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Hybrid Rolling Element Bearings: a New Answer Facing the Problem of Debris
Entrapment

Vincent STRUBEL!, Nicolas FILLOT!, Fabrice VILLE!, Philippe VERGNE!, Alexandre MONDELIN¢, Yves MAHEQO?

IUniversite de Lyon, INSA-Lyon, CNRS, LaMCoS, UMR5259, F-69621, Villeurbanne, France
2SKF Aerospace, F-26300, Chateauneuf-sur-Isere, France

Context/Objectives

Recurrent problem: debris contamination
with destructive behavior

From all-steel ... ...to hYbI’ICl REBS The type of contaminants found in lubricated mechanisms can
\ be very diversified (debris, pollution particles) and from different
sources (external or internal).
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In the aeronautical domain, due to high speeds and weight- N
saving, hybrid rolling element bearings (REBs) are foreseen to

replace classical steel REBs. They offer indeed many advantages “Faster ngher StrOnger"
/) )

including a lower density. Spherical Mo steel particles (left) are commonly used to study
The higher hardness appears also as a preponderant feature to entrapment phenomena.

warranty integrity in contaminated lubrication. Surface spalling on REBs rings (right) can appear when rolling
fatigue occurs in presence of particle dents.

Twin-disc machine Numerical tool

Lubricant with Tests with the twin-disc machine Simulation of the fluid flow and
' d th T ination test b h: : : i . .
contaminant oNT TE oA Nation et e determination of particle trajectories
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particles \"“lﬁ' Controlled level of contamination Considering a contaminated

;o Q=3.6 ml/s (nature, size, quantities) Side view Front view lubricant supposes to take into

ZOD’""‘ Sieved Mgo-steel powder Solid2 .t account both the lubricant

W;= 6000 P W2= 6000 pm Silicon nitride and steel discs ~ubricant T bEhaV'Oc'l' and the particles

: . », * Target namics.
, Pure rolling and fully flooded conditions : zone . Y . .
A0 2+ Firstly by analyzing streamlines
= — and secondly by determining the
o _ _ _ Solid1  — sone , _~x theoretical particle trajectories.
The twin-disc machine? allows to model an elastohydrodynamic (EHD) point contact. Lubricant flow Y~

along x-axis

Results

Using numerical simulations Using experiments Mixing both experimental and numerical works

Assumption: each particle is responsible for a

single dent =» quantitative and qualitative ; g g dRo"ing .
. p= : | irection |

comparison of entrapment phenomena. dptoum |

As particles are dispersed in the lubricant, they can
approach the contact region from different positions,

named release positions (RP). Numerical simulation :

along x

Steel/steel contact

S teet'/S teel contact

Steel/Si.N < Bypassing particle 3_ \\\ \ \\ \ Entra’pi“nent width ® 0 um-entrapped particle
; : | I > | Streamline
RP, ;_ 5 | = .
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Particle size: 40 pm
Rulllng dlrectlun - > 2

127 um )/j 5

Simulation domain

u:! ; Hertzian radius e
T T 76um @ @ O ﬂ \\ Benticaused by (a=409y Dbent causid S A _
Contact center U V/‘/ % . 1' \\ \S _ a|arge particle YaS.ma \ ,.-’f’
7 . H -2-: teel ; Z article -
L Side view F z. _3_2 \\\\\\\\\\\ z_‘h (32-40 pm) | (12_2: Jm) ' 2P
Symmetryaxls 6 pm SO KM RPF . . .
%  SisN/Steel contact Larger particles are more likely to be entrapped, in accordance
Front view: ye X R : ' .
. ; with?, due here to a larger entrapment width.
Locations of the RP > \\5&“4 ;_ g P
{1;- & \\\ 300 m all-steel
L] 250 m steel-Si3N4 300 = ié:gg “2
TTETTE TR mw'“- "g' o 250 H
The release positions normal to the rolling direction Rolling direction S 150 150
(RP,) and across the confinement (RP,) influence the \ E 100 100 -
entrapment probability. \\ \Sf%\ z a ” > -
pment probability MO - \\\\\\\ ,,,,,,,,,,,,,, SN o L o
""""""""""""" N Contacting materials Particle size
The closer to the contact center Iine and the nearer (Contaminants range: 32-40 pm) (Tests performed within steel-steel contacts)
from the walls the particles are released, the more Tests with different couples of materials From quantitative comparisons:
likely they will be entrapped. = discs made of silicon nitride withstand - larger particles are more likely to be entrapped
indentation by ductile particles (M5o steel). - contacting materials have a little influence on the entrapment ratios
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