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Determination of the technical level of excavator structures based on parametric analysis

Abstract. The article is devoted to the definition of promising excavator designs. The
paper presents current models of excavators operating on the territory of the Republic of
Kazakhstan. The main technical characteristics of the machines are considered. Statistical
analysis and processing in the software environment were carried out. Summary
statistics for each of the selected data variables are provided. It includes measures of
central tendency, measures of variability and measures of form. Based on the correlation
matrix of indicators, it was revealed that the weight of the excavator has the greatest
relationship with the digging depth, its capacity and bucket volume. Cluster analysis
was carried out using the software package. As a result of cluster analysis, it was
determined that the existing excavator designs can be divided into three groups.
Histograms of the distribution are constructed. With their help, modal intervals and the
middle are determined. The criterion of significance and the weighting coefficient for
each indicator are determined. The coefficient of the technical level is calculated. Based
on the results of the technical level, promising indicators of power values, digging
depth, bucket volume and excavator weight are proposed.

Keywords: excavator, construction, cluster analysis, histogram, technical level.

DOI: doi.org/10.32523/2616-7263-2022-138-1-67-75

Introduction

In our republic, the volume of construction of buildings, structures, and highways is growing
annually. According to the state policy in the field of construction and social protection, the volume of
construction of social facilities is growing. It is impossible to perform an increasing amount of work
without the use of special machinery and equipment.

The excavator is designed for digging the soil and its subsequent movement. A modern excavator
is an indispensable equipment for road construction work. The range of application of the machine is
quite wide, including the excavation of hard rocks, soil and bulk materials, ore extraction, excavation of
pits, maintenance of engineering structures and landscaping.

Despite the variety of machines presented, their various designs such as single-bucket, multi-
bucket excavator, single-bucket excavator with hydraulic drive of working equipment has found greater
use in construction.

This machine which is unique in its design is used both for digging ditches and trenches and for
planning slopes and erecting embankments for the roadway.

If in the construction of automobile roads, machines with a tracked propulsion are widely used,
then in the construction of buildings and structures carried out in urban conditions, machines with a
wheeled propulsion are widely used, since this facilitates the delivery process (the equipment arrives at
the work site independently), maneuverability increases, and the possibility of use in cramped urban
conditions.

Literary review

Both domestic and foreign researchers are engaged in the development of the excavator design.
Among them, we can mention the work of a group of researchers engaged in the development of
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completely new machine design and control systems.

The author's article [1] presents the results of numerical and experimental analysis of the stability
of hydraulic excavators. The author's article [2] considers the issue of developing the design of the
machine taking into account the conditions of its operation. The paper presents information about the
development of an excavator control system [3].

Materials and methods of research

The modern excavator market is represented by a wide range of equipment. Among this large
variety, it is extremely difficult to single out exactly the technique that needs to be used. For this
purpose, an indicator — the technical level - can be used to determine trends and promising models.

To apply the assessment of the technical level of products, you must perform the following
actions:

1. Collect parametric information, namely numerical data on the main characteristics of machines
or their working equipment;

2. Perform factor analysis to determine the relationship of indicators;

3. Perform cluster analysis to determine homogeneous groups;

4. Formation of the structure of the coefficient of technical level;

5. Proposals for the use of the coefficient of technical level

To assess the technical level of excavators, it is necessary to process statistical data in the
«Statgraphics centurion XV» application software package.

In this regard, the issues of modernization of existing designs and the development of new ones
are particularly relevant. In order to determine the trend in the development of machine designs and
determine promising indicators, it is necessary to conduct an analysis

Research results

To assess the technical level of excavators, we will use statistical data processed in the Stat
Graphics Centurion application package, presented in Table 1. The table shows that most of the weight
of excavators is in the range from 14 to 19 tons, the bucket volume is in the range from 0.5 to 0.95 m3, the
digging depth is from 4 to 6.5 meters, the power internal combustion engines from 90 to 110 kW. Based
on the analysis, the following data were obtained (Table 2).

This procedure is designed to summarize several columns of quantitative data. It will calculate
various statistics, including correlations, covariances, and partial correlations. Also included in the
procedure are a number of multivariate graphs, which give interesting views into the data. Use the
Tabular Options and Graphical Options buttons on the analysis toolbar to access these different
procedures.

Table 1
Technical characteristics of excavators
Ne Brand Weight, t Bucket Digging Power, kKW
volume m? height, m
1 Caterpillar m 313 d 16,2 0,84 5,75 95
2 Doosan\ daewoo s 180 w5 17,7 0,93 6,00 112
3 Hitachiex 160 w 16,9 0,82 5,84 90,2
4 Hyundair 170 w 16,2 0,76 5,42 94
5 J.C.B.js 160 w 17,7 0,70 6,23 97
6 Komatsu rw160-7 16,5 0,75 5,96 90
7 Liebherr a 314 16,6 0,75 5,45 90
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8 New holland mh plus 16,8 0,80 5,70 192
9 Terex tw 170 16,2 0,90 5,70 110
10 Volvo ev 160 b 17,5 0,80 6,20 103
11 Case WX95 9,85 0,28 4,3 74
12 Case WX125 12,4 0,57 4,84 84
13 Case WX145 15,3 0,95 5,5 90
14 Cat M315D 18,3 0,9 5,8 101
15 Cat M316D 19,8 1,3 6,1 118
16 Cat M318D 20,1 1,3 6,4 124
17 Caterpillar M315D2 15,2 0,76 5,3 101
18 Hitachi ZX130W 14/9 0,7 55 89
19 Hitachi ZX140W-3 16 0,5 4,38 110
20 Hitachi ZX160W 17,3 0,8 5,8 90

To date, the number of excavator models on the market is quite wide and is represented by
various models, both with a wheeled and tracked propulsion, with a reverse and straight shovel and in
various other modifications.

Table 2
Summary Statistics
Excavator Excavator Digging Excavator Bucket
weight power depth speed volume

Count 20 20 20 20 20
Average 16,5225 102,71 5,6085 32,25 0,8055
Standard deviation |2,27691 24,2695 0,563637 4,32709 0,229679
Coeff. ofvariation |13,7807% 23,6291% 10,0497% 13,4173% 28,5138%
Minimum 9,85 74,0 4,3 20,0 0,28
Maximum 20,1 192,0 6,4 38,0 1,3
Range 10,25 118,0 2,1 18,0 1,02
Stnd. skewness -2,51043 5,09688 -2,02438 -2,23519 0,519473
Stnd. kurtosis 3,08557 9,08907 0,909523 2,07591 1,71593

This table shows summary statistics for each of the selected data variables. It includes measures
of central tendency, measures of variability, and measures of shape. Table 3 shows the correlation
matrix of indicators.

Correlation matrix of excavator indicators

Table 3

Excavator Excavator Digging Excavator |Bucket volume
weight power depth speed
Excavator weight 0,3847 0,8085 -0,0682 0,7970
(20) (20) (20) (20)
0,0939 0,0000 0,7752 0,0000
Excavator power 0,3847 0,2781 -0,0589 0,3613

BECTHUK EHY umenu /A.H. Tymuresa. Cepus mexruueckue HayKu u mexnHor0uu
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series

Ne 1(138)/2022

69



Determination of the technical level of excavator structures based on parametric analysis

(20) (20) (20) (20)
0,0939 0,2351 0,8051 0,1175
Digging depth 0,8085 0,2781 -0,0838 0,7722
(20) (20) (20) (20)
0,0000 0,2351 0,7254 0,0001
Excavator speed -0,0682 -0,0589 -0,0838 -0,0666
(20) (20) (20) (20)
0,7752 0,8051 0,7254 0,7803
Bucket volume 0,7970 0,3613 0,7722 -0,0666
(20) (20) (20) (20)
0,0000 0,1175 0,0001 0,7803

As can be seen from the table, the weight of the excavator has the greatest relationship with the
digging depth k (0.8085), the weight of the excavator and its power k (0.3847), and the weight of the
excavator and the bucket volume k (0.7970). This finds logical confirmation.

The purpose of cluster analysis, which is performed using the Stat Graphics program (Special |
Multivariate Methods | Cluster Analysis). The Euclidean distance was used as a measure of similarity in
the cluster analysis procedure. Results of cluster analysis showed on figure 1.
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Figure 1. Cluster analysis
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This procedure created 3 clusters out of 20 observations provided. Clusters are groups of
observations with similar characteristics.
Cluster analysis revealed classificationally homogeneous groups of machines. This will allow us
to draw conclusions with confidence from the histograms of the distribution. The histogram of the
distribution of excavator indicators is shown in the figure 2.
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a) excavator weight, tons; b) digging depth, m; c) bucket volume, m3; d) engine power, kW
Figure 3. Distribution of values of excavator indicators

The modal interval for the excavator mass indicator is in the range from 15 to 17 with the middle
equal to 16, the modal interval for the digging depth indicator is in the range from 5.35 meters to 5.76
meters with the middle of the modal interval equal to 5.55 meters, the excavator power is in the range
from 85 kW to 110 kW, with the value of the middle equal to 97.5 kW

When determining the coefficient of the technical level of the excavator, promising indicators are
the bucket volume, power and depth of digging, these indicators significantly affect the performance of
the machine.

To determine the coefficient of the technical level, we will use the known equations

q; N, h, m,,
k., = LR oy L, O 1
1LE = Vg a. 7N N, Vn h, Vm m 1)

where yq, YN, Yh, Ym are, respectively, the weighting coefficients of the bucket volume, power, digging
depth, mass;
gsi, Noi, hsi, msi - respectively, the basic values of the bucket volume, power, digging depth, mass.
The criterion of significance is determined by the formula 2

.M,

m, = N (2)
where Z M, ; is the number of models that fell into the modal interval on the histogram;
N is the number of models included in the histogram.
The weighting coefficient for the i-th indicator is determined by the formula 3:
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Vi =

m

Sm
i=1

where mi is the criterion of significance of the i-th indicator;
n is the number of analyzed models.

The values of the basic indicators, the criteria for the significance of the weighting coefficient are
presented in Table 4, and the calculated values of the technical level of the technical indicators of the
excavators are presented in Table 5

Table 4
The value of the basic indicators
No Indicator Basic value Significance Weighting coefficient
criterion
1 Bucket volume, m3 0,875 0,65 0,220
2 Power, kW" 97,5 0,9 0,305
3 Digging height, m 5,55 0,8 0,272
4 Weight, t 16 0,6 0,203
Table 5
Calculated values of the excavator technical level indicator
Brand Weight Bucket Digging Power Total
volume height
Caterpillar m 313 d 0,200494 0,2112 0,2818 0,2972 0,9907
Daewoo s180w5 0,183503 | 0,233829 0,2941 0,3504 1,0617
Hitachiex 160 w 0,192189 | 0,206171 0,2862 0,2822 0,9667
Hyundair 170 w 0,200494 | 0,191086 0,2656 0,2941 0,9513
J.C.B.js 160 w 0,183503 0,176 0,3053 0,3034 0,9683
Komatsu rw160-7 0,196848 | 0,188571 0,2921 0,2815 0,9591
Liebherr a 314 0,195663 | 0,188571 0,2671 0,2815 0,9329
New holland mh+a 0,193333 | 0,201143 0,2794 0,6006 1,2744
Terextw 170 0,200494 | 0,226286 0,2794 0,3441 1,0502
Volvoev 160 b 0,1856 0,201143 0,3039 0,3222 1,0128
Case WX95 0,329746 0,0704 0,2107 0,2315 0,8424
Case WX125 0,261935 | 0,143314 0,2372 0,2628 0,9052
Case WX145 0,212288 | 0,238857 0,2695 0,2815 1,0022
Cat M315D 0,177486 | 0,226286 0,2843 0,3159 1,0040
Cat M316D 0,16404 | 0,326857 0,2990 0,3691 1,1590
Cat M318D 0,161592 | 0,326857 0,3137 0,3879 1,1900
Caterpillar M315D2 0,213684 | 0,191086 0,2597 0,3159 0,9805
Hitachi ZX130W 0,217987 0,176 0,2695 0,2784 0,9419
Hitachi ZX140W-3 0,203 0,125714 0,2147 0,3441 0,8875
Hitachi ZX160W 0,187746 | 0,201143 0,2843 0,2815 0,9547
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The calculated values of the coefficient of the technical level of each type of equipment allow us to
identify the most promising version of the equipment.

Discussion of the results obtained

The coefficient of the technical level obtained by calculation allows us to draw conclusions about

the development trends and promising structures of machines.

So for excavators, promising models in terms of indicators are the following:

1. NEW HOLLAND MH+, wheeled excavator;

2. Cat M316D, wheeled excavator;

3. Cat M318D;

4. Case WX95.

According to the promising indicators of the machines, drawing works were carried out on the
general types shown in Figure 2.

1 H 2

2

o

o

T /T’/ /4 /WI V/a/

1040

1-rotary platform; 2-boom; 3- hydraulic cylinder of the handle
Figure 2. General view of the excavator

Thus, the promising indicators of the excavator are the following:
- excavator weight from 16 to 19 tons;
- bucket volume from 0.8 to 1.3 m3;
- digging depth from 5.7 to 6.4 meters
- power from 118 to 192 kW.
The conducted research will help to determine the level of technology development in the future.
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ITapameTpaik Taagay HerisiHge KCKaBaTOP KOHCTPYKIMsAaPbIHbIH TeXHUKAABIK AeHTeiH
aHBIKTay

Angarma. Makaaa 5KcKaBaTOPABIH IIEpCIIeKTUBAABIK, KOHCTPYKIMAaphIH aHbIKTayfa apHaAFaH.

Kasakcran PecriyOamkacelHBIH —ayMmarblHAa —IaligadaHbLAaThIH — DKCKaBaTOPAapABIH — ©3eKTi
MoJgeabAepi yChIHbIAFaH. MalnHaaapAblH HeTi3Ti TeXHMKaAblK, CHUIIaTTaMaAapbl KapacThIPbLAaAbl.
barpapaamaablk opTajga CTaTUCTMKaAbK, Taaday >KeHe 6©HJey Kyprisiaai. TaHaaaraH aepekrep
alfHbIMaAblAapBIHBIH 9PKAMCBICHl YINH >KMBIHTBIK CTaTUCTMKa KeATipiareH. OraH OpTaablK TpeHA
IapaJapbl, ©3TepriliTik Imapadapsl >keHe (¢Qopma Imapasapsl Kipeai. Kepcerkimrepaiy
KOppeAsaIMsAAbIK MaTPULIACHl HETi3iHAe DKCKaBaTOPABIH CaAMarbl Kady TepeHAiTiMeH, OHBIH KyaThbIMeH
>KoHe IIIeMiIll KeleMiMeH eH yAKeH Oaill1aHbIC Oap eKeHAiri aHBIKTaAABbl.

baraapaamaablK makeTTiH KeMeriMeH KaacTepaik Taagay Xyprisiagi. Kaacrepaik Taasay
HOTVKeCiHAe DKCKaBaTOpAapAblH KOAAAHBICTaFbl KOHCTPYKIIMAAAPBIH YIII TOIIKA 0eayre 60AaTbIHABIFBI
anbpIKTaaAbl. Tapaay rmcrorpammazapsl caabiHAbl. OaapAblH KOMeriMeH MOJaabAbl MHTepBaajap MeH
opTa aHbIKTaJajpl. OpOip KOpCeTKill YIIIiH MaHBI3ABIABIK KpUTepuitii MeH caamak Kod(ppuiimeHTi
aHBIKTaAAbL. TexHUKaablK JAeHreit KosgdunueHti ecenteasi. TexHMKaABIK JeHTelAiH HOTIKeaAepi
OolIBIHIIIA KyaT MoOHAEPiHIH, Ka3y TepeHAIriHiH, IeMill KeJeMiHiH >KoHe ®KCKaBaTOP MacCCaCBIHBIH
MepPCHeKTUBAABIK KOPCETKIIITePi YChIHBLATAH.

Tyi1in ce3aep: KCKaBaTOp, KOHCTPYKITU:, KAaCTepAik TaaAay, IICTOTpaMMa, TeXHUKAABIK JeHren

b. Tornmsbaesal, b./. Cyaees?, K. Kyaubimyasr', A. KenecOex!
IEspasuiickuti Hayuonarvrwii yrusepcumem um A.H. 'ymunresa, Hyp-Cyaman, Kasaxcman
?Kapazandurckuil mexruveckui yrusepcumem, Kapazarda, Kasaxcman

Onpeaeaenne TeXHMYIECKOTO YPOBHSI KOHCTPYKIIMI 9KCKaBaTOPOB Ha OCHOBE
napaMeTpM4ecKOro aHaamusa

Annorams. CraThsl HOCBsIIEHa ONpeAeAeHMIO MepCIIeKTUBHBIX KOHCTPYKIIMII ®KcKaBaTtopa. B
paboTe IpeacTaBAeHbl aKTyaAbHble MOAEAM 9KCKaBaTOPOB, DKCIIAYaTUPYIONUIMXCA Ha TeppUTOPUM
Pecniyoamkn Kasaxcran. PaccMOTpeHBI OCHOBHBIE TeXHMYECKUe XapaKTepMCTUMKM MamiuH. IIposesen
CTaTUCTMYECKUI aHaAu3 1 oOpaboTKa B IporpaMMHoIl cpee. [IpuBeseHa cBogHas cTaTUCTUKA 11O
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Ka>kAO0J 13 BBIOPaHHBIX ITepeMeHHBIX AaHHBIX. OHa BKAIOYaeT B ce0s Mephl IIeHTpaAbHOI TeHAeHITNI,
MepBl U3MEeHINBOCTI 1 Mephl popMbl. Ha ocHOBe KOppeAsIIMOHHOV MaTpPUIIHl ITOKa3aTeAell, BBLIBAEHO,
9YTO HaMOOABIIYIO CBS3b MMeeT BeC DKCKaBaTOpa C TAyOMHOI KONIaHNs, ero0 MOIITHOCTBIO U 0OBeMOM
koBma. Ilpm momoIu mporpaMMHOIO IIakeTa IIpoBejeH KJAaCTepHBII aHaam3. B pesyabpTare
KJaCTepHOTO aHaAu3a OIlpeAeAeHO, YTO CYIIeCTBYIOIe KOHCTPYKIINM DKCKaBaTOPOB MOXKHO pa3AeAnTh
Ha Tpu rpymmnsl. ITocrpoens! rucrorpammel pacrpegeaenns. C yX IOMOIIBIO OIIpejeAeHbl MOAaAbHBIe
UHTepBaabl U cepearHa. OmnpejeseHbl KpUTepUIl 3HAUMMOCTM U KOD(POPUIMEHT BeCOMOCTH A
KaXkA0To IoKaszareas. Paccumran Kod(@uiimeHT TexHMYeckoro yposH:a. Ha ocHosanmm pesyapraTob
TEXHIYECKOTO YPOBHA IIpeAJO’KeHBI IIepCIIeKTVBHBIE ITOKa3aTeAV 3Ha4YeHWUI MOIITHOCTY, IAyOMHEI
KoIaHMs1, o6beMa KOBITIa I MacChl DKCKaBaTopa.

KaioueBbie caoBa: 9KcKaBaTOp, KOHCTPYKIINS, KAaCTePHBIN aHaAM3, TUCTOrpaMMa, TeXHIIeCKIiA
yYpOBEHb
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