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RESEARCH OF THE WORK OF DUMP TRUCKS IN THE TRANSPORT
AND TECHNOLOGICAL SYSTEM OF RECYCLING OF TECHNOLOGICAL
WASTE OF METALLURGICAL MOTHERLAND

In the course of this research, statistical data on the operation of BelAZ heavy-duty dump
trucks with a capacity of 30 and 42 tons in the transport and technological system of recycling of
technological waste of two sections of the slag processing plant for 31 days were processed. Expertly
identified 18 parameters that characterize the quality of dump trucks, namely — the number of riders
(z1), the volume of cargo transported (z;), mileage (z3), the number of operating hours (z,), the actual
fuel consumption (zs), technical speed (zq), travel time (z;), idling (zs), parking duration (zy¢), number of
stops (z1y), duration of stops (z;;), number of stops (z;3), operating speed (z;3), static load capacity fac-
tor (z,4), average ride duration (z;s), average ride distance (z;¢), average ride length (z,;), idle time
under load (unloading) (z;5). The practical implementation of the method is carried out on a computer
in the module "Factor analysis" of the integrated system of statistical analysis STATISTICA. In the
process of component analysis, the number of the most important main components was substantiated,
the relationship between the main components and the initial parameters was established, and a mea-
ningful interpretation of the main components was performed.

Keywords: dump truck, ride, component analysis, metallurgical slag, operating speed, hours,
idling.

B npoyeci 0anozo docnioacenns Oynu onpayb08ani cCmamucmuyti OAHHI npo pooomy 6eauKo-
sanmaoicHux camockudie benA3 eanmaosiconiovomuicmio 30 ma 42 m 6 mpaHcnopmMHO-MEXHONI02IUHIl
cucmemu peyuriiney mexHoI02iHHUX 8I0X00i6 080X OLISIHOK yexy uliakonepepobku npomseom 31 do-
ou. Excnepmuum wiisxom Oyau eudineni 18 napamempis, sKi Xxapaxmepusyioms sKiCHy poOomy camo-
cKudie, a came, — KiabKicms 300K (z;), 0b6cse nepege3eHoco 8anmagicy (z), npobie (z3), KitbKicmo
Momouacie pobomu (z,), paxmuuna eumpama naiuea (zs), MexHiuHa WeUOKICmb Pyxy (zg), wac y pyci
(z7), xonocmuil Xio (zg), MpPUBANICMb CMOSHOK (29), KiIbKICMb CMOSAHOK (Z19), MPpUALicms 3YNUHOK
(z11), KIbKICMb 3YRUHOK (Z)3), eKCHAYamayiiHa weuoKicms pyxy (z;3), Koeiyicum cmamuyHo2o 6u-
KOPUCMAHHS 8AHMANCONIOUOMHOCII (Z14), CEpeOHs mpusanicme i30Ku (z;5), cepedHs 8i0cmaHb i30Ku
(Z16), CepedHs 008dCUHA 130KU (Z;7), 4AC NPOCMOI NI0 3A6AHMANCEHHAM (PO3BAHMANCEHHAM) (Z)5).
Hpaxmuuna peanizayis memody 30iticnena na EOM y mooyni « @akxmopuuili ananizy iHmeeposanol
cucmemu cmamucmuynoz2o ananizy STATISTICA. B npoyeci komnonenmuozo ananisy 6yio oorpyHmo-
6AHO KINbKICMb HAUOINbUL 8A2068UX 2006HUX KOMNOHEHM, 6CMAHOGICHO CRIGEIOHOUEHHS MIJIC 20106~
HUMU KOMNOHEHMAMU | 8UXIOHUMU NAPAMEMPAMU, NPOBEOEHO 3MICHOBHE IHMEPNPEMYEAHHS 20A06HUX
KOMNOHEHM.

Knrwwuosi cnosa: camockuo, i30ka, KOMROHEHMHUL AHANI3, MEMATYPSIUHUL WLIAK, eKCILyama-
YiHa WeUOKiCmb, MOMO200UHU, XOIOCMULL XiO.

Introduction and problem statement. Technical and operational indicators of dump trucks
during transportation of technological waste of the main production of metallurgical enterprises are
determined by a large number of features and have a close connection with the technology of main
production, specialization of cargo points, technology of cargo points, etc. Therefore, for a complete
technical and economic characteristics of the process of operation of dump trucks, it is necessary to
have statistical information for a large number of different physical characteristics. If the process of
dump trucks includes a large number of features, the meaningful characterization of the relationships
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identified by regression analysis becomes a non-trivial task. One of the methods of multidimensional
statistical analysis, the principal components method, can be successfully used to study such
processes. The principal components method is used to group the starting factors so that the members
of the group are correlated with each other, but the group as a whole would be independent of other
groups. Linearly independent groups of factors are called the main components [1,2,3].

One of the important advantages of the principal components method is that it allows to
represent the process of behavior of the studied object in the form of a set of independent (statistically)
components, which allows to study the studied system using a reference model and conduct research
by comparing the reference model with real system behavior. . Thus, the essence of the principal com-
ponents method is to display complex processes in a simplified form and to study possible options for
their development in a model situation [4].

The purpose of the work. On the basis of the statistical data characterizing work of dump
trucks to carry out the analysis of parameters of work of dump trucks in processes of recycling of
technological waste of the metallurgical enterprise by a method of the main components.

Results of work.In the course of this research, statistical data on the operation of BelAZ
heavy-duty dump trucks with a capacity of 30 and 42 tons in the transport and technological system of
recycling of technological waste of two sections of the slag processing plant for 31 days were
processed.

Expertly identified 18 parameters that characterize the quality of dump trucks, namely — the
number of riders (z;), the volume of cargo transported (z,), mileage (z3), the number of operating
hours (z4), the actual fuel consumption (zs), technical speed (z), travel time (z;), idling (zs), parking
duration (zo), number of stops (zi¢), duration of stops (z;1), number of stops (z;,), operating speed (z;3),
static load capacity factor (z;4), average ride duration (z;s), average ride distance (z;¢), average ride
length (z,7), idle time under load (unloading) (z;5).

The practical implementation of the method is carried out on a computer in the module "Factor
analysis" of the integrated system of statistical analysis STATISTICA [5].

Component analysis of the studied process of cargo processing is performed in the following
sequence [6].

1. Justification of the number of the most important main components. For the accepted initial
number of principal components m = 18, the eigenvalues of the principal components were calculated,
which characterize the contribution of the corresponding component to the total variance (Tabl. 1).

To substantiate the number of main components, we use an approach in which the contribution
v; of the next main component included in the consideration must satisfy the condition v, > 1.
[7,8,9]According to this approach, it is advisable to use the first 4 main components for further re-
search to carry out the next stages of component analysis, we select the first 4 main components.

Table 1. Contributions of principal components to the total variance

The amount of component Type of contribution
contribution Absolute | Relative, %
Open-hearth slag processing site
F, 8,486 47,145
F, 3,212 17,842
F; 1,805 10,029
Fy 1,393 7,741
Fs 0,936 5,199
F¢ 0,743 4,129
F; 0,498 2,767
Fg 0,321 1,782
Fy 0,284 1,577
Fio 0,161 0,894
Fi 0,066 0,367
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Continue of the table 1.

Fiy 0,039 0,215
Fi3 0,029 0,159
Fiy 0,013 0,070
Fis 0,007 0,038
Fi6 0,005 0,026
Fi; 0,002 0,012
Fig 0,001 0,007
Blast furnace slag processing site
F, 8,708 48,379
F, 3,069 17,052
F; 2,241 12,450
Fy4 1,109 6,160
F; 0,948 5,269
Fe 0,730 4,055
F; 0,523 2,904
Fg 0,245 1,362
Fy 0,155 0,861
Fig 0,132 0,731
Fiy 0,058 0,322
Fi, 0,027 0,147
Fi3 0,024 0,131
Fiy 0,012 0,069
Fis 0,009 0,048
Fi6 0,006 0,035
Fi; 0,004 0,023
Fig 0,000 0,002

2. Establishing relationships between the main components and output parameters. Such rela-
tions are mathematical models of the studied process. To build models, a matrix of factor loads is
used, obtained as a result of component analysis and reduced to 4 selected components (Tabl. 2).

Components with a value of factor load f < 0.5 in the model were not included.

Table 2. Factor load matrix

Output parame-

Values of weights

ters a | a | as | Ay
Open-hearth slag processing site
Z) 0,968 -0,082 -0,014 -0,153
Z 0,928 -0,207 -0,033 0,093
Z3 0,853 -0,274 0,093 0,287
Z4 0,938 0,199 -0,113 0,208
Zs 0,851 -0,056 -0,069 0,265
Zg -0,066 -0,617 -0,475 0,248
77 0,804 0,158 0,360 0,074
Zg 0,725 0,177 -0,297 0,398
Zo 0,666 -0,042 0,526 -0,354
Z1o 0,667 -0,050 0,527 -0,354
Z1 0,665 0,593 -0,329 0,053
Z12 0,940 -0,076 -0,199 -0,013
713 -0,103 -0,852 0,359 0,231
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Continue of the table 2.

Z14 -0,487 -0,279 0,398 0,550
715 -0,184 0,897 0,053 0,068
Z1i6 -0,694 -0,129 -0,255 0,003
Z17 -0,278 0,316 0,482 0,634
Z1g -0,348 0,722 0,211 0,176
Blast furnace slag processing site
4} 0,941 -0,038 0,194 0,095
Z 0,921 -0,020 0,173 0,227
73 0,953 0,122 -0,226 -0,069
Zs 0,815 -0,515 0,052 -0,085
Zs 0,932 0,045 -0,062 0,054
Zg 0,388 0,518 -0,396 -0,480
Z7 0,959 0,014 -0,139 0,078
7 0,441 0,772 0,199 0,189
Zy 0,896 0,019 0,051 0,232
Z10 0,924 0,053 -0,050 0,117
7 0,388 -0,834 0,103 20,247
7 0,949 0,000 0,014 0,065
Z13 0,486 0,772 -0,286 0,096
Z14 -0,275 -0,203 -0,218 0,707
715 -0,250 0,514 0,747 0,185
Z16 -0,022 0,347 -0,106 0,120
717 0,315 0,098 -0,818 0,252
713 -0,290 -0,535 -0,720 0,084

Note: The factor loads included in the model are marked in bold

Models of the relationship of the original features (parameters with the main componentsz; = @
(aR) are constructed in accordance with formula (1) [10]

zj=a; F, +apFot ... +ajkFik+ ... +allnFn =1, 2... n), (1)

wherez; — is the normalized value of the feature obtained from the model; aj;, ap... aj, — coefficients
characterizing the weight of the k-th component in the j-th variable; F;, F,, ..., Fn—the values of the
main components.

Values ofajkconsidered unknown to be determined.

Models of the relationship of the initial characteristics for the open-hearth slag processing
area: z; = 0,968 a;, z, = 0,928 a;, z; = 0,853 a;, z4 = 0,938 a;, zs = 0,851 a;, z¢ = -0,617 a,, z; = 0,804
a;, zg = 0,725 a;, zg = 0,666 a; + 0,526 as, z;p = 0,667 a; + 0,527 a3, z;; = 0,665 a; + 0,593 a,, z;, =
0,940 ay, Z13 — -0,852 Ay, Z14 — 0,550 g, Z15 = 0,897 Ay, Z16 — -0,694 ay, Z17 = 0,634 g, 218 — 0,722 aj.

Models of the relationship of the initial characteristics for the processing area of blast furnace
slag:z; = 0,941 a;, z, = 0,921 a;, z; = 0,953 a;, z, = 0,815 a5 - 0,515 a,, zs = 0,932 a,, zs = 0,518a,, z; =
0,959 a;, zs = 0,441 a; - 0,722 a,, zo = 0,896 a;, 210 = 0,924 a;, z;; = - 0,834 a,, z;, = 0,896 a;, z;3 =
0,722 a5, 214 = 0,707 a4, z;5 = - 0,514 a, - 0,747 a3, z;7 = 0,818 a3,z13 = -0,535 a, - 0,720 a;.

3. Meaningful interpretation of the main components.At interpretation signs in which size of
loading is not less than 0,5 were considered. In tabl. 1 and 2, such features are highlighted in bold.

Comparative analysis of the load of the components on the studied features are presented in
tabl. 3.




Poznin 2. MonentoBaHHS Ta ONTUMI3allis B TEXHOJIOTI] KOHCTPYKIIHHUX MaTepialiB 97

Table 3. Comparative analysis of the load of components on the studied features

Output Weight coefficients
parameters 4 | 4 | - 4 ; | A4 4 | 4 | 4 | a4
Open-hearth slag processing site Blast furnace slag processing site
VA + - - - + - - -
Z + - - - + - - -
V4] + - - - + - - -
Zs + - - - + + - -
Zs + - - - + - - -
Zs - + - - - + - -
77 + - - - + - - -
VA + - - - - + - -
Z9 + - + - + - - -
Zio + - + - + - - .
1 + + - - - + - -
Z12 + - - - + - - -
Z13 - + - - - + - -
Z14 - - - + - - - +
Zs - + - - - + + -
Z16 + - - - - - - -
Z17 - - - + - - + -
718 - - - - - + + -

Note: "+" indicates the factor loads included in the model, and "-", which are not included

Let's analyze the process of dump trucks in the area of open-hearth slag processing.

The first component has significant loads on the following features: number of rides (z;), vo-
lume of cargo transported (zz), mileage (z3), number of operating hours (z4), actual fuel consumption
(zs), travel time (z;), idling (zs), duration of stops (zy), number of stops (zio), duration of stops (z11),
number of stops (z;2), coefficient of static capacity utilization (z4), average driving distance (z;s).

The second component reflects the influence of five essential features: technical speed (z6),
duration of stops (zi1); operating speed (z;3), average driving time (z;s), idle time under load (unload-
ing) (z1).

The third component includes the following features: duration of parking (zo), number of park-
ing (zy0).

The fourth positive relationship with the fourth component is the coefficient of static load ca-
pacity (z14), the average ride length (z;7).

Let's analyze the process of dump trucks at the blast furnace slag processing site.

The first component has a significant load on the following features: number of rides (z;), vo-
lume of cargo transported (z,), mileage (z;), number of operating hours (z4), actual fuel consumption
(zs), travel time (z7), duration of parking (zo), number of stops (z;0), number of stops (zi2).

The second component has a load on the following features: the number of operating hours
(z4), technical speed (z), idling (zs), duration of stops (z;;); operating speed (z3), average driving
time (z;5), idle time under load (unloading) (z;s).

The third component includes the following features: average ride duration (z;s), average ride
length (z,7), idle time under load (unloading) (z;s).

The fourth positive relationship with the fourth component is the coefficient of static capacity
utilization (z;4).

From the principal components identified in the analysis, two homogeneous groups can be
formed.

The first group includes the first and fourth main components, which are a summary of the ef-
fectiveness of dump trucks.

The second group can be described as the degree of use of dump trucks.
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Conclusions

Based on the results of research, the following conclusions can be drawn.

1. The method of the main components in combination with engineering and economic infor-
mation about the physical nature of the real process is a good tool for grouping interrelated factors in
accordance with their economic content.

2. The use of the principal components method makes it possible to move to the modeling of
the studied process using a limited set of new variables, which simplifies the procedure of economic
and statistical analysis and makes it more efficient.

3. The use of component analysis makes it possible to construct analytical expressions of ge-
neralized factors through a system of interrelated primary parameters.

4. Among the obtained set of generalized factors can be distinguished homogeneous groups
that characterize certain complex characteristics of the production process.

The selected main components can be used as generalized factors to approximate the perfor-
mance of the cargo processing process using a linear regression model.
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JOCITIIKEHHA POBOTU CAMOCKHU/IB B TPAHCIIOPTHO-
TEXHOJIOTTYHIA CUCTEMI PELIMKJITHT'Y TEXHOJIOI'TYHUX BIIXO/IIB
METAJIYPTTMHOI'O NIJMPUEMCTBA METOJIOM I'OJIOBHUX KOMITOHEHT
Cepena B.I1., MykoBcbka J1.51., Cepena /.b.

Pedepar

B mporteci nanoro mociimkeHHs: Oyiu ONMpaiboBaHi CTATHCTUYHI JaHHI MPO POOOTY BEIHKO-
BaHTaXHUX camMockuliB benA3 BanTaxkomiaiioMHuicTio 30 Ta 42 T B TpaHCIIOPTHO-TEXHOJOT1UHIH cHC-
TEeMH PELMKIIIHTY TEXHOJIOTTYHHX BiOXOMIB IBOX IUISHOK LEXy Luiakornepepodku mpotsarom 31 nobu.
ExcneprHum muisxom Oynu BuaiieHi 18 mapamerpiB, sIKi XapaKTepH3YIOTh SIKICHY poOOTy caMOCKH-
IiB, a came, — KUTBKICTb i3710K (Z;), 0OCST MepeBe3eHoro BaHTaxy (Z,), Ipooir (z3), KUIbKICTH MOTOYA-
ciB po0OOTH (Z4), haKTHUHA BUTpaTa MajuBa (Zs), TEXHIUYHA IIBUAKICTE PyXy (Ze), 4ac y pyci (z7), Xxoio-
CTUH XiA (Zg), TPUBATICTH CTOSHOK (Zo), KUIBKICTh CTOSTHOK (Z)0), TPUBATICTh 3YyIHHOK (Z;1), KUIbKICTb
3YIHHOK (Z1,), €KCIUTyaTaliifHa MBUAKICTb PYXY (Z13), KOE]IiEHT CTATHYHOTO BUKOPUCTAHHS BaHTa-
KOIITHOMHOCTI (Z14), CEpEIAHS TPUBATICTD 131AKU (Z;5), CEPENHS BiICTaHb T31KH (Z15), CEPETHS TOBKHU-
Ha i31KH (Z17), Yac MPOCTOIO M 3aBaHTAXKECHHSIM (pO3BaHTaKEHHSIM) (Z15). [IpakTruHa peamizaiis me-
tony 3aiicHena Ha EOM y moayni «®akTopHU aHaji3» IHTErpoBaHOI CUCTEMH CTATHCTHYHOIO aHa-
mizy STATISTICA. B nporeci KOMIIOHEHTHOTO aHalli3y Oyio 0OOTpyHTOBaHO KUTbKiCTh HaiOUIbII Ba-
TOBUX TFOJIOBHUX KOMIIOHEHT, BCTAHOBJICHO CITIBBiTHOIICHHS MK TOJJOBHUMH KOMIIOHEHTaMH 1 BUXiJ-
HUMH MTapaMeTpaMy, IPOBEICHO 3MICTOBHE iHTEPNPETYBaHHS TOJIOBHUX KOMITIOHEHT.
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