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ENHANCING THE DURABILITY AND RELIABILITY OF CRUSHERS THROUGH 

THE IMPLEMENTATION OF NEW MATERIALS FOR FRICTION UNITS 

In the technological cycle of the mining and metallurgical complex, cone crushers for various 

grinding stages are the key equipment for ore processing. Their operation occurs under conditions 

of significant loads: sliding bearings – including bushings and thrust bearings – operate under high 

specific pressures (up to 15–20 MPa), intensive abrasive wear, and vibrations caused by the ingress 

of non-crushable inclusions. This is particularly relevant for the ores of the Kryvyi Rih region, 

which are characterized by increased hardness. 

The service life of crushers is largely determined by the durability of the friction units, which 

are traditionally manufactured using B12 Babbitt alloy. In addition to its limited wear resistance, 

a significant drawback of Babbitt is the inefficient technology used for its application – manual 

gas-flame surfacing onto bushings in layers up to 6 mm with preheating of the part to 150°C. This 

process is frequently accompanied by the formation of pores and delamination. 

In this regard, research aimed at developing new wear-resistant composite materials and their 

application technologies for sliding bearings is particularly relevant. These developments are 

intended to provide enhanced tribological characteristics, increased seizure resistance, better 

damping properties, and superior abrasive resistance compared to B12 Babbitt. 

Foreign manufacturers are already implementing modern polymeric and composite materials 

for the friction units of heavy-duty crushers. For instance, Sandvik utilizes a bronze matrix 

reinforced with dispersed particles of solid lubricants (MoS2, graphite) or ceramics (Al2O3, SiC), 

providing a wear resistance 1.5–2 times higher than traditional BrO10F1 bronze [1]. For eccentric 

bushings, compositions based on polyetheretherketone (PEEK) and modified polyamide with the 

addition of carbon fiber and polytetrafluoroethylene (PTFE) have been investigated. For spherical 

thrust bearings, hybrid systems consisting of “steel – sintered bronze – PTFE layer + MoS2” have 

been studied [2]. However, such materials are significantly more expensive than traditional 

analogs, and their application under production conditions is technologically complex. 

Experts from the Frantsevich Institute for Problems of Materials Science of the National 

Academy of Sciences of Ukraine have developed composite antifriction materials and 

technologies for their application onto the working surfaces of sliding bearings [3]. As a result, 

two types of materials were created: 

– a composite based on a granulated compound infiltrated with LS-59-1brass; 

– a composite featuring granules infiltrated with lead. 

An analysis of the properties of the obtained materials and friction unit failure statistics revealed 

that traditional compositions possess several significant drawbacks. The most promising material 

for repair manufacturing is one formed from copper powder granules filled with graphite in the 

required proportions and infiltrated with a low-melting-point antifriction alloy (brass or other 

alloys). However, this approach requires further technical research. 

Under industrial production conditions and within the framework of an R&D project, a new 

design for a repair bushing with a composite coating was developed for the eccentric of a KMD-

2200T cone crusher operating at a mining and processing plant in the Kryvyi Rih Basin. 

Specialized tooling was created for applying the composite material layer onto the working 

surfaces of the bushing. The tooling consists of a steel casing with a sealed cavity designed to hold 

the composite granules for subsequent infiltration with LS-59-1brass. 
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Infiltration was performed via heat treatment in a gas-flame furnace according to a pre-

established regime. After the soaking period, the tooling was disassembled, and the bushing 

underwent machining to expose the functional composite layer. Inspection revealed that uneven 

heating within the furnace led to variations in material properties along the height of the bushing, 

indicating a requirement for strict temperature control throughout the entire volume of the product. 

Overheating causes the partial dissolution of copper granules into the brass, thereby altering the 

composite’s microstructure. 

In the case of using a composite material based on granules infiltrated with lead, the required 

infiltration temperature is significantly lower. This reduces energy consumption and allows for the 

utilization of alternative equipment or the implementation of heat shields and trays to ensure 

uniform heating. 

In conclusion, the developed composite materials meet the requirements for antifriction 

coatings in the sliding bearings of ore-grinding crushers. The most promising candidate is the 

composite with a lead matrix, characterized by superior antifriction properties, a simplified 

manufacturing process, and lower energy consumption. The use of such materials allows for a 

reduction in tin consumption (B12 Babbitt), a 30% increase in the mean time between repairs for 

crushers, and an improvement in the environmental sustainability of the production process. 

Practical results indicate that the service life of these units increases by a factor of 1.5–2 compared 

to bronze analogs. Future research should focus on “metal + high-molecular-weight polymer” 

coatings to further mitigate the impact of abrasive particles within the “shaft – bushing” interface. 
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ANALYSIS OF VELOCITY AND FORCE TRANSMISSION IN A MACHINE TOOL 

WITH A PARALLEL MANIPULATOR 

Machine tools with parallel manipulators are characterized by high stiffness, potentially high 

velocities of end-effector motion and the possibility of creating compact layouts of technological 

equipment. For three-coordinate machining, machine tools with combined kinematic structures are 

promising, in which a two-coordinate parallel manipulator is combined with a conventional linear 

axis [1, 2]. This approach makes it possible to simplify the machine-tool structure while preserving 

the advantages of parallel kinematics in the generation of end-effector motion. 

The investigated machine tool with a bipod mechanism consists of two variable-length links 

that connect the end effector with the base by means of joints (Fig. 1). The parallel manipulator 

provides controlled motion in the 𝑌 and 𝑍 coordinates, while displacement along the 𝑋 coordinate 

is realized by an additional linear table axis [2]. 

In previous studies [1, 2], inverse kinematic relations and actuator displacements were determined 

for this mechanism. To evaluate the technological capabilities of the machine tool, it is necessary to 

additionally analyze the transmission properties of the mechanism: velocity transmission 

coefficients, force transmission coefficients, manipulability indices and singularity indicators [3]. 
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