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POSSIBILITIES OF APPLICATION OF HARD THIN COATINGS IN HCR GEARING
WORKING IN INTERACTION WITH ECOLOGICAL LUBRICANT

The article describes the possibilities of application of hard thin coatings to a non-standard involute HCR gearing, made from 16MnCr5, working in
interaction with ecological transmission oil OMV Biogear S150. Based on an analysis of their geometric characteristics and their differences from non-
standard C—C teeth, the possibilities of applying thin hard coatings to the side surface of the teeth are assessed. From the previous results obtained at the
research center (UDTK sjF STU in Bratislava), the nitride TIALCN was applied and the article presents the results obtained on the Niemann's stand for
scuffing, from which it follows that due to the higher heights of the tooth addendum (%, = 1,2m) compared to the standard (4, = 1,0 m) and hence larger
meridians, the greatest damage there was on an addendum of pinion.
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M. BOLLIAHCKH, ®. TO®D, I0. PYCHAK
MOXKJINBOCTI BUKOPUCTAHHSA TBEPANX TOHKUX ITOKPUTTIB Y HCR 3AUYEIIJIEHHI,
SAKE ITPAIIIOE€ B EKOJIOI'TYHO YUCTOMY MACTHUJII

V cTatrTi OnmcaHi MOXIMBOCTI 3aCTOCYBAaHHS TBEPUX TOHKHX IIOKPUTTIB 0 HECTaHAAPTHOI eBoabBeHTHOI epeadi HCR, sika BUroroineHHa 3 MaTepi-
any 16MnCr5 i mpaloe B €KOJIONYHO YHCTOMY TpaHcMiciiinomy Mactiini OMV Biogear S150. Ha ocHOBI aHani3y iX reOMETpHYHUX XapaKTEPUCTHK 1
BiZIMIHHOCTeH Bift HeCTaHIaPTHOTO 3yOuacToro 3aueruieHHs C—C OLiHIOIOTHCS MOXKIMBOCTI HAHECCHHS TOHKHX TBEPIHUX MIOKPUTTIB Ha O1YHY MOBEPXHIO
3y0iB. 3 momepenHix pe3ynsraTiB, orpuManux B pociigaunskomy neHtpi (UDTK sjF STU B Bpatucnasi), 3acrocoBanuii Hitpun TIALCN i B ctaTTi
TIPE/CTaBIICH] pe3yIbTaTh, OTpUMaHi Ha cTeHai HploMaHa JUIs 3HOCY, 3 SIKMX BHILIMBAE, 110 Yepe3 OLIbIIy BUCOTY TONOBKH 3y0a (A, = 1,2m) nopiBHIHO
31 cranpapTHOIO (A, = 1,0m) i, BinTak, BeIMKUMHU MepuAiaHaMH, HAHO1IbIINI 3HOC OyB Ha roiBIi 3y0a MIECTEepHi.

Kurouosi ciioBa: PVD, TiAICN tBepae nokpurtsi, HCR 3auennenns, C—C 3a4yennenss, cresq Hetomana, 16MnCrS5.

M. BOLLIAHCKH, ®@. TO®, I0. PYCHAK .
BO3MOXHOCTHU IPUMEHEHNWSA TBEPJIBIX TOHKHUX ITIOKPBITUU B HCR 3AIEIIVIEHUMA,
PABOTAIOIIEM B 9KOJTOI'HMYECKHA YU CTOM MACIJIE

B craThe onucaHbl BO3MOXXHOCTH IIPUMEHEHHUSI TBEPJIbIX TOHKHX MOKPBITHII K HECTaHAapPTHOH 3BoNbBeHTHOI nepenade HCR, nsrotosnenHoi u3 mare-
puana 16MnCrS u paboTarommel B 9KOIOTHIECKU YHCTOM TpaHcMHCccHOHHOM Maciie OMV Biogear S150. Ha ocHOBe aHani3a UX reOMETPHUYECKHX Xa-
PAKTEPHCTHK M OTIMYHIl OT HECTaHAApPTHOro 3ybuaroro 3auemienuss C—C OLeHHBAIOTCS BO3MOXHOCTH HAHECEHHS TOHKMX TBEPABIX TMOKPBITHI Ha 00-
KOBYIO MIOBEPXHOCTB 3yObeB. V3 MpeaplayuX pe3yibTaToB, NONyueHHbIX B uccienoBarenbckoM rentpe (UDTK sjF STU B bparucnase), npuMeneHn
uutpug TIALCN u B cTaThe IPEACTaBICHBI Pe3yNbTaThl, OTyYCHHbIC Ha CTeHAe Hpromana 1ist M3HOCA, M3 KOTOPHIX CIEAYET, 9TO HM3-3a OonbImei
BBICOTBI TOJIOBKH 3y0a (%1, = 1,2 m) no cpaBHeHHIO co cTangaptHoi (1, = 1,0 m) u, cnenoBaTensHO, GONBIIMMH MEPHIHAHAMH, HAMOOJBIINI H3HOC OBLI
Ha TOJIOBKE 3y0a IIECTEpPHHU.
Kurouessie ciioBa: PVD, TiAICN tBepnoe nokpseitie, HCR 3anemnenue, C—C 3auemienue, crena Hetomana, 16MnCr5.

1. Introduction. Gear transmission are among the
most stressed mechanical transmissions. They are mainly
used in gears with small axial distances. Transmission oils
are primarily oils for lubricating gears. Their task is to re-
duce tooth wear, to lubricate not only the tooth gear, but
also the gearbox bearings and to act as an anti-corrosion
protection element. They are also involved in cooling the
transmission by removing the heat generated by friction in
the gearing, as well as the damping of the thread and the
impact in the gearing, thereby reducing the noise of the
gear. Typically, oils of higher viscosity grades from VG100
to 680 are used. However, their application to lubrication
of tribological machines nods also has a risk of leakage into
the environment, which is particularly negative for ma-
chines working in agriculture, forestry and construction.
One option to prevent extensive soil or water contamination
is the use of environmentally friendly lubricants and oils.
Some countries, such as Germany and Sweden, even re-
quire the use of biodegradable oils in all applications oper-
ating in ecologically sensitive areas, such as water protec-
tion areas [1].

Thus, in addition to the power requirements defined
by the machine manufacturer, ecological lubricants must
meet the environmental degradability and toxicity require-
ments of the lubricant. Today's ecotoxicity tests under

OECD Directives 201, 202, 203 assess the impact of sub-
stances in the aquatic environment by studying their impact
on algae, daphnia and fish, standard species representing
the aquatic environment. Furthermore, biodegradability
tests such as the OECD 301 series or CEC L-33-A-93 are
available which are available for assessing biodegradability
in water. These various methods make it possible to assess
the impact of chemical substances on the aquatic environ-
ment [2]. The limiting element of their deployment is a par-
ticular transmission mechanism.

2. Gearbox as a tribological system. The gearbox of
a working machine can be characterized as a complex tri-
botechnical system consisting of several basic tribological
junction such as bearing, shaft gasket and gearing, fig. 1.

From the point of view of the possibility of
increasing the bearing capacity of gears, the key
observation of the friction, lubrication and wear
indicators in gear engagement in the interaction with
used lubricant [3]. With increasing gear loads, contact
pressures also increase in gearing, friction and
temperature. The size of the contact stresses plays a
significant role in the damage to the tooth face such as
pitting — fig. 2 or scuffing — fig. 3. Factors such as
operating (load size, operating temperature, lubricant),
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geometry, gearing material, surface hardness of the tooth
side, or the accuracy of the engaging wheels are involved

in the development of individual malfunctions.

Tribotechnical system

earbox
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normal load friction
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Fig. 1 — Gearbox as a tribological system

Fig. 2 — Pitting to the tooth flank

Scuffing primarily on the addendum and dedendum of
the teeth, that is, in areas with higher slip rates and high
heat development. This breakdown occurs especially in
high-speed and heavy-duty toothed gears, due to a consid-
erable amount of work on the area of the working teeth of
the teeth [4].

An analysis of the malfunctions on the tooth face [5]
shows that the main role in the problem of tooth damage in
toothed gear is the magnitude of contact pressures. Higher
resistance to failure can be ensured by increasing the sur-
face load-bearing capacity of the tooth side, which can be
achieved in the following ways:

— changing geometric dimensions of gearing; how-
ever, the disadvantage of this solution is an necessary in-
crease in the total weight of the gear;

— using better oils; however, higher oil quality is usu-
ally achieved by adding higher concentrations of suitable

Fig. 3 — Scufing to the tooth flank

additives, which are often characterized by considerable
ecotoxicity;

— using better materials; this results in higher material
costs;

— increasing the resistance of the surface of the tooth
face;

— changing the shape of the tooth flanks.

From the point of view preventing operating tooth
side damages, it is best to increase the resistance of the
tooth side in the contact or to change the geometry of the
tooth. One option to increase the surface bear ability on the
tooth face is also the technology of applying different coat-
ing layers. As most of the degradation processes begin with
surface component defects, coating coatings can be an ap-
propriate solution for increasing surface bear ability and
hence the life of sprockets. Surface layer formation is pos-
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sible in a wide range of thicknesses (from several millime-
tres to several pm). By applying the surface layers, it is pos-
sible to achieve improved abrasion resistance, corrosion re-
sistance, fatigue life, and so on. Coating adhesion to the
substrate has a very important role because it determines
the allowable stresses of the coated part. HCR gear — fig. 4,
in which, compared to the standard involute gear, respec-
tively. convex-concave gear engage higher meridian slots
[5], but with respect to the two-part engagement in the gear,
lower load forces, and thus lower contact pressures — fig. 4.
Today, this type of gearing is wider in the automotive in-
dustry, and it is therefore interesting to explore also the pos-
sibility of applying thin coatings.

A V/3F,
100% Load 1/3F,
' 1 1/3E,

i
g3

g

Fig. 4 — The course of load — bearing forces
in the teeth engagement:
a — Allocation F, along mesh in C-C gearing;
b — Allocation F, along mesh in HCR gearing

3. Coatings on gearing. The processes of applying
additional layers to the surface of the base material can be
divided into the following groups:

— electrochemical deposition,

— chemical deposition,

— jet spray,

— physical and chemical coating methods in vacuum
(CVD, PVD, ...) [4].

Increasing surface load capacity by coating PVD and
CVD coatings began to be used in the 1970s. The titanium
carbide coating layer was first used with the CVD method.
Among the former, the coated carbide cutting plates began
to be coated. Later materials such as TiN or TiCN have be-
gun to be used. However, high deposition temperatures of
about 1000°C did not permit the use of CVD method for
depositing coatings on high-speed steel tools. Therefore,
the PVD method was launched in the early 1980s [4]. PVD
(Physical Vapor Deposition) is a method which consists of
transferring the deposited material to the gas phase in a vac-
uum, followed by application to a substrate at low temper-
atures in the range of 150°C to 500°C. [6] In the case of
toothed gears, however, when applying thin hard coatings,
it is necessary to consider the specific conditions for en-
gagement of gears and, therefore, when applying them in
toothed gears, the following requirements are applied to the
potential coatings:

— resistance to high pressures in meshing gearing;

— sufficient adhesion of the coating on the gear
surface for selected gearing materials;

—resistance to temperatures arising in meshing
gearing up to 450°C;

— max roughness of tooth flank of gear Ra 0,6 um;

— min surface hardness of the tooth flank 60 HRC;

— low friction value of 0,4;

— coating resistance to mineral, synthetic, ecological
lubricants.

Increasing resistance to seizure and pitting is also
reported by Michalczewski [8], who also deals with the
replacement of commonly used oils with additives to
prevent wear — AW and for extreme pressures — EP,
ecological lubricants and their interaction with coatings
applied to the surface of gears made of material. 20MnCr5
(14,221).

The results of his research show, among other things,
that under extreme load conditions the DLC coating can
take on the role of AW and EP additives, thereby
minimizing the application of these toxic additives to
lubricants to achieve the so-called "Ecological lubrication".
At the same time, gears with amorphous C:H:W coating
lubricated with ecological oil had 20°C lower oil
temperature during operation and also 20% lower friction
coefficient compared to uncoated gear wheels and
lubricated with high performance GL-5 gear oil.

Based on previous research at the UDTK SjF STU in
Bratislava in the coated C—C and involute gearing we also
used on HCR gearing on the Niemann’s test the biode-
gradable gear oil OMV Biogear S150 and TiAICN coating
application. It is nitride gradient coating for universal use
with high toughness and hardness (30 GPa) with low fric-
tion coefficient (0,5) with max. application temperature
(450°C) suitable for milling. Test results to scuffing on Nie-
mann’s stand are shown in fig. 5 for the wheel and fig. 6 for
pinion.

42

Bicnuk Hayionanvnozo mexuiunozo ynieepcumemy "XII1I".
Cepis: Mawunosnascmeo ma CAIIP, Ne25 (1301) 2018



ISSN 2079-0775

e
=1

—a— internal diameter
o pitch diameter

-~ o W

Rz (1)

L= T Yt LY -

0 3 4 5 6 7 75 8 9 10 11 12
Loading step

Fig. 5 — The wheel roughness changes from Rz to HCR

4. Conclusion. From the results obtained, it can be
stated that due to the specific operating conditions in HCR
gearing (large sliding on the addendum and dedendum of
the teeth) and vice versa, due to the lower contact pressures
resulting from the permanent meshing of two teeth, it can
be stated that they have been achieved in interaction with
the ecological OMV Biogear S150 transmission oil in the
Niemann stand test results better than that of the standard
involute and non-standard C—C gearing [4, 5,9, 10, 11, 12].
The scuffing occurred only on the pinion to the 11 load
stage as shown in fig. 6.
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Fig. 6 — Pinion roughness changes from Rz to HCR
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