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THE COMPUTER TECHNOLOGY OF EXPERT RULES
CONSTRACTION FOR THE TECHNICAL OBJECTS
DIAGNOSIS SYSTEMS

Shalomygin M.V.
Institute of electrodynemics of NASU, Kyiv, Ukraine

The expert rules organizing techniques by expert’s information and without one for
electrical motor’s diagnosis system moreover these rules correcting technique by
reason-consequences monitoring have discussed here.

KOMIT'IOTEPHA TEXHOJIOI'IA NOBYJOBU EKCIIEPTHUX ITPABUJI J1JISA
CUCTEM JIAT'HOCTUKHU TEXHIYHUX OB EKTIB.

Hlanomuein M.B.
KwuiB, Ykpaina

Ilooano memoouxu opeanizayii excnepmuux npasun (EII) cucmemu ouacHocmuku
enekmpuunux mawun (EM) c 3acmocysanuam excnepmuoi iHpopmayii ma 6e3 muei

(a8MOHOMHO), a MAKoONHC MemoOUKa KOPeKMYBAHHS YUX NpAsUl 3ad pe3yibmamamu
NPUYUHO-CIIOYUX CNOCTEPEIHCEHD.

KOMIIBIOTEPHAS TEXHOJIOI'UA ITOCTPOEHUSA DOKCIIEPTHBIX ITPABHJI
JJAs1 CACTEM JUATHOCTUKU TEXHUYECKHUX OBBEKTOB!
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Ilpeocmasnenvr  memoouku  opeanusayuu  dxcnepmuvlx  npasun (3I1)  cucmemul
ouazHoCmuKy dnekmpudeckux mawun (OM) c ucnonvzoanuem 3Kchepmuoll uHgopmayuu
u 0Oe3 Heé (ABMOHOMHO), a makxce MemooOuKa KOPPEeKMmuposKu >SMux npasuil no
pe3yIbmamam RPULUHHO-CIe0CMEEHHbIX HAOII00eHULL.

KiroueBrle cioBa: QJICKTPHUYECCKas MalllhHa, SKCIICPTHBIC IIpaBuJia, OKCIICPT, AMArHOCTHUKA,
pacupeaeacHue.
The presented techniques of the expert rules organizing give a possibility to
intellectualizing the technical object's diagnosis system not only by expert's intellect potential
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using. It is possible by techniques of the automatically rules correcting and creating new on the
cause-outcome monitoring results. These techniques apply are especially important for the
individual and small quantity-produced object's diagnosis, i.e. for objects without statistical
dependencies between damages and checking parameters.

This diagnosis system is based on expert system procedures. The main tasks of the
diagnosis system are the object’s real condition's identification; the defects and damage's
diagnosis on early stage; the forecasting of the future object’s technical conditions; the planing
of the operative actions and the maintenance planing.

To avoid of some limits on the diagnosis reliability estimation and to make open system
to the list of possible damages is adding the not identificated damage. This damage is
corresponds with all other unannounced damages.

Assume that the checking parameters are the diagnosis symptoms characterizing values.
In a general case expert is building the knowledge base rule as if one of the checking indexes is
large or less then established value. So claiming that there is one of possible damage. The
entering data (established operating index value), that points to damage, has diapason from 71
to T2.Inthiscase T1 20, and T1 < T2 < c. The function of probably distribution P(@) of
damage from correspondence operating index o has visibility:

P(w) =1-exp( —aw’ ) . when >0
1)
P(w) =0, when < 0
where a and g -factors of Veibul distribution, that estimated dependency the data
distributions disperse. Those data are getting from experts about index’s values characterized
limits of correspondence interval. This kind of distribution is selected on base of the more than
100 Ukraine plant’s high voltage AC motor’s and generator’s damages statistic, during 30 years.
The estimations of & and g factors would get from equations determinate the expectation
M(@) and disperse D(w) of the correspondence operating indexes. We will assume that
expectation is the maximum (minimum) long permissible value of concrete index, disperse
calculating on denoted deviation.

1+ +),)

M(w) = %%B |
+2)) ri(1- 1)

1+ -
o) /ﬂ% p

a

Where I'(.) -- Gamma-function.

These nonlinear equations deciding by a and £ are making with restriction that & and g
could be positive and real figures.

In practice this technique realization we propose by modified equation (1) in visible

P(a)) = exp(—a(z ——)'B)
T ’
)
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where @ -measured value of operating index; 7 -the long permissible value of operating
index. In this way for cases when e.g., a operating index is temperature of the motor’s winding
and as event -- slot insulator break-through

In(Pe)

(Aﬂ,

where Pe -the probability of damage that denoted by expert for a index value v. During determine

a
N — > .
the damage on the real operating index value o we take account as = 2, so it's equal 1. For

cases when e.g., for noted damage the index is wending resist

In( Pe

(/)ﬂ

During determine the damage on the real operating index value @ we take account as ®

@sp
we take account as T so it's equal 0.

For the pairwise independence of events (damages) it is demands that expert's
information and independently created rules could not duplicating. On this reason we did make
an operative knowledge base and stationary one. The operative knowledge base is creating in
next direction. For each damage Ai (i=1,2...n) and parameter Bj (j=1,2...k) by looking for the
stationary knowledge base we can find the rules with same Ai and Bj. Assume we find m*i*j
rules, e.g., m experts (system is an expert too) informed us about probabilities of damages Ai
depending on parameter Bj value. For these rules we can receive parameters of the probability's
distributions. Since for these rules describe we use a Veibul distribution (2) we have assume that
index ¢ are equal to constant e and index i, (i=1,2... m*i*j) are defining on special technique
[1]. Each expert has a weight index of his information.

Analysis of the damages and damage’s reasons on the Ukraine plants are showing, that a
damage state is raising not immediately and has an own prehistory. On example, on the
Khmelnitsky sugar plant from 1985 to 1994 years were observed the electrical motors of circular
pumps, fuel pumps and irrigate station's pumps. They power are from 400 to 800 kW, on 6 kV
voltage. In result we have gotten the distribution of damages on years and on kinds. In this way
was fixed the operating indexes during special tests, that is, were made the cause-outcome
observes.

Here we show a one of methods of expert system programming to autonomic knowledge
base rules organizing by the special tests operating indexes. Those indexes are describe the
degradation of observed object exploring conditions with criteria of independence [2].

It is assume we have new operating indexes values; those fixed on the periodic special
tests’ results of identical objects’ group for certain period. For searching of the stochastic
dependence of damage from list to every operating indexes we are use the independence criteria
C. Calculate of the independence criteria's statistics in case of the two signs; every of them has
two classes [2], drawing the table for every new rule [1]

Table 1
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Operating index is | Operating index is Total
normal over
Failure is in d b a+d
Failure is not in c a a+c
Total c+d a+b

where a,b,c,d -- are numericals of the correspondent damage arise. If a leaded exploration
time [1] of the observed objects is not equal we can prognosis the certain index’s values with
smaller leaded exploration time to a damage time of the object with largest leaded exploration
time to the damage. The independence criteria’s statistic is computing by equation [2]

=(ad-bc)?(a-+b+c+d)/[(a+b)(c+d)(a+c)(b+d)]

and compare with a table value of Pirson’s distribution value

(3)

with a number of freedom

degree N=1 and to set trusting probability (for example 0!20,001 ) [3,6].

For example, on table 1 data will building tow rules on index -- Slot insulator’s
coefficient of absorbtion, and on outcome -- “winding shortage on frame” (table 2) and
“mechanical bearing damage” (table 3)

Table 2
Operating index is Operating index is Total
normal over
Failure is in 5 18 23
Failure is not in 189 0 189
Total 194 18 212
Table 3
Operating index is Operating index is Total
normal over
Failure is in 39 3 42
Failure is not in 155 15 170
Total 194 18 212

On the first case independence criteria statistic is equal

(0#5 —189#18 )?#(0 +18 +189 +5)

£, = =16164.

(18 +0)#(5+189)#(0 +189)#(18 +5)

On this case the data are contradict to independence hypothesis (probability < 0,001).
On the second case

(15#39 —3#155)% #(15 +3 +155 +39)

&, = =012
(15 +3)# (155 +39 )# (15 + 155 )#(3 +39)
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The rule based on the table 3 data has no sense, and a probability of slot insulator damage
with absorption coefficient value decreasing to 1,5 is over 0,999, i.e.,

2
X 10.999 =10,83.

After finding of the dependency between operating index’s values and probably damages
we can define the distribute indexes for the new rules.

The knowledge base forming result is the table of probability’s distribution factors (a j

u FMij i=1,...x; j=1,2,..,m.), for the correspondence rules on the x operating indexes and m

damages.

For the making equations those allowed to correct indexes of probability distribution we
will use the maximum plausibility method [2]. By the known Veibul probability distribution
density [3]

f(t)=aft” exp(—at’),
(4)

the plausibility function L determine. For the different values of a observed index ti , by

that took place damages on the identical objects r or units the plausibility function has visible

L =[/]aA!* em(~at!)1[ep(—at] )],

where n -total objects number; t@ -real controlling index value.

The estimations of values a and £ is making by [2]

dInL_O dinL _
dae dg

In result we gotten [4] an equation system

Z_ 3 -(n-ntf =0;
a ia

O .

r ~3nt, —al S t/Int, #(n—r)t/ Int, =0
ﬂ i=1 i=1

if assume
g

té
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and take account that this rule correcting method is correct when ti is tend to 1, we can

assume

ti ~1+4int,.

In practice this told that with the quite large differences between real and waiting
index’s values do not take a right to correct the rule. The equation system determine values &
and B, has a visually

r(%—l) _ﬁZ]nti —mté ﬂ:O;
%‘%‘nti —oc[gln’[i +,Bg'(lnti)2 +mt6 ﬂlnté 1 =0.

where m=(n-r).
Now, as take account that a determines of a and g values are gives to the expert’s

r
arbitrary so value’s r, Z]nti :f and
i=1

r
d (Int,)* =¢ . .

[ become abstract figures. Will take a note that we correct factor £ only.
i=1

This factor takes influence to the form of probability distribution’s curve. Factor a has no needs
to correct since it's characterize the distribution’s scale ad as will be shown down could be cite to
any value. As after start of the object monitoring take place a damage with correspondence

operating index t2 so observed equation system take a visible

(Y, -1 -p&-m(y ¥ -,

()
r(¥,~1)-B&-m+}. =0,
(6)

v —e-ate+pg+m(y yn(y )1 <o, .

T coalz+p =0,
p
(8)

where B -preliminary defined value; £ -new value. In the four equation’s system we have four
unknown values & & r and B, with not varied a. Will rewriting the equations (5-8) with the
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next changes: ,82 :,81 + ¥ and the tl value will define by equation that determine after
deciding the equations (5,6) dependable ywhen =0

1.%
t, =t,(1-—)"
=1 )7

We have take account that & less then 0, we can define a condition when y is a positive
and negative value

y >0 when m(l_tl/tzﬂ)>% and
¥ <0 when m(l_tl/tzﬂ) <%.

The deciding of equations; system (5-8) with account to the enumerated before changes is

|eadtoec;uati0n L ) (tl/tz )ﬂln(tl/tz)
0(4./7/ +(,B+0(,B§ 'B 1—(t1/t2)ﬂ

(tl/tZ )ﬂln(tl/tZ) _
Ty )7

that is the quadratic equation dependable . To the quadratic equation would has two equal roots
its discriminant must equal to 0. In this case yvalue is determine from expression

t,/t, Y In(t,/t,
ﬂ_5(m[(t1/tz)ﬂ -1] +J/2)+2m(t1/tz)ﬂ +ﬂ( é_)(tlr/]t(z)é )

2 am(t, /t, )’ - yﬂ—ln(tl/tz)]

Will use the Pierson’s criteria with 2m freedom degree and confidence probability 0,01 or 0,05
2

xo.gs 2m for the refined factor S value changing suitability estimating

=CY ) -1
ZO.QS,Zm

The significance estimation value could not more than 0.2 to take this procedure of
refining the advantageous.

Will looking for as example the procedure of rules correcting the one that describe the
resource forecast of the AC motors’ slot insulator condition. The insulator resource is determine
by the explore regimes, temperature and number of becoming regimes. The dependence from
temperature [5]

)y —

7/:
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B

gT=A+——
273+ 9

where A,B -constants which dependence from the insulator constructs and technological
distinctions. AC motors’ insulators could be workable when are over warming in a long time
during that could be changing the working regimes those substantially influencing on the
insulators’ resource. That’s why as a calculation of the equation we propose one takes
account that in average in 700 switch’s regimes per hour so the insulator resource is decrease in
2.4 times [5]

B

t = 1O(A+273+ 9) e(—0,00125 V)

where v average number of switches; 0 - measured temperature of insulator.

For example will determine resource of the insulator band JIC-®JIDII-T based and impregnated
with compound ITK-11 for electrical motor 23/IKO®250M4 by this equation. The factors values
in this case are 4=-5,32 and B=4261,29, that correspondence to nominal resource 180,000 Hs.
Adjustment explored time would determined from equation

ot 180000

4261,29
273 +9 ) -0,00125 v

(-
10 e
where t -real explore time on discretizied on index's distances that characterized the explore
regimes. On the figure 1 is show a result of this equation using, i.e., was determined the
referenced and real time.
In this example the nominal insulator resource is 180,000 hours. However in practice are
probable different explore and technological distinctions of the concrete insulator that arise in
motors’ exploration process. The determined curve is describing by Veilbul distribution equation

with correspondence factors & and . The curve bend is characterizing by /3 factor.

P
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Fig. 2
Table 4
Adjustment insulator damage time of one of investigated
slots on explore time t2:100,000 h.
Number of investigated slots 1 2 5 10
n
Difference between prior and -16,76 -16,81 -16,84 -16,84
computed values of factor S
Y
Significance estimation of factor 0,03 0,04 0,08 0,14
£ value &
Adjustment insulator damage time of one of investigated
slots on explore time
t,=185,000 h.
Number of investigated slots 1 | 2 | 5 10
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n
Difference between prior and 154,6 204,5 240,5 253,9
computed values of factor £

Y
Significance estimation of factor 0,002 0,003 0,007 0,016

£ value &

Now will looking for how would change the curve form if will come the insulator condition
changed before 180,000 exploiting hours and after. On the figure 2 are showing dependencies of
insulator wear from adjustment explore time. The curve 1 is correspondence to the calculated
dependency. The curves 2 and 3 are showing the corrected dependencies in cases when take
place a substantial change of insulator’s condition after 100,000 and 185,000 exploiting hours
consequently.

In the table are showing dependencies between corrected index’s values and number of
investigated slot’s cases when take place substantial changes of insulator’s condition after
100,000 and 185,000 exploiting hours consequently. The factor pvalue is $=39,59.

Thus was determined that using of this method take possibility to correct distribution curve of
insulator resource break probability on the concrete explore conditions with its estimation. The
identically operations would be use to other units of motor. There are bearings or edge pockets
of powerful motors. The factor to correcting may be any other operating index.

It is important for the diagnosis system to make account that we must to estimating the real time
checking values, especially in the not nominal regimes of the technical object’s working. The
technique for the multy factors analysis is describing in [1].

1. Maxim V. Shalomygin An intelligence expert system creating technique for the electric machines monitoring.
-Kiev. 1996. -78pp. -(preprint/Ukrainian NAS. Institute of electrodynemics; Ne 785)

2. Fisher R.A. Cratuctrueckue MeTo bl Ui uccienosareneil.-M., l'occrexusaar. 1958r. 268 c.

3. I'neoenxo b.B., benses I0.K., Conosves A./]. MaremaTuieckie METOIbI B TEOPUH HanexkHOCTH. M.,"Hayka",
1965r., 524c.

4. Han&KHOCTP 3NIEKTPOHHBIX 3JIeMeHTOB U cucteM. [lox pen. [[luaiioepa X. -Mup., 1977T., 258c¢.

5. Komeneney H.®., Kysneyos H.JI. VicnbpTanue 1 HAAEKHOCTD SJIEKTPHUECKUX MalnH. - M.: Beicm. mik.,
1988. 232c.

6. Polard J.H. Numerical and statistical techniques. -Cambridge: Cambridge University press. 1977. 349 pp.

International symposium on the contribution of Europeans to the evolution and the achievements of
computer technology "Computers in Europe. Past, Present and Future", Kyiv, October 5-9, 1998
http://www.icfcst.kiev.ua/Symposium/Proceedings2/Shalomygin.pdf

22



