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Summary

This paper presents the new methotifiction forcecalculations occur-

ring in slide hydrodynamic HDD micrbearings with spherical journals.
Moreover the paper presents new ideaalculation and design of slide
hydrodynamic HDD micro-bearings. ©rof these ideas includes the po-
ssibilities to cover the apperating micro-bearing surfaces with a very
thin biological layer of about 80 nnithe thin biological layer contains

genetic information that establishes intendment tasks prescribed in gene-

tic material. The means of regidicm of genetic information in DNA

particles inside the thin biological layer is called genetic code. We can
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control a genetic information, and wan select such genetic information
inside the thin biological layer to obtain proper carrying capacities and
very small friction forces and wear values.

INTRODUCTION

The presented paper describes ¢iperating micro-bearg parameters

and particularly friction forces dhe spherical HDD micro-bearings. The
cooperating micro-bearing surfaces aowered by the very thin superfi-

cial layer about, 80 nm height, with biological additions. Such thin layer
contains genetic information which establishes intendment tasks pre-
scribed in genetic material. Theeans of registration of genetic DNA
information particles inside the thin biological layer is called as genetic
code. We can control a genetic information and we can select such ge-
netic information inside the thin bimjical layer to obtain proper carrying
capacities and very small friction forces and wear values during the ex-
ploitation period. Additionally thasymmetric and sgmetric grooves on

the spherical micro-beiag surface are applied. The depth of the grooves
attain about 25 nm. Whirling lubricaflow caused by the grooves lying

on micro-bearing surfaces, consolidates the intendment tasks prescribed
in genetic material. For example increases the memory carrying capacity
and causes the diminution of the meynof friction forces and wear.
Moreover the spherical journal beay with asymmetric grooves gener-
ates the asymmetric pressure distributions which implies the eccentricity
of the rotor|L. 3], [L. 4].

Symmetric grooves on the journal cagsacentric motion of a rotor.
General analysis of this paper caless the dynamic behavior of mi-
cro-bearings and makes comparisons with recently obtained results of
other author$L. 3]. The lubrication of micro-bearing surfaces is charac-

terized by various bearing geometries form and artificial intelligence.

MECHANICAL AND GEOMETRICAL DATA

Pressure distributions and friction des in spherical micro-bearings are
calculated for radius dhe spherical journal from 0.6 mm to 1.0 mm. Lu-
bricant viscosity had value 0.018 P#ée are taken into account rotating
speed 10 000 rpm and radiakatance about 10 micrometgr. 2, 3].

Fig. 1a, b, ¢ show the bearing system of a HDD and particularly a spheri-
cal journallL. 1, 4, 5]
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Fig. 1. Spherical journal for hydrodynamic HDD micro-bearing (20 000 rpm after
K.Ch. Wierzcholski): a) circumferential grooves on the spherical sleeve,
b) longitudinal grooves on the spherical journal, c) circum-ferential
grooves on the spherical journal

Rys. 1. Sferyczne czopy mikralgska HDD (20000 rpm wedtug Wierzcholskiego):
a) obwodowe rowki na sferycznej panewce, b) watkdurowki na sferycznym
czopie, ¢) obwodowe rowki na sferycznym czopie

A NEW IDEAS IN MICROBEARING LUBRICATION

Presented in this paper micro-bearing lubrication is characterized by the

following new ideas:

« The dynamic viscosity of oil dependa adhesion forces between fluid
particles and cells on the micro-bearing surface and hence oil dynamic
viscosity changes in super thin nodbearing gap- height direction.
Micro-bearing gap height in many times is smaller thaml

« The grooves about 25 nm depth |l@zhbn the micro-bearing coopera-
ting surfaces in longitudinal and circumferential directions of rotating
spherical, journal shapes imply the increases of memory capacity and
memory friction force effects and moreover increases the other intelli-
gent micro-bearing properties .

+ Registration of genetic DNA informatn in particles inside the thin
biological layer on the bearing saces stabilizes the memory capacity
effects and has influence on the wasgcosity which often changes in
gap height direction.

« The remodeling (or adaptation) ofetlthin biological layer covering
the micro- bearing surface, denothe continuous process defined by
genetic (congenial) factors to change shape and geometry of the micro-
bearing gap. Such process implies the oil flow velocity changes in the
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gap and therefore leads to the shate variations of the flow, thus oil
dynamic viscosity changes.

- The changes of not isotropic matergaefficients such as module of
elasticity of superficial layer lying on the micro bearing surface have
influence on the gap height changes. This fact leads to the oil velocity
changes what produces share rate changes of the oil flow and hence oil
dynamic viscosity changes.

- Non Newtonian properties of the ¢glad to the changes of the hydro-
dynamic pressure in super thin am-bearing gap height direction.
This phenomena conduces to thew non-classical hydrodynamic
theory of lubrication where we abh the three dimensional hydrody-
namic pressure distribution in mebearing gap. Such phenomena is
up to now unsuitable in hydrodyméc theory of lubrication.

- Nano-roughness of micro-bearing surfaces leads to the oil micro-flows
in arbitrary directions what changes the oil velocity on the movable
surface. This situation change® ttundamental conditions of hydro-
dynamic theory of lubrication anthanges exploitation parameters in
unexpected form.

MICRO-BEARING SPHERICAL GAP HEIGHT WITH
GROOVES

If grooves length is situated # (meridional)and ¢ (circumferential)
direction then total gap heigkt of the spherical micro-bearing has the
following form respectively:

er(9,9,1)= 5{(1”\ COS¢)+ - (Slng—¢+ Zsin ¢+5sin":'pn¢ H (1)

T 3 o7 T

4ey
e (9,9,1) =¢| (1+\.cosh) +—%| cOS— —=COS—— +=COS—
1($,9,1) [( sCosh) — ( 5 3 c

for 0< ¢ < 2i, —TR/2< 9 < TR/2 whereAs — eccentricity ratio in spheri-
cal micro-bearing,e — radial clearance in spherical micro-bearing,
E91=€4/€, €¢ — ridge height. Symbolégr, 9+ denote periods of grooves se-
guence about 65 nm gnandd — directions respectively.
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FRICTION FORCES

This paper presents the friction forces calculation in spherical micro-
bearing gaps. The time dependseinponents of friction forces presented
in spherical coordinates for circuréatial and longitdinal directions
01=¢, az=J occurring in micro-bearingoferical gaps have the follow-
ing forms|L. 6]:

ov e
Frg (1) = (n_q’] Rsm(—jdq) a9
Gt

®3)

ov (9
Fg (1) = (r] —’SJ Rsm(—}dq) o
R !2{ or Jr—e. R

We have circumfeential directiono; = ¢, gap height direction,=r,
meridional directioro; = 9. Symbol R denotes radius of the sphere (see
Fig. 1). Symbols y,vs denote lubricant velocity componentsdind di-
rections respectively. In this caiee components of friction forces (3)
have the form:

er(9.9.1) rdr

I 1,0
)= [[ 5 (09,0~ Ly gk -
Qs
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er(¢,9.1) rdr

I ) ’S
FRS(U—RJJap“) sT(cp,e,t)—ST(;@,O”(‘I’dr )
r

£ n(9.1.9)

. (D
S'”(Ejdq) dd (5)

forn =n(®,r8),0<r<er,0<sdp <2, 0<6; <1, RU8< 3§ < R1v2,
9 = R31, Q4¢,9) — lubrication surface, + time. If liquid dynamic visco-
sity is constant in gaheight direction i.en(¢,9), then friction force
components (4), (5) tend to the following form:

_1 0P(1) 4o g5 -
Frog (1) = 3 7 (69,0 =5 doad

6
R2 jf @) smz(ijdq)dﬂ ©
o er®9.0 " (R
Foo (0= Jer (69,050 sn[ 2 Jaeds @

forn =n($,9),0<r<er, 09 <2mG, 0<06; <1, RI8< I < Rrv2,
19:R'81.

The first term in equations (4), (56), (7) describes friction forces
generated by the pressure and sleeond terms denote friction forces
caused only by the angular velocityof the micro-bearing spherical jo-
urnal sedL. 4, 6].

RESULTS

Presented paper shows the following scientific results:
New ideas in the field of slide Hyodynamic micro-bearing exploita-
tion.
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« New ideas for micro-bearings in dnpdynamic non-classical theory of
the analytical and numerical model formulation.

- Main differences indication betwe@on-classical and assical theory
for micro-bearing lubrication.

« Indication of new practical resultsbtained for opetang parameters
of micro-bearings by virtue of the new theory conceptions.
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Streszczenie

Niniejsza praca przedstawia now metode obliczania sit tarcia wy-
stepujacych w slizgowych hydrodynamiczrnych sferycznych mikro-
tozyskach HDD dyskéw komputerowych. Mikropowierzchnie mikro-
tozysk slizgowych 3 powlekane cienly warstewka materiatu biolo-
gicznego zawieragcego genetyczne informacje, ktére realizuaj za-
mierzone zadania dla mikrotayska zapisane w materiale genetycz-
nym. Sposob rejestracji informacji genetycznych w cgsteczkach
DNA wewngtrz warstwy materiatu biologicznego o grubdci okoto
80 nm nazywamy kodem genetycznym. Memy rowniez sterowat
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informacjami genetycznymi oraz dobiera& takie genetyczne informa-
cje wewmtrz warstwy biologicznej, aby uzyskiw& witasciwe sity no-
sne mikrotozyska przy minimalnych wartosciach sit tarcia oraz war-
tosciach zuzycia materiatu.

Réwnoczdnie wyszczegodlnione zostaty nowe idee hydrodyna-
micznego smarowania mikrotaysk slizgowych o wiaciwosciach
sztucznej inteligencji z mdliwoscia zapamigtywania reakcji wzbu-
dzania stosownych parametréw egploatacyjnych przy zmiennych
warunkach obcigzenia z maliwoscia adaptacji do warunkéw srodo-
wiska oraz z maliwoscig remodelingu.





