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Hydraulic displacement pump
as environmentally friendly
tribosystem by PVD-coatings

Hydraulic systems are commonly used in agricultural engineering due to their high power den-
sity, various fields of application and the small required installation space. The use of hydraulic
oil is connected to an ecological danger due to leakage. The Collaborative Research Centre
(CRC) 442 of the German Research Foundation (DFG) has developed ecologically acceptable
tribosystems which operate with lubricants compatible to the environment. The examinations
within this context were conducted without additives. A hydraulic axial piston pump was exa-
mined and has shown good properties concerning friciton and wear. This has been realized by
using synthetical esters and PVD-coatings (physical vapour deposition).
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mm The widespread use of hydraulic systems in agricultural
engineering is always connected with a certain danger of lea-
kage. A discharge of lubricants can occur when disconnecting
hoses. Extreme leakage can occur when hoses are torn out.
Particularly in agricultural engineering, a discharge of lubri-
cants can cause huge damage to the environment. The bigger
part of hydraulic fluids is based on mineral oil (80-90%) while
only 5% of the hydraulic lubricants are synthetic and have a
good biodegradability [1].

In recent years, universal tractor transmission oils (UTTO)
have been developed. These lubricants are conjointly used for
both gear box and hydraulic circuit of tractors. They are based
on rapeseed-oil and have very good ecotoxicological properties
as well as favourable chemical and physical properties [2]. Pro-
perties of the lubricants have a major influence on the biode-
gradability and the handling of contaminated soil. [3; 4; 5]

Alternative concepts

Tribology is the science of surfaces in relative motion and deals
with friction and wear. Tribological systems consist of a base
body and a counter body, the intermediate medium and the sur-
rounding medium. Friction and wear are strongly influenced by
the loading, the properties of the materials as well as the interac-
tions between them. Especially lubricants and additives have a
major impact on the tribological behaviour of the tribosystem [6].
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Examinations of the CRC 442 have shown that many ad-
ditivated mineral oils are ecotoxicologically harmful and have
a poor biodegradability [7]. The aim of the CRC 442 was the
development of environmentally friendly tribosystems without
using additives. Instead, unadditivated ester lubricants from
renewable basic materials were used. The developed lubricants
were tested concerning their tribological performance as well
as their ecotoxicity and biodegradability [8]. To improve the
wear protection of the tribosystems without using additives,
one surface of the contact bodies was coated by physical vapour
deposition technique (PVD). The coatings deposited are very
thin (in the range of micrometers) and have a high hardness
and are chemically inert. One of the coating systems applied in
the field of hydraulic components and rolling bearings is graded
zirconium carbide (ZrC,), which was developed at the Surface
Engineering Institute of the RWTH Aachen University. Using
coatings allows a renunciation of non-ferrous metal in hydrau-
lic displacement pumps. The combination of surface coatings
and the optimisation of the geometry of the components lead to
a reduction of friction and wear [9]. It was shown that the coa-
ting was fully functional after the conducted tests. The coating
system ZrCg was also applied to gear wheels [10].

Boundary conditions of the examinations

The developed lubricants and coating solutions were applied to
a hydraulic displacement pump which is a central element in a
hydraulic circuit. In the tests, the contact between piston and
bushing as well as the rolling bearings were examined. The
performance of the hydraulic displacement pump with coated
components and lubricated by unadditivated synthetic ester lu-
bricants developed within the CRC 442 was compared to a con-
ventional system. The hydraulic displacement pump was tested
close to real operation conditions with filtration units, cooling
elements, valves and hydraulic resistances. Figure 1 shows a
cross section of the pump used for the examinations as well as
the boundary conditions of the test.

The interpretation of the test results was conducted con-
sidering the results of the tests carried out in the test rig. It
has been shown that PVD-coatings can give very good wear
protection to rolling bearings and that they are able to replace
additives for wear protection. Furthermore, the rolling contact
fatigue lifetime of roller bearings was improved by the use of
PVD-coatings depending on the boundary conditions [11].

Examination results

A comparison of the efficiencies indicates a slight improvement
of the efficiency of the CRC 442 concept in comparison to the
conventional hydraulic pump system [7]. This improvement de-
pends on the speed as well as the system pressure. An increase
in the particle emission of the pump was observed. An expla-
nation for the higher concentration of particles is the material
loss during running-in which takes place at the coated and un-
coated components after a short period of time. The examinati-
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on of the tested coated components after the experiment seems
important for this reason, especially concerning the increase of
emitted particles.

The coated components have shown a running-in of the sur-
faces and a surface smoothing (figure 2). The roller bearings
show significant material loss which is connected with a smoo-
thing of the surface of the coated rolling bearing. The effect of
the material loss as well as the smoothing had been observed
in examinations in test rigs before. The test rig investigations
have shown that the material removal depends on the contact
pressure and the lubrication film thickness [7].

Coated pistons have shown a running-in behaviour connec-
ted with a removal of the roughness peaks. Due to the change
to a hard-hard material pairing in terms of a coated piston and
a steel bushing an increase in particles can be detected. Sur-
face investigations showed no coating removal, but a running-
in of the surfaces, resulting in good tribological properties [9].
Investigations of the metal content within the oil showed no
significant values for the elements of the coating material, as
zirconium (Zr) or tungsten (W). Instead, little wear of the coun-
terbodies’ elements were detected, as steel (Fe) or copper (Cu).
These results underline the running-in behaviour of the used
coating ZrC, and show that the new design of the tribological
system piston-bushing allows a reduction of friction.
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Examinations concerning the lubricants after usage show
that the change of the kinematic viscosity at 40°C is stronger
for the reference lubricant in comparison to the CRC-ester lub-
ricant. Both lubricants show an increase concerning ecotoxicity
but the biodegradability was not affected. The biodegradation of
the CRC 442 lubricant is rated as good according to the OECD-
guideline (60% biodegradability within 28 days).

Conclusions

Environmentally friendly tribosystems can be realized by emplo-
ying unadditivated synthetic ester lubricants and PVD-coatings.
The efficiency of PVD-coated rolling bearings and hydraulic dis-
placement pumps was shown in experiments close to reality. A
surface smoothing as desired was found for the coated roller
bearings and the coated pistons. The ester lubricant developed
within the CRC 442 showed a good biodegradability even after
usage.

Literature

[1]  Bock, W.: Schmierstoffe und Schmierstoffanwendungen der Zukunft -
,Hydraulikfliissigkeiten®. Wissensportal Baumaschine.de, Fuchs Petrolub
AG, Mannheim, 2003, http://www.baumaschine.de/Portal/Aktuell _0302/
Wissenschaft/ schmierstoffe/schmierstoffe.pdf, Zugriff am 25.02.2010

[2] Kunz, A.: ,Entwicklung eines Universal Tractor Oil (UTTO) auf Basis
nachwachsender Rohstoffe. Materialwissenschaften und Werkstofftech-
nik 37 (2006), H. 2

[3] Bantleon, Hermann GmbH (Hrsg.): Merkblatt zum Einsatz von Biodlen.

http://www.bantleon.de/bantleon/_download/Merkblatt_zum_Einsatz_
von_Biooelen.pdf, Zugriff am 03.02.2010

[4] Kleenoil Panolin AG (Hrsg.): Olunfall mit Biodlen: Was ist zu
tun? Deutsches Baublatt Nr. 300, 2003, http://www.baublatt.de/
archiv/2003_3/15.pdf, Zugriff am 25.02.2010

[5] Theissen, H.: Merkblatt ,,Unfélle mit Bio61“, Vorgehensweise bei unbe-
absichtigter Freisetzung von Biodl. Institut fiir fluidtechnische Antriebe
und Steuerungen der RWTH Aachen, 2005, http://www.fnr-server.de/ftp/
pdf/literatur/pdf_212th_merkblattoelunfall_ifas_051111.pdf, Zugriff am
25.02.2010

[6] Bartz, W.und J. Méller: Expert Praxislexikon Tribologie Plus - 2010
Begriffe fiir Studium und Beruf. Expert Verlag, Renningen, 2000

[7]1 Jacobs, G.; Gold, P.W.; Rombach, V.; Plogmann, M.; Dott, W. and Michael,
S.: Tribological Aspects of PVD-coated and Ecologically Lubricated Roller
Bearings. 17t International Colloquium Tribology, Ostfildern, 2010

[8] Bressling, J.; W. Dott, H. Murrenhoff und J. Schumacher: Toxikologische
Bewertung der alterungsbedingten Veranderung biogener Schmierdle.
Tribologie und Schmierungstechnik, 56 (2009), H. 4, S. 5-9

[9] Enekes, C. and Murrenhoff, H.: ,Efficiency of axial piston pumps utilizing
coated tribological systems and environmentally friendly fluids”. World
Tribology Conference, Kyoto, Japan, 2009

[10] Brecher, C.; C. Gorgels und A. Bagh: Sauber und effizient - Potenzial
umweltfreundlicher Tribosysteme in Leistungsgetrieben. In: Tagungsband
zum Antriebstechnischen Kolloquium, Aachen, Mai 2009. Verlagsgruppe
Mainz GmbH, Aachen, 2009, S. 267-297

[11] Jacobs, G.; P.W. Gold, V. Rombach und M. Plogmann: Einsatz von PVD-Be-
schichtungen im Tribosystem Walzlager. Tagungsband zur 50. Tribologie-
Fachtagung; Gesellschaft fiir Tribologie e.V. (Hrsg.), Aachen, Bd. 2, 2009

Authors

Dipl.-Ing. Michael Plogmann is a member of the scientific staff at the
Institute for Machine Elements and Machine Design at the RWTH Aachen
University

Univ.-Prof. Dr.-Ing. Georg Jacobs is head of the aforementioned
institute

Dr.-Ing. Volker Rombach is responsible for tribological research of the
institute

Dipl.-Ing. Claus Enekes is a member of the scientific staff at the Insti-
tute for Fluid Power Drives and Controls

Univ.-Prof. Dr.-Ing. Hubertus Murrenhoff is head of department of the
Institute for Fluid Power Drives and Controls

Acknowledgement

The authors would like to thank the German Research Foundation (DFG)
for the support of the Collaborative Research Centre 442.

3.2010 | LANDTECHNIK



