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THEORETICAL FOUNDATIONS OF THE DEVELOPMENT OF A BULLDOZER 

DESIGN THROUGH THE USE OF MULTIVARIATE PARAMETRIC ANALYSIS 

  

Abstract. The article presents the scope, purpose and design of the bulldozer. The main 

brands of bulldozers used in our republic are given. Their main characteristics are considered, 

such as: weight, power, blade width and blade height. As a result of the analysis of parametric 

information, the standard deviation, average value, coefficient of variation, asymmetry and 

kurtosis were determined. A correlation matrix has been compiled that describes the relationship 

between the parameters of the machines. 

Based on the results obtained, a cluster analysis was carried out in the StatGraphics 

Centurion software. A histogram of the distribution of bulldozer indicators is constructed, with 

the determination of the left and right boundaries, and the number of models in the interval. 

Using the obtained parametric analysis data, the equations for determining the coefficient 

of the technical level were formed. Using the obtained equation, the coefficient of the technical 

level and the prospective values of the machine parameters are determined.      
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Introduction. 

The modern market of construction and road vehicles is quite different. The volume of 

manufactured equipment is steadily growing every year. One of the main types of construction 

and road equipment is a bulldozer. This machine has found its application both in primary 

earthworks and in the construction of highways. In the process of construction of buildings, 

industrial enterprises, the bulldozer is used for clearing the roadbed and garbage collection. A 

bulldozer is a type of earthmoving equipment that can be mounted on a tracked, wheeled or other 

special mover, the working equipment of which is a dump, which can be both turntable and non-

rotary. For the most part, the machine is used to cut off the upper soil layer of the soil and 

transport it to the desired location.  

The authors [1,2,3,4,5,6,7,8,9] have developed recommendations for the design and 

improvement of the design of machines.  

Along with the main working equipment, additional equipment is used, such as a ripper, a 

grubber, a brush cutter. 

With the help of brush-cutting equipment, work is carried out to remove green spaces, 

stumps are uprooted with the help of a rooter, and preliminary loosening of frozen and durable 

soil is carried out with a ripper. The general view of the bulldozer is shown in Figure 1. 
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a) wheel mover; b) crawler mover; c) grubber; d) brush cutter 
 

Figure 1 – General view of the bulldozer 

 

The purpose of the study is to develop recommendations on the design of a bulldozer 

based on the obtained coefficient of technical level. 

The scientific novelty of the work consists in determining the coefficient of the technical 

level on the basis of a multivariate analysis of parametric data. 

 

Materials and methods. 

In order to develop recommendations on the design of the bulldozer, the use of 

StatGraphicsCenturion software is proposed. Multivariate analysis of parametric data was carried 

out in the software environment, cluster analysis was carried out, distribution histograms were 

constructed. 

 

Results and Discussion 

In order to form an expert opinion on the level of development and manufacturability of a 

technical system, such an indicator as the coefficient of technical level can be used. Knowing the 

values of this indicator, it is more likely to say that the object has a high degree of 

manufacturability and novelty.  

To calculate the values of this indicator, it is necessary to collect statistical data that will 

allow their multiparametric analysis. The brands of bulldozers and their specification data are 

presented in the table below. 
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Table 1 – Technical characteristics of the bulldozer 
 

№ Brand Weight, tn Power, kW Blade width, m Blade height, m 

1 Bell 700J 14,2 92 3,353 0,998 

2 CAT D7R 24,7 179 4,5 1,553 

3 CAT D11R 104,6 634 6,35 3,26 

4 Dressta 7M STD 7,6 55 2,62 0,84 

5 HTZ T-150 9,5 128,7 2,52 0,7 

6 Komatsu WD600 42,8 362 3,5 1,47 

7 BelAZ 50 312 4,8 1,47 

8 Tasmark BKU 20,6 173 3,8 1,3 

9 Baltiets 702 13,4 173 3,8 1,3 

10 Baltiets 703 13,4 173 4,5 1,5 

11 BelAZ-78231 5 360 4,8 1,47 

12 KIROVETS K-702 20,8 173 3,8 1,3 

13 KIROVETS K-703 17 184 4,515 1,43 

14 MoAZ-4048 30,4 264 4,2 1,37 

15 STANISLAV- 704 20 294 3,75 1,3 

16 STANISLAV-DKB1 20 294 3,85 1,3 

17 STANISLAV-DKB2 18 236 3,75 1,3 

18 STANISLAV-DKB3 18 294 3,2 1,1 

19 Tasmark DM-15 16,3 173 4,515 1,44 

20 Tasmark UDM 2 23 173 3,8 1,3 
 

To estimate the coefficient of the technical level of the bulldozer, we will use the 

statistical data processed in the StatGraphicsCenturion application package, presented in Table 2. 

 

Table 2 - Multivariate analysis of bulldozers 
 

 Blade height, m Weight, kg Power, kW Blade width, m 

Quantity 20 20 20 20 

Average 1,38 24473,7 236,3 3,99 

Variation 0,49 21710,7 125,8 0,84 

Coeff of variation 35,6% 88,7% 53,2% 21,1% 

Minimum 0,7 5000,0 55,0 2,52 

Maximum 3,26 104600, 634,0 6,35 

Range 2,56 99600,0 579,0 3,83 

Assimetrija 5,34 5,38 2,98 1,38 

Excess 10,85 9,26 3,94 2,03 

 

Table 3 - Correlation matrix of bulldozer indicators 
 

 Blade height, m Weight, kg Engine power, 
kW 

Blade width, m 

Blade height, m  0,87 0,82 0,88 

  (20) (20) (20) 

Weight, kg 0,87  0,8083 0,67 

 (20)  (20) (20) 

Power, kW 0,82 0,80  0,69 

 (20) (20)  (20) 

Blade width, m 0,88 0,67 0,69  

 (20) (20) (20)  
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As the tabular analysis showed, there is a great dependence between such indicators as 

the weight of the bulldozer equal to 0.87, the engine power of the machine equal to 0.82 and the 

width of its knife equal to 0.88. This is due to the fact that the discrepancy between these 

indicators may lead to the fact that the traction calculation carried out to ensure the operation of 

the bulldozer will not meet the requirements for the full functioning of the machine. 

In order to determine what is the probability of the machines listed above falling into the same 

statistically homogeneous class, you can use the StatGraphics Centurion program tool Euclidean 

distance. To do this, let's turn to the data presented in Figure 2.  

 

 
Figure 2 – Cluster analysis of bulldozers 

 

After conducting a cluster analysis in the StatGraphics Centurion software, we 

determined that from the presented statistical analysis of the data on the bulldozer indicators, it 

can be revealed that all models with the exception of the CAT D11R machine belong to the same 

group. The fact that the presented equipment was not included in the group of other machines 

can be explained by the fact that its statistical data differ from others by a multiple of three to 

five. The presented data allow us to construct the histograms of the distribution shown in Figure 

3 and to analyze them based on the constructed histograms, the data of which are presented in 

Table 4. 

 

Table 4 - Characteristics of the modal intervals of the bulldozer indicators 

 

The name of the indicator 

Basic values of the interval and its 

limitations Number of models 

in the interval 
left edge center edge right edge 

Machine weight in tons 5,0 10,0 20,0 12 

Power generated, kW 133,35 200 266,6 10 

Blade width, m 3,13 3,5 3,91 10 

Blade height, m 0,66 1,0 1,33 11 

 
The analysis of the obtained data showed the following: 

- the mass of equipment with a limited interval on the right side equal to 20000 kg and on 

the left side equal to 5000 kg has an average value equal to 10000 kg; 

- the power generated by the unit has its average value equal to 200,000 watts; 
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- the modal interval of the statistical value of the width of the working equipment of the 

machine is 3500 mm; 

- the middle of the interval of the statistical value of the height of the working equipment 

on the visor is 1000 mm. 

 

a b 

  
c d 

 

a) the mass of the bulldozer, tons; b) the power developed by the bulldozer kW; c) the width of 

the bulldozer blade, m; the height of the bulldozer blade, m. 
 

Figure 3  - Is a histogram of the distribution of the bulldozer indicators 

 

By conducting research in the StatGraphicsCenturion application package and obtaining 

data that are reflected in the results of a multiparametric analysis, a matrix of statistical 

interrelation of indicators, a characteristic of the average values of the object under study, they 

can solve the problem of determining the level of technical progression of technology or the 

coefficient of technical level. 

To determine the KTL, we will use the known equations.  

 

   (3.1) 

 

где γb, γN, γh, γm – accordingly, the weighting coefficients of the indicators are the width 

of the blade, power, height of the blade, mass;  

bbi, Nbi, hbi, mbi – accordingly, the basic values of the indicators are blade width, power, 

blade height, mass. The calculated values are shown in Table 5. 

The values of the basic indicators, criteria of significance and the weighting coefficient of 

the bulldozer are presented in Table 5, and the calculated values of the technical indicators of the 

KTU are presented in Table 6. 
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Table 5 - Values of the basic indicators of the bulldozer 

 

№ Indicator Basic value Significance  

criterion 

Weighting  

factor 

1 Weight, tons 10 0,6 0,179 

2 Power, kW 200 0,85 0,255 

3 Blade width, m 3,5 0,9 0,268 

4 Height, tone 1 1 0,298 

 

Table 6 - Calculated values of the KTL bulldozer indicator 

 

№ Brand KTL (m) KTL (N) KTL (b) KTL (h) KTL 

(gen) 

1 Bell 700J 0,125 0,117 0,256 0,297 0,79 

2 CAT D7R 0,072 0,228 0,344 0,462 1,1 

3 CAT D11R 0,072 0,228 0,344 0,462 1,10 

4 Dressta 7M STD 0,234 0,070 0,200 0,250 0,75 

5 HTZ T-150 0,187 0,164 0,192 0,208 0,75 

6 Komatsu WD600 0,041 0,461 0,268 0,438 1,2 

7 BelAZ 0,035 0,397 0,367 0,438 1,23 

8 Tasmark BKU 0,086 0,220 0,290 0,387 0,98 

9 Baltiets 702 0,133 0,220 0,290 0,387 1,03 

10 Baltiets 703 0,133 0,220 0,344 0,447 1,14 

11 BelAZ-78231 0,358 0,459 0,367 0,438 1,62 

12 KIROVETS K-702 0,086 0,220 0,290 0,387 0,98 

13 KIROVETS K-703 0,105 0,234 0,345 0,426 1,11 

14 MoAZ-4048 0,058 0,336 0,321 0,408 1,12 

15 STANISLAV- 704 0,089 0,374 0,287 0,387 1,13 

16 STANISLAV-DKB1 0,0895 0,374 0,294 0,387 1,14 

17 STANISLAV-DKB2 0,099 0,300 0,287 0,387 1,07 

18 STANISLAV-DKB3 0,099 0,374 0,245 0,327 1,04 

19 Tasmark DM-15 0,109 0,220 0,345 0,429 1,1 

20 Tasmark UDM 2 0,077 0,220 0,290 0,387 0,97 

 

Сonclusion. 

For bulldozers, promising models with a high KTL index include the following models: 

1. BelAZ-7823; 

2. Komatsu WD600; 

3. STANISLAV-704-BKU. 

According to the promising indicators of the machines, drawing works were carried out, 

according to general types. Thus, the promising indicators of the bulldozer are the following: 

- the engine power should be 312 kW with a total weight of 50 tons, a blade width of 4.8 

meters and a blade height of 1.47 meters; 

- the engine power should be 362 kW with an overall weight of 42 tons, a blade width of 

3.5 meters and a blade height of 1.47 meters; 

- the engine power should be 194 kW with an overall weight of 20 tons, a blade width of 

3.75 meters and a blade height of 1.3 meters 
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КӨП ФАКТОРЛЫ ПАРАМЕТРЛІК ТАЛДАУДЫ ҚОЛДАНУ АРҚЫЛЫ 

БУЛЬДОЗЕР КОНСТРУКЦИЯСЫН ӘЗІРЛЕУДІҢ ТЕОРИЯЛЫҚ НЕГІЗДЕРІ 

 

Аңдатпа. Мақалада автокөліктің пайдаланылған газдарының зиянды 

құрауыштарының уыттылығын төмендетудің өзекті мәселесі қарастырылған. Осы 

мәселені шешу мақсатында іштен жану қозғалтқыштарының пайдаланылған газдарын 

тазарту жүйесін жетілдіру бойынша бағыт, яғни автокөлік бәсеңдеткішінің құрылғысына 

ультрадыбыстық сәулелендіргішті енгізу ұсынылды. Ультрадыбыстық сәулелендіргіші 

бар бәсеңдеткіштің эксперименттік қондырғысы жасалды. Ультрадыбыстық 

бәсеңдеткіштің тиімділігін анықтау үшін ұқсастық теориясы әдісі мен өлшемділікті 

талдау әдісінің негізінде эксперимент жоспары жасалды. Ультрадыбыстық бәсеңдеткіштің 

оңтайлы жұмыс режимдерін анықтауға мүмкіндік беретін өлшемсіз критерийлер алынды. 
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Түйінді сөздер. Іштен жану қозғалтқышы, автокөлік бәсеңдеткіші, пайдаланылған 

газдар, ультрадыбыстық коагуляция, ұқсастық теориясы және өлшемділік талдауы, 

өлшемсіз критерий, эксперимент жоспары. 
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ТЕОРЕТИЧЕСКИЕ ОСНОВЫ РАЗРАБОТКИ КОНСТРУКЦИИ БУЛЬДОЗЕРА 

ПУТЕМ ПРИМЕНЕНИЯ МНОГОФАКТОРНОГО ПАРАМЕТРИЧЕСКОГО 

АНАЛИЗА 

 

Аннотация. В статье рассмотрен актуальный вопрос по снижению токсичности 

вредных компонентов отработавших газов автомобиля. С целью решения этой проблемы 

предложено направление по усовершенствованию системы очистки отработавших газов 

двигателей внутреннего сгорания, посредством внеднения в устройство глушителя 

ультразвукового излучателя. Изготовлена экспериментальная установка глушителя с 

ультразвуковым излучателем. Составлен план эксперимента для определения 

эффективности работы ультразвукового глушителя на основе метода теории подобия и 

анализа размерностей. Получены безразмерные критерии, которые позволяют определить 

оптимальные режимы работы ультразвукового глушителя. 

 

Ключевые слова. Двигатель внутреннего сгорания, автомобильный глушитель, 

отработавшие газы, ультразвуковая коагуляция, теория подобия и анализ размерностей, 

безразмерный критерий, план эксперимента. 
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