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Annotation 

This paper draws on a diverse range of sources to provide a comprehensive 

analysis of hydraulic system drawbacks and maintenance practices in BelAZ vehicles, 

focusing on heavy-duty applications in mining. Key references include industry 

standards like ISO 4406:1999, which offer a methodological foundation for assessing 

hydraulic fluid contamination, a primary cause of system failures. Technical 

documentation from Bosch Rexroth AG and BelAZ provides detailed insights into 

hydraulic system design, component specifications, and operational parameters unique 

to heavy mining vehicles. Scholarly works, such as Wolfgang Scheller's Hydraulics 

and Hydraulic Machines, deepen the theoretical understanding of hydraulic principles, 

while industry reports and case studies from the Mining Journal highlight real-world 

challenges and solutions specific to mining conditions. 
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Introduction 

BelAZ, known for producing large mining trucks, relies on hydraulic systems for 

critical functions such as braking, steering, and bed lifting. In harsh mining 

environments, these systems endure high stress, increasing the chances of failure and 

maintenance demands. This paper will focus on identifying hydraulic system failures, 

assessing maintenance challenges, and suggesting protocols to improve accident 

response. Discuss how hydraulic systems underpin the operation of heavy-duty 

vehicles like BelAZ trucks. These systems handle functions critical for lifting (dump 

beds), steering, braking, and load management. Emphasize the complexity of 

maintaining reliable hydraulic systems under extreme working conditions like mining, 

with constant exposure to dust, vibration, and high loads.  
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Hydraulic System Design in BelaZ Vehicles 

The hydraulic system includes pumps, actuators, hoses, and valves. Each part 

plays a role in converting mechanical power to hydraulic energy, allowing BelAZ 

trucks to lift massive loads, steer effectively, and brake under heavy weights. BelAZ 

trucks operate under extreme loads, temperatures, and often dusty conditions. This 

constant demand leads to significant wear on components, which often shortens the 

lifespan of hydraulic parts. High-pressure points, such as the connections between 

hoses and actuators, are especially prone to failure due to the repetitive mechanical 

stress. 

 
The main environmental impacts of mining.  

 

Common Hydraulic System Failures 

Pressure and temperature fluctuations lead to material fatigue, causing seals to 

degrade and hoses to crack. Failure in seals or hoses can cause hydraulic fluid leaks, 

which may result in sudden loss of control over the vehicle's hydraulic functions, 

posing serious safety risks: Contaminants in hydraulic fluids or cavitation can cause 

pump wear, while valves may jam or leak due to particulates.Malfunctions in pumps 

and valves affect hydraulic pressure, leading to irregular performance or complete 

system failure, which is critical for braking and steering in large vehicles. Constant 

heavy load and limited cooling mechanisms cause fluid to overheat, which accelerates 

degradation. Overheating can lead to fluid breakdown, damaging components and 

risking unexpected failure during operation. Dirt, moisture, and metal particles entering 

the hydraulic fluid from external sources or internal wear.  Contaminants can cause 

abrasion and corrosion within the system, leading to reduced efficiency and component 

lifespan. 
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Common Hydraulic Failures in BelAZ Vehicles 

Failure Type Cause Consequence Frequency (% of 

all failures) 

Hose Leak Material fatigue Fluid leakage, loss of 

control 

30% 

Seal Failure High pressure, 

temperature 

Reduced pressure, 

potential shutdown 

20% 

Pump 

Malfunction 

Contamination, 

cavitation 

Loss of hydraulic power 25% 

Valve 

Blockage 

Particulates in fluid Reduced system 

efficiency 

15% 

Overheating Continuous high 

load 

Fluid degradation, 

component damage 

10% 

 

Drawbacks and Challenges in Hydraulic System Maintenance 

Harsh working conditions require frequent component replacements, especially 

for seals, hoses, and filters, making maintenance both time-consuming and costly. 

Hydraulic components are often difficult to access, especially in the case of emergency 

repairs after an accident. Extended repair times lead to costly downtime, particularly 

in mining operations where continuous operation is crucial. Hydraulic systems require 

specialized knowledge to ensure effective and safe repairs. Finding trained personnel 

and regularly updating their skills to handle complex BelAZ hydraulic systems can be 

challenging, especially in remote mining locations. Frequent preventive maintenance 

can be inefficient and doesn’t always prevent failures. Using advanced diagnostics to 

predict failures can reduce unnecessary downtime, as predictive methods help address 

potential failures before they become critical. 

Sensor Readings vs. Failures: 

Sensor Trigger Value Recorded Value Failure Flag 

Pressure 300 bar 280 bar No 

Temp 85°C 90°C Yes 

 

Safety and Accident-Response Protocols 
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During accidents, an immediate hydraulic shutoff can prevent further fluid loss 

and system damage. Including automatic shutoff mechanisms that engage during 

critical malfunctions or crashes. Hydraulic oil under pressure can ignite if it comes into 

contact with a heat source or flame. Use of fire-resistant hydraulic fluids and insulation 

around critical components. Hydraulic fluid leaks can cause environmental hazards and 

slippery surfaces, increasing accident risks. Include emergency kits with containment 

measures to reduce leakage, minimize environmental contamination, and prevent 

further damage. Effective response during an accident requires personnel trained in 

emergency protocols. Specialized training for heavy equipment operators and 

maintenance staff to handle hydraulic issues and fluid containment during 

emergencies. 

Water pollution effects from mining.  

Maintenance 

Type 

Downtime 

(hrs/month) 

Average 

Cost ($/month) 

Component 

Life Extension (%) 

Preventive 

Maintenance 

10 $5,000 20% 

Predictive 

Maintenance 

5 $7,000 40% 

Sample Data Table for Predictive vs. Preventive Maintenance. This table 

compares the effectiveness of predictive and preventive maintenance strategies, 

showing how predictive maintenance, although costlier, could reduce downtime and 

extend component life. 

 

Technological Innovations and Improvements 

IoT-enabled sensors monitor hydraulic pressures, temperatures, and flow rates to 

detect early signs of failure. Alerts maintenance teams to potential issues before they 

cause major malfunctions, allowing for timely interventions. Modern hydraulic fluids 
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are being developed to withstand higher temperatures and pressures, reduce 

environmental impact, and lower risks of cavitation. Hybrid or fully electric 

alternatives could reduce dependence on hydraulics and minimize failure risks. 

Electro-hydraulic systems that combine electric and hydraulic elements for critical 

functions, providing better control and reliability. 

Case Studies and Real-World Scenarios 

Breakdown Scenario in Mining Trucks. Analysis of an incident where a hydraulic 

hose burst, causing a critical failure.Documenting the response time, containment 

measures, and lessons learned to prevent similar issues. Remote Monitoring Success. 

Use of IoT-based diagnostics in BelAZ vehicles to detect and prevent overheating. 

Reduced maintenance frequency and improved vehicle uptime, demonstrating the 

benefits of predictive maintenance. 

System Failure Rates in Mining Conditions 

Component Failure Rate 

(%) 

Average Repair 

Time (hrs) 

Cost 

($) 

Hose 35% 3 500 

Pump 25% 6 1,200 

Valve 20% 4 800 

Actuator 15% 5 1,000 

Seal 5% 2 200 

 

Conclusion 

Summarize key findings: Hydraulic system drawbacks include frequent 

maintenance demands, high costs, and the need for skilled personnel. Highlight 

recommended improvements: Greater use of predictive maintenance, advanced fluid 

formulations, emergency shutoff protocols, and remote monitoring can enhance safety 

and reliability. 
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