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Abstract

The study concerns the problem of indication of the procedures employed in the machines state genesis
which are the foundation for the compilation of the rules of inference for determination of the reasons behind
the state of machine incapacity.
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1. Problem characteristics

Implementation of the genesis of the vehicles stegthods in the exploitation process, what is
the base of automation of state identification pss¢ requires, among others, optimization of the
diagnostic parameters and genesis methods.

The solution to those problems depends on manyraaonnected with their degree of
dependence on the complexity of the machines, seetimulti-symptom observations, the quality
of the exploitation process and utilization process

Genesis of vehicles state is the process whichldlemable the forecast of the machine state in
the past tense based on the incomplete historyeofliagnostic tests results. It allows for machine
state estimation or machine breakdown reason fijngiexamination moment.

The question of the choice, which seems to be @dpetnportant in the genesis of the state
process, are:

a) the set of diagnostic parameters dependent on #hine working time, examination

frequency and the average quantity of the optiraabEdiagnostic parameters

b) the genesis method dependent on the machine hotizerminimal number of the time

chain elements necessary for the genesis stamaditha machine working time.

The study of the problems introduced above, theanyos of their construction, high users
expectations as well as the current legal reguiatamncerning the users safety and environmental
protection are the sufficient urge to search neaguibsis methods as well as to determine new
measurements and tools to describe the currenhaltig states in their exploitation process. All
of above is presented below, as suitable procedalgarithms and rules flow of them.

2. Procedur e concer ning optimization of the set of diagnostic parameters

The set of diagnostic parameters stands out ofe¢hef initial parameters. On the base of the



already conducted tests, the aim of which was tafico some suggestions included in the
literature concerning diagnostic information redorctin forecasting process, it is assumed that the
following problems need to be taken into accountlevbdetermination of the set of diagnostic
parameters in the prognosis and genesis of theinwastate [1,2,3,4,11]:

a) the ability of machine state modeling duringexploitation,

b) the amount of information concerning machin¢esta

c) the proper variability of the diagnostic paraenstvalues during machine exploitation.

Thus the proper algorithms, with taking to accoabbve, are introduced below as the
following methods:
1. Correlation method of the diagnostic parametard machine state which is testing the
correlation of diagnostic parameters and machiaest=r(W, y;) (alternatively with exploitation
time (; =r((©,y;)). In case of lack of data from th€ collection these are replaced with machine
exploitation time, on the assumption that indicataf machine state diagnostic procedures is
realized in the period of normal utilization timéhenr; = r(©, y;); j=1,..., m; k=1,... K -
correlation factor betwee®c[J(©1, Op) (Ox — machine exploitation time) aryy.
2. Maximum information capacity of the diagnostargmeter method.
The aim of this method is to choose the parameteictwprovides the largest number of
information concerning machine state. The imporaoicthe diagnostic parameter rises according
to its correlation with the machine state and datien decreasing with other diagnostic
parameters. This correlation is shown in the sludipedicator of diagnostic parameter capatity
which is modification of the indicator concerninigetset of variables explaining econometric
model.

The advantage of the methods introduced aboveeisaitt that they let choose from the set
of initial parameters both one-element as well atirelement set of diagnostic parameters. One-
element set concerns the case when machine is gesenh into the units and it is necessary to
choose only one diagnostic parameter. Multi-elensentis received when more lenient limits
have been employed in the introduced proceduresmBre lenient one should understand the
situation when parameters of bigger or smallerdatiing value have been classified in the set of
diagnostic parameters, for which indicators valeetagher (lower) in comparison to accepted for
high (low) numbers method.

The algorithm for indicating the optimal set of gliestic parameters values is the following:
1. Data acquisition:
a) the set of diagnostic parameters values in thetiumaf the machine time exploitation
{vi(©x)}, gathered during the realization of passiveasctxperiment, wher®,[1(O4, O);
b) the set of diagnostic parameterg(®,)} - nominal values, Y} - boundary values, j=1,
ey M
c) the set of machine state®{ {s}, k=1, ..., K; i=1,..., I}, achieved during the readition
of passive-active experiment, wh&@g1(©,, Op);
d) the cost of diagnostic paramete(g;) = const.
2. Optimization of the set of diagnostic parameteisies (only in the case of a large quantifity of
Y set, e.g. m>10). The set of diagnostic paramé&teatstermined by means of:
a) correlation method of diagnostic parameters vakhmes machine state (with exploitation

period,r; =r(W,y;), (trj =r((G, y))):
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b) the method concerning the amount of informationd@gnostic parameters about the

machine state:

r2

hj = m+ (3)
1+ Z‘ i
j.n=1j#n
K . _
Z(yj,k — Y, )(yn,k - Yn)
rj’n = Kk:1 — P — (4)
\/z(yj,k - yj)zz(yn,k ~ Yo’
k=1 k=1
o 1 K _ 1 K
Vi = XYk s Ya = 2 Y (5)
k=1 k=1

where:r; =r(W, yj); J=1,..., m - the factor of correlation betwe¥ (machine state) ang
variables.

In case of lack of data from the W collection these replaced with machine exploitation
time, on the assumption that the indication ofrtfeczhine state procedures is realized in the period
of normal utilization time. Theny =r(©, y); j=1,..., m; k=1,...,K {r— correlation factor between
OkL(O1, ©y) (O« — machine exploitation time) angwuariables).

In order to choose the set of diagnostic paramétersveight values are used

a) computable weight :
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b) the criterion of diagnostic parameter(s) choiceehermaximum of the weight values;
and the choice of diagnostic parameters accordirniget described criterion.

c) in order to match the users preferences it is ptes$o introduce weights aMstandard
values) from the (0,1) section and to choose disim@arameters according to the
described criterion.

3. Genesis of the machine state procedure

While discussing the problem of the machine stateegis, some genesis methods should not
be considered better than others. It all dependshensubject of the study and the aim of the
machine state genesis. While employing some aitncerning [5,6,7,8,12]:

a) the character of the genesis (the value of the symgenesis, the estimated machine state

in the past, the value of the past work or a d#fiféicharacter of the machine state genesis),

b) the influence of the change of the machine exglomaconditions and the operational

activities on the machine exploitation attributegiich need to be considered while
choosing the genesis method,



c) genesis methods likely to be used (e.g. qualityhoud, modified trend extrapolation
methods and modified adaptation methods),

Algorithm of the machine state genesis m@taccording to the estimation of the diagnostic
parameters value scheme includes the following etes
1.The set of diagnostic parameters geney];’i}:{

a) with help of diagnostics paramety;*r value approximation methods in time ran@g,©y)
with approximation tolerance radiugfor “tolerance channel”;

b) by means of diagnostic parametyq? interpolation in the time range®{,0p with
approximation tolerance radiugfor “tolerance channel” using glued functions mettg
2, 3 equation;

c) the choice of method according to nominal or maxivelue of tolerance radius for
approximation or interpolation (machine tolerangg e

2. Analysis of the cause §fTy) state:

a) theset§ (©y), i=1,..., 1; k=1, ..., K} presentation.

b) determination of the common point of the ,toleramt@nnel” indicated by the tolerance
radiusr*,: max (fa, i) and the diagnostic parametﬁ*r boundary value at the moment
O4(©1,6) moment, which means that the reason for the kel states was the
temporary appearance of that state in the tigngd);

c) defining more number of the common points of th@eitance channel” indicated by the
tolerance radius = max (, ri) and the diagnostic paramely;*r boundary values in the
moments O41(@1,0,) means that the cause of the localized statevas the rising
development of that state in the tin&®,©y);

d) in case of lack of common points defining the miairength of the “tolerance channel”
from the boundary value in the momeéd¢[1(©,,0,), which means that the cause of the
localized states was probably temporary incomplete appearanceabfstiate in thed;,0y)
time;

e) analysis of identity of the set of states ©x), k=1, ..., K} and the localized by, of s
state for the determination of its appearance enctintext of alternative common points or
minimal length of approaches.

4. Therules of making conclusion in the defining of the causes of machineincapacity

The analysis of the task demands in relation tte dtarecasting and next maintenance time
defining, occurred, that in the data base, beseds sf boundary, values, nominal values and
diagnostic parameters values registered duringo@afibn, rules for diagnostic conclusions are
necessary.

Analysis of the results of the research into metthmgly of machine state forecasting [11,12,13]
allows for formulation of the rules for conclusiohtype “IF-THEN” or “IF-THEN-ELSE” in the
field of

a) optimization of diagnostic parameters;

b) machine state genesis.

For example for 6203 car bearing and for the irteaombustion engines in Star 11422 cars
generated rules are as below:

1. Conclusion rules for 6203 bearing:
a) for diagnostics parameteYs set optimization:
- if wy; = 0,02 toy; OY,
- orif wy = Wyjmaxtoy; OYY

b) for the state genesis:

- if the set of probable bearing damage occurs, ohefiof the state of incapacity according



to the level of occurrence probability follows ths) = 0,5 tos [ Srule,

if there is no probable damage to bearing, defirtirggstates of incapacity according to
the measure of exploitation:@ = O, tos (©,)0 S

if the mistake of the second degree approximatamtlie setY® < mistakes genesis
interpolation method of the first degree for theethen the genesis method for the set
of values in theY° set is the first degree interpolation method, Ise ¢he second degree
interpolation method,

if the genesied diagnostic parameter distanpéeéy ° with genesis mistake from boundary
parametey; Y values isd(yjq — value Yjc + rg) for yic > yic), d(value §jg — (ic —rc)

for yic <Vje) than minimum value df is the minimum distance:,

If dmin = 0, than there is one common point with boundatye (number ofdmin] = 1), if
dmin < 0, than there is more than one common poinbfemdary value (numbedd,] >

1), if dmin > 0, than there is no common points with boundatyes,

if dmin = dmin (© (S)), than minimum value af’yi, = dmin OCcurred in state i®s1(01,0)
time, what means, that the reason of located shategs T,y test was the temporary
appearance of state during®1,0y), in other cas&dmin # dmin (© (s)), what means, that
the reason of; state ocured during fj test, is impossible to explain,

if the number @] > 1, it means that reason of located stateas caused by increasing
development i®s[] (©1,0p) time of $ occurrence conditions (defined during;Test),

if dmin > 0 and there is no common point with boundary&ait means that most feasible
reason of located state (defined during{ test) was temporary, un full occurance of
that state in®;,0y) time;

2. The rules of meaking conclusions for Star 11d&2combustion engine:
for diagnostic parameteM set optimization:

a)

b)

if wyj = 0,07 thery; OY?,
or if Wij = Wijmaxtoy; OY

for state genesis:

if there is set of most feasible combustion endireak down for Star 11422, defining,
the set of its out of work states according toiahibreakdown probability level rule: if
p(s)=0,5 thars O S,

if there is no set of most feasible Star 11422 agstibn engine breakdown, defining the
set of its out of work states according to exptamta measure value: ®; = ©, than s
@)os,

if the genesis approximation ,2 equate, methodatkésfor set Y° < genesis mistake 1
equate forY° set, then interpolation 1 equate is the genesttadefor Y° set, in other
case, 2 equate approximation i the genesis method,

if the approximation 2 equate genesis mistakerfset < genesis method with 1 equate
interpolation forY° set, than the 1 equate interpolation is the genmasithod fory® set
values, in other case 2 equate approximation isnthod,

if genesis diagnostic parametgJY° value distance with genesis mistake from
parameter,y boundary valuewyfy — value (¥ + rg) for yjc > Yje), d(value Yig — ic —
re) for yic <yic) then the minimal distan@» is the minimum value dj,

if dmin = O, than tere is only one common point with bamdsalue (number ofdf,n] =

1), if dmin < 0, then there is more then one common point aathndary value (number
[dmin] > 1), if dmin > O, than there is no common points with boundaitye,

if dmin = Ohin (© (s)) than minimum valued®yi, = dmin occurred with state during
O4(01,0p), what means that temporasstate appearance ®s[1(©1,0p) time was the
reason of occurred locatadstate Ty test, in other caséyin # dmin (@ (s)) what means
that it is impossible to define reasonsgdtate during 1y test,



- quantity d°nin] >1 mean, that the increasing sfoccurring conditions development
during®g] (©,,0p) time was the reason of locatg@defined during Ty test),

- if dmin > 0 and there is no common point with boundaryeaheans, that temporary, un
full slocated state occurring durin®@4,0y) time was the most feasibdelocated state
occurring (sdefined during Ty test).

Presented making conclusion rules in range of maclstate genesis, after suitable
verifications can be the base for dedicated mac$tate estimation application in on-line mode for
specific system or off-line mode for stationarytsys.

5. Conclusion

The above presentation of the vehicle state gernasisedure allows for the following
conclusions:
1.Presented procedures allow for defining optiraetording to the assumed, criterion:

a) the set of diagnostic parameters;

b) diagnostic parameter values genesis and estimatitihve causes of the machine state;
2.Taking the above into consideration, in ordedé&dine the set of diagnostic parameters and
genesis the presented procedures may constitufeuhdation for defining the rules of inference
in the fields:

a) defining the optimal set of diagnostic parameters;

b) estimation of diagnostic parameters values in th& pnd estimation of the cause of the

state of the object in the moment of testing.
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