Cild 13. Nel Azoarbaycan Miihondislik Akademiyasimin X9OBIRLIRI Yanvar — Mart 2021

Vol. 13. Nel HERALD of the Azerbaijan Engineering Academy January — March 2021

UDC 614.8.06; 621.9.026

THE MATHEMATICAL MODELING ASPECTS OF MULTI-FACTOR
OPERATIONS AND COMPLEX TECHNOLOGICAL PROCESSES OF
MACHINE AND EQUIPMENT PARTS PROCESSING

H.V. GAFARZADE!

The article considers the issues of multifactor operations and complex technological processes mathematical modeling
of high-precision details machining of machines and equipment. It is clarified that if the mathematical notation of operations
and processes is given as a form of finite and differential equations complex system, then the application of the mathematical
model depends significantly on the construction of an effective modeling algorithm.
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Introduction. The main purpose of operations and technological processes models creating of
machine and equipment parts is to ensure the accuracy and quality of individual parts, as well as ma-
chine and equipment, to create conditions for high production efficiency. After analyzing the obtained
results, various changes can be made to the structure of the created models.

The most responsible stage of processing operations and technological processes mathematical
modeling is their construction. This stage, demands from specialist deep understanding of the investi-
gated processing operations and technological processes nature, in addition to mathematical prepara-
tion. The construction of any model begins with a formed explanation of the investigated processing
operations and technological processes. Mathematical models of technological processes can be created
by using individual operations models.

The purpose of the work is an analyze of some possibility aspects of the multifactor operations
and complex technological processes modeling of machines and equipment details processing.

Solution: Different types of dependencies can be included in the mathematical notation of vari-
ous processing operations and technological processes. Heat generated during processing operations,
equations expressing force and power characteristics, the dependencies reflecting events, occurred in
the individual transitions of operations and processes, expressions containing the relationship between
accuracy and quality indicators of processed parts and manufactured machine and equipment and tech-
nological factors, inscriptions characterizing restrictions put on the main technological factors of pro-
cessing operations and processes can be given as an example.

If there are no theoretical information about modeled processing operations and technological
processes, or they are limited, then mathematical expressions in the form of empirical dependencies
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obtained by using data collected as a result of experimental researches and processed by static methods
can be used.

Such models are called static models and are expressed in the form of correlation or regression
relations between the technological factors of processing operations and processes, and accuracy and
quality of parts or machine and equipment [1-12].

Such connections are possible when there are required machines, devices, processing tools,
measuring and control tools and devices, materials (pastes) and other technical means to perform pro-
cessing operations and technological processes.

The disadvantages of such models are that the variation range of technological factors character-
izing the investigated operations and processes is within certain limits. The variation limits of these
factors are usually limited by the capabilities of the used machines and other technical means. Besides,
it becomes difficult or sometimes impossible to use these models for other operations and processes,
because they do not reflect the physicochemical properties of the events that occur during processing
operations and technological processes. Unlike static models, mathematical models are created taking
into account the processing operations and technological processes basic laws.

They are able accurately characterize the research objects, even at inaccurate quantitative esti-
mates of technological factors accuracy and quality. Thus, it is possible to determine the general proper-
ties of the appropriate processing operations and technological processes using such models.

It is important to take into account a number of points at the separate stages of selection or con-
struction of individual operations and technological processes models of machines and equipment parts
for various purposes.

1. Models should take into account the processing operations and technological processes main
characteristics, and their mathematical notation should be quite simple.

2. The main technological factors values characterizing the models can be defined by the accura-
cy and quality indicators of the processed individual parts, the operating parameters of the manufac-
tured machine and equipment, experimental researches, with the help of materials collected during op-
erations, or by other methods.

3. Separate mathematical models can be constructed for each transition in multifunctional pro-
cessing operations, and for each operation in multifunctional technological processes.

The type of mathematical model significantly affects the type of equations used for mathematical
notation. It is possible to use algebraic equations to show the stationary relationships between the fac-
tors of multifactor processing operations and the modes of technological processes.

Ordinary differential equations can be used in the mathematical notation of operations and tech-
nological processes non-stationary modes with centralized factors, as well as in the expression of sta-
tionary modes of operations and processes with distributed factors whose values depend only on one
spatial coordinate.

In the first case, time is used as a free variable in differential equations, and in the second case,
spatial coordinates are used. An important feature of mathematical notations, including ordinary differ-
ential equations, is to give them initial conditions.

Special derivative differential equations can be used for mathematically notations of processing
operations and technological processes dynamics with distributed factors and stationary regimes. Here
occurrence of distribution of factors according to at least one spatial coordinate is an important condi-
tion.

Except initial condition for special derivative differential equations used in the mathematical no-
tation of processing operations and technological processes dynamics, conditions related to the function
of time must be also given.

Only boundary conditions depending on the coordinates are given for special derivative differen-
tial equations characterizing the stationary modes of operations and technological processes.

Mathematical modeling of processing operations and technological processes using differential
equations sometimes requires very difficult and complex mathematical calculations. Therefore, in some
cases, to use a finite equations system instead of mathematical notation of operations and processes
with differential equations is more convenient. For this purpose, it is possible to move from continuous
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operations and processes with distributed factors to discrete operations and processes characterized by
centralized factors. One of the key issues in modeling operations and processes is the algorithms devel-
opment. It is possible to solve equations characterizing the mathematical notation of operations and
processes by using algorithms. There is no need to develop modeling algorithms in normal cases, when
it is possible to solve the system of equations expressing mathematical notations by analytical methods.
If operations and processes mathematical notation is given in the complex system form of finite and
differential equations, then the application of the mathematical model depends significantly on the
building possibility of an effective modeling algorithm. This is especially important for cases where a
modeling algorithm is included as part of a general modeling algorithm (such as an optimization algo-
rithm). In such situations, the opportunities of computer technology should be widely used for mathe-
matical models application. However, it is important to have numerical algorithms to solve a system of
equations reflecting the operations and processes mathematical notation while using computer technol-
ogy.

Numerical analysis methods cover many aspects of mathematical modeling. However, there are a
number of difficulties in the application of numerical analysis methods. Such cases include the follow-
ing issues of mathematical modeling [4]:

1. Solution of a finite linear differential equations system which have numerous variables.

2. Integration of an ordinary equations system which have boundary conditions.

3. Integration of a special derivative differential equations system.

Since there are no general effective methods for solving the problems mentioned in the numerical
analysis, the features of each issue that need to be addressed should be used in construction of algo-
rithms of the models. The physical nature of the obtained results can play an important role in resolving
such issues.

Processing operations having numerous technological factors and complex technological pro-
cesses parameters, iterative solution of a nonlinear equations system reflecting the relationship of de-
tails with accuracy and quality indicators can be given as an example. In some cases, the modeling algo-
rithm becomes so complex that in order to simplify the mathematical notation of operations or process-
es, to perform the modeling is needed to change the initial formulation of the problem statement. Such a
statement of the issue often requires replacing some analytical dependencies with simpler, relatively
less accurate expressions. This, in turn, reduces the models completeness of operations and processes,
creates a need to reduce some of the key technological factors, accuracy and quality parameters. The
structures of multifactor operations and complex technological processes mathematical models of de-
tails processing of machines and equipment are determined depending on processing modes and other
technological factors. The suitability of mathematical models should be determined by taking into ac-
count the accuracy, quality and performance of the details, machine and equipment as a whole.

Usually these indicators are expressed by different mathematical statistics laws and it is possible
to analyze them. Such approach is the main way to prove that the established mathematical models are
suitable for the processing operations or technological processes under study. One of the important is-
sues to be solved is evaluation of the reflection curves of changes in the accuracy and quality of indi-
vidual parts and machines and equipment as a whole as a result of technological factors during pro-
cessing operations and processes by mathematical methods.

Reflection curves are characterized by a random quantities static distribution. These quantities
should be considered as indicators of accuracy and quality that depend on the events taking place during
the processing operations or technological processes. They can be discrete or intermittent random quan-
tities.

Random quantities are characterized by the probability of their occurrence

P(x =x;) = P(x;) = Py. 1)

Here P — is the probability of occurrence of a random quantity; x — is a random quantity,
X1,X5, X3, ..., Xy, — are possible values of a random quantity.

Expression (1) shows that the probability that a random quantity x takes the value x; is equal to
P. In the experiment, the manifestation of any possible value (for example, x;) excludes the manifesta-
tion of other x,, x5, ..., x,, possible values. It becomes clear that the possible values of a random quanti-
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ty are events that do not coexist. It is known from probability theory that the sum of two non-cohesive
events is equal to one. Accordingly, the sum of all possible values of a random quantity can be taken as

a unit
ZP(xi) =1 (2)

Where x; — is the value of the random quantity i; n — is the total number of a random quantity
possible values.

It is known from probability theory that the relationship determining the connection between the
possible values of a random quantity and the probabilities corresponding to them is called the law of
random quantity distribution. The random quantity values are arguments, and the probabilities corre-
sponding to them are functions. The random quantities values can vary randomly from experiment to
experiment. A random quantity is called discrete if it can get only finite or calculated plural values,
continuous if it is able to get any price in the open or closed range.

The probability of getting less x; than the noticed value x of random quantity is called integral
function of the distribution

F(x) = P(x; < x). 3)

The main properties of the distribution function are as follows [11]:
F(—©)=0,F(+»©)=1,0<F(x) <1,P(a<x; <b)=F(b)—F(a). 4)

The distribution density of a random quantity (differential distribution function or probability
density) is expressed as follows

F(x + Ax) — F(x) _dF(x)

e =——=F' ®)

f(x) - Alxlinoo
The distribution density propertles are followings

f(—o <x < +4x) =0, ff(x)dx—l F(x) = de(x)— ff(x)dx

(6)
pla<x<b)=Fb)—F(a) = ff(x)dx.
The conditional density A (x) of a random quantity is Wr?tten by the following expression
fx) fx)
Alx) = = ()

plx;>x}  1-F(x)

Here f(x) — is a distribution density, and p{x; > x} = 1 — F(x) is a probability of being random
quantity more than noticed quantity.

If we take the accuracy and quality indicators obtained during processing operations or techno-
logical processes as a random quantity, then compatibility can be accepted like the integral function of
the distribution as the form and quality errors of these indicators, the distribution density as the distribu-
tion density of accuracy and quality errors, the conventional distribution density as the possibility of
intensity of error frequency formation.
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If we denote the values of the marginal errors of accuracy and quality indicators in the processing
of machine and equipment parts and technological processes by y, then the following expressions can
be used to determine the dependence of their technological factors x, x5, x3, ..., X5, [12]

Y = F(Xq1,X5,X3, v, Xp). (8)
If denote errors of technological by Ax;, then we can write
y+ Ay = F(xqg + Axq, x5 + Axy, X3 + Axs, ..., xp + Axy). 9)
By dividing the function F to Taylor's order we can get

JdF JF
y + Ay = F(xll fo X3, ---;xn) + (ax ) " Axl + <_> " sz +
1/ & _

% 6x2 %
oF oF
+ (3_963)923 ' AX3+; v, (a)fn : Axn + (10)
o or Axf + oF AxF + oF AxF+, .., + or Ax;
“\=—] -"Ax — | -Ax — | Axz+, .+ || Ax;|
2 [\ 9x? % P \ox2 % 2 7 \ox2 % 3 dx2 %, "

We can determine approximate value of the accuracy and quality indicators errors by Ay made
from the technological factors influence, knowing that the errors squares values are very small.

oF oF oF oF
Ay = <a—x1)_ ' Ax1 + (E)_ ' AXZ + (6_363) ) . AX3+, . (a)fn ' Axn.

X1 X2 X3

In general, can be written
oF
Ay = Z( ) - Ax;. (12)
Xi X

. . . OF . - .
Here a special derivative Py of the function i for x;, can be called a transmission observation, or
4

an impact factor. Ax; = x; — x; are special errors. x; is an index indicating that the special derivatives
value is taken at x; = x;. The limit values of the y -indicator are y + Ay and y — Ay. Here y is the av-
erage value of y.

If we mark the difference between the errors limit values of accuracy and quality indicators ob-
tained in processing of details or technological processes like § = (yA + Ay) — (¥ —Ay) = 2Ay
and the difference between the errors obtained as a result of technological factors influence like
6x; = 2Ax;, we can write

n

The errors scattering area in (12) can be indicated by the same symbols as in the observations, dy
and dx;.

Given that the error Ax; is a random quantity, it becomes clear the expedience of appling the
quadratic summation in the calculation of &§y. The calculation is done to determine the value of &y,
which is usually very big and random as a result.

o))
| =

(12)
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According to probability theory, we can write the following form of expression for linear meas-
urement of Ay
2

D, = i (2—2) - Dx;. (13)

The disadvantage of variance as a characteristic of a random quantity is that it is given by the
square of the random quantity size. Therefore, in most cases the scattering of random quantities is char-
acterized by mean square deviation given by their size.

n

oy = Z (2—:) c02x;. (14)

i=1

Here D,, and o, are the dispersions and mean square deviations of the accuracy and quality indi-
cators rose in the processing of parts and technological processes, Dx; and ax; are the dispersions and
mean square deviations of the technological factors.

The accuracy of machine and equipment parts processing operations and technological processes,
can be mainly characterized by normal distribution, equal probability, exponential, shear normal, loga-
rithmic normal, Weibull, gamma distribution, Maxwell and Simpson's laws when its reliability is given
by continuous random quantities during operation, by binomial distribution (Pascal distribution), geo-
metric distribution, hyper geometric distribution laws, when it is given by discrete random quantities
[13, 14, 15].

For example, for a normal distribution law, 6 = 6 and hence o; = %61-. Then we can write for
any other distribution laws [12]:

n n 2

1 1 OF\?2 oF
Sy ) K25x2 ~ 27} K252 15
6 O 6 Z (axi) Kioxi vo oy Z (axl-) KO 19)

i=1 i=1

Here K; is the relative distribution coefficient.
The relative distribution coefficient for normal distribution law, is K = ? =1;

g
The relative distribution coefficient for equal probability law is K = 26‘;2_ =1,73;
The relative distribution coefficient for Simpson's law is K = % =1,22;
The relative distribution coefficient for Maxwell's law, is K = Bf:w =1,74.

Conclusion. Accordingly, the relative distribution coefficients can be calculated for other laws as
well. Their average square deviation o; or dispersion D; can be used for this purpose.

If we assume 6; = 60; = TA;, then accuracy reports can be held to the permission areas T;, ie the
difference between the largest and smallest values of the processed parts dimensions. Similar reports
can be held according to the difference between permission T; and observation boundaries
ES,EI (es, ei).

Thus, it is possible to identify and evaluate processing operations and technological processes ca-
pabilities by modeling and mathematical calculation methods.
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MASIN VO AVADANLIQLARIN DETALLARININ EMALININ COX FAKTORLU OMOLIYYATLARININ VO

MURSKKOB TEXNOLOJi PROSESLORININ RiYAZi MODELLOSDIRILMOSININ BoZi ASPEKTLORI

H.V. QAFARZADO

Mogalado masgin vo avadanliglarin yiiksok doqigliys malik detallarinin emalinin goxfaktorlu amaliyyatlarinin vo

miirokkob texnoloji proseslorinin riyazi modellosdirilmasi masalalorine baxilir. Aydinlagdirilmigdir ki, agor amsliyyatlarin vo
proseslorin riyazi yazilisi sonlu vo differensial tonliklorin miirokkob sistemi soklindo verilirss, onda riyazi modelin tatbiqi,
effektli modellogdirms alqoritminin qurulmasindan shamiyyatli deracads asili olur.

Acar sozlar: masin, avadanliq, detal, emal, proses, riyazi, model, sistem, tanlik, tasadiifi komiyyat.

HEKOTOPBIE ACIIEKTBI MATEMATHYECKOI'O MOJAEJUPOBAHUSI MHOTO®AKTOPHBIX
OINEPAILIA U CJIOXKHBIX TEXHOJIOT MYECKHX IMMPOIECCOB OBPABOTKH
JETAJIEA MAILIMAH U OBOPYJIOBAHUM
X.B.TA®AP3AJIE

B cratne paccMaTpUuBarOTCA BOIIPOCHI MATEMATHYICCKOTO MOACIUPOBAHUSA MHOFO(i)aKTOpHI)IX onepaunﬁ M CJIIOKHBIX

TEXHOJIOTHIECKHX MPOLECcCOB 00pabOTKH BHICOKOTOUHBIX JETaeH MalllMH M 000pyoBaHMI. Y CTaHOBIIEHO, YTO €CIIM MaTeMa-
THUYECKOE OIMCAHUE ONepalHii U MPOLECCOB 3a7aeTCs CIOKHBIMU CHCTEMaMHU KOHEUHBIX U JU(depeHInaIbHbIX YpaBHEHHH,
TOr/1a MPUMEHEHHE MaTeMaTHIEeCKUX MoJIieseil Oy/ieT CyIeCTBEHHO 3aBUCETh OT 3 (PEKTHBHOIO MOICITUPOBAHUS alITOPUTMOB.

Knroueswie cnosa: mawunsi, 060pyoosanus, oemans, 06pabomka, npoyecc, Mamemamurd, Mooeib, CUCIeMd, ypas-
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