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IL’Jvod - EHD

* Nekonformni povrchy a vysoké zatizeni
« Docasny narust viskozity

« Mazivo je zachyceno mezi povrchy

« Uplné oddéleni povrchil
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Uvod - hladovéni

Vstupni meniskus se pfiblizuje ke kontaktni oblasti
Snizeni vzdalenosti pro narust tlaku

Vysledkem je mensSi tloustka maziva

Fully flooded EHL

Starved EHL
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Schématické zndzornéni tloustky filmu a pribéhu tlaku pro plné zaplaveny a hladovéjici kontakt .

Van Zoelen, M. T. (2010), Thin Layer Flow in Rolling Element Bearings.
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Il'Jvod — kvantifikace hladovéni

Poloha menisku
* Nelze vyuzit pro vSechny stupné
hladovéni

Parametr redukce tloustky filmu

* Pro vSechny urovné

« Potfeba vysledku pro piné zaplavené
podminky

centralni tloustka hladovéjiciho kontaktu

 centralni tlou$tka plné zaplaveného kontaktu

c

R = ES0;1>
herr

R = 1 — plné zaplaveny rezim mazani
R = 0 — suchy kontakt
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Il'lvod — dopliiovani maziva

N\
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Inlet ,'l

V kontaktu: i e
* Blizké okoli kontaktu S
« Kapilarni sily
» Nezavislé na vzdalenosti ( ] )

kontakt(i \ i e T

Mimo kontakt: == @ o ”’ :
* Mezi kontakty 3 ][
« Doplnéni stopy ve volne / e J

vrstvé maziva o %
« Povrchoveé napéti l‘
« Zavislé na vzdalenosti

r

Predbézné zadani:
Studium elastohydrodynamického mazani za podminek nedostatecného
zasobovani kontaktu mazivem
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ISouéasn\'/ stav poznani

Hydrodynamické

Elastohydrodynamickeé

Hladovéni

Popis hladovéni

Doplhovani maziva
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ISouéasn\'/ stav poznani - hladovéni

Teoretické prace

Poloha menisku

Primkovy kontakt

Wolveridge, P. E., Baglin, K. P., and Archard,
J. F. (1971), “The Starved Lubrication of
Cylinders in Line Contact.”

Bodovy kontakt

Hamrock, B. J., and Dowson, D. (1977),
“Isothermal Elastohdrodynamic Lubrication of
Point Contacts, Part IV, Starvation Results.”

Experimentalni prace

Vrstva maziva

Chevalier, F., Lubrecht, A. A., Cann, P. M. E.,
Colin, F., and Dalmaz, G. (1998), “Film
Thickness in Starved EHL Point contact.”

Damiens, B., Venner, C. H., Cann, P. M., and
Lubrecht, A. A. (2004), “Starved Lubrication of
Elliptical EHD Contacts.”

Wijnant, Y. H. (2005), ,Contact Dynamics in
the Field of Elastohydrodynamic Lubrication.”

Extrémni hladovéni

Wedeven, L. D., Evans, D., and Cameron, A. (1971),

“Optical Analysis of Ball Bearing Starvation.”

Chiu, Y. P. (1974), “An Analysis and Prediction of

Lubricant Film Starvation in Rolling Contact Systems.”

van Zoelen, M. T., Venner, C. H., and Lugt, P.
M. (2009), “Prediction of Film Thickness Decay
in Starved Elasto Hydrodynamically Lubricated
Contacts Using a Thin-Film Layer Model.”
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ISouéasm’/ stav poznani - hladovéni

Chevalier, F., Lubrecht, A.A., Cann, P.M.E., Colin, F. & Dalmaz, G. 1998, "Film thickness
in starved EHL point contacts", Journal of Tribology.

73x citovano (60x ve WoK).
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Shrnuti: Teoreticka studie vlivu podminek na vstupu na hladovéni.
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ISouéasm’/ stav poznani - hladovéni

Damiens, B., Venner, C.H., Cann, P.M.E. & Lubrecht, A.A. 2004, "Starved lubrication of
elliptical EHD contacts", Journal of Tribology.

33x citovano ve Scopusu.
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Shrnuti: RozSifeni pfedchozi prace o vliv y na hladovéni pro eliptické kontakty a studium
snizeni tloustky filmu v zavislosti na Case.
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ISouéasm’/ stav poznani - hladovéni

Cann, P.M.E., Damiens, B. & Lubrecht, A.A. 2004, "The transition between fully flooded
and starved regimes in EHL", Tribology International.

30x citovano (25x ve WoK).
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u  -rychlost
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Shrnuti: Rozsahly vyzkum vlivu nékolika parametrd na hladovéni. Vliv h,, je feSen pouze

teoreticky bez ovéreni.
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ISouéasn\'/ stav poznani - doplnovani maziva

Dopliovani maziva

Teoretické

Povrchové napéti

Chiu, Y. P. (1974), “An Analysis and
Prediction of Lubricant Film Starvation
in Rolling Contact Systems.”

Van der Waalsovy sily

Jacod, B., Publier, F., Cann, P. M. E., and
Lubrecht, A. A. (1998), “An Analysis of
Track Replenishment Mechanisms in the
Starved Regime.”

Experimentalni

Pemberton, J., and Cameron, A. (1976), “A
mechanism of Fluid Replenishment in
Elastohydrodynamic Contacts.”

Formovani stopy v| mazivu

Guangteng, G. and Spikes, H. A. (1996), “The Role
of Surface Tension and Disjoining Pressure in
Starved and Parched Lubrication.”

Gershuni, L., Larson, M. G., and Lugt, P. M. (2008),
“Replenishment in Rolling Bearings.®

Ali, F., Kfupka, |. & Hartl, M. (2013), "Enhancing
the parameters of starved EHL point conjunctions
by artificially induced replenishment.”

van Zoelen, M. T., Venner, C. H., and Lugt, P. M.
(2008), “Free Surface Thin Layer Flow on Bearing
Raceways.”
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Soucasny stav poznani - doplnovani maziva

Gershuni L., Larson M.G., LugtP., 2008. ,Lubricant Replenishment in Rolling Bearing
Contacts®, Tribology transaction.

Central Layer Thickness [mm]

Replenishment
Takeoff time time

v

Time [s] '

Shrnuti: Teoreticka studie procesu znovu-doplhovani vytlateného maziva do valivé drahy
Postrada oveéreni kratSich ¢asu
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Soucasny stav poznani - doplnovani maziva

M. T. van Zoelen, 2009. ,Thin layer flow in rolling element bearings*. Ph. D. thesis,
University of Twente, Netherlands.

Contact pressure effect Centrifugal effect ~ F =10kN, Q_ =3000rpm,y=0
hm,l] = 50 T T T T
40 L
‘g 30
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2 B
= 20)
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El"‘s;r
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_ Supply layer __
thickness ¢ [h]

- o - . , L, v 4 . .
small large Predikovana centralni tloustka maziva jako

funkce ¢asu pro soudeckové loZisko.

Numericky model pro vicenasobny ,realny“ kontakt — zahrnuje vliv kontaktniho tlaku a
odstredivych sil. Postrada experimentalni ovéreni.
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IShrnuti poznatkl obdrzenych na zakladé kritické reserse

Studium hladovéjiciho EHL kontaktu:

Valiva rychlost
Viskozita/teplota
Zatizeni
Mnozstvi maziva

Drsnost povrch

CACARA
XACNAA

TlouStka filmu na vstupu
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Shrnuti poznatklt obdrzenych na zakladé kritické reserse

Lugt, P.M. & Morales-Espejel, G.E. 2011, "A review of elasto-hydrodynamic
lubrication theory", Tribology Transactions, vol. 54, no. 3, pp. 470-496.
Chapter — Future developments

7N intical ¢ . S su
on line contacts. Work on, for example, elliptical contacts 1s

missing. . o
The main problem in starved EHL is the input on the inlet oil
layer thickness, This is generally not known and research on this

must therefore be connected to a specific application. An exam-

M. T. van Zoelen, 2009. ,Thin layer flow in rolling element bearings®. Ph. D. thesis,
University of Twente, Netherlands.

7.2 Recommendations for future research

. . . - ; o
Several recommendations for future research can be made. For further validation of W
present model:

e Camry out film thickness measurements for a configuration with multiple vm.
contacts. For these experiments a similar setup can be used as for the single

contact case. A multiple contact setting can be obtained by pressing several rolling
elements mounted in a circle against the glass disk 11ns 1s simlar 1o the thrust
bearing setup used in one of the classical studies on starved EHL contacts, 1e. the

by Wedeven et al. [70].
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Cile prace

Hlavni cil:

» Vliv tloustky filmu na vstupu kontaktu (Hoil)
na centralni tloustku (Hc) a distribuci
maziva.

Diléi cile:

* Minimalni mnozstvi maziva pro hladoveéni

« Studium procesu doplfiovani maziva

* Pomér tlousték vrstev na vystupu kontaktu
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IHypotéza

Q: Jaky je vliv Hy na H.?
A: Kombinace nékolika poznatku:

A) H,; blizké nule (<10 nm) — suchy kontakt prechazejici do mezného mazani. Oblast bez
méfitelné tloustky maziva — mazivo je zachyceno mezi povrchové nerovnosti a netvofri
souvisly film.

B) Oblast mezného mazani prechazejiciho pres smiSené az k hladovéjicimu pfi zvySovani

HoH
C) Oblast hladovéjiciho rezimu. Vstupni meniskus se
zaCina vzdalovat od kontaktni oblasti a uroven . ’ )
hladovéni se snizuje. o
D) Pfesun do plné zaplaveného rezimu mazani. H,
"
=
H

oil

I Pojednani ke statni doktorské zkousce 17/19

21. 10. 2013, FSI VUT

ustav
konstruovani



Metoda

Zarizeni Ball? on Disc:

KOSTAL, D. Studium utvafeni mazacich
flmd za  podminek  nedostate¢ného
zasobovani  kontaktu mazivem. Brno:
Vysoké uceni technické v Brné, Fakulta
strojniho inzenyrstvi, 2011. 74 s. Vedouci
diplomové prace prof. Ing. lvan Krupka,
Ph.D.

“ microscope lens
> d:-
I

Iubricant/

V. Ammi\

N

AN glass disc
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ISouéasn\'/ stav disertacni prace

Summary of the current state of
knowledge (Background)

N

Method
Experimental device
Experiments with oil

Minimum lubricant quantity

Division ratio

Experiment designed for
Zoelen’s model and comparison

Grease

Roughness (Artificial / Real)

OO X & & L&

30 25 20 15 10 5
Lubricant volume [pl]
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Elastohydrodynamické mazani za podminek hladoveéni

Published results:

SVOBODA, P.; KOSTAL, D.; KRUPKA, |.; HARTL, M. EXPERIMENTAL STUDY OF LUBRICATION FILM FORMATION
IN MULTIPLE CONTACTS DEVICE UNDER STARVED CONDITIONS. In Proceedings of the ASME/STLE 2012
International Joint Tribology Conference. Denver, CO; United States, American Society of Mechanical Engineers,
Tribology Division, TRIB. 2012. p. 233 - 235. ISBN 978-0-7918-4508-0.

SVOBODA, P.; KOSTAL, D.; KRUPKA, |.; HARTL, M. Experimental study of starved EHL contacts based on thickness
of oil layer in the contact inlet. Tribology International. 2013. 67. p. 140 - 144. ISSN 0301-679X.

SVOBODA, P.; KOSTAL, D.; POPELKA, M.; KRUPKA, |. The experimental study of transition between fully flooded and
starved regime in EHL contact. Engineering Mechanics. 2013. 20(1). p. 13 - 25. ISSN 1802-1484.

Conferences:
STLE Annual meeting 2012 (St. Louis) - The Study of Lubrication Film Formation Under Starved Conditions

KCMS 2012 (Mikulov) - Lubrication film starvation on two element device
STLE Annual meeting 2013 (Detroit) - Influence of rolling elements distance on starvation

WTC 2013 (Torino) - Surface Roughness Effects in Starved EHL Contacts
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