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Abstract. The principle of operation, purpose and scope of the grader are considered. The main brands and manufac-
turers of equipment operated on the territory of the Republic of Kazakhstan are described. Parametric information
is collected and systematized. A factor analysis was carried out to determine the relationship of indicators. Cluster
analysis was performed to determine homogeneous groups. The structure of the technical level coefficient has been

formed. To estimate the coefficient of the technical level, a program for processing statistical data StatGraphicsCen-
turion was used. A graphical explanation of the results obtained is presented and promising indicators of the machine
are determined, which must be taken into account when designing.
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Introduction

Road machines perform both basic work (exca-
vation, improvement of lightweight and transitional
road surfaces, construction of asphalt concrete roads,
laying cement concrete pavements) and auxiliary
(preparatory), and are also used in the maintenance
and repair of roads.

Today's equipment market has a fairly wide
range of such machines, in this regard, the contractor
is faced with the need to choose a greater variety of
them.

Not the last place in the construction of highways
is occupied by cars called a grader. A grader is a ma-
chine equipped with a main blade and additional
equipment such as a bulldozer blade, a pickaxe, a
snowplow.

Graders are needed for moving, leveling soils
and other materials. The design features of these ma-
chines allow them to perfectly level the surface in a
small number of passes. The classification of graders
is carried out depending on the volume of construc-
tion work (light, medium and heavy).

With the help of the grader blade, the alignment
and planning of the slopes of the roadway is carried
out, along with this, the grader uses additional equip-
ment, such as a pickaxe for preliminary loosening,
and snow-clearing equipment for cleaning roads in
winter, the general view of the grader is shown in
Figure 1.

Taking into account the importance of develop-
ing grader designs, it is necessary to carry out an ex-
pert assessment of the proposed technical solutions.
The existing methods of expert evaluation do not
give a complete answer to the question of the need

to replace a particular node, and also do not provide
information about the technical level of products that
must be provided for a better solution to the task. In
this regard, it is necessary to conduct a more detailed
multifactorial analysis of the machine design.

The purpose of the study is to develop recom-
mendations on the design of the grader based on the
obtained coefficient of technical level.

The scientific novelty of the work consists in de-
termining the coefficient of the technical level on the
basis of a multivariate analysis of parametric data.

Literary review

In the work of the authors [1], the principles of
developing the design of security systems based on
the use of new automated control technologies are
presented. The authors propose the use of modern
control systems based on artificial intelligence. In the
work of the authors [2], an assessment is given of the
use of intelligent control systems for the operation
of a hydraulically driven grader. The effectiveness
of the use of such systems is presented. The article
[3] describes the principle of operation and develops
the design of an electrohydraulic control system for
the operation of the machine. In a number of other
studies [4, 5, 6, 7, 8, 9, 10], much attention is paid to
the design of earthmoving machines. This allows us
to judge the high importance of conducting research
on the development of recommendations for the con-
struction of the machine.

Materials and methods of research
In order to develop recommendations on the

design of the grader, the use of StatGraphicsCen-
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turion software is proposed. Multivariate analysis
of parametric data was carried out in the software
environment.

Research results
The indicator of the coefficient of technical level
characterizes the trends and prospects for the devel-

opment of technology, the ability to accurately assess
the indicator of technical level allows you to create
more competitively capable models of machines,
justify the failure or continuation of production, ma-
chines, modernization or improvement of the design
of working equipment.

Table 1 presents statistical data on the indicators

a) grader; b) grader with snow-clearing equipment

Figure 1 — Grader

Table 1 - Statistical data on the indicators of earthmoving machines (graders)

No :ar:;idmoc:\lti:: Weigh.t of the Poyver qf the Speet‘:l of movement a:::drtk[:n(: T(I)gr:itn:f
machines machinery,t | main unit, KW | equipment, km/h mechanism, m | mechanism, m
1 Volvo G960 17,55 175,5 45,8 3,66 0,63
2 Komatsu GD8 26,5 209,5 44,7 4,88 0,899
3 | Komatsu GD675 15,7 149,2 42,1 3,67 0,712
4 Bell 772d 21,2 172,2 41,5 4,28 0,611
5 770 dolaroj 17,8 171,5 41,6 4,26 0,62
6 | Mitsuba GR215 17,1 162,2 38,1 4,28 0,61
7 Bell 672d 20,4 138,8 40,2 4,27 0,611
8 GR-180 15,5 128,2 38,1 3,9 0,61
9 XCMG GR165 15,1 125,2 38,8 3,9 0,61
10 GR-165 15,1 114,1 38,1 3,9 0,61
11 Volvo G930 15,89 145,2 45,78 3,6 0,64
12 CAT 24M 61,97 373,3 37,8 7,33 1,07
13 Ralipo 160 14,61 147,1 40,8 4,28 0,69
14 Volvo G940 16,5 160,4 43,5 3,66 0,73
15 | Komatsu GD705A 17,7 149,2 43,2 3,67 0,667
16 Volvo G946 17,2 175,2 43,4 3,66 0,73
17 CAT 20M 11,32 104,2 42,5 3,67 0,62
18 Bell 872d 19,1 194,1 41,1 4,31 0,69
19 GS-18.05 16,35 128,2 40,1 3,67 0,64
20 Dz-98 20,61 173,1 41,2 4,11 0,71
21 BELL 670d 17,15 148,5 41,4 4,28 0,61
22 CMG 618 8,12 95,1 27,5 3,0 0,48




of earthmoving machines (graders) for carrying out
work to determine the main links.

To obtain more accurate data, in order to form an
equation for determining the technical level of prod-
ucts, we apply the values obtained as a result of pro-
cessing in the software.

As a result of checking the statistical data on the
parameters of the grader, the following was revealed:

- the mass of equipment directly depends on the
indicator of the working power of the engine, the co-
efficient is 0.95;

- the parameter power generated by the engine
has a very strong correlation with the height of the
main working body of the machine (blade), and the
coefficient is 0.88;

- the parameter power generated by the engine
also has a very strong relationship with the width of
the blade of the machine, and the coefficient is 0.95.

The analysis well describes the relationship of
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these machine parameters, which is explained by the
fact that in order to increase the mass of the machine,
the height and width of the blade, it will be necessary
to increase the power generated by the internal com-
bustion engine.

Cluster analysis revealed classificationally ho-
mogeneous groups of machines. This will allow us
to draw conclusions with confidence from the histo-
grams of the distribution. The histogram of the distri-
bution of grader indicators is shown in Figure 3, and
the characteristics of the modal intervals of grader
indicators are shown in Table 4.

After making calculations and forming indica-
tors, an analysis was formed that provides informa-
tion about a selection of objects. The values obtained
in this case provide us with the opportunity to build
histograms of the distribution of indicators. Informa-
tion on the distribution histogram is shown in Figure
3, and the values of the indicators from the sample

Table 2 — Multivariate analysis on the indicators of earthmoving machines (graders)

Weight of the grader | Motor grader power | Grader speed | Blade height | Blade width
Quantity 19.0 19.0 19.0 19.0 19.0
Average 19,5995 165,1 41,4 0,67 4,18
Standard deviation 10,7188 56,71 2,6 0,11 0,83
Coefficient of variation 54,6% 34,3% 6,3% 17,5% 19,8%
Minimum 11,358 104,0 37,7 0,6 3,6
Maximum 61,970 373,0 45,7 1,06 7,3
Range 50,592 269,0 8,0 0,4 3,6
Asymmetry 6,70 5,10 0,02 4,2 5,7
Excess 13,60 9,40 -0,90 5,4 10,8

Table 3 — Checking multicollinearity of indicators of earthmoving machines (grader)

Weight of the grader | Motor grader power | Grader speed | Blade height | Blade width
Weight of the grader 0,95 -0,25 0,85 0,95
(19) (19) (19) (19)
0 0,29 0 0,
Motor grader power 0,9537 -0,10 0,88 0,89
(19) (19) (19) (19)
0 0,68 0 0
Grader speed -0,25 -0,1 0,03 -0,40
(19) (19) (19) (19)
0,29 0,6834 0,89 0,08
Blade height 0,85 0,8806 0,03 0,78
(19) (19) (19)
0 0 0,89
Blade width 0,95 0,89 -0,4 0,78
(19) (19) (19) (19)
0 0 0,08 0
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Figure 2 — Cluster analysis of graders
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a) the mass of the grader, tons; b) the power developed by the grader kW;
c) the width of the grader blade, m; d) the height of the grader blade, m

Figure 3 — Histogram of the distribution of grader indicators

Table 4 — Characteristics of modal intervals of motor grader indicators

Characteristics of the interval with the highest frequency

The name of the indicator

restrictions left

restrictions center

restrictions right

The number of cars
in the interval

Weight of the grader, tons 13,3 20 26,6 13
Power, kW 133,3 166,6 200 13
Blade width, m 3,53 3,95 4,36 17
Blade height, m 0,57 0,64 0,76 14




are presented in Table 4. To determine the Ky (co-
efficient of the technical level of the autograder), we
will use the known equations.

KTLZVbb%"‘VN%‘H’h;%"'Vm%, 1)
where 7, 7w, 71 7w — accordingly, the weighting co-
efficients of the indicators are the width of the
blade, power, height of the blade, mass;
i, Nii, hyiy my; — accordingly, the basic values of the
indicators are blade width, power, blade height,
mass. The values of the basic indicators, criteria
of significance and the weighting coefficient of
the grader are presented in Table 5, and the calcu-
lated values are presented in Table 6.

Conclusion and discussion of the results
obtained
As a result of the conducted research, statisti-
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cal data characterizing the relationship between the
parameters of the machine were obtained. Based on
cluster analysis, statistically homogeneous groups of
the machine are determined. Based on the histograms
of the distribution, modal intervals are obtained. As a
result, the coefficient of the technical level was calcu-
lated and promising values of the technical parame-
ters of the machine were obtained.

For motor graders, promising models with a high
KTLA index include the following models:

1. CBC MG618;

2. Caterpillar 160M;

3. Bell 872D.

Promising indicators of the motor grader are the
following:

- the engine power should be 95 kW with an over-
all weight of 8.1 tons, a blade width of a meter and a
blade height of 0.475 meters;

- the engine power should be 147 kW with the

Table 5 — The value of the basic indicators of the grader

Ne Indicator Basic value Significance criterion Weighting factor
1 | Weight, tons 20 0,95 0,264
2 | Power, kW 166,6 0,75 0,208
3 | Blade width, m 3,95 0,95 0,264
4 Height, tons 0,64 0,95 0,264

Table 6 — Calculated values of the motor grader's Ky, indicator

Brand Kria (M) Kria (N) Kria (b) Kria (h) Kria (gen)
CBC MG618 0,65 0,118 0,200 0,195 1,166
Caterpillar 160M 0,36 0,183 0,285 0,282 1,113
Bell 872D 0,27 0,242 0,287 0,282 1,088
Caterpillar 20M 0,46 0,129 0,244 0,251 1,093
Volvo G940 0,32 0,199 0,244 0,304 1,0702
Volvo G946 0,305 0,218 0,244 0,304 1,072
Bell 670D 0,308 0,184 0,285 0,251 1,030
Volvo G960 0,3008 0,218 0,244 0,261 1,0257
Komatsu GD675A 0,338 0,186 0,245 0,293 1,062
Komatsu GD705A 0,3 0,186 0,244 0,272 1,002
[3-98 0,25 0,215 0,274 0,288 1,035
Volvo G930 0,33 0,181 0,244 0,261 1,021
XCMG GR165 0,35 0,156 0,265 0,251 1,024
Mitsuber GR-165 0,35 0,142 0,265 0,247 1,006
Mitsuber GR-180 0,342 0,159 0,265 0,247 1,015
Mitsuber GR-215 0,31 0,202 0,285 0,247 1,045
Bell 770D 0,29 0,213 0,285 0,251 1,048
Bell 772D 0,25 0,214 0,285 0,251 1,001
rC-18.05 0,323 0,159 0,244 0,259 0,988
Bell 672D 0,25 0,173 0,285 0,251 0,968

251
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overall dimensions of the mass of 14.6 tons, the blade - the engine power should be 194 kW with an
width of 4.27 meters and the blade height of 0.686 | overall weight of 19.4 tons, a blade width of 4.3 me-
meters; ters and a blade height of 0.686 meters.
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Ken ¢pakmopbl napamempnik mandayosl KondaHy Hezi3iHde aemoezpelidep du3aliHbl bolibIHWA ycbIHbIcCMap
asipney

CY/IEEB baxmusap faHuaposuy, PhD, denapmameHm dupekmopel, culeev_bahtiyar@mail.ru,
«3dbinKac CarbiHO8 ambiHOaFbl KaparaHObl mexHUKasbiK yHusepcumemi» KeAK, KazakcmaH, KaparaHosl,
H. Hazapbaes daHrbinbl, 56.

AHOamna. AsmozpelioepdiH #yMbIC MPUHYUMI, MAKCAMbl #aHe KOA0AHY CA/Aacbl Kapacmsipbliaadsl. KazakcmaH Pe-
cnybaUKAcbIHbIH ayMaFbIHOA MalioanaHbiAaMelH MEeXHUKAHbIH Hezi3ei MapKaaapsl MeH eHOipywinepi Kapandel. Mapa-
MempriiK aKnapam #uHanobl xaHe xyleneHdi. KepcemkiumepoiH e3apa 6alinaHbICbIH AHbIKMAY YWiH (haKmMopbIK
manoay #ypeizindi. Bipmexkmi monmaposbl aHbIKMAy yWiH Kaacmepsik manday #acanobl. TexHUKasbiK 0eHaeli Koag-
buyueHmIiHiH KypbiabiMsl Kaabinmacmel. TexHuKanelK 0eHeell KoagguyueHmiH baranay ywiH StatGraphicsCenturion
cmamucmukasslk 0epekmepiH eHOeyze apHanaraH 6ardapaama nalidanaHslaosbl. AbIHFAH Hamux3esnepae 2pagpuKa-
/IbIK MycCiHiKmeme bepineeH #aHe #obanay KesiHOe ecKepy Kaxem MAWUHAHbIH MepcnekmusasnsikK Kepcemxiwumepi
QHLIKMAFAH.

Kinm ce30ep: asmoepelidep, nbiWaK, ¥YMbIC Op2aHbl, OpmasbiKk meHOeHYus, e32ep2iumik eawemi, mapmy ecebi.

Paspabomka pekomeHOayuii Mo KOHCMPYKyUU aemozpelidepa Ha 0CHO8e NPUMEHEHUS MHO20(haKMOPHO20
napamempu4ecKoz0 aHanusa

CY/IEEB baxmusap faHuaposud, PhD, dupekmop denapmameHma, culeev_bahtiyar@mail.ru,
HAO «KapazaHduHcKuli mexHu4yecKuli yHusepcumem umeHu Abbinkaca CaeuHosa», KazaxcmaH, KapazaHoa,
np. H. Hazapbaesa, 56.

AHHOMayusA. PaccmompeHsl npuHyun pabomei, Ha3HayeHue u 06s1acme npumMmeHeHua asmozpelioepa. OnucaHbl 0CHO8-
Hble MApKU u npoussodumesnu MexHUKU, 3Kcrayamupyemol Ha meppumopuu Pecnybauxku KazaxcmaH. CobpaHa u cu-
cCmemamu3upos8aHa napamempuyeckas uHgopmayus. lNposedeH pakmopHobili aHAAU3 018 onpedeneHus 83AUMOCBA3U
nokazamesned. BoinonHeH KaacmepHoil aHanu3 041 onpedesneHus 00HOPOOHbIx 2pynn. ChopMupos8aHa cmpykmypa
KO3ghhuyueHma mexHu4ecKoao yposHA. [19 oueHKU KO3gh@duyueHma mexHu4ecKo2o ypOoBHS UCMOAb3080HA Po2pam-
ma 015 06pabomku cmamucmu4veckux 0aHHeix StatGraphicsCenturion. [TpedcmasneHo 2paguyeckoe NoscHeHuUe K no-
252 | JIy4eHHbIM pe3yabmamam u ornpeodeseHsl nepcriekmusHble MoKasamesu MauHbl, KOmopble HeobXxo0UMO yYyumebi8ams
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Mpu NPOeKMuposaHuU.

Knrouesoie cnosa: asmoepelioep, Hox, paboyuli op2aH, UeHmMpaabHAA MeHOeHYUA, Mepa udMeH4u8ocmu, msazossili
pacyem.
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