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Abstract. This article presents the design of a device with a flexible screw conveyor that will improve the functional and operational 

characteristics of screw conveyors during the disposal of excavated contaminated soil. To select optimal design parameters for the sections of 

the screw working element, computer modeling was performed to assess the impact of force loads on corresponding deformations depending 

on operating conditions. 
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Introduction 

As a result of military operations, thousands of hectares of 

Ukrainian land are suffering significant destruction, bombing, 

deterioration in quality, and intensified degradation processes, 

leading to a range of mechanical, physical, and chemical impacts on 

the soil cover. Such impacts lead to the destruction of the structure 

and functions of the soil ecosystem and result in the deterioration of 

its physico-geochemical properties. 

Enemy aviation and artillery have the greatest impact on 

agricultural land and the soil cover, accounting for about 80% of the 

damage. As a result of rocket and artillery shelling, fields are 

covered with craters (impact holes) from the explosions of shells, 

mines, and rockets. The craters vary in diameter and depth [1]. 

Therefore, transforming contaminated land into usable areas and 

preserving the fertility of agricultural soils is a pressing issue for 

ensuring Ukraine’s food security. 

To restore areas damaged by explosions, it is necessary to 

remove or clear the topsoil, since, in addition to chemical 

contamination with heavy metals, the fertile soil layer is also 

depleted. To carry out technical reclamation of land damaged by 

bombing, a method is proposed that involves first clearing craters of 

soil damaged and contaminated by heavy metals and other 

hazardous substances. To dispose of the removed contaminated soil 

layer, a flexible screw conveyor with a sectional screw working 

element can be used, which will enable it to be transferred into a 

truck bed. 

Since screw conveyors are most widely used for transporting 

various types of bulk agricultural materials, including grains, 

granulated seed materials, clay, sand, loose soil, compound feed, 

mineral fertilizer granules, and others. 

After all, the foundation of comprehensive mechanization of 

loading and unloading operations, which increase labor productivity 

and production efficiency, lies in technical means for the continuous 

transport of loose agricultural materials. The transport of grain and 

seed materials along straight, curved, and combined routes using 

flexible screw working elements enclosed in elastic casings ensures 

high productivity and mobility during the execution of various 

technological processes, thereby expanding their technological 

capabilities and reducing energy consumption. 

The main drawback of rigid screw conveyors is the limited 

mobility of the process lines. Furthermore, the placement of the 

screw shaft in supports and a rigid guide tube leads to increased 

material consumption in the construction of such conveyors [2, 3]. 

Based on the analysis of the literature, it can be concluded that 

the least resource-intensive technology for conveying bulk 

agricultural materials along curved routes is the use of flexible 

screw conveyors, which are constructed from separate screw 

sections hinged together [4, 5]. In [6–8], the structural, kinematic, 

and technological parameters of screw working elements are 

substantiated in terms of their functional purpose.  

To address these shortcomings, active research has recently been 

conducted to develop optimal designs for flexible screw conveyors 

with enhanced functional and operational characteristics [9, 10]. In 

such conveyors, the flexible screw working element is freely 

(without supports) located within an elastic casing and moves the 

material to the discharge zone via its inner surface, which is their 

main advantage. 

Rotating at a frequency of over 550 rpm, the flexible screw spiral 

effectively distributes the bulk material evenly along the periphery 

of the conveyor casing, which causes it to self-center and ensures 

the movement of the product to the discharge zone [11, 12]. 

Based on the results of the conducted studies, the structural, 

kinematic, and technological parameters of the working elements of 

a flexible screw conveyor have been substantiated in terms of their 

functional purpose [13, 14]. At the same time, a number of issues 

regarding the operational and service life characteristics of such 

working elements remain unresolved. This indicates that improving 

the operational efficiency of flexible screw conveyors is an 

important and pressing task in agricultural production. 

Therefore, the task of developing new designs and justifying the 

parameters of flexible screw working elements that will ensure an 

improvement in the functional and operational performance of 

conveyors is of great relevance 

Results and Discussion 

To improve the functional and operational performance of screw 

conveyors when transporting cleared, damaged soil, a device design 

with a flexible screw conveyor was developed; its structural 

diagram is shown in Fig. 1. This device consists of a frame 1, which 

contains a loading 2 and unloading 3 flexible lines, consisting of 

fixed casings and sectional screws. Moreover, the casing of the 

loading line 2 has an opening 4 on one side for self-loading of soil, 

and the casing of the unloading line 3 has an opening 5 for 

unloading it; on the other side, the casings are connected to the 

drive shafts of the transfer pipe 6. Coaxial with the flexible ducts of 

the lines on the opposite side of the transfer pipe 6, the shafts of the 

sectional screw working elements are kinematically connected to 

the intermediate shaft 7 via chain drives. The lower 8 and upper 9 

brackets are mounted on the housing of the transfer pipe 6, by 

means of which the conveyor is connected to the central and 

longitudinal links of the hitch system of the machine-tractor unit. 

During operation, the kinematically connected drive shafts of the 

screw working elements, the intermediate shaft, and the power take-

off shaft of the machine-tractor unit ensure the rotation of the 

flexible sectional screw. 

Figure 1. Design and process diagram of a device for transporting 

scraped damaged soil: 

1 – frame; 2 – loading line; 3 – unloading line; 4 – self-loading 

opening; 5 – unloading opening; 6 – transfer pipe; 7 – intermediate 

shaft; 8 – lower bracket; 9 – upper bracket 
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To transport scraped damaged soil, the loading line with a 

flexible sectional screw is placed inside the pit. The conveyor screw 

picks up the excavated soil through the self-loading opening and, as 

a result of the screw’s rotation, transports it in a stationary flexible 

casing toward the conveyor’s transfer pipe and, via the unloading 

line with a sectional screw, to the unloading zone into the body of 

the machine-tractor unit. 

Figure 2 shows a general view of the device with a flexible screw 

conveyor for transporting excavated damaged soil. 

 

 
 

Figure 2.  General view of the device with a flexible screw 

conveyor for transporting cleared damaged soil 

 

Figure 3 presents a structural diagram of such a sectional screw 

conveyor. It consists of separate sections of identical diameters and 

lengths, which are constructed as welded structures containing rods 

1, to one end of which a cylindrical sleeve 2 is rigidly attached, 

which is designed with a system of axial parallel grooves evenly 

spaced around the circumference, interacting with balls 3. On the 

other side, the balls 3 interact with spherical recesses in the housing 

4, enabling axial and angular rotation of the spherical pin 5. 
 

 
a 

 
b 

Figure 3. Schematic diagram (a) and 3D model (b) of a sectional 

screw 

 

In addition, at the top, the cylindrical sleeve 2 is in rigid contact 

with the spherical housing 4, the inner surface of which interacts 

with the outer surfaces of the balls 3, At the other end of the welded 

cylindrical section, a connecting sleeve 6 is rigidly installed in the 

inner bore, perpendicular to the axis, which interacts with the 

corresponding end of the spherical pin 5 of the adjacent section and 

rigidly secures it via a bolted connection 7. A screw section 8 is 

rigidly welded to the outer diameter of the cylindrical section. 

The screw operates as follows. During the rotation of the spiral 

section 8, the rotational motion is transmitted through the balls 3 to 

the spherical pin 5 and the adjacent sections of the screw working 

element. 

To select optimal design parameters for the screw sections, 

computer modeling was performed to analyze the effect of force 

loads on corresponding deformations depending on operating 

conditions. Using a software package, a computer model of a screw 

section of a device with a flexible screw conveyor and hinged 

transmission mechanisms fixed within it was created (Fig. 4). 
 

 
 

Figure 4. Section model for calculating the section twist angle φ 

 

To calculate the section twist angle φ and obtain the 

corresponding graphical dependencies on the torque, the 

experimental conditions were simulated. One intermediate element 

was rigidly fixed, while a torque was applied to the other. Three 

parameters were varied: the number of section base rods n; the 

thickness of the section’s helical spiral δ; and the applied torque T. 

In the SolidWorks program on a PC, we generated a graphical 

representation of the movement of the working body’s components 

under the action of an applied torque. Based on the obtained values, 

we calculated the twist angle φ of the section as a function of the 

number of rods n, the thickness δ of the section’s helical spiral, and 

the applied torque T. The resulting graphical dependencies are 

shown in Figs. 5 and 6. Analysis of these curves shows that the 

section twist angle increases with increasing torque. The most 

significant increase is observed for n = 2 axial rods in the section 

base, and the smallest for δ = 4 mm. 

 

 
 

Figure 5. Dependence of the section twist angle φ on the number of 

rods: 1 — n = 2; 2 — n = 3; 3 — n = 4 

 

 
Figure 6. Dependence of the section twist angle φ on the thickness 

of the screw spiral: 1 — δ = 2 mm; 2 — δ = 3 mm; 3 — δ = 4 mm 
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Thus, the theoretical studies conducted provide grounds for 

asserting that the newly developed design of a device with a flexible 

screw conveyor makes it possible to improve operational efficiency 

and expands technological capabilities during the transportation of 

bulk agricultural materials, in particular, cleared or damaged soil. 

 

Conclusions 
1. Thousands of hectares of land were bombed during the war. 

Military operations lead not only to mechanical and physical 

deterioration of the soil but also to its chemical contamination. To 

restore areas damaged by explosions, it is necessary to remove or 

clear the topsoil layer, since, in addition to chemical contamination 

with heavy metals, the fertile soil layer is also depleted. To carry 

out technical reclamation of land damaged by bombing, a method is 

proposed that involves first clearing the craters of soil damaged and 

contaminated by heavy metals and other hazardous substances. To 

dispose of the removed contaminated soil layer, a flexible screw 

conveyor with a sectional screw working element can be used, 

which will enable it to be transferred into a truck bed. 

2. A design of a device with a flexible screw conveyor is 

presented, which will improve the functional and operational 

characteristics of screw conveyors during the disposal of the 

removed contaminated soil layer. 

2. To select optimal design parameters for the sections of the 

screw working element, computer simulations were conducted to 

analyze the effect of force loads on corresponding deformations 

depending on operating conditions. 

3. Based on the plotted graphical dependencies of the section 

twist angle as a function of the number of rods, the thickness of the 

screw helix, and the applied torque values, it was established that 

the twist angle of the sections increases with an increase in torque. 

The most significant increase is observed for the number of axial 

rods in the section base n = 2, and the smallest for δ = 4 mm. 
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