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A REMOVING UNCERTAINTY FRAMEWORK FOR
APPROXIMATING THE PROBABILISTIC DISTRIBUTION OVER
ABRASIVE-ADHESIVE-DIFFUSIVE WEAR EVALUATION
MODELS OFF MOST-PRECAUTIOUS DISTRIBUTION PATTERN

There are considered single-parameter output models of tool wear
evaluation, grounded on abrasion, adhesion, and diffusion phenomena.
A mathematical framework of removing such three-model uncertainty,
using the multi-lap-measurement-approximated probabilistic distribu-
tion off most-precautious distribution pattern, is stated.

Key words: tool wear evaluation, abrasive model, adhesive
model, diffusive model, model uncertainty, probabilistic distribution,
matrix game, investigator optimal strategy.

A problem statement. In cutting and processing metals or their work-
faces there extensively are four specific features, being focused on to get con-
sidered the complex tool wear mechanism quantitatively: abrasion, adhesion,
diffusion and oxidization [1; 2]. The last one stands out to be deeply compli-
cated, and so mostly there are three mathematical models of tool wear evalua-
tion (TWE), grounded on abrasive-adhesive-diffusive phenomena separately,
slightly included oxidizing effect. The matter is to form an adequate probabilis-
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tic distribution (PD) over these abrasive-adhesive-diffusive wear evaluation
models (AADWEM) for obtaining the single tool wear value.

References analysis. As the being started for consideration mathe-
matical models have the single-parameter output (tool wear value), then
naturally that the prime PD over three values of the parameter with un-
known expectation and variance could have been laid uniform [3]. But tak-

ing here probabilities
1 1 1
- - = 1
[ 3 3 3 } o

over AADWEM would have meant those models have identical influences,
what is unobvious and initially unacceptable in consequence of that [4].
Due to the just said here cannot be used the simple average for removing
uncertainty with AADWEM, though it is pretty often used in solving non-
sophisticated well-defined decision-making problems [5; 6].

Data-out pre-notation. Having explicitly or implicitly those three
AADWEM, suppose that there

w,.(x, t) by i:I,_3 2)
is TWE in the moment ¢ €[0; T'] on the location x €[0; L] from the i -th

model, where T is the observation interval duration, L is the tool wearing
curve length.

An aim of the mathematical framework. The being developed paper di-
rection aim is to state a framework for approximating PD over AADWEM,
giving wear values (2), starting off the most-precautious distribution pattern.
The developed framework will allow to remove uncertainty

{{{Wi (x, t)}; }xg[o; B }tE[O; . (3)

{{w(x, t)}xg[o; 4} : (4)

t€[0; T]

into

using the approximated PD.

Procedure of deducing PD over AADWEM. The precaution in start-
ing to approximate PD over AADWEM lies in minimizing distances

kl.j(x,t):|w,.(x,t)—wj(x, t)| byi:I,_3 and j:1,_3, 5)
where w, (x, t) is an investigator decision to accept the j -th model in the
moment ¢ € [0; T ] on the location x € [0; L] , though in actual fact within

that time-location the i -th model prevails. The values (5) are united into
the matrix
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K(x, t) = [sz (x, t)lx3 (6)

for the game
3
(I fs ), K (x0)) =

0 ky, (x, t) ki (x, 1) (7)
=Cimd s ) s ke(e ) 00 ()],
ks (x, t) Ky, (x, t) 0
in which the pure strategy m, means the i -th wear model from AADWEM
actually prevails within time-location {x, t} and the investigator practically
selects the j -th model with its pure strategy s, . In the game (7) the inves-
tigator has its optimal strategy

Q(x.1)=[d (x1) & (x1) @ (x.1) ] e @(wt)

cQ={Q=[q1 4, qg]eR3:q,-e[0;l]Vj=1,_3,iq,-=1} ®
belonging to the set of all optimal strategies i
O (x.1) = argmin max (P-K (x.)-Q") )
for the set
’P:{P:[p1 D, p3]eR3:2pi:1} (10)

of all possible PD over AADWEM, but conditions of generating these dis-
tributions cannot be structured or systematized.

Having minimized the distances (5) over the two-dimensional funda-
mental simplex (equilateral triangle space) Q under the worst situation

(adverse conditions) as the maximized distances (5) over the two-
dimensional fundamental simplex (10), the components of the optimal
strategy (8) may be used to determine the most-precautious expectation

W (x, 1) = w, (. 1)d, (x. 1) (an

of TWE. But naturally that wear forecasting is tightly linked to measuring
wear. So, may on the u-th lap of measuring wear within time-location

x,, t,} there be the tool wear sample (TWS) w (x,, ¢ ), where
1> %n 1> "n
1=0,M,x,=0,x,=L,n=LN,t>0,¢,=T,
ol clos 2] {e ) < [0 7], (12)
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u=LU,M>2, N>2,U>2.
And with the carried out measurements of TWS through U laps

M N _
{{w<“>(xl, i, )}10} for u=1,0 (13)
will construct a procedure of approxim;t?ng PD over AADWEM to
Q(x.t,)=[d(x8,) @(x.t) @(x.1)], (14)
where
44%¢quqbyiﬁx%Jﬁzh (15)
=

starting off the most-precautious distribution pattern in (8). For this there is
the j. -th probability to be corrected as

G (x:1,)=ad (x.1,) at j e (1.3 (16)

with some coefficient
aell; ; 17)
'q’§i171> (xl ’ tn )

whereupon other probabilities
é§">(xl, t,)= ﬂ’q” n (xl, t,) for ]e{l 3}\{ A (18)
are corrected with the coefficient

1- aq<” Y (x, t
p= ’@if ) (19)
Z qj ('xl > tn )

je{l, 3}\{1;}

using a classification rule
i NG
Leargmmn|w' (x,, ¢ )—w.(x,, ¢
j gj:1,3‘ ( 1 n) j( ! n)

with the calculated TWE

W (x, 1) = Zw 0, 1,)3" Y (x,.1,) @1)

after the (u—1) -th lap correctlon, by

3 (x,1)=4,(x,1,) ¥ j=13 (22)
for start-off with (11). It is clear that correction coefficient (17) should be
chosen due to the distance between TWS w'(x,, 1,) and TWE (21), being

a nondecreasing function

(20)

azawW“&JJ—WWW@JJ

B @3)
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that is
a(zl)Sa(zz) for z, <z, (24)
by any element from (13) and any (21). Finally, the probabilities
3, (x.1,)=3" (x,1,) ¥ j=13 for =0, M and n=1, N (25)

constitute the U -lapped-measurement PD (14) for (15) over AADWEM
with (2), what gives the single tool wear value

w(x,1,)= Zw (x2,)d, (%, 2,) (26)

and removes uncertainty (3) into (4) as w(x,t,)= vi/(xl, 1)

Conclusion. The essence of the stated procedure of deducing PD over
AADWEM off the most-precautious distribution pattern in (8) from the set
(9) is in lap-by-lap correcting probabilities (16) and (18) with coefficients
(17) and (19), using a classification rule (20), and running it through U
laps with measurements of TWS (13) on (12). This forms the impartial PD
(14) over AADWEM with data-out (2) for obtaining (26) without ground-
less PD (1), starting off probabilities (22) and deducing on probabilities
(25). The nondecreasing function (23) as (24) should be identified also nu-
merically, although it is a further-work problem.
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PosrisgaroTeest MOzENi OLIHIOBaHHS 3HOIIYBAHHS IHCTPYMEHTa 3 OJIHO-
MapaMeTPUYHUM BHXOZIOM, 3aCHOBaHI Ha SIBUILAX CTUPaHHS, aaresii Ta audy-
3ii. BukagaeTscss MaTeMaTHYHA OCHOBA IUISl YCYHEHHS TaKOi TPHUMOJIEIBHOL
HEBHM3HAUCHOCTI, 16 BUKOPHCTOBYETHCS allPOKCHMOBaHHIA 3a 6araTropasoBUMH
BUMIpIOBAHHS IMOBIPHICHUH PO3MOJI, TOYMHAIOUH 3i 3pa3K HaHoOepexHi-
LIOTO PO3IIOIITY.

180



Cepist: TexHiyHi Haykn. Bunyck 6
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Wucrutyt sanekrponnnamMuku HAH Ykpaunsl, . Kues

AHANN3 TOMOJIOTMYECKUX CTPYKTYP KOMIMbIOTEPHbIX
CETEWA CUCTEM MOHUTOPUHI'A B 3HEPIETUKE C YYETOM
®OPMUPOBAHUA CPEACTB 3ALLNTBI UH®OPMALIMA

B cratee paccMOTpeHBI pa3iuyHBIE BHIBI TOIOJIOTHUECKHX
CTPYKTYpP KOMITBIOTEPHBIX CETCH, OpHEHTUPOBAHHBIC HA HCIIOIB30-
BaHHE B CHCTEMaxX MOHHTOPHHIA B dHepreTuke. [IpoBoanTcs aHamm3
CTPYKTYp U BEIOOp Hanbosiee 1eaecoo0pa3sHoi U3 yCIOBUH ONTHMH-
3alUM CeTH ¢ oOecHedeHHeM BO3MOXHOCTH Pealn3allii CPEJCTB
3aIIUThl HHGOPMAIINHL.

KioueBblie ciaoBa: mononozus cemu, ungpopmayuonuas 6e3o-
nacHocms, 0epego-2unepKyounecKas cembv, KOIbYe8ds Monoaio2us.

3agaun cuHTe3a W 3aIMTHI MH(OPMANMH KOMIBIOTEPHBIX ceTei
CHCTeM MOHHTOPHHIA B 3HepreTuke. KoMIbroTepHBIE CETH CHCTEM MOHUTO-
pHIHTa B DHEPreTHKE M 0OBEKTOB B MPOIIECCE CBOETO PA3BUTHS MPEBPAIIAIOTCS
B CJIOKHBIE, BBICOKOKPUTHYHBIE CPEIBI, COCTOSIINE U3 MHOXKECTBAa CEPBEPOB
Pa3IMYHBIX THIIOB, @ TAK)KE MHOTOUYHCIICHHBIX PAO0OUMX IPYIIII, HYKIAFOIIHXCS
B CBSI3U JIPYT C IpyroM. B Takoil cpelie HEONTUMAIBHOCTb CTPYKTYPbI TOIIOJIO-
MU U OTCYTCTBHE WX ¢1a00CTh cpencTs 3amThl nHdopmarmu (C3U1) Hecyt B
cebe yrpo3y CHIDKCHHS MPOU3BOAUTCILHOCTH, YMEHBIIICHUS HAJCKHOCTA U
yXy/ALeHus 0e30MacHOCTH CUCTEM 3HEPT€THKH.

PaGoune craHmmy cucTeM MOHHUTOPHHTA B SHEPTETHKE B3aMMOJICHCTBYIOT
MeX[y co00i B OCHOBHOM ITOCPEICTBOM JIOKAJILHBIX CEPBEPOB IrOpas/io varlle,
YeM C BHEITHUMH cepBepamMu Web, T03TOMy HUMEET CMBICT ONTHMH3HPOBATH
TOTIOJIOTHIO CETH, B YACTHOCTH CETMEHTHUPOBATh CETh B COOTBETCTBUU C pabdo-
YUMH TPYIIIAaMH, B KOTOPBIX OOJIbIIast 9acTh TpadrKa HEe BBIXOJUT 32 TPEICIIhI
JIOKaJILHOTO cerMenTa. Kpome Toro, onTuMu3aIiys 1 CerMeHTHPOBAaHNE CTPYK-
TYpPBI CETH TIO3BOJISIIOT JIETKO OpraHn30BaTh TuOKue C3U.

OHTI/IMI/ISaLU/IH TOIOJIOI'MU CCTU U BONPOCHI CUHTE3a CETU C ONITUMAJIb-
HOM TOIOJIOTHEN OMUCaHbl BO MHOTHX MCTOYHHUKAX, TaK HAIIpUMeEp, B pabo-
tax [1, 2] 3Tu poOIIeMbI H3JI0KEHBI 00CTOsITEbHO. B padoTte [3] mpuseneH
TIOJHBI ¥ 000CHOBaHHBINM aHAJIN3 BOIPOCOB MTOCTPOEHHS MaTeMaTHYECKOH
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