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AHHOTaumMAa. B cmambe rnpodemMoHCmpupo8aHo MpuUMeHeHUe
mMemodorsioauu uccriedoeaHus HeripepbieHbIX uerneu Mapkoea 0ns
MpPoO2HOo3uUpoBaHUs Mo8eOdeHUsT cCUCMeEMbl «MeXxaHu3amop-mMauluHHO-
mpakmopHbIlU agpeaam-oKpyxaruwas cpeda» U OUEHKU pucka
mpasmuposaHuUsi mpakmopucmos-mawuHucmos (MexaHuzamopos) AlK.

KnioueBble cnoBa: MemoOb! aHanu3a npou3eodcmeeHH020
mpaemamus3sma, Henpepbi8HbIe uenu Mapkoea,
npogheccuoHasibHbIU PUCK MPakKmMopucmoe-MmawuHuUcCmoe

Annotation. The paper demonstrated the use of continuous
research methodology Markov chains to predict system behavior
«mechanic-machine-tractor-unit-environment» and the risk of injury
assessment tractor-drivers (machanizators) AIC.

Key words: methods for analyzinginjuries, continuous Markov
chains, professional tractor-risk drivers
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PHYSICAL AND MATHEMATICAL MODELING OF TRIBOSYSTEM
“WORKING TOOL - LAND”

Borak Konstantin
Zhytomyr Agrarian and Technical College

Annotation. The work presents the results of physical and
mathematical modeling of tribology system "working toll — land". We dealt
with the processes that occur in dynamic state in tribology system and
tasks for further researches.

Key words: tribosystem, physical and mathematical model,
working tools, land

Introduction. As a result of abrasive wear loss of the national
product in developed countries ranges from 1 to 4% [1]. In agriculture
complexworking bodies of tillage machines are mostly exposed to wear.
Ensuring reliability of these machines by improving the wear resistance
Is one of the major challenges of modern engineering.
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The current stage of technological development is characterized by
the use of wear-resistant materials, local hardening, heat treatment and
other methods aimed to increase wear resistance of tillage machines. In
these conditions, conventional methods of research of wear process are
unacceptable, as working lives reach quite high values (e.g. for disk
working bodies up to 3...4 years).

In tribology, in order to describe friction and wear processes in
knots and mechanisms, the notion of tribosystem (TS) is used. As we
know from work [2] TS is a complex thermodynamic system, which is
formed by the interaction of rubbing bodies and interim environment. In
tribology system occur many complex processes whose analysis is
convenient to provide using the physical and mathematical model. The
processes taking place in the tribology system, may be described by
variables, which in general depend on the spatial coordinates and time
and characterized by physical condition of TS [3].

To investigate the mechanism of wear of the friction surface in
tribology system at different stages, it is necessary to use models that
can provide the vulnerabilities of the system without long bench or
operational research.

Main of research. Purpose of the research is analysis of tribology
system "working tool — land".

An essential feature of any modelis the degree of completeness of
similarity of modelwith the objectmodel. On this basis, all models can be
divided into isomorphic and homomorphic. When modeling complex
tribology systems, isomorphic models should be used, as such models
include all the original characteristics of the object and can, in fact,
replace it.

Physical and mathematical modeling of tribology system "working
tool — land" should be carried out to identify the functional dependence of
tribology process:

I=f(V, p, E, Hn, L, G,, A, Ky, P(AH), Cy, W, Ha,P,, ¥, 1), (1)
where: | — Intensity of wear of the working tool of tillage machines, m3/m:;
E — modul of elasticity of the material of the working body, H/m?, f —
coefficient of friction; V — velocity of the working body relative to ground
m/s, p — pressure on the surface of the body N/m; N,, — micro hardness
of the surface of the body, Pa; L — way of friction, m; G; — degree of
consolidation of abrasive particles; P(AH) — probability of impact loading
occurrence; Cy — the percentage of silica sand in the soil (mechanical
soil texture); ¥ — soil acidity; W - soil moisture,%; H, — micro hardness of
abrasive; P, — soil hardness, kg/m?*; A — the average size of the abrasive
particles, m; K, —coefficient of abrasive particles form:

If case of tribology system "working tool — land", it consists of the
components presented in Fig. 1.
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A

Fig. 1. Tribology system and tribology model: A — the environment;
E, — working tool of tillage machines, E, — land.

It is known from work [3], that properties of details of tribology
systems influence its structure, in our case tribology system components
differ significantly in their properties.

Features of tribology system "working tool - land":

1) Mass wear is characteristic to one element of the system
(working took);

2) An intermediate environment may appear on the second
element (land) at certain humidity;

3) Soil as part of tribology system is heterogeneous and consists of
many components (physical sand, natural clay, plant matter, living
organisms, air, water, salts, and acids). Each of these elements
differently affects the intensity of wear of working body.

4) In some cases this tribology system should be divided into two
subsystems, since the mechanisms of wear on different surfaces of the
body will be different (depending on the degree of consolidation of
abrasive in soil, which interacts with the surface of the working tool).

As shown in tribology model, the interaction of two bodies E; and
E, is without lubricant, but as noted in work [4], on clay and loamy soils
with moisture reaching the limit, water appears on the contact surface,
which acts as a lubricant. This is submitted by the experimental results
(Figure 2), as seen, coefficient of friction significantly reduced for sandy
soil with a moisture content of 20%, for heavy loam and clay soils - 30%.
At this moisture level it is not possible to carry out manufacturing
operations because farming equipment requirements cannot be
executed, so we will not work with the tribology system with lubricant
(water).
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Fig. 2. Change of friction coefficient f of soil on steel depending on

humidity: 1 — sandy soil, 2 — sandy bound soil, 3 — medium loam,
4 — heavy loam and clay.
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In the interaction components of TS exercise mutual influence. This
interaction will vary depending on the static or dynamic condition of
tribology system. TS "working tool - land" only occurs in a dynamic state,
so there is no need to consider it in a static state. The processes that
occur in a dynamic state are shown in Fig. 3.

A I
74 [ X1 Xz Xi K b
Start of y g T | Pt A o
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P i » 1 G: (T
T = T
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Fig. 3. Model of tribology system "working tool — land" in a dynamic
state: x; — adhesion; X, — corrosion; X3 — oxidation; x, — elastic
deformation; x5 — plastic deformation; Xxs — micro cutting; x; — scratching;
Xg — tearing; Xo — the destruction of the friction surface; x,, — phase and
structural changes; x,, — diffusion; x;, — adsorption; X,3 — chemisorption;
V —the relative speed of movement; P — pressure on the friction surface;
| — intensity of wear; G; — The degree of consolidation of abrasive
particles; P, — hardness of the soil; K, — coefficient of abrasive particles
form; z — related processes; A — the environment; E,, E, — elements of
the system; S — lubricant (water).
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The access to tribology system includes such related processes
(2), as slander of surface of friction, aging, thermomechanical, electrical
and other [7].

Apparently the biggest influence in tribology system exposed
element 1 (working body of tillage machine) on the part of element 2
(soil). Intensity of these processes depends on the input characteristics
(V, P) and the initial state of the system.

The purpose of existence of tribology system "working tool - land"

at a fundamental level can be considered as a transformation {X} 5 {Y}.
The main input (X) in tribology system is movement and the work
performed by the element E4, the main output is the structure of element
E.;. In the real conditions, we get a lot of other output values that are
adverse and undesirable in most cases.

In work [8] it is known that the energy balance of tribology system
may be presented in form of dependence:

YE, =YE, +YE, +YE +YE, 3)
where: E, — supplied energy; E, — useful energy (for tribology system
"working tool - land" useful energy is spent on the structure of element
E2); E; — the losses of the system; Es — energy storage (deformation); Et
— warmness, obtained from mechanical energy.

The heat that is released by the interaction of element E; with
element E, dissipates fairly quickly in the second element, due to its
relatively large volumes compared to the first element and a significant
temperature difference with the environment.

Since only one element of tribology system is subjected to mass
wear, then we can write the mass balance with the help of the following
equation:

LR DLIS RS RN SIS SN . AN

where: m — mass of tribology system; mg; — mass of element E; before
the work performance; m;, — mass of material of element E,, which is
transferred to the element E, during the work performance; m;. — mass
of all products of the chemical reaction of element E;, which is
transferred to the element E, during the work performance; mg, — mass
of element E, before the start of work.

Sum (Zmla +Zm1c) characterizes the intensity of wear and depends
on the conditions of the system (V, p), the properties of the element E;
(E, N,,, chemical composition of the material) properties of the element
E, (Gs A, Ky, P (AH), Cy, W, N,, P., ¥), the coefficient of friction of
material of element E; on element E, (f) and by way of friction (L). In
most cases tribologists try to unilaterally solve the problem of reducing
the wear rate by improving the working surface properties of the element
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E,. In fact, to solve this problem, allowing to fully use the potential of the
element E;, you must use a systematic approach to analyze tribology
system "working tool — land".

First attempt of system analysis in tribology were made by
H. Czichos in his work «Tribology — a system approach to science and
technology of friction, lubrication and wear» (in the post-soviet countries,
due to incorrect translation, this work is known as "Systematic analysis in
tribonik™) [7].

Prior systematic analysis of tribology systems may not be fully
applied to tribology system "working tool - land" because, as noted
above, it has specific characteristics that do not allow it to completely fall
within the classification proposed by H. Czichos [7].

To conduct a systematic analysis of tribology system "working tool
- land", one shall follow these steps:

- build physical and mathematical model of tribology system in the
dynamic and static state that can objectively describe all phenomena,
processes and sub processes taking place in tribology system;

- make a phenomenological model of the processes taking place in
the tribology system;

- to analyze the properties of individual components and aggregate
properties of tribology system;

- mathematically describe the functional transformation of input
variables x in the output y;

- identify the main criteria for the efficient functioning of tribology
system "working tool — land", its limits and operating conditions.

The use of a systematic approach to problem solving in modeling
tribology system "working tool — land" will enable:

- provide the synthesis of knowledge from different sciences
(physics, chemistry, mathematics, tribology systems theory,
management theory, material science, soil science, etc.);

- significantly reduce the time for laboratory, bench and operational
researches for making objective decisions to improve wear resistance
parts of tribology system.

Conclusions. Further investigation of tribology system "working
tool — land" should be targeted to the establishment of functional
dependence of tribology process with synthesis of all knowledge related
sciences.
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AHoTauif. lpusedeHo pe3yribmamu hi3uKo-mamemamu4Ho20
moOerstoeaHH mpubocucmemu « poboyut op2aH — rpyHmM ». Po3arnsiHymo
npouecu,uwo 8idbysarombcsi 8 duHamiYHOMYy cmaHi mpubocucmemu ma
rnocmaeJsieHo 3ag0aHHs 015 nodarsibuiux O0CiOXeHb.

KnouoBi cnoBa: mpubocucmemu, ¢hizuko-Mamemamuy4Ha
modesib, pobo4i opeaHu, 2pyHmM

AHHOTaUMUA. [NpusedeHnbl pesynbmameal u3uKo-
Mamemamu4ecko2o MooeruposaHuss mpubocucmemsi «paboyul opaaH
— roysax. PaccmMompeHbi rnpoueccsl, npoucxodsuwue 8 uHaMu4ecKkom
cocmosiHuu mpubocucmemsbl U rnocmaserneHa 3adayda 0risi 0anbHeuwux
uccriedogaHuU.

KnioueBble crnosa: mpubocucmemsl, ¢husuko-
Mamemamu4eckasi MoOeJsib, pabo4yue opzaHbl, no4yea
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AOCHIAXEHHA NONIMACTOTHOIO PEXXUMY KOJIMBAHb
ENEKTPOMAIHITHOI YOAPHO-BIBPAUIMHOI CUCTEMMU

B. A. bacapab, kaHOudam mexHi4YHUX HayK
Kuiecbkul HauioHanbHUl yHieepcumem 6ydieHuymea i
apximekmypu

AHoTauia. B cmammi po3ensdaembCs numaHHsi CmeopeHHs
rnosiyacmomHo20 pexumy KOJiugaHhb poboyoeo op2aHy
efleKmpomazHimHoi yoapHo-8ibpauyitiHoOi ycmaHOo8KU Orisl YUWlifIbHE HHS1
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