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Abstract. The reliability of marine propulsion systems is heavily dependent on the quality of bimetallic 

sliding bearings. This study proposes an improved manufacturing technology by introducing a specialized 

composite cooling medium during the solidification process. The research focuses on the microstructural 

refinement of B83 Babbitt and its adhesion to the Steel 45 base. Experimental results, supported by SEM 

analysis and tribological testing, demonstrate that the proposed cooling regime increases adhesion 

strength by 85% and reduces wear intensity by 60% compared to traditional methods. 

 

Introduction. Marine internal combustion engines operate under severe 

mechanical and thermal conditions, including high loads, variable rotational speeds, 

and continuous exposure to vibration and corrosive marine environments. The 

operational reliability and service life of these engines largely depend on the 

durability and stability of their friction units. In modern marine engineering, 

bimetallic bearings—composed of a steel backing and an antifriction alloy layer 

such as babbitt—are widely used due to their favorable combination of strength, 

conformability, and wear resistance. 

Despite their widespread application, the performance of bimetallic bearings is 

strongly influenced by the manufacturing technology employed. Conventional 

casting methods used to produce the antifriction layer often lead to structural 

imperfections, including coarse-grained microstructures, porosity, and weak 

interfacial bonding between the steel substrate and the alloy layer. Such defects 

significantly reduce the load-bearing capacity and fatigue resistance of the bearing 

material, which can result in premature failure or delamination under the cyclic and 
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dynamic loads typical of marine engines [1-12]. 

In recent years, tribological research has emphasized that friction and wear in 

mechanical systems represent a major source of global energy losses in maritime 

transport. Studies indicate that a significant portion of these losses occurs in engine 

friction units, highlighting the need for improved materials and manufacturing 

technologies for bearing components [13-24]. One of the key factors influencing the 

performance of antifriction alloys is the cooling rate during solidification. The 

crystallization process directly affects the size, distribution, and morphology of the 

phases within babbitt alloys, which ultimately determine their mechanical and 

tribological properties [25-36]. 

Considering these factors, the present study proposes a technological approach 

aimed at optimizing the solidification conditions during the manufacturing of 

bimetallic bearings. By employing a specialized cooling medium capable of 

regulating the rate of heat extraction, it becomes possible to control the formation 

of the microstructure and improve the adhesion between the steel backing and the 

antifriction layer. This method is expected to enhance the structural uniformity, 

mechanical strength, and operational reliability of bimetallic bearings used in 

marine machinery [37-52]. 

Materials and Methods. Structural carbon steel (Steel 45) was selected as the 

substrate, and tin-based babbitt (B83) as the functional layer. The chemical 

composition of the materials was verified according to international standards [53-

61]. 

The casting process was performed at 420°C. Three cooling regimes were 

evaluated: ambient air, standard oil bath, and a specialized polymer-based aqueous 

medium. To quantify the thermal dynamics, the cooling rate was modeled using the 

heat flux density equation [61-77]: 

𝑞 = ℎ ∙ (𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒 − 𝑇𝑚𝑒𝑑𝑖𝑢𝑚)     (1) 

 

 
Fig. 1. SEM micrograph of the bimetallic cross-section showing the interface 

between Steel 45 and B83 Babbitt 
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The heat transfer coefficient (ℎ) for the specialized medium was calculated to 

be 2.5 times higher than natural convection, facilitating rapid nucleation. 

 

 
Fig. 2. Cooling curves of the interface recorded for different cooling media 

 

Results and Discussion. Microstructural observation revealed that rapid 

cooling in the specialized medium suppresses the growth of SnSb crystals. This leads 

to a fine-grained, homogeneous distribution with an average grain size of 15-20 µm, 

whereas air-cooled samples exhibited coarse grains exceeding 100 µm [78-84]. 

 

Table 1 

Comparative analysis of mechanical and tribological properties  

of bimetallic bearings 

Solidification 

regime 

Surface 

hardness (HB) 

Adhesion 

strength (MPa) 

Friction 

coefficient (µ) 

Wear intensity 

(10-9mm3/Nm) 

Ambient Air 

(Control) 
27.4 ± 0.6 38.5 ± 1.2 0.052 4.8 

Standart Oil (50°C) 30.2 ± 0.4 52.0 ± 1.5 0.048 3.2 

Proposed Medium 

(Special) 
34.8 ± 0.5 71.4 ± 2.0 0.039 1.9 

 

As presented in Table 1, the adhesion strength reached 71.4 Mpa with the 

specialized medium. This improvement is attributed to the accelerated mutual 

diffusion of atoms at the interface, creating a robust metallurgical bond rather than 

simple mechanical interlocking [11]. 

The tribological performance in simulated marine environments indicates that 

the refined structure maintains a more stable lubricant film, reducing failure risks in 
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diesel engines [8-19]. 

 

 
Fig. 3. Microstructure comparison: (a) Ambient air; (b) Oil bath; (c) 

Specialized medium (Proposed) 

 

 
Fig. 4. Relative improvement in performance indicators compared  

to the baseline 

 

Conclusion. The conducted research and experimental results demonstrate that 

controlling the crystallization stage in the manufacturing technology of marine 

bimetallic bearings fundamentally transforms their operational qualities. The 

proposed specialized cooling regime ensures structural homogeneity between the 

steel backing and the antifriction layer, enhancing the reliability of bearings under 
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the heavy-duty loading conditions of marine engines. The primary scientific and 

practical findings are summarized as follows: 

1. A new manufacturing technology utilizing a specialized cooling medium for 

marine bimetallic bearings has been successfully developed and tested. 

2. The cooling rate in the proposed medium is 2.5 times higher than air, leading 

to significant grain refinement of the “SnSb” phase. 

3. Adhesion strength is enhanced by 85%, and the wear intensity is reduced by 

60%, significantly extending the operational lifespan of friction units in marine 

propulsion systems [13, 14]. 
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