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PVD COATING AS A POSSIBILITY TO INCREASE THE LOAD
CAPACITY OF GEARINGS TO SCUFFING

CTaTTs 3HAHOMMTH 3 MOX/IMBOCTSIMH ITiJIBUIIECHHS KOHTAKTHOI HECY4Ol 3/[aTHOCTI HE3arapToBaHOIO
OITYKJIO-BBIrHYTOr0 3y0uactoro 3aderuieHHs. OJHI€0 3 MOXKIMBOCTEH € BUKOPHCTAHHSI METAJICBHX I10-
KpuTh. Ha mifcraBi MOpiBHIOBaHHS OKPEMHX METO[IB HAHECEHHS IOKPHUTTS MiJAXOXKHUM BUSBISETHCS Y
BUNAAKy 3yOuacTux nepenau texHousorist PVD (physical vapor deposition). Ll TexHONOrisSE BUKOPHCTO-
BYETBCsI U1 HaHeceHHs TBepaoro mokputts. TiN mokpura C — C 3y6uacra nepejada y B3aeMozii 3 06-
PaHHMH €KOJIOTIYHUMHU MacTUiIaMH Oyna eKCIEepUMEHTAJIbHO MPOBipeHa MpoTH 3ainaHHs Ha creHai Hi-
manHa /Niemann/ Ta mOpiBHIOBaJIacs 3 3arapTOBaHOIO €BOJIBBEHTOIO 3y0UacTolO Mepeaayero.

In the article we describe the possibilities of increase of the contact load capacity of unhardened C-C
toothed gear. The use of metal coatings proves to be one way. On the basis of a comparison of the indi-
vidual methods of depositing the coating technology of PVD (physical vapour deposition) proves to be
suitable application for the case of gearings. This technology is used for depositing the hard coatings. C-
C toothed gear, coated with TiN, in interaction with ecological lubricant was experimentally verified
with respect to scuffing on test stand by Niemann and compared to the hardened involvent gearing.

Key words: TiN coating, C-C tooth gear, PVD technology, scuffing, ecological lubricant, test stand by
Niemann

Introduction.

The toothed gears are mechanisms, whereat the material of toothed gears is
exposed to high contact pressures, wear, corrosion, thermal fatigue etc. From view-
point of its lifetime, therefore the improvement of properties of wheel materials
plays an important role. The depositing of thin coatings on surfaces of material
proves to be one way. These coatings, which are called also as thin layers, thanks to
its extraordinary properties like high hardness, great adhesion, chemical stability,
have a widespread use in various industrial fields. The coatings can be prepared as
monolayer, multilayer with more or less the abrupt boundary transitions between
individual layers (for example TiC, TiN, ZrN, Al,O; etc.) [1,6].

There is many methods of preparation of the thin layers depending on the kind
of deposited material, a substrate type, properties of the resultant layers and its
applications. The most use methods are like this: widespread spectrum of methods
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of chemical vapour deposition (CVD) and physical vapour deposition (PVD) and
also plasma sprayed coatings.

Material and methodology.

The use of coatings in gearings turns out as very specific task in comparison
with present applied coatings in other tribological systems (slide bearings, journals
and etc.), namely in particular for the reason of magnitude of the contact pressures
and sliding conditions which are created at operation of gearings. Own kind of
gearing (cylindrical, bevel, worm gearing etc.) but also its type (involute tooth sys-
tem, convex-concave, cycloidal etc.) plays also an important role at its evaluation.
The gearing, contrary to another commonly occurring tribological systems, thereafter
is to have, after depositing the coating, sufficiently hardness, resistance to high tem-
peratures in contact and at shear with its regular thickness and required roughness. At
present there is many methods which enable to deposit various metal coatings on any
components. In principle we can divide the methods into three groups [5]:

- chemical methods — referred to as CVD (Chemical Vapour Deposition).
Technology of CVD belongs to the oldest methods of creation of a thin layers and
it is based on principle of chemical synthesis of layers from gaseous phase at tem-
perature approximately 1000°C. It is used mainly in deposition of coatings on the
cutting blades made of hard metals.

- physical methods — referred to as PVD (Physical Vapour Deposition). This
process (magnetron sputtering) produces the coating by evaporation of metal from
metal target as a consequence of bombardment of its surface by ions. Almost all
metals, which are nonreactive, can be deposited by this technology. Multilayer
coatings can be produced by exchange of targets. Technology of PVD enables pro-
duction of quality layers at temperature approximately S00°C and less.

- physico-chemical methods — referred to as PACVD (Plasma Assisted CVD),
or PECVD (Plasma Enhanced CVD). Deposition of thin hard layers by PACVD
method is performed using the activation of the working mixture in arc surrounding
the substrate surface. In plasma of this arc the individual constituents of the work-
ing mixture are molecularly excited thereby a synthesis of layers by new out-of-
balance process is induced without necessity of heating the substrate above 650°C.

An individual types of coatings differ each other considerably in its properties
and wherefore its use cannot be universal. The layers having higher hardness resist
better to abrasive wear whereas more ductile layers resist better dynamic stress.
Some layers but decrease coefficient of friction and so resistance to mechanical
wear will be improved. Thickness and the surface properties of layers play an
important role too. It is necessary to take into consideration also resistance of layers
to oxidation and also but low thermal conductivity and the ability to retain the
hardness of some layers at higher temperatures too. Development of technologies is
particularly focused on decreasing the temperature and a shortening of deposition
time, optimization of thickness of individual layers of coatings and improvement of
adhesion of coating to the substrate.
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Within the solution of grant projects VEGA 1/3184/06 inter alia we deal with
lubrication, application of coatings mainly on contact surfaces of an not involute
types of gearings and also the questions of the strength and lifetime characteristics
of drive at minimization of negative influence on the human environment. The
convex-concave gearing as one of the not involute types of gearings is, apart from
other types of gearings, the object of research on Institute of transport technology
and engineering design [3, 4, 7, 9, 11, 12]. In principle the gearing can be
characterized by the tooting of which flank is created curvature which consists of
two curvatures with convex and concave part with inflexion point on pitch point C.
This gearing is created when the line of contact has the shape of letter S (Figure 1).

Accordingly whether the arcs of the line of contact are symmetrical, or not
symmetrical we distinguish the symmetrical convex-concave gearing, or the not
symmetrical convex-concave gearing. The present researches of convex-concave
gearing proved that in comparison with a
involute type of convex-concave gearing
the contact pressures are reached lower [2].
It is possible to state also that as well at the
comparison of course of slippage
circumstances in case of convex-concave
gearing, more favourable values in
comparison with a involute type of gearing
are reached, Figure 2 [8]. It follows on
from this also the possibility of the use of E
ecological lubricants at its lubrication with
lower viscosity, or lubricants without
additives EP. In case of surface treatment Figure 1. S form path of contact
of teeth by hardening, the required Convex-concave gearing
roughness, or deviation of geometric
parameters from theoretical parameters after heat treatment in case of involvent
gearing, will be achieved using the grinding. The grinding technology of convex-
concave gearing is economically more difficult. Wherefore we was seeking the
method where the shaping deformation of tooth flank would not occur contrary to
hardening and wheel would not be needful to be grinded. The best method is PVD
which meets these requirements. Coatings on basis titanium nitride (TiN) belong to
the most commonly used types coatings with regard to its stable properties. TiN
coating belongs to universal types of coatings with high performance and wide
exploitation for various purposes with regard to its versatility, high chemical
stability combined with abrasive resistance. We used TiN with regard to above
mentioned reasons and industrially good availability of its deposition on gearings
for experimental verification the convex-concave gearing with tooth number of
z 1=16, 22:24’ mn=4.5mm, aw=91.5 mm, see Figure 3, from viewpoint of resistance

Path of contact

to scuffing.
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Figure 3. Convex-concave gearing for deposition TiN coating
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Figure 2. Shape of the curve of the slip ratio Convex
concave and Involute gearing

In experiment the K-K gearing was lubricated with two kinds of hydraulic
oils (Biohyd M — biologically fully degradable hydraulic oil on basis of rapeseed
oils, Biohyd MS — biologically fast degradable multirange hydraulic oil) and one
kind of gear ecological oil (Biogear S — fully synthetic biologically degradable
gear oil for mechanically and thermally excessively loaded gearings of varied
constructions). Lubrication with hydraulic oil was chosen for verification of case

provided that hydraulic converter together gearbox is situated in common box.

Experimental methods.

We chose the test apparatus with closed flow of performance, which we built
on our workplace, see Figure 4. At tests of convex-concave gearing with TiN
coating, we used ecological lubricants with low viscosity. These lubricants can not
be heated on required temperature like at standard test of wear and wherefore we
designed own methodology of tests [10].

1 2 3

4 o 5 I
Figure 4. Equipment for measuring of the gearing strength in scoring
1-eletric motor, 2-torsial shaft, 3-shaft, 4,6-gearboxes, 5-strain coupling

The basis parameters of mentioned oil are given in Table 1, while in experi-
ment was used the accented oil. During the experiment the parameters of own oil
were checked in particular temperature and contamination of oil. The results of
tested gearing from viewpoint of scuffing are shown in Figures 5, 6, 7.
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Tab. 1.

Parameters of oil OMV
Viscosity at | Viscosity at Burning Solidfication | Density
Product 40°C 100°C Point of point at 15°C
[mm?/s] [mm?s] [°C] [°C] [g/ml]
OMV Biogear
S
100 100 14,84 220 -30 0,940
150 150 24,45 224 -27 0,945
220 220 28,82 226 =27 0,951
320 320 38,02 228 -21 0,959
OMY Biohyd
M
32 32 8,10 265 -33 0,920
46 46 10,24 265 -33 0,921
68 68 13,20 270 -33 0,922
OMY Biohyd
MS
32 32 6,90 230 -42 0,938
46 46 9,68 232 -36 0,943
68 68 12,78 244 -30 0,946

Results and discussion.

Figures 5, 6 and 7 shows the reached stages of loading for the convex-concave
gearing according to the used oil. The hard coating of TiN by method PVD was ap-
plied on the gearing. The curvature P represents loss of weight of pinion, the curva-
ture K of wheel and S is total value of loss on both wheels which within the test
had to be below the value of 10 mg. Similarly as for the convex-concave gearing,
shows the reached stages of loading for the comparable hardened involvent gearing
which is lubricated with the mentioned oils Biohyd M, Biohyd MS and Biogear S
[8]. From results of tests it is obvious that the TiN convex-concave gearing, in
comparison with the involvent hardened gearing, reached with oil Biogear S 150
the same 7" stage of loading, with oil MS 46 the same 5™ stage of loading and with
oil M 46 by one stage greater stage of loading (5" K-K gearing, 4" E gearing).

Conclusion

The use of the hard thin layers in field of tools is at the present time very wide
and multilateral. The layers are mainly used on deposition of cutting tools, made of
hard metal, tool steel and cutting ceramics. Together the development of deposition
technologies, the hard layers are applied, also in many another fields of mechanical
engineering. Properties of layers are nowadays exploited on tools for the volume
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Figure 5. Test on scoring of hardened C-Cgearing lubricateted
of oil Biogear S 150
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Figure 6. Test on scoring of hardened C-Cgearing lubricateted
of oil Biohyd MS46

and surface forming (punches, matrixes, ...), construction elements such as turbine
blades, journals, pistons, valves etc., but also in elements exploiting the rolling
friction without the use of lubricants, in dies, in compression and injection moulds
for plastics and light metals. Development and application of the hard layers are not
until now finished far from it ones have considerable tendency of subsequent very
perspective development. The results of tests on test stand by Niemann show that in
case of subsequent research in a field of application of the hard coatings in the
gearings the presumption is that even better results will be reached and so method
of deposition could be common used for surface treatment of the gearings.
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Figure 7. Test on scoring of hardened C-Cgearing lubricateted
of oil Biohyd M46

The work was elaborated within the solution of grant projects VEGA 1/3184/06.
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