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 The article presents a mathematical model for quasi-static 

calculation of conical rubber-metal elements of a high-

speed electric rolling stock, as well as an experimentally 

obtained relationship between the deflection of conical 

shock absorbers of electric trains from various grades of 

rubber. 
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When creating chassis for high-speed electric rolling stock, it is necessary to set and 

solve the tasks of ensuring safety, smoothness, and reducing vibrations at high speeds in a 

new way [1]. 

The solution to these problems is a properly designed suspension of vehicles using 

various types of dampers based on rubber-metal elements, a pneumatic spring and hydraulic 

vibration dampers, which leads to an increase in the smoothness of the rolling stock and an 

improvement in the strength and elastic-dissipative properties of the suspension in order to 

reduce dynamic effects on the track and transported goods [1,2,3]. The main reliability 

requirement for rubber-metal elements is that their durability should ensure the absence of 

failures during the assigned service life and assigned life [1,4,5]. 

In spring suspension of electric locomotives and electric trains, most often used are not 

cylindrical, but conical rubber-metal shock absorbers that experience torsion twisting during 

operation [3]. These shock absorbers have rectangular sections enclosed between two 

support surfaces and experience simultaneous compression and shear deformations (Figure 

1). The rigidity of such a shock absorber depends on the angle of inclination of the base plates 

β. 
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Figure 1. Design scheme for rectangular shock absorbers enclosed between two inclined 

support surfaces. 

 

The stiffness of the conical shock absorber can be determined by the formula in 

accordance with scientific articles [4,5] 

𝐺КА =  
2𝐹∙(𝐸𝑃 sin2 𝛽+𝐺∙cos2 𝛽)

ℎ
 .                                                          (1) 

The calculated modulus of elasticity of the 𝐸𝑃  depending on the shape factor is 

determined in the same way as in uniaxial compression. The factor n is taken equal to 1, and f, 

mm - according to the graphs shown in Figures 2 and 3, depending on the rubber grade and 

the load value Р, kN. 
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Figure 2. Dependence of deflection of conical shock absorbers of electric trains from 

different rubber grades f, mm on load Р, kN: 

- Row 1 - rubber grade 2959 B; -        Row 2 - rubber grade 2959; 

- Row 3 - rubber grade 3068 Н;  -        Row 3 - rubber grade 8075 Н. 

 

The form factor in this case is determined by the formula 

𝐹𝐹 =  
𝐹𝑜𝑝

𝐹𝑏
=  

𝑎∙𝑏

2(𝑎+𝑏)∙ℎ
 .                                                               (2) 

Cone shock absorbers (Figure 3) under the action of the force P in the direction of the Z 

axis also experience joint deformation of shear and compression and can be calculated by 

formula (1). Here, the form factor for determining the calculated modulus of elasticity can be 

approximately found by formulas (2) and (3) in accordance with scientific articles [4,5] 

𝐹𝐹 =  
𝜋ℓ(𝑅𝑐+𝑟𝑐)

2𝜋 (𝑅𝑐+𝑟𝑐)∙𝛿
 ,                                                                    (3) 

where 𝑅𝑐, 𝑟𝑐  are the average radii of the larger and smaller bases of the cone, 

respectively. 
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Figure 3. Dependence of deflection of conical shock absorbers of electric trains from 

different rubber grades on load and shape. 

A rubber-metal element is considered to be designed correctly if it meets the following 

requirements: deformation stiffness corresponds to the design one, stresses are evenly 

distributed throughout the element, thermal stress, taking into account dissipative heating, is 

below the permissible level for this rubber grade, residual deformations after full unloading of 

the element are minimal and durability under certain operating conditions of the element is 

within the specified limits [4,5,8,9,10]. 

A prerequisite for the correct design of elastic elements is knowledge of the specific 

conditions of their operation, which allows you to choose rubber with the necessary 

properties. In addition, the designer must have a clear understanding of the technology of 

manufacturing rubber elements, the effect on their properties of rubber components, 

vulcanization mode, mold design, geometric dimensions of the rubber part, etc. [4 ÷ 10]. 
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