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Summary

This paper presents the implementation of logictivork of vector spaces
in topological form as a artificial intelligence raponent applied for
determination of optimum system design regard éortiicro-bearing operating
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parameters such as carrying load capacity, frictones, friction coefficient
and bearing wear. The tools of fuzzy logic, andotas development
calculations are applied. Presented in this papeical intelligence tools
of calculations for micro-bearings systems deteemihe method using in
mechatronics where are investigated the princigledntelligent behavior
of micro-bearings and are created its new formadef® using computer
programs which can make simulations models of giiitero-bearing behavior
during the exploitation process.

Fuzzy logic is a mathematical object with definedltmalued function
which has values in closed set [0,1]. In classtzae mentioned function has
only two values namely zero and one. This papesgms the fuzzy logic tools
in intelligent micro-bearing systems.

Efficient functioning of slide micro-bearings syste require to choice
the proper journal shapes, bearing materials, noesgth of bearing surfaces and
many other features to which belongs capabilityhe processes and control.
Artificial intelligence of micro-bearing leads td@ creating and indicating
of the network logical models to describe most $&mpnd most proper
topological graphical schemes presenting the desfganticipated processes.
Application of the logical network analysis intcetmicro-bearing HDD design
is the subject-matter of this paper.

LOGICAL NETWORK OF Vector IMPULSES FOR BEARING SYST EM

Artificial intelligence supported by the logicalta®rk of impulse vector space
is included in the industry of new technologies dandmany of the most
difficult problems connected with data optimisatidaring computer program
performances L. 1, 2]. Network analysis for Artificial Intelligence (Al
research is highly applied mathematical knowled§ebfields of Logical
Network of Vector Spaces (LNVS) in the field ofddijournal bearing systems
are organised around the following particular peofs:

— The identification of micro-bearing design modeid.NVS as the objective
of a control systemnl] 6].

— The study of the simplification of the Logical Netik Analysis Scheme
(LNVS) by virtue of graphical topology and an atfgmo create an
equivalence of Logical Network Vector Space (LNVS)sing the logical
set theory and topology laws.[3-5] and,

— The applications of logical network analysis to thelligent control theory
and cyber-bio-tribology.
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IDENTIFICATION OF BEARING DESIGN

Logical Network Analysis Scheme (LNVS) is part b&tArtificial Intelligence
(Al) of micro-bearing systems. LNVS begins with @&tenic input impulses U
and finishes with output electronic impulses Fig. 1 presentes the control
system during micro-bearing design:
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inputU [\ ™\ \\ P " bearing | Learning D (D < output layer
) L \ algorithm LB
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> / | ! <« intput
Fig. 1. Control system: a) signal flow, b) bearinglesign identification, c) two layer neural
network
Rys. 1. System sterowania: a) przeptyw sygnahigdmtyfikacja projektowania, c) warstwy sieci
neuronéw

In slide journal bearing systems we have the impatorU(A, B, C, D,...)
in multi-dimensional space. The components of thestor have various
meanings. For example, the electronic impulse vecttdenotes the anticipated
optimum bearing if we take into account the foliogz A —the shape of the
micro-bearing journal, B bearing solid material, € kind of lubricant, D —
roughness of bearing surface;-Bvarious operating parameters of micro-
bearing (load carrying capacity, friction forcesaw,...) forn =1, 2,...;
various external conditions for n = 1, 2,... (opergttemperature, magnetic
field,...). The electronic impulse vectoY denotes anticipated optimum
bearing.

THE LOGICAL TOOLS

Let us now consider the tools of LNVS occurringniicro-bearing electronic
network and in computer scienck. [5]. We assume the following nods as
connection boxes:

0 - union (sum) mechanism,

n - intersection mechanism which choices common ptmgsenf two
impulses,

O - mechanism which negates each impulse.

The above mechanisms are presented and explairfiagl. iB.
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Fig. 2. Input impulse E and F going into nods and dput impulse Y outgoing from the nods
Rys. 2. Impulsy wégia E oraz F wchodze do wzta oraz impuls wycia Y

CONTROL STRATEGIES FOR TWO EQUIVALENT SPACES
Now for one device, we can assume the followingesgion:

Y1(A,B,C,D) =[AOC)nB]O{[ (OCnB) D] nA}, @)
where: A, B, C, D — input impulses, Y(A, B, C, B)output impulse of first
kind.

In practical cases we have a lot input impulse# fFibo-topology scheme
of (LNAS);, for the formula (1) is presented graphicallyFig. 3.

A: bearing|B: bearind|C: bearing|D: surfacs D’: bearing
geometryl| alloy lubricant |[roughnesy length

Y: anticipated
bearing
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Fig. 3. Example a) and Logical network scheme b) for; =(LNAS), for seven connections
Rys. 3. Przykiad a) oraz schemat sieci logicznejld)Y; = (LNAS), z siedmioma patzeniami

By virtue of the set theory the expression (1) ttansform as followsL]. 5]:

Y =[AOC)nB]O{[ (CICnB) OD] nA}=
=[An(CCnB)]{[ (ICnB) nA]0O(AND) }=
=[An(CCnB)]O[ ((ICNB) nA JO(AND) =(LALA)n(ICNB)O(AND) =
=Xn(ECnB)O(AND) =(CNB)O(AND) =Y 1eq 2
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Symbol Y4 denotes total space of impuls&€sy. 4 graphically presents
the output impulse ¥, treated as a result of (3) for A,B,C,D — input utges.
It is evident that, in this case, the equivalettesce Y. presented ifrig. 4 is
simpler than the origin scheme, Wresented ifrig. 3 because for example;Y
has seven connections between two variable nodsegpoand Y. has only
three. In this case, the number of connectionsthadetwork of transmission
impulses can be more appropriate and more productiv

SN

A— N

Fig. 4. Tribo-topology logical network analysis sch@e (LNVS),eq Y1.8(0CNB)O(AND) for
three connections
Rys. 4. Sié logiczna (LNVS)eq Y1eq= ((CNB)O(AND) z trzema peiczeniami

We can now consider the presented input electronpulses method of
the second type. We take into account the nextubinmpulse:

Y2(En,EFu,F) = [HENEy) OR]n[O(FROOR) n E] (3

where: g, E, F, I — input electronic impulses,,¥ output impulse. On the
basis of simple set theory we can transform thissgion (3) into the
following form:

Y2=[|:( E]_ﬂ E2) DFﬂﬂ[D(F]_DEFz) N El] =

= (D E]_DDEZ O Fl)ﬂ (D F]_ﬂ F2 n E]_) = Y2eq. (4)

A new tribo-topological scheme of network Wescribed by Formula (3)
and Y,qdescribed by Formula (4) are presenteHigq 5.

Clearly, in this case the schemeg &f the origin network presented in
Fig. 5a and the equivalent scheme.ypresented irFig. 5b have the same
number of connections.
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Fig. 5. Logical network: a) Y, after (3) and b) Y,¢q after (4), both with seven connections
Fig. 5. Schemat logiczny: a),Yvedtug (3) oraz b) X, w/g (4), oba z siedmioma paizeniami

The arrow denotes the direction of impulse transiors The goal is to find
such Yeqthat satisfies the following expressidn B, 5]:

| Y(A,B,C.D.EF)~Yeq (ABCDER)|<¢ (5)

whereH H denotes the norm of function Y that can be foupdsecial input-

output pairs. Symba¢ should be selected in such a range that guaratitees
necessary accuracy.

The final calculation indicator ¥is defined as a union of three elements
namely of the two best output impulses of two kirdsnetworks Yeq Yzeq
including various transmission impulses and thet bésd Y., of partial
modified differential calculation method describipgessure and load carrying
capacity distribution. This indicator is definedtire following form L. 6]:

Ye= Y1edA,B,C,D) O Y 2ed E1, B2, F1, F2) UY ceqr (6)

NUMERICAL TOOLS

Fig. 7 presents pressure distribution and load carryagacity in a cylindrical
slide micro-bearing as a one component of the autpator by virtue of the
numerical calculationd | 5] using a modified Reynolds equation performed in
Matlab 7.4 Professional Program. The final caléafaindicator with the sum
of output impulses having the least sum of conpestiis a most productive
logical network of data transmission impulses irj@l bearing design.
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R = 0.001 [m], l=by/R=1,n, = 0.030 [Pas],w=565.5 [1/s], p=16.96 [MPa]

Pmax=21.73 [MPa&
Ci0=40.46 [N]
¢, =3.658[rad]

Ay =0.4 Y

Fig. 7. The pressure distributions in radial micrebearings by the rotation in circumferential
direction
Rys. 7. Rozktad énienia w walcowym mikrotgysku wywotany ruchem obrotowym

CONCLUSIONS

Results obtained in this paper in the field of taginetwork analysis for data
transmission impulses during journal bearing degigesented in graphical
form as a mathematical set theory implementatiarstitute a new convenient
tools of artificial intelligence methods and conguutcalculation methods
occurring in numerous applicationis. [4]. This work has established a scheme
for the calculation of the algorithm of hydrodynanpressure and carrying
capacity changes in journal-bearings for variousnal shapes and for various
geometries. The above mentioned results enabléooineestigate the dynamic
behaviour of a journal bearing system by solvinglified a Reynolds equation
and the equations of motion in some degree of @teedlt shows that
the dynamics of a journal bearing can be affectetl anly by the design
variables but also by existing motor parameters$[ 5, 6].

Streszczenie

Rozpatrywane w niniejszej pracy badania naukowe oguja topologiczm
analiz¢ najprostszych sieci logicznych dla konstruowania gzestrzeni wek-
torowych o sktadowych opisugcych inteligentne optymalne wartdci pa-
rametréw eksploatacyjnych takich, jak c&nienie, temperatura, sity tarcia,
sktadowe predkosci cieczy smarupcej i inne, ktore 3 rozwigzaniami opi-
sanych rowna rozniczkowych czstkowych. Przedstawiony system wiogh
cy od zalaen do rozwigzan pozwoli na ukonstytuowanie s najkorzyst-
niejszego procesu sterowania poszukiwanymi parameimi eksploatacyj-
nymi, przy wykorzystaniu optymalnych sieci logiczngh w trakcie projek-
towania tozysk slizgowych.
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Omawiane systemy topologiczne wiaddo tworzenia optymalnych al-
gorytmow obliczen numerycznych wartdéci cisnienia hydrodynamicznego
i sity nosnej tozysk slizgowych dla réznych ksztattow geometrycznych czo-
pow i panewek w rozpatrywanych tayskach slizgowych. Przedstawione
rezultaty badawcze umdliwiaja badanie i optymalizowanie sztywn§gci
hydrodynamicznej oraz parametrow dynamicznych taysk s$lizgowych
w trakcie projektowania. Uzyskane quasi-logiczne rowigzanie problemu
hydrodynamicznego, opisanego uktadem réwnarozniczkowych w obsza-
rach cieczy i ciala statego, wplywa na ich doktadrsé w poréwnaniu z do-
tychczas stosowanymi rozvgzaniami.

W przypadku trafnie dobranych warunkéw brzegowych da rozwia-
zywanych uktadéw réwnaa oraz prawidtiowo zbudowanych stanowisk ba-
dawczych, a take dokladnych odczytow w mikroskopach sit atomowych
i innej wykorzystywanej aparatury i sprzetu, dochodzimy do coraz lepsze-
go korygowania r@nic pomiedzy wynikami analityczno-numerycznymi
i wynikami uzyskanymi na drodze eksperymentu. Ninigsza praca przed-
stawia pewne wdrdenie analizy sieciowej w logiczno-topologicznej ptai
komponentu sztucznej inteligencji, zastosowanego dukreslenia optymal-
nego systemu projektowania, dotyczrego parametrow eksploatacyjnych
tozysk takich, jak nosnosé, sity tarcia, wspotczynnik tarcia, zuycie tazyska.
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