBaHHS K HAHECCHUIO MTOKPBITHS, TUIT M BUJ] IIEPEIauH a TAKXKE MaTepHal KoJeca.

KuroueBble c/10Ba: HCIBITaHNE HA a0pa3UBHYIO IPOYHOCTH, PVD, TBepioe mokphITHE, 3y04aToe KOJIECO C BBITYKJIO-BOTHYTHIM 3allCIIICHUEM,
crenn Heromana, C60E.

The article presents the tribological results of laboratory applications five selected thin hard coating on the three materials used in the manufacture of
gears. Based on their evaluation in terms of scratch test nanohardness, coefficient of friction, wear resistance, coating thickness and its structure was
DLCI coating applied to the gear of the C-C gearing made of material C60E. Thus coated wheels lubricated with organic oils Biohyd MS46 and BioGear
S150 were tested for scuffing to the Niemann's stand. The test results showed that due to the specific conditions for mating gears is not possible to design
a coating for gear based on laboratory tests only, but should be based on what the specific requirements for the gear to be applied coating, ie. what type
and kind of gearing and on what material wheels.

Keywords: scratch test, PVD, hard coating, C-C gearing, Niemann's stend, C60E.

1. Introduction. The gearing consists of power
transmission, which are placed particularly high demands
on durability and reliability. With increasing of its speed
growth rate additional dynamic forces in gearing, which are
make increase of vibration and noise and with increasing
load also increases friction work and with it also increases
the thermal load them. These facts are adding stress
whitening, which carries an increased risk of damage to the
gears [1-3]. These factors place increased demands on
production quality and precision gears.

One possible way of increasing the surface properties
of the gears and thus increase the loading capacity of mini-
mizing the surface damage of the tooth side during the op-
eration, which can be affected in several ways, e.g. chang-
ing material, changing the gearing geometry, heat treat-
ment, chemical heat treatment or formed on the surface side
of the tooth thin isotropic film.

Coating can be defined as a process that results in the
creation of a thin coating on the isotropic working surfaces
of parts to improve their surface properties. Practical use
can be seen especially in the use of artificial thin layers
(coatings). The development of thin-layer technology,
mainly due to vacuum technology and capabilities that a
precise and sensitive diagnostic methods needed to study
the properties of these thin films [4].

From the point of view of physico-chemical processes
taking place in the creation of coatings, coating processes
can be generally categorized into three groups:

1 CVD (Chemical Vapour Deposition),

2 PACVD (Plasma Asissted CVD),

3 PVD (Physical Vapour Deposition).

The required temperature at the application hard thin
coatings shown in fig. 1. From the analysis of the size of op-
erating temperatures shows that, for the application of coat-
ings in gear transmissions can be used only by PVD, whose
working temperature is below 500 °C. In this method is the

low application temperature, there is no heat affected surface
layers of parts and their deformation, and therefore this
method is the most dynamic developing the coating methods.

1050°C [ |
= Chemical Vapor Deposition
950°CT | cvp e e
750°C
[ ] CVD
Plasma Assisted
Chemical Vapor Deposition
PACVD
500°C~
Physical Vapor Deposition
PVD
007 o ) PVD

Fig. 1 — Working temperature coating technology
CVD, PVD and PACVD

During deposition of PVD (Physical Vapour Deposi-
tion) layers are used by physical processes (heat, kinetic en-
ergy) to transform the deposited material from solid to gas.
Thin layers deposited by PVD technology with a thickness
of 0,0025 mm to a very high hardness, abrasion resistance
and resistance to high temperatures.

PVD coatings have found wide application not only in
the field of machining and forming, but now applied as well
as in the production of gears, which creates conditions in
the future also their wider use in gear power transmissions.
Mostly coatings used in particular films based on amor-
phous carbon, known as DLC coatings. These layers are
now used more types, the main difference being the method
of deposition. However, there are a large number of different
applications which may be a conventional or nanostructured
PVD coatings. Both of the PVD coating can be in the form
of monolayers and multilayers or gradient layers [5-7].
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2. Evaluation of selected coatings on structural ma-
terials suitable for the manufacture of gear transmis-
sions. In our workplace Institute of Transport Technology
and Engineering Design Faculty of Mechanical Engineer-
ing Slovak University of Technology in Bratislava we are
testing of selected PVD coatings in their application to non-
standard convex-concave gearing (C-C gearing) with a low
slip coefficient.

After detailed analysis of the fundamental tribological
properties of thin PVD coatings have for their possible ap-
plication in gearing we are selected five kinds of coatings:
TiN, CrN, DLCI sandwich CR/CRN (plasma nitriding and
PVD), duplex CRN (plasma nitriding and PVD), which
were applied in laboratory samples for the selected con-
struction materials suitable for the production of gears
C60E, 16MnCr5, 41CrAIMo7. The results, as the volume
loss of the coating on the substrate surface C60E are shown
in fig. 2, the substrate 16MnCr5 in fig. 3 and the substrate
41CrAlMo7 in fig. 4 [8].
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Fig. 2 — Volume loss of the surface selected coatings
on the substrate C60E [8]

The course of the coefficient of friction on the selected
materials is show in fig.5 for substrate C60E, in fig. 6, for the
substrate 16MnCr5 and in fig. 7 for substrate 41 CrAIMo?7.
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Fig. 3 — Volume loss of the surface selected coatings
on the substrate 16MnCr5 [8]
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Fig. 4 — Volume loss of the surface selected coatings
on the substrate 41CrAIMo7 [8]
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Fig. 5 — The course of the friction coefficient of selected
coating on the substrate C60E
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Fig. 6 — The course of the friction coefficient of selected
coating on the substrate 16MnCr5
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Fig. 7 — The course of the friction coefficient of selected
coating on the substrate 41CrAIMo7

Based on the results obtained from the scratch test,
analysis nanohardness, coefficient of friction, wear re-
sistance, coating thickness and microstructure [8] can estab-
lish certain assessment test coatings on selected materials [9—
11], which is listed in the table 1 for substrate C60E and sub-
strate 16MnCr5 and in table 2 for substrate 41CrAIMo?7.

Table 1 — Substrate C60E and substrate 16MnCr5 [8]
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From table 1 it can be concluded that the substrate
C60E for coating DLCII has not score low, but only very
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good and good, therefore his laboratory results include the
substrate C60E among the best.

Table 2 — Substrate 41CrAIMo7
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Title DLC is currently used to refer to a metastable state
of an amorphous carbon containing a significant proportion
of sp 3 bonds. These layers have very good mechanical
properties, such as great hardness, chemical stability and
excellent tribological properties. DLC layers therefore have
great possibilities of its application in industry.

In the automotive industry, the DLC coating is applied
to the tool, not only for the production of the components,
but also to reduce friction in the parts of the motor, wear
and corrosion protection, the coating is most often the pis-
ton rings, valves, pistons, pump parts, camshafts and the
like. Tribological laboratory analysis shows the possibility
to use the DLC coatings in the transmission mechanisms.

Operating conditions in mesh involute gears in inter-
action with the ecological lubricant [11-13] is significantly
different from the laboratory conditions (high load and
pressure in contact, a big specific slips and high tempera-
tures in contact), therefore, we applied the coating to the
non-standard C-C gearing, in which the contact pressure
smaller and smaller slips. Niemann's tests for scuffing
showed, that applications of the DLCII coating for real
gears did not confirm the good laboratory results. Niemann's
test for scuffing showed there was a peeling applied DLCII
coating first on the addendum and then on dedendum of teeth
and gradually the entire surface of the side of the tooth.

These results show that the coating DLC II applied to
the convex-concave teeth working with organic lubricants
OMYV BIOHYD MS46 a OMV BIOGEAR S150 is be not
very suitable coating for gearing mesh, because after a load
level 4 was the coating DLCII wash out from the teeth [14].

3. Conclusion. From the results it can be concluded
that given the specific operating conditions of mesh gears
(high contact pressure, high temperature at the point of

contact, type of lubricating oil and a specific slip in the gear-
ing) can be in designing a suitable coating for gear based on
standard laboratory tests only indicatively. For the design a
suitable coating for gearings need to be analyzed for what par-
ticular type of gearing is the coating used and also to which
material should be coating is applied, as in compliance with
other standard conditions such as roughness, accuracy and
hardness side tooth. For the critical parameters applied coating
on gear teeth is in particular the adhesion to the base material,
the hardness and the friction coefficient and lubricant oil.
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