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Abstract: According to the world practice of excavator construction, it is customary to distinguish the following main 

types of quarry excavators: electric quarry excavators; hydraulic excavators - mobile machines, which have 

become widespread in the world at quarries; walking (draglines) - mainly used for non-transport technology 

of loose rock development; multi-bucket (rotary, chain) - continuous excavators for development of powerful 

layers of loose rocks; front-end loaders. Over the last 15 years, 589 mining hydraulic excavators with buckets 

of 10 m3 and more have been delivered to mining companies in Russia and CIS countries. Digital hydraulics 

is one of the areas related to improving the energy efficiency and reliability of conventional hydraulics. It 

should be noted that several digital hydraulic solutions have been successfully implemented recently (e.g. 

micro-positioning system for milling machines for Daimler), as well as gradual implementation in the drives 

of large-sized equipment such as loaders and excavators.

1 INTRODUCTION 

In the mining industry, the level of competitiveness 

of a company is primarily determined by productivity 

and operational excellence. Digitalisation is 

becoming a defining factor that will enable mining 

companies to remain competitive in the future. 

According to Accenture, an independent consultancy, 

the benefits of digitalisation of processes are 

estimated at more than $425 billion. Over the next ten 

years, these processes will directly apply to mining 

operations as well (Wedig, 2019).  

At the same time, Pricewaterhouse Coopers found 

that, compared to many core industries, the level of 

so-called technological maturity of mining 

companies is still relatively low. Only seven 

companies in the Top 40 have a Chief Technology 

Officer, and IT Director and a Chief Digital Officer 

on the management team (Mining industry, 2019). In 

general, the mining industry is characterised by 
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inertia towards new technologies: "most innovation in 

mining takes the form of incremental improvements 

to existing processes. One of the factors of 

"technological slowness" of the mining industry is a 

huge material and technical production base 

(Meleshko, 2000). The main problems faced by 

domestic mining enterprises are price volatility, 

increasing mining costs, environmental challenges, 

intensive wear and ageing of the main technological 

equipment, critical dependence on imported 

equipment for some items, etc. The introduction of 

sanctions on the supply of high-tech mining 

equipment can lead to: stagnation of the supply of 

high-tech mining equipment, stagnation of the mining 

industry, stagnation of the mining industry, 

stagnation of the mining industry's economic growth.  

Under such conditions, the introduction of sanctions 

on the supply of high-tech mining equipment can lead 

to: stagnation of the development of projects for the 

development of new deposits, and for existing 

production facilities - to a decrease in 



competitiveness and problems with maintaining 

production capacity; limitation of spare parts 

supplies; growth of capital expenditures for 

equipment and components; decrease in exports of 

raw materials and the corresponding drop in gross 

domestic product (Fig. 1) (Tverdov, Nikishichev, 

Zakharov, 2015).  

 

Figure 1: Import status and import substitution 

opportunities for certain types of mining equipment (as of 

2020). 

Currently, hydraulic excavators (HE) are 

intensively used in the mining industry (Fig. 2) 

(Tverdov, A.A., Nikishichev, Zakharov, 2015; 

Velikanov, Ismagilov, 2009; Velikanov, 2009; 

Shabanov, Velikanov, 2011; Velikanov, 2020). 

  

 

Figure 2: General view of HE-350. 

In the period from 2005 to 2020, 589 open-pit 

hydraulic excavators with buckets of 10 m3 and more 

were delivered to mining companies in Russia and 

CIS countries (Shibanov, 2022; Shibanov, Ivanov, 

Emelyanov, 2020). The dynamics of deliveries of IZ-

KARTEX mining crawler excavators for the period 

2016-2020 is as follows: CCE-10 - 23, CCE -8US - 4, 

CCE -12K - 22, CCE-15 - 30, CCE20K - 4, CCE-

20KM - 4, CCE-32P - 1. However, the overall 

production of excavators in the country is falling and 

their cost is rising, which affects the attractiveness of 

buying domestic equipment by Russian mining 

companies. 

The largest volume of hydraulic excavator 

deliveries by total bucket capacity is accounted for by 

imported manufacturers, namely Komatsu - 41%, 

followed by Hitachi - 28%, Caterpillar - 17% and 

Liebherr 14%. In terms of mining industries, coal 

mines account for 39% of hydraulic excavators, gold 

quarries - 16%, iron ore quarries - 13%, non-metallic 

mines and mining and chemical raw materials - 10% 

and copper quarries and other non-ferrous metals 

account for 8% of the supplied hydraulic excavators. 

Domestic hydraulic excavators are practically absent 

on the mining equipment market and cannot compete 

with imported models.  

2 THEORY OF THE QUESTION 

The further productive development vector of open-

pit mining operations will be inextricably linked to 

the wide use of open-pit excavators, which are the 

main type of technological excavation and loading 

equipment. It is clear that this type of equipment 

(HE), namely, further possibilities of improvement 

and modernisation of its design are of certain interest 

to domestic researchers. 

Let us briefly characterise the representatives of 

domestic excavator construction, namely the first 

samples of HE-20, HE-12 and HEO-4 produced by 

UZTM (the company produces the following models 

of single-bucket hydraulic excavators equipped with 

a "straight shovel": HE-110; HE-150; HE-350; HE-

550 - with buckets from 5.5 to 15 m3).  

HE-350 is a quarry full-turn shovel on a multi-axis 

caterpillar with hydraulic drive of working equipment 

and electric drive of turning and travelling 

mechanisms. The excavator consists of working 

equipment 1, turntable 2 with mechanisms and 

crawler running gear 3 and hydraulic system (Fig. 2, 

table). On the turntable are located pump-generator 

units, oil tank, control system, spool blocks, turning 

mechanisms, electrical equipment, compressor unit, 

transformer, cooling system and counterweight. The 

platform mechanisms are covered by the body. In the 

front part of the body there is a driver's cabin with 

control panel and control equipment. 

The hydraulic system of HE-350 in principle has 

not undergone significant changes and 

modernisation, and is completely identical to the 

principle hydraulic scheme of the HE-12AU 



excavator. It includes a standard set of hydraulic 

equipment: hydraulic tank; pumps of adjustable flow; 

check valves; working spools; safety valves and other 

equipment. Hydraulic drive capacity of HE-350 

excavator is increased due to doubling the number of 

pump units and control spool blocks.  

Table 1: Technical characteristics of excavator HE-350. 

Bucket capacity, m3 15 

Estimated duration of working cycle, s 28 

Mass, tonnes 562 

including counterweight, tonnes 32 

Maximum force on bucket teeth, kN 20 

Average specific pressure on the ground, MPa 0,24 

Horizontal travel speed, km/h 0,53 - 

0,83 

Maximum lifting angle, deg 12 

Power of drive electric motors, kW 2 х 

630 

Maximum pump capacity, l/min 4 х 

900 

Power of travel motors, kW 2 х 

100 

Rotary motors power, kW 4 х 

100 

Platform speed, r/min 3,0 

Maximum digging radius, m 19 

Maximum digging height, m 18 

Operating pressure in the hydraulic system, 

MPa 

30,0 

3 RESULTS 

The stated title of the publication denotes the need to 

realise the possibilities of a new promising direction, 

namely digital hydraulics. So what is digital 

hydraulics? Digital hydraulics is a recently developed 

replacement for traditional servo or proportional 

valve control in hydraulic control systems. The 

development of the digital hydraulics field has been 

made possible by technological advances in 

electronics. Digital hydraulics (Petrin, Redoy, Tudor, 

Bordyashu, 2016) is defined by active control of the 

system outputs of a hydraulic component (distributor, 

pump, and actuator). Current research in the field of 

digital hydraulics focuses on control systems, 

characteristics of two-position valves and 

optimisation of two-position valve controllers (Figure 

3).  

As a basis for research in the component base 

implementation, the boom of the HE-350 excavator 

based on the work (Dell'Amico, Carlsson, Norlin, 

Sethson, 2013) is taken. The main elements of the 

hydraulic circuit are adopted: a multi-chamber 

hydraulic cylinder, which realises the movement of 

the excavator boom, a hydraulic supply system with 

three pressure lines, a block of n-valves. The system 

is currently quite simple with the focus only on 

functionality (Fig. 4).   

  

 

Figure 3: Two types of 4-way valves: (a) traditional three-

position four-way valve; (b) digital flow control unit 

(DFCU) four-way valve. 

4 CONCLUSION 

 The realisation of digital hydraulics capabilities in 

the hydraulic drive of excavators will provide the 

following advantages: low cost, high response speed, 

ease of operation, high efficiency and reliability. 
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