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ABSTRACT 
 

This article presents a technical and economic analysis of the feasibility of replacing mechanical 
conveyor scales with electronic ones at mills No. 6, 8, 10, and 12 of the Copper processing plant 
No. 2 in Uzbekistan. The relevance of the study stems from the increasing requirements for the 
accuracy of metrological accounting in the mining and beneficiation industries, as well as the 
need to optimize the consumption of process reagents and energy resources in the context of 
resource-intensive production. A comparative analysis of the metrological characteristics of 
mechanical and electronic conveyor scales was conducted; the absolute and relative errors in 
accounting for processed ore were calculated for each type of equipment; and a quantitative 
assessment of the annual economic benefit from the implementation of more accurate measuring 
instruments was provided. Issues related to standardizing the consumption of flotation reagents 
and electricity depending on the accuracy of weight control are examined. It has been established 
that switching to electronic scales reduces the relative error in accounting for processed ore from 
2% to 1%, thereby reducing the absolute error by approximately 19,700 tons per year, which 
accounts for about 50% of the error of mechanical scales. The payback period for capital 
investments in new equipment does not exceed 7 months, which indicates the high investment 
attractiveness of the proposed technical solution. The results obtained can be used when planning 
technical modernization programs for similar processing plants. 
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Introduction 
The mining and metallurgical industry is one of the 

export potential (Kirsanov, 2022). One of the largest 
facilities in the industry is the Almalyk Mining and 
Metallurgical Complex, which draws its raw materials 
from the Kalmakyr deposit, one of the largest copper-
porphyry deposits in Central Asia (Cheng, 2018; 
Islamov, 2021). The mined ore is processed at copper 
concentrators, where the efficiency of production 
processes depends directly on the accuracy of material 
flow control throughout the entire value chain, 
beginning with ore extraction in the open pit. This 
includes effective drilling and blasting operations, 
loading and haulage of the mined material, primary 
and secondary crushing, ore stockpiling and blending, 
grinding and classification processes, as well as 
subsequent beneficiation stages (Toshov J. T., 2025; 
Alikulov Sh, 2025; Toshov J.B., 2024). Accurate 
monitoring and accounting of material flows at each of 
these stages are essential for maintaining process 
stability, optimizing equipment utilization, reducing 
losses, and ensuring the efficient recovery of valuable 
minerals. 

-2), located in 
the Tashkent Region of the Republic of Uzbekistan, 
processes copper ore from the Kalmakyr deposit 
Figure 1. In a high-throughput mining operation, 
accurate measurement of the mass of processed raw 
materials is of particular importance, as these 
measurements are used to calculate the consumption of 
flotation reagents, electricity, water, and other 
production resources. Even minor deviations in the 
readings of weighing equipment can lead to significant 
economic losses due to the accumulation of errors 
when processing millions of tons of ore annually. 

Belt scales are among the most critical tools for 
process control in mineral processing plants. Their 
readings serve as the basis for real-time management 
of grinding and flotation processes, as well as for 

time, mechanical conveyor scales continue to be used 
in a number of process areas, although their 
metrological characteristics are inferior to those of 
modern electronic measurement systems (Deka, 2024; 
Toshov J. S., 2026; Rozikulov A. D., 2026). The 
higher error margin of mechanical scales reduces the 
accuracy of ore processing accounting and negatively 
affects the efficiency of reagent and energy 
consumption management. 
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Figure. 1. Kalmakyr deposit in Uzbekistan. 

 
The accuracy of weight accounting for processed 

ore is one of the key factors in the effective 
management of the production process at ore 
processing plants (Hodouin, 2011; Rozikulov A. D., 
2025). Belt scales are primary measuring instruments 
whose data are used to calculate the consumption of 
flotation reagents, water, electricity, and other 
resources allocated per ton of processed ore. 
Systematic errors in determining ore mass accumulate 
over the course of the production cycle and lead to 
significant discrepancies between planned and actual 
resource consumption figures. At a plant processing 
millions of tons of ore per year, even a slight reduction 
in measurement error yields a tangible economic 
benefit. Despite this, a number of mining and 
processing enterprises still operate mechanical belt 
scales with a relative error of up to 2%, whereas 
modern electronic equivalents provide an error of no 
more than 1% at comparable operating costs (Pryor, 
2012; Mular, 2002). 

The issue of modernizing weighing equipment is 
relevant from both a technical and an economic 
perspective. On the one hand, improving the accuracy 
of primary measurement lays the groundwork for more 
effective control of reagent usage and a reduction in 

specific energy consumption. On the other hand, any 
technical solution requires an economic justification 
that includes an assessment of investment costs and the 
payback period. The objective of this study is to 
provide a comprehensive justification of the economic 
feasibility of replacing mechanical belt scales with 
electronic ones at mills No. 6, 8, 10, and 12 of the 
processing plant 2. To achieve this objective, the 
following tasks were addressed: a comparative 
analysis of the metrological characteristics of two 
types of weighing equipment in accordance with the 
requirements of GOST R 8.683 (Shikhov, 2025; 
Dovydenko, 2021; Tumilovich, 2024), Quantitative 
calculation of the annual absolute error in the 
accounting of processed ore for each type of scale; 

reagent and energy consumption standards; 
determination of the annual economic benefit from the 
implementation of new equipment; calculation of the 
payback period for capital investments using the 
simple payback method. 
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Figure 2. Schematic diagram of the grinding section in the CPP-2. 

 
Subject of the study and calculation methods 

The subject of this study is four conveyor mills at 
the CPP- 8, 10, and 12 equipped with 
mechanical scales that are due for replacement. The 

 
45 tons per hour each; No. 12  90 tons per hour. The 
average capacity for the group is 56.2 t/h. 

The average annual ore processing volume at these 
mills was calculated using the following formula: 

t/year, 
where q  average output per mill (tons per hour); 

n  number of mills; t  number of hours in a day; T 
 number of days in a year. 
The economic benefit of reducing measurement 

error was calculated based on the difference between 

the absolute errors of mechanical and electronic scales, 
adjusted for the annual processing volume, followed 
by a cost assessment of the savings in reagents and 
electricity. The payback period was determined as the 
ratio of the total cost of purchasing new equipment to 
the annual economic benefit. 

Results and Discussion 
Comparative Analysis of Weighing Equipment 

Accuracy The error of mechanical conveyor scales in 
determining the mass of processed ore is 2%, whereas 
the error of electronic scales is 1%. The comparative 
performance metrics for the two types of equipment, 
assuming the same annual processing volume, are 
presented in Table 1. 

Table 1. 
Comparative Analysis of the Accuracy of Weighing Equipment. 

Indicator Mechanical scales Digital scales 

Measurement error 2,0 % 1,0 % 

Annual processing capacity, tons 1 969 248 1 969 248 

Absolute error per year, t 39 385 19 692 

Difference in errors, t/year  19 693 
 
As shown in Table 1, the use of electronic scales 

reduces the absolute annual error from 39,385 to 
19,692 tons, or by 19,693 tons per year. This difference 
directly affects the accuracy of planning for the 
consumption of reagents and energy resources. 

Economic impact 

The consumption of flotation reagents, water, 
electricity, and other resources is calculated for ore 
processing. Any error in recording the processed 
volume results in a corresponding error in the 
calculation of these consumption figures. Switching to 
electronic scales with higher measurement accuracy 
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leads to cost savings through more precise resource 
allocation. 

The total annual economic benefit of replacing the 
scales amounts to $104,546, as confirmed by a detailed 
calculation of reagent consumption and energy costs 
(Table 1: Economic Benefit Calculation, attached to 
this paper). 

Investment Evaluation and Payback Period 
The cost of purchasing and installing four 

electronic conveyor scales is approximately $58,000. 
Payback period: 

Tpayback period 
(6 7 months). 

The resulting payback period is significantly less 

than one year, which, according to generally accepted 
criteria for evaluating investment projects, indicates 
the high economic efficiency of the proposed technical 
solution. 

 

Conclusions 
Based on the study conducted, the following 

conclusions have been drawn: 
 Replacing the mechanical conveyor scales 

with electronic ones at mills No. 6, 8, 10, and 12 of the 
CPP-2 plant is technically and economically justified. 

 The switch to electronic scales reduces the 
margin of error in tracking processed ore from 2% to 
1%, which amounts to 19,693 tons per year. 

 Improved measurement accuracy allows for 
the optimization of reagent consumption and energy 
costs, resulting in an annual cost savings of $104,546. 

 With capital costs of approximately $58,000, 
the project's payback period is 0.56 years 
(approximately 6 7 months). 

 The project is recommended for 
implementation as scheduled as part of the technical 
modernization program for the CPP-2 factory's 
equipment. 
 

 

- 2. 
 

1 A 2 3 1  
 

1  
2  

3  
 

  
 

 
 

-

-

 



 

2 (16) 19 
 

 
 

-  

 

REFERENCES 

1. Alikulov Sh, Toshov J, Mussin R, Rabatuly M, Tolovkhan B, Bogzhanova Zh, Gabitova A. 2025. 
rational solution parameters during in- Mining of Mineral Deposits. (37-46.). 
doi:https://doi.org/10.33271/mining19.01.037. 

2. oniferous 
porphyry Cu International 
Geology Review, 60(1) (1-20.). doi:https://doi.org/10.1080/00206814.2017.1309996. 

3. Deka, R., Borthakur, P. P., Baruah, E., Sarmah, P., 
Int. J. Nat. Eng. Sci. E, 18(3) (164-183.). 

4. Dovydenko, O. V., Samoylenko, A. I., & Petronevich, V. V. 2021. r 
Measurement Techniques, 63(12) (966-973.). 

5. 
Journal of Process Control, 21(2), 211-225. 

6. 
and Industrial Development of Large Complex Ore Deposits of Non-
European Journal of Research Development and Sustainability, 2(7) (51-57.). 

7. 
Journal of Degraded & Mining Lands Management, 9(3). 

(3431-3443). doi:https://doi.org/10.15243/jdmlm.2022.093.3431. 
8. Mular, A. L., Halbe, D. N., & Barratt, D. J. 2002. Mineral processing plant design, practice, and control: 

proceedings (Vol. 1). SME. Society for Mining, Metallurgy, and Exploration. 
9. Pryor, M. R. 2012. Mineral processing. Springer Science & Business Media. 
10. 

Recharge (MAR) as a Tool for Sustainable Groundwater Management in Semi- Journal of Geoscience 
and Environment Protection, 13 (12-40). doi:https://doi.org/10.4236/gep.2025.1312002. 

11. -
FUDMA Journal of 

science (339-342). doi:https://doi.org/10.33003/fjs-2026-1004-4811. 
12. Shikhov, A. I., Gogolinsky, K. V., Zubarev, A. S., Smorodinsky, Y. G., Kopytina, D. V., & Vinogradova, A. 

Russian Journal of Nondestructive Testing, 61(3) (280-294.). 
13. Toshov J.B., Fozilov D.M., Yelemessov K.K., Ruziev U.N., Abdullayev D.N., Baskanbayeva D.D., Bekirova 

Obrabotka metallov. 
112-114. doi:http://dx.doi.org/10.17212/1994-6309-2024-26.4-112-124. 

14. Toshov, J., Sherov, K., Toshov, B., Mazdubay, A., Nakhangov, K., Baratov, B., Kardybay, S., Esirkepov, A., 
Strain State of Rocks Under the Impact of Penetrators of Various 

Applied Sciences, 16(9) (4323). 
doi:https://doi.org/10.3390/app16094323. 

15. ng The Finite 
Mining, Metallurgy & Exploration 42 (3695 3710). doi:https://doi.org/10.1007/s42461-

025-01406-x. 
16. 

metrological traceabil Measurement Techniques, 
67(2) (162-173.). 

 
 



20 2 (16)

INFORMATION ABOUT AUTHORS:

Abrorkhon 
Rozikulov

PhD Student at Department of Mining and Special Civil Engineering, TU Bergakademie 
Freiberg, Germany, E-mail: Abrorkhon.Rozikulov@doktorand.tu-freiberg.de
ORCID ID: https://orcid.org/0009-0004-7392-9678

Toshov 
Javokhir 
Buriyevich

DSc, Professor at Tashkent State Technical University named after I. Karimov, 100095, 
Uzbekistan, Tashkent, Almazar district, University str. 2, 
E-mail: j.toshov@yandex.com  ORCID ID: https://orcid.org/0000-0003-4278-1557  

Izzatillo 
Turgunbaev

PhD Student at University of Science and Technology MISIS, Russia, Moscow, Head of 
-2, E-mail: golden9226@gmail.com

ORCID ID: https://orcid.org/0009-0009-2964-5199

Carsten 
Drebenstedt

Univ.-Prof. Prof. e.h. Dr. Dr. h.c. mult. Technical University Bergakademie Freiberg, 
Germany, E-mail: Carsten.Drebenstedt@mabb.tu-freiberg.de ORCID ID: 
https://orcid.org/0000-0003-0921-4649

Rodica Cujba 
Stepanek Romania, E-mail: RodicaStepanek@upet.ro

ORCID ID: https://orcid.org/0009-0006-4941-0862

Kurbonov 
Ruzibek 

BSc at Profi University department of Economics, Tashkent, Uzbekistan, E-mail: 
ruzibekkurbonov9@gmail.com
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ABSTRACT Drill bits employed in oil and natural gas exploration operate under extremely harsh tribological 
environments characterized by high contact stresses, abrasive rock formations, elevated 
temperatures, corrosive drilling fluids, and cyclic impact loading. The performance, reliability, 
and service life of these drilling tools are largely governed by their mechanical and tribological 
characteristics. Therefore, the development and selection of drill bit materials require an optimal 
combination of high wear resistance, superior hardness, low coefficient of friction, excellent 
fracture toughness, thermal stability, and resistance to erosion and corrosion. Wear mechanisms 
such as abrasive wear, adhesive wear, erosive wear, thermal degradation, and fatigue-induced 
failure significantly influence drilling efficiency and operational costs. Advanced materials, 
including tungsten carbide composites, polycrystalline diamond compact cutters, thermally stable 
polycrystalline diamond, cubic boron nitride, and other superhard materials, have been 
extensively utilized to enhance performance under severe drilling conditions. This review 
summarizes the essential mechanical and tribological properties required for drill bits used in oil 
and gas exploration and discusses their influence on drilling efficiency, bit longevity, and failure 
prevention. Understanding these properties is important for the design and development of next-
generation drilling tools capable of operating efficiently in increasingly demanding geological 
environments.

KEYWORDS drill bits; mechanical properties; tribological properties; friction; wear; corrosion resistance; PDC 
cutters; tungsten carbide.

1. Introduction
In oil and natural gas exploration, the reliability, 

availability and maintainability (RAM) of drilling 
equipment play an important role in increasing 

production and operational efficiency [1-4]. To 
achieve high RAM, it is necessary to reduce failures 
occurring during drilling and exploration. Common 
failures in drilling operations are closely associated 


