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MODELLING OF THE DEGREE OF DEVELOPMENT OF WORKING SURFACE DETAILS
USING THE MULTIFACTOR SYSTEM ALGORITHM AND EXPERIMENT PLANNING
MATRIX

In the work, research was conducted on modeling the degree of activation of the working sur-
faces of parts using the multifactor system algorithm and the experiment planning matrix. The depen-
dences of the mass loss of protective coatings with appropriate strengthening technologies were ob-
tained, taking into account load modes, pressure in the tribo contact zones and the load cycle.
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Y pobomi nposedero 00cnioxncenHs 3 MOOENOBAHHS CMYNEHsT AKMUBAyii pobouux noeepxoHs
Ooemaietl 3a 00NOMO20I0 AN2OPUMMY Oa2amo@aKmopHoi cucmemu ma mMampuyi niaHy8anHs eKcnepu-
menmy. OmpumaHno 3a1exiCHOCHI 8Mpamu Macu 3aXUCHUX NOKPUMMIE 3 8I0N0GIOHUMU MEXHON02IAMU
3MIYHEHHS 3 YPAXYBAHHAM PENCUMIE HABAHMAIICEHHS, MUCKY 8 30HAX MPUOOKOHMAKMY MA YUKILY HA-
BAHMAICEHHS.

Kntouosi cnosa: ancopumm, modentosanus, baecamogakmopua cucmema, mampuys NiAAHY-
BAHHSL eKCNEPUMEHNY, MEXHOLO02IUHI NPOYec 3MIYHEHH S, NOKPUMMIS, A8MOMOOLTb.

Formulation of the problem

The use of automotive equipment in modern operating conditions requires a significant increase
in loads, speed and temperature regimes of the main nodes, mechanisms with simultaneous diagnosis
and forecasting of the operating resource of the relevant units.

Up to 30% of the destruction of car parts is due to friction processes in contacting pairs of me-
chanisms. Therefore, special attention is paid to the condition of the surface layer of tribocontacting
pairs, namely to the simulation of friction processes and strengthening technologies. The life expec-
tancy of cars, the wear resistance of the surface layer with various technological methods of streng-
thening depends on the complex of formed properties.

Analysis of the latest sources of research and publications

Many technologies for strengthening the surface layer of parts have been implemented in ma-
chine-building production. The main criteria for choosing strengthening methods are high wear-
resistant, physico-mechanical, operational properties of coatings and total costs for the technological
process, equipment, consumables, environmental friendliness and safety. The mechanisms of forma-
tion of wear-resistant structures are highlighted in many works of famous scientists [1—3].

A promising direction of research is the modeling of the degree of activation of the working sur-
faces of parts using the algorithm of a multifactor system and the matrix of the planning of the expe-
riment, which will significantly reduce the time when choosing technological processes of strengthen-
ing and with a high probability will provide a theoretically grounded forecast for the selected technol-
ogical process of strengthening. In the handbooks, processing regimes and the final result of the most
common technological processing methods are provided, where it is guaranteed that when certain op-
erations are performed consistently, appropriate microstructures with specified indicators of micro-
hardness and wear resistance are obtained on test steels. A significant breakthrough in the field of
strengthening treatments was the use of high-energy energy sources, which made it possible to expand
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the spectrum of modification of surface layers, significantly increase the strength and wear-resistant
characteristics of coatings [4—S8].
Formation of the purpose of the research

Based on the analysis of the use of the latest methods of strengthening, develop a technique for
modulating tribological processes occurring in contact interaction zones with the possibility of predict-
ing the work of pairs and friction and determining the service life of parts.

Presenting main material

The disadvantage of most methods of modeling and forecasting of technological methods of
strengthening the surface layer is the length of time of research and the impossibility of fully reproduc-
ing the influence of many factors: controlling the surface roughness of the part, the processes of struc-
ture formation, the concentration of alloying elements in the surface layers in the laser processing
zone, the inhomogeneity of the treated surface, the microhardness fluctuations of individual local
processing zones, a significant violation of the microgeometry and the need for additional finishing
treatments. In production practice, quite often the processes of restoration and strengthening of the
surface layer consist of the following successive operations: restoration of the geometry and shape of
the surface due to surfacing with electrodes; blade processing to ensure the geometric parameters of
the product; strengthening of the surface with the formation of superhard structures; special treatment
for surface modification; finishing treatment.

The process of wearing parts is carried out by gradually changing the size and shape of the
body. The intensity of operation of test samples is classified by kinematic characteristics and deter-

mined by the formula:
Am

h=~5g
Am — loss of material mass, g; p — material density, g/cm’; S — friction path, mm; Q — geometric
contact area, mm’.

The general nature of the distribution of random variables can be presented on the basis of the
measurements. The probability of estimating the mean of the normal distribution can be determined
using the quantiles of the normalized normal distribution. The exact mathematical dependence for de-
termining the degree of operation of [ on the influence of operating parameters is possible only with
the help of the method of planning the experiment. In a separate case, an orthogonal central composi-
tion plan of the second order is used. The experiment investigates the value of Am — loss of mass of
the material of the part in the process of friction and activation. The following parameters affect the
activation process: H,so, MPa (X); P(X3), H; speed of movement of mutual friction contact surfaces
V (X3), m/s and activation time T (X4), min. Fig. 1 shows a graph of the mass loss of friction surfaces
with corresponding coatings, depending on the types and modes of loading. The degrees of variation
of the factors that have a direct influence on the operation of the experimental samples are shown in
Tabl. 1. When checking the results of the experiment, the dispersion of observation errors was found
at S=1 and the degree of freedomf = 2. Designation of the regression coefficients according to the
Student's test for the levelg = 0.05 and the degree of freedom f = 2 and the degree of freedom

X1,X, X3, X,, as well as their interactionX; - X5, X1 - X3, X1 - X4, X2 - X3, X, * X4, X3 - X4
When solving a problem, we have a recall function:
y = —=3.752 — 0.777X, 4+ 0.196X, + 0.054X; + 0.585X, — 0.0025X, X, — 0.019X, X,
—0.03X,X, 4 0.02X,X5 + 0.038X,X, — 0.032X3X,.
With X4, X,, X3, Xsare determined by formulas:

< _ 2(InHy50—9.138) )
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= 2(InV—-1.099)

Xy=——"" 5
1(.099—0.875)

= 2(Int-1.099

X,="7————+1.

1.099



78 Maremartnune MopemtoBaHus Ne 2(47) 2022

m3

m2

ZrN

LAZER Treat.
Eml Em2 m3

Fig. 1. Graph of dependence of mass loss of friction surfaces with corresponding coatings
depending on the types and modes of loading

Table 1. Degrees of variation of the factors of activated parts

Ne 1234|5678 [9|10|1 12|13 |14 |15]|16| 1718|1920
1
OHusol - | - | - |- -1 -[-1-[+[+[+[+[+[+[+[+]0o]o[0]o
P |- -] -1-1-1T+]+1+]-1-]-1-1+]+]+]+]JofJofo]o
)V |- |- [+ |+ - -+ +[-T-J+[+[-T-T+]+JoJolo]o
ot | - |+ | - |+ |-+ -]+ -T+[-1+]-]+]-T+JoJo]o]o
Am Y| Y|Y| Y| Y|Y| Y Y| Y 'y Y9l Yy Yy Y Y Y9l Y Y Y,
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

where + - highest parameter value; - - smallest parameter value; 0 - average value of the parameter

Checking the adequacy of values y=Am, showed that according to Fisher's criterion
F, = 15.27 with tabular value F, = 19.42. In this way, an adequate mathematical model was ob-
tained. For the convenience of calculations, coded variables are replaced by valid physical quantities

Am =5.1-1151InHys¢ + 1.584In7 + 1.313InV + 0.11In P — 0.357 In Hy50 InV —

—0.115In Hys In7 + 0.696In PInV + 0.271In PIn7 — 0.518In7InV — 0.021In Hy50 In P.

The distribution curves of the wear resistance of the coating group under the specified condi-
tions are shown in Fig. 1. To achieve these goals, tribological studies of plates made of SOXFA steel
(tabl. 2.) were carried out, where the load modes, the type of strengthening of the working surfaces,

the mass consumption of the samples depending on the cyclic period of action on the contacting pairs
are indicated.
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Table 2. Tribological studies of plates made of SOXFA steel

Coating Initial Load conditions: speed V=2,4 Mc:
massm,, g | pressure on the contact surface P=30H;
time of controlled load 3 hours.

m g Am;,g mp g Am,,g m; g Am;,g Amy, g
1 hour 2 hour 3 hour
A30T 7.35 7.35 0,009 7,341 0,009 7,332 0,009 7,323
TiN 6.42 6.42 0,022 6,398 0,022 6,376 0,023 6,353
ZrN 7.05 7.05 0,026 7,024 0,026 6,998 0,027 6,971
JIO 7.01 7.01 0,005 7,005 0,005 7,000 0,005 6,995

The planning matrix and the results of a fully factorial experiment taking into account the para-
meters Hy50 = 3600 — 9300 MPa, P=30-50 N, V=2.4-3 ms”, T=1...3 h,given in the tabl. 3. As a

result of processing the data of the experiment, estimates of the effect of factors, their squares, and
their interaction on the value were obtained Am.

Table 3. Significance of factors and their interaction options

Factors Designation | x; = —1,414 | x; = —1 x =0 x =0 x; =1,414
of factors
Microhardness Xi 2420 3600 6450 9300 10479,9
Hys0, MPa
Contact pres- X5 25,86 30 40 50 54,14
sure, P=H
Speed of X3 2,28 2.4 2,7 3,0 9,12
movement of
the sample,
V=ms"
Time T, h X4 0,586 1,0 2,0 3,0 4,414

The calculated value according to Fisher's criterion F,=15.27 when checking the adequacy at
v = Amhas a table value of F,=19.42. In this way, an adequate mathematical model was obtained.

Conclusions

1. Research was conducted on modeling the degree of activation of the working surfaces of parts
using the multifactor system algorithm and the experiment planning matrix.

2. The graph of the dependence of the mass loss of protective coatings with the appropriate
strengthening technologies is derived, taking into account the load modes, pressure in the con-
tact tribo coupling zones and the load cycle.

3. As aresult of checking the results of the experiment, the dispersion of observation errors was
found to be S=1 with the degree of freedom f = 2. Checking the significance of the regression
coefficients according to the Student's test for the g=0.05level.

4. An adequate mathematical model of the estimated value according to Fisher's crite-
rionf,=15.27.
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MOJIEJIIOBAHHS CTYIIEHI CIIPAIIIOBAHHS POEOYUX IIOBEPXHEM
JETAJIEH 3A JOIIOMOI'OIO AJITOPUTMY BATATO®AKTOPHOI CHCTEMH 1
MATPHULI IIVTAHYBAHHS EKCIIEPUMEHTY

Yepuera O.I'., Cepena B.1I1., Kyouu B.1., Oueperssnnii M.A., Ckopoxox M.B.

Pedepar

B po6orti npoBeneHi TOCTiHKEHHS 110 MOACTIOBAaHHIO CTYIEHI CIpaLioBaHHS POOOYMX TOBEPX-
Hell Jeraneil 3a 1OMOMOroI0 alnroputMy 6aratoakTopHOI CHCTEMH 1 MaTpUIL MJIaHYBaHHS €KCIIEpH-
MeHTy. BuBenenuit rpagik 3ajJeHOCTi BTpaTd MacH 3aXHUCHUX IMOKPUTTIB MPH BIANOBIIHUX TEXHOJIO-
riif 3MIIHEHHS 3 ypaxyBaHHIM PEKHUMIB HaBaHTaKEHHS, THCKY B 30HaX KOHTaKTHOTO TpHOO CIIOIy-

YeHHS 1 UMKy HaBaHTaKCHHS
B pesynbTati nepeBipku pe3yabTaTiB eKCIIEPUMEHTY HaiJleHa AUCIEPCis MOMHIIIOK CIOCTEpEKEeHb
S=1 mpu cryneni BinmbHOcTi f = 2. IlepeBipka 3HauMMOCTi KoedillieHTIB perpecii 3a KpuTepieMm
Cr’ronenta g piBHa q=0.05 mpu cryneHi BimbHOCTI f = 2 mokazama 3HaYMMICTh (HaKTOpiB
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X1,X2,X3,X4, @ TAKOXK 1X BapiaHTH B3a€EMOJII X1X5,X1X3,X1Xg, X2X3, XXy X3X4. IIpOBENEH] JOCTIKEHHS
M0 MOJETIOBAaHHIO CTYIEHI CIIpalIOBaHHS poOOYMX MOBEpPXHEH AeTaleil 3a JOMOMOroI0 alropuTMy
OaraToakTOpHOI CUCTEMH 1 MaTpHIli IUIAHYBaHHS ekcriepuMeHTy. OTpuMaHa ajJeKBaTHA MaTeMaTHU-
Ha MOJIENb PO3PaXyHKOBOI'O 3HaUeHHs 3a kputepieM Dimepa F,=15.27.
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