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ABSTRACT 

The article discusses the external forces affecting the tractor trailer lifting-

tipping device. According to it, it was considered that the increase in the trailer’s load 

capacity and the lifting-tipping device angle depend on the influence of external forces. 
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INTRODUCTION 

The load tipping process is important in the operation of the tractor-trailer tipper, 

as it determines how the tipper is loaded and how reliable it is. 

Determining changes in the mass, moment of inertia and center of gravity 

coordinates of the load in the process of overturning is one of the most important issues. 

If it is assumed that the density of the load does not change in the volume of the 

body, the change in the mass of the load can be expressed by the following formula. 

SLVm GGG   G  

ρG– load density, kg/m3; VG – volume of cargo in the body, m3; L – body 

length, m; S is the area of the side surface of the load, m2. 

The behavior of the load overturning depends on the type of unloading, and the 

ratio of the load to the area of the side surface changes proportionally, taking into 

account the change in the load mass ρG and L. There are three main views of the load 

transfer process, which are as follows: 

 the method of overturning the scattering load. In this process, the load 

overturning starts immediately with the start of the rise of the body and ends until the 

tangent of the angle of rise of the body bottom (tgph) is greater than the coefficient of 

friction of the load with the bottom of the body; 
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 viscous load unloading process. This process is carried out by simply 

pushing the load along the bottom and finally tipping over. In this case, there are 

difficult conditions for the overturning mechanism to work, because at the end of the 

overturning, the load moves to the edge of the body and creates a torque; 

 a mixed method of cargo tipping. For this type, at the initial time of 

loading, the load is tipped in the form of a spreading load tipping method, and then in 

the form of a sticky load unloading process. 

For the first type of overturning, it is assumed that the load drop size changes 

according to the geometric shape of the load body. In it, the side surface of the load is 

calculated using the geometric method as the side surface of the body (Fig. 1), that is, 

the simple shapes that make up the side surface of the load are calculated by the formula 

as the sum of the surfaces. 
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a – body height, m; b - body width, m; φ - turning angle, degrees; a1– the height 

of the body filled with cargo, m; a– load central angle, degrees. 

 
Figure 1. Parameters for changing the load side surface 

For the second type of overturning, the volume of the load is explained by the 

change of the side surface as follows: 

baababS  1       (2) 

where 
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For the third type, formulas (1) and (2) are used together. 

The modeling process was carried out using the mathematical model of the lift-

over device presented in [1]. The drag force, driving force and mass change are shown 

in Figure 2. 

The analysis of the results shows that the load mass change for the considered 

type of overturning is close to momentum (Fig. 2, curve 1), which leads to a sharp 

change in the resistance force and driving forces (Fig. 2, curves 9, 5). The readjustment 

of the driving force is about 15 %. 
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Various variants of mass change and their effect on the dynamics of lifting and 

tipping devices were considered. Figure 2 shows the linear (curves 2, 6, 10, 14 for dry 

soil, dry or wet soil), stepped with a step of 1 second (curves 3, 7, 11, 15), stepped with 

a step of 2 seconds ( Curves 4, 8, 12, 16), the transition processes of the change of the 

main parameters in motion are presented.  

 

 

 
а) 

 

 

 

 
b) 
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c) 

 

Figure 1. The dynamics of changes in the main parameters of the lifting device 

under the influence of mass changes: dynamics of changes in a) load mass (5-8), b) 

driving force (1-4), c) resistance force (9-12) and shaft movement (13-16) 

The results showed that the best dynamics of the overturning process is obtained 

in the linear variation of the load mass. In this case, the recovery of the driving force 

does not exceed 4%. 

As the mass change deviates from the linear character, the dynamics deteriorates. 

The readjustment of line 8 is 8%. 
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