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Substantiation of the rational parameters 
of the hinged working bodies of the flexible screw conveyor

Abstract. The relevance of this study lies in the need to improve, develop innovative designs, and determine the best 
structural and kinematic parameters of the hinged sections of the screw working bodies of the conveyors, to obtain better 
functional and operational characteristics in transporting bulk and lumpy materials and granular fertilizers. Therefore, the 
purpose of this study was to improve the performance of flexible screw conveyors by developing and determining the best 
parameters of hinged flexible screw sectional working bodies for transloading bulk materials along curvilinear transportation 
branches. The study was conducted using the methods of the theory of mathematical and computer modelling, the method 
of mathematical planning of the experiment. The paper presents innovative designs of hinged screw working bodies and 
substantiates their best parameters for ensuring the movement of bulk materials along curvilinear routes. The study 
found the correlation between the magnitude of the torque that occurs between the loaded screw sections and their 
spatial arrangement. Analytical dependences were obtained for the stiffness conditions of a separate section with a hinged 
connection, depending on the load and design parameters of the conveyor. It was found that the angular displacement of the 
sections according to the state of dependence helps to significantly (up to 4-5 times) reduce the amplitude of the change 
in the torque of the drive and lowers its maximum value. It was proved that in the pushing mode, energy consumption 
is 1.06…1.4 times higher than in the pulling mode. The practical significance of the results lies in the ability to choose 
the optimal structural, kinematic, and technological parameters of the developed sections of the screw working body for 
transporting bulk or lumpy materials and mineral fertilizers
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INTRODUCTION
The transportation of bulk materials requires compliance 
with standards related to maximum productivity in the 
execution of the technological process, minimization of 
energy consumption and damage to the bulk material. The 
execution of such technological operations during their 
movement on curvilinear branches in closed elastic fixed 
casings, carried out by screw conveyors, allows for high mo-
bility of loading and unloading operations (Bulgakov et al., 
2017; Çelik & Güneş, 2017; Baranovsky et al., 2018).

V.G.  Gorobets et al. (2018), B.M.  Hevko et al. (2018), 
V.  Kuvachov et al. (2021) noted the specific features of  

using screw conveyors for transporting or lifting bulk ma-
terials over short and medium distances. These studies also 
analysed the influence of such parameters as the rotating 
speed of the screw on the performance of the screw convey-
or; angle of inclination of the conveyor feeder; volumet-
ric filling level of bulk material. Operating conditions that 
affect the performance of a screw conveyor are considered 
by applying the Discrete Element Method (DEM) to simu-
late a single-stage screw conveyor with periodic boundary 
conditions. S. Xiaoxia et al. (2017), Y. Tian et al. (2018) es-
tablished that the uniformity of the flow depends on the  
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that increasing the spiral angle will increase the particle 
transport rate. Thus, it is necessary to improve and develop 
innovative designs of screw working bodies and substanti-
ate the best structural and kinematic parameters of hinged 
sections of conveyor screws, which can ensure the improve-
ment of functional and operational indicators of transport-
ing bulk and lumpy materials and mineral fertilizers.

The purpose of this study was to improve the function-
al and operational characteristics of transporting bulk and 
lumpy materials and mineral fertilizers by improving and 
developing innovative designs of screw working bodies with 
a hinged connection of their sections and substantiating 
the best structural and kinematic parameters of the screws.

The originality lies in the establishment of patterns 
of changes in the kinematic and power parameters of the 
hinged screw working bodies of the augers for various load 
conditions and operating modes, as well as the distribution 
of stresses and deformations in the screw sections and the 
influence of the ratio of the parameters of the screw ele-
ments and axial plates on the twist angle and, accordingly, 
the bearing capacity of the section shaft and regularities.

MATERIALS AND METHODS
To improve the performance of screw conveyors, which 
lie in ensuring the transportation of bulk materials along 
curved routes, increasing the load-bearing capacity, as well 
as improving their maintainability, an auger with hinged 
sections was developed. Its scheme is presented in Figure 1.

Figure 1. Design scheme of the developed auger with hinged sections
Note: 1 – plate; 2 – spiral rib; 3 – radial trunnion of the finger; 4 – intermediate frame, L – length of the hinged section; 
R – radius of the side surfaces of the hinged plates
Source: R.B. Hevko et al. (2018)

design of the screw working body and the hopper, the shape 
of the particles, and the force of friction against the walls. 
The results of this study improve the representation of the 
use of screw conveyors for particular materials.

R.B.  Hevko et al. (2017), R.B.  Hevko et al. (2018), 
V.  Kaminskyi et al. (2021) proposed mathematical mod-
els of the screw conveyor loading process. The use of the 
proposed models creates conditions for the development 
of innovative designs of screw conveyor devices with sub-
stantiation of their rational parameters. H. Li & W.F. Liu 
(2012), M.R.  Hevko (2013), O.L.  Lyashuk et al. (2015) 
demonstrated the operating modes of an inclined screw 
conveyor that contains a helical working element with 
constant parameters. The kinematics of the grain load 
was studied based on the equations of motion in the screw 
conveyor. The movement of the freight in the established 
high-speed mode was analysed.

The studies of A.S.  Merritt (2008), P.J.  Owen & 
P.W. Cleary (2009), P.J. Owen & P.W. Cleary (2010) showed 
damage to grains when processing in a screw conveyor 
and estimated the moisture content of the bulk material 
(at three levels of 8%, 11%, and 14%), the gap between the 
working body and the casing (at four levels of 6 mm, 9 mm, 
12 mm, and 15 mm) and screw rotation speed (at five lev-
els of 100 rpm, 200 rpm, 300 rpm, 400 rpm, and 500 rpm). 
J.W. Fernandez et al. (2011) proposed a theoretical model 
of power consumption of a screw conveyor with flexible 
discreteness of spiral elements. Simulation results suggest 

During the rotation of the working element in the 
elastic fixed casing between the sections, the torque is 
transmitted using plates 1 with a rib 2, which are rigidly 
fixed on a pair of radial pins of the finger 3 and the in-
termediate frame 4. During the operation of the conveyor 
along curvilinear routes, the radial fingers rotate, which 
ensures transmission of torque and helps transport bulk 
material with helical spirals.

The analysis of the technical characteristics of vari-
ous brands of screw conveyors suggests that for the same 
structural dimensions (diameter d=100  mm and screw 
pitch t=70…80  mm), kinematic parameters (screw rota-
tion speed n=400…700 mm) and technological character-

istics (the angle of inclination of the working body to the 
horizon α≤40o) the productivity of the conveyor during 
hopper loading of grain material for its bulk mass of 0.75 
t/m3 is 20…25% higher compared to a self-loading nozzle 
(Roberts, 2015).

To increase the length of the technological branch in 
the central part of the conveyor, a transloading nozzle is 
installed, as well as drive nodes of the flexible working 
bodies of the loading and unloading tracks. This helps 
substantially reduce the torques on the working bodies at 
the points of attachment to the drive shaft. To conduct 
experimental research, a test bench was developed and 
manufactured, its design scheme is presented in Figure 2.

L
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The overloading feeder of the test bench of the flexible 
screw conveyor (Fig. 2) contains the loading and unloading 
branches, which are designed in the form of casings 7 and 
4, and the loading 8 and unloading 5 flexible screw bod-
ies are placed in them in parallel. Screws, respectively, are 
fixed on the drive shafts 6 and 9, which are located in the 
overload feeder 3. Therewith, the intermediate shaft 2 is 
located parallel to the drive shafts and fixed on the over-
load feeder. The drive and intermediate shafts outside the 
overload feeder are kinematically connected to the shaft of 
electric motor 1.

During operation, the drive shafts are kinematically 
connected, the electric motor shaft and the intermediate 
shaft allow the working flexible working bodies to rotate. 
When feeding bulk or lumpy material, auger 8 transports it 
in a stationary casing towards the overload feeder. Because 
the drive shafts are located in a horizontal plane, the mate-
rial to the unloading branch is moved via radial flat plates. 
The basis of the development of the hinged working bodies 
of flexible screw conveyors is the principle of the function-
ing of Hooke’s spatial hinges of the polycardan type (Hevko, 
2013). The angular displacement of the following after the 
first section is determined by the equations as follows:

𝜑𝜑𝜑𝜑2 = arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼1,2�
−1tg(𝜑𝜑𝜑𝜑1 +𝜓𝜓𝜓𝜓1)� − 

−arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼1,2�
−1tg(𝜓𝜓𝜓𝜓1)� ; 

𝜑𝜑𝜑𝜑2 = arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼2,3�
−1tg(𝜑𝜑𝜑𝜑2 +𝜓𝜓𝜓𝜓2)� − 

−arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼2,3�
−1tg(𝜓𝜓𝜓𝜓2)� ; 

𝜑𝜑𝜑𝜑𝑛𝑛𝑛𝑛+1 = arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼𝑛𝑛𝑛𝑛,𝑛𝑛𝑛𝑛+1�
−1tg(𝜑𝜑𝜑𝜑𝑛𝑛𝑛𝑛 +𝜓𝜓𝜓𝜓𝑛𝑛𝑛𝑛)� − 

−arctg ��𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝛼𝛼𝛼𝛼𝑛𝑛𝑛𝑛,𝑛𝑛𝑛𝑛+1�
−1tg(𝜓𝜓𝜓𝜓𝑛𝑛𝑛𝑛)� ;          (1)

where φi is the angle of rotation of the section in the select-
ed frame of reference; αi,i+1 is the angle between the axes 
of the sections in the plane that passes through the axes 
of the sections; і is the section number, і=1,2…n; ψі is the 
phase angle of the section hinge.

The angular velocity and angular acceleration were 
equal to:

ω𝑛𝑛𝑛𝑛+1 = acω1
𝑎𝑎𝑎𝑎2 sin2 φ+(𝑏𝑏𝑏𝑏 sinφ+𝑐𝑐𝑐𝑐 cosφ)2

  ,                    (2)

where ωn+1 is the angular speed of the next section; ω1 is the 
angular speed of the driving section.

In the case when ω1=const, the angular acceleration  
of the section is determined according to the following  
expression:

ε𝑛𝑛𝑛𝑛+1 = - acω
2[(𝑎𝑎𝑎𝑎2+𝑏𝑏𝑏𝑏2-𝑐𝑐𝑐𝑐2)sin 2φ+2𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐 cos 2φ]

[𝑎𝑎𝑎𝑎2 sin2 φ+(𝑏𝑏𝑏𝑏 sinφ+𝑐𝑐𝑐𝑐 cosφ)2]2
  ,              (3)

where а, b, c are parameters of the model, which a deter-
mined through quantitative and spatial placement of sec-
tional overcut elements:

a=a1 a2...an; b=a1 a2...an-1 bn+a1 a2...an-2 bn cn-1+... 
+a1 b2 c3...cn+b1 c2..cn b; c=c1 c2...cn; a1=cosαi,i++1 1+tg2ϕi);

c1=cosαi,i++1+tg2ψi.

The considered power parameters during the twist-
ing of the first and, respectively, the second section of the  
auger (Fig. 3):

The torque applied to the driven section from the 
driving section M21 is determined from the known de-
pendence:

Figure 2. Schematic diagram of the flexible screw conveyor test bench
Source: A.W. Roberts (2015)
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M21 = Mk�1 + tan2 α1,2 cos2 ϕ  ,                    (4) where Mk is the torque required to move the freight by one 
section.
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Figure 3. Placement of forces during a static load on the crosspiece  
of the interfacial cross-shaped hinged rotary mechanism of the sectional working body

Note: M1 is the torque of the driving section; M2 – torque of the driven section; Mb is the bending moment; Mh1 is the torque 
of the interfacial flexible rotary mechanism of the driving section; Mh2 is the torque of the interfacial flexible rotary mech-
anism of the driven section; Mb1 is the bending moment that occurs in the plane of the misalignment of the driving sec-
tion; Mb2 is the bending moment that occurs in the plane of the misalignment of the driven section; Q1 is the cutting force 
of the driving section; Q2 is the cutting force of the driven section; Рh1 is the concentrated force of the interfacial flexible 
rotary mechanism of the driving section; Рh2 is the concentrated force of the interfacial flexible rotary mechanism of the 
driven section; q is the distributed load affecting the spiral; α1,2 is the angle between the axes of the driving and driven sec-
tions in the plane that passes through the axes of the sections; φ1 is the angle of rotation of the driving section; φ2 is the 
angle of rotation of the driven section; δ is the lever where a pair of forces is applied
Source: M.R. Hevko (2013)

Accordingly, the torque from the drive Mn1, applied to 
the nth (driving) section on the section from the track of 
constant curvature and, therefore αn+1,n=αn,n-1:

M𝑛𝑛𝑛𝑛𝑛 = Mk{1 +  

+∏ �1 + tan2 α1,2 cos2[ϕ− πλ(𝑚𝑚𝑚𝑚𝑚 2)/(𝑛𝑛𝑛𝑛𝑛 2)]𝑛𝑛𝑛𝑛𝑛𝑛
𝑚𝑚𝑚𝑚𝑚𝑚 }  , (5)

where λ is the parameter of the angular displacement of 
one section relative to another, n is the number of sections.

If the axes of each of the sections are placed parallel to 
each other, then the maxima of the alternating torque for 
all sections will coincide, and the drive will have maximum 
torque values with the maximum amplitude of their oscil-
lations (Liashuk et al., 2015). Figure  4 shows the graphs 
of the torque applied to a flexible screw, from the angle 
of its rotation along a curved path with a constant angu-
lar displacement between sections αn,n-1=π/6. The num-
ber of moving sections in the auger here is 8. The eighth 
section is fixedly connected to the drive, accordingly M81 
is the drive moment. The moment  needed to move the 
freight by one section was assumed to be Mk=100 (units or 
%). Accordingly, in Figure 4a sections were placed without 
angular displacement, while in Figure 4b – with an offset 
Δφn,n-1=π/6 in relation to the previous section. We assume 
that between the first and second sections Δφ2,1=0.

It was found that the rational values of the angular 
displacements of the sections depend on their number 
in the transportation screw and is determined by the de-
pendence αn,n-1=π/(n-2).

Given that, according to dependencies (2) and (3), 
the kinematic and dynamic parameters of the sectional 
screw conveyor change, the costs of transporting freight 
along curvilinear paths associated with its periodic ac-
celeration increase accordingly. And therefore, the effect 
of rational angular displacement of sections will be even 
greater.

The force is calculated according to the following for-
mula:

Ph1=0,5Mh1/δ,                                     (6)

where δ is the lever where the pair of forces is applied 
(Fig. 3).

As a result of the inclination of the axes of the overcut 
of the sections, there is a bending moment  Мb1, which is 
applied in the planes of the skew of the sections, it is found 
from Mb1=M1tgα1,2cosφ.

The bending moment acting in the overcut of the driv-
en section was determined according to the formula:

Mb2=M1 tgα1,2sinφ(1-sin2α1,2sin2φ)0.5.                  (7)

In the case when it is necessary to increase the rigidity 
of the sections of the auger, it is proposed to use a design 
with rigid fastening of the screw strip to the shaft plates, 
which forms a kind of frame that enables a considerable 
increase in the rigidity of the section. The general appear-
ance of the specified section and the model for finding its 
torsion angle are presented in Figure 5.
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Section stiffness condition for the permissible torsion 
angle:

 φ = 𝑀𝑀𝑀𝑀𝑡𝑡𝑡𝑡𝑙𝑙𝑙𝑙

𝐺𝐺𝐺𝐺𝐽𝐽𝐽𝐽𝑑𝑑𝑑𝑑�1+
𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝑝𝑝𝑝𝑝(2ωcosφ𝑧𝑧𝑧𝑧-𝑒𝑒𝑒𝑒𝑑𝑑𝑑𝑑cosφx)2

𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝐽𝐽𝐽𝐽𝑑𝑑𝑑𝑑
�
≤ [φ]  ,                (8)

where Мt is the applied torque; l is the length of the sec-
tional connection; m is the length of the rod between its at-
tachment points; d is the distance between the points of the 

inclined rod; E, G are the elasticity moduli of the first and 
second kind, respectively; Jd is the moment of inertia of the 
rod section; Fp is cross-sectional area of an inclined rod; ω 
is sectoral coordinate of the attachment point, m2; φz, φx are 
the angles of inclination of the rod to the base of the sec-
tion; е is distance from the centre of the bend to the plane.

A test bench was developed for conducting experi-
mental research, the general view of which is presented 
in Figure 6.

Figure 4. Change in torque on the drive 8 of the sectional shaft of the flexible screw from the angle of rotation of the 
screw, without angular displacement of sections, and with angular displacement αn,n-1=π/6

Mt

φx

d

a

φz

Figure 5. Design model for the determination of its torsion angle
Source: M.R. Hevko (2013)

Figure 6. Test bench for conducting research
Source: developed by the author
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The work of the test bench was as follows. Grain or 
bulk material was poured into the hopper and then moved 
to the unloading area. To start the engine and control its 
angular velocity, rotation was carried out using the Altivar 
71 frequency converter and the Power Suite v.2.5.0 soft-
ware. After the end of the material overload process, the 
curves of changes in torque and engine power over time 
were obtained on the computer display in the Power Suite 
program window.

The distance between the ends of the adjacent edges of 
the spiral ∆ is adjusted by changing the length of the base 
of the shaft. It consists of hinged helical sections that have 
the form of two parallel flat plates, and helical ribs are at-
tached to them. Flat plates, via anti-friction bushings, inter-
act with the hinge element 4, which is made in the form of a 
square. A number of radial holes are made in mutually per-
pendicular planes in the hinge element, and the fingers are 
placed in them, with the fingers also placed on flat plates.

In the case of repositioning the fingers in the radial 
holes in the hinge element with their subsequent fixation, 
we can obtain adjustment of the length ∆ of the screw pitch.

Thus, the control of the length ∆ between the screw 
pitch can be obtained by using square bases of variable 
length, on the sides of which mutually perpendicular holes 
are made.

Parameters of the working element: external diameter 
of the rib – 96 mm; the inner diameter of the auger rib is 
46 mm; rib pitch – 80 mm.

The screw rotation speed was adjusted using the Alti-
var 71 frequency converter. Tests were performed for three 
of its sizes: 14 mm, 28 mm, and 42 mm. With an increase in 
the length ∆ of the pitch and the same length of the work-
ing body, its mass decreased and was 7.38 kg, 7.04 kg, and 
6.64 kg, respectively. Therewith, the distance of overload-
ing of agricultural material was 1.5 m.

RESULTS AND DISCUSSION
According to the research results, the curves of changes in 
the peak values of the torque T and engine power N de-
pending on the increase in the rotation frequency of the 
screw n at different values of ∆ in the pulling (Fig. 7a) and 
pushing (Fig. 7b) modes were obtained.

Figure 7. Graphs of changes in power N and torque T as a function of the rotation frequency of the flexible screw n,  
in steady (a) and pushing (b) modes during grain movement

Source: developed by the author

The analysis of the obtained curves shows that in the 
case of an increase in the rotation frequency n of the screw 
in the range from 450 to 750 rpm, the torque T tends to de-
crease. In the case of consideration of power N, the graphs 
were obtained with a linear nature of the growth of N as the 
value of n increases.

In this range of rotation frequency of the working 
body, bulk or lumpy material passes the length ∆ not only 
due to kinetic energy, which is obtained through the inter-
action with the screw ribs, but due to the constant supply 
of material from the intake zone as well. An increase in the 
distance ∆ between the ends of adjacent helical ribs leads 
to a relative increase in the values of torque T and power 
N because in transportation, part of the material accumu-
lates between adjacent helical ribs, which adversely affects 
energy consumption.

Tests were also performed to establish the influence 
of the radius of curvature of the technological branch Rk 
and the height of the lifting of bulk material h on the value 
of the torque T and power N on the drive of the flexible 
conveyor during the movement of such bulk and granular 
materials as industrial salt, wheat, and peas.

Since the influence of the value of the rotation frequen-
cy of the flexible conveyor screw on the value of the torque 
had already been determined, the rotation frequency of the 
flexible screw was not changed, and its value was 450 rpm.

Based on the obtained results of the experimental 
tests, graphical dependences of the torque on the drive of 
the flexible auger on the height h of the transportation of 
agricultural material (Fig. 8) and on the radius of curvature 
Rk of the technological branch of the transportation (Fig. 9) 
were constructed.
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Figure 8. Variation of the torque T on the flexible screw 
from the radius of curvature of the transloading branch Rk 

for n=450 rpm for varied materials
Note: 1 – industrial salt; 2 – grain; 3 – peas
Source: developed by the author of this study

The analysis of the obtained graphs (Fig. 8) suggests 
that an increase in the curvature radius of the technological 
branch of transportation Rk in the range of 0.6…1.8 m leads 
to a decrease in the torque T; therewith, for wheat ΔT=14%, 
for peas – ΔT=15%, and for technical salt ΔT=10.2%.

The analysis of the graphs (Fig. 9) suggests that an in-
crease in the height of transportation of agricultural mate-
rial h within the range of 0.25…1.75 m leads to an increase 
in the torque T; therewith, for wheat ΔT=24.5%, for peas 
ΔT=30%, and for technical salt ΔT=29%.

From the data for conducting a multifactorial exper-
iment, a regression dependence was derived to establish 
the influence of n, Δ, and h (height of lifting of agricultural 
material) on the torque T during grain transloading (Molo-
detska, 2021).

Т=-0,667442+0,012691n+17,064586h+0,118525Δ-
0,000005n2- 0,005277nh-0.000438nΔ-0,827612h2-

-0,023019hΔ+0,014866Δ2.                     (9)
Figure 10 shows the response surfaces of changes in T 

values due to changes in two factors.
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It was determined that the dominant factor affecting 
the value of the torque T is the value of the gap Δ and n; 
however, the height of lifting the load h also has a substan-
tial effect on the value of T.

The factor field was determined by the following range 
of parameter changes: 400 (rpm)<n<700 (rpm); 0.2 (m)<h 
<1.2 (m); 0.014 (m)<Δ<0.042 (m).

A test was conducted to determine the efficiency of 
a screw conveyor with a flexible working element. The 
parameters of the developed working element were as  

a b c

follows: Dk=100 mm; D=96 mm; d=46 mm; p=80 mm. The 
research was carried out using bulk materials of the ap-
propriate bulk mass: wheat – 720 kg/m3; peas – 728 kg/m3; 
compound feed – 555 kg/m3; bran – 252 kg/m3.

It was determined that the maximum efficiency of the 
conveyor for transporting materials of larger bulk mass 
(peas, wheat) corresponds to the rotation frequency of the 
screw working body within 650…670 rpm and their values 
are similar: (7…7.2 m3/h; 5…5.2 t/h). A further increase in 
the rotation frequency n of the working element causes a 
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decrease in the efficiency of the conveyor, which can be ex-
plained by a smaller volume of material intake. Having a 
greater bulk weight, the material reacts more slowly and 
partially returns to the hopper. In the case of lighter mate-
rials (combined feed, bran) in this range of changes in the 
frequency of rotation of the working element, an increase 
in efficiency factor is observed and their nature is linear.

The analysis of theoretical studies of the working 
bodies of flexible screw conveyors (I. Çelik & E.C. Güneş 
(2017), V. Kuvacov et al. (2021)) suggests that most authors 
derived analytical dependencies to establish operational, 
structural, and functional parameters of flexible screws. 
H. Li & W.F. Liu (2012), O.L. Lyashuk et al. (2015) proposed 
mathematical models of the vertical screw conveyor load-
ing process. An algorithm for solving differential equa-
tions with partial derivatives of the movement of a fluid 
medium in a screw channel has been developed. The use 
of the proposed model helps develop innovative designs of 
intake devices of screw conveyors with substantiation of 
their rational parameters.

Therewith, the issues regarding the substantiation of 
the parameters of the working bodies, which ensure their 
high operational functional and characteristics at the min-
imum permissible weight of the auger structure, are not 
resolved. Solving these problems will help significantly re-
duce energy costs for the process of moving, the degree of 
damage to bulk and lumpy agricultural material.

Studies presented in the studies by M.R. Hevko (2013), 
V.M. Baranovsky et al. (2018), and the proposed type of screw 
working body are characterized by 8-12 times lower ener-
gy consumption for the transportation of bulk materials.

Comparing the performance of a rigid (horizontal, in-
clined, and vertical) screw working body of the conveyor, 
the study of which is described in the articles of A.S. Merri-
tt (2008), S. Xiaoxia et al. (2017), Y. Tian et al. (2018), it can 
be stated that the proposed design of the working body is 
different in that it helps transport materials along curvi-
linear tracks, which considerably increases the productiv-
ity of the flexible screw conveyor. H. Li & W.F. Liu (2012), 
M.R. Hevko (2013), O.L. Lyashuk et al. (2015) proposed the 
use of a flexible tubular screw conveyor to extend the range 
of self-loading. The main shaft and outer tube are made of 
rubber, and the propeller blade is made of continuously rig-
id plastic. The conveyor is commonly used in a wide range 
for flexibility. A method of reducing the wear of the screw 
conveyor is proposed. Furthermore, the change in energy 
consumption of the conveyor transmission under the influ-
ence of the design parameters of the screw was analysed.

In the study of D. Mondal (2018), the filling factor of 
the screw conveyor is a key point for the transmission ef-
ficiency. It is proposed to determine it using a ribbon helix 
with different screw speeds. Design parameters and rota-
tion speed are optimized using EDEM simulation software. 
The theoretical results are then verified experimentally.

İ. Çelik & E.C. Güneş (2017) suggested a flexible dis-
crete screw conveyor with spiral blades. The parameters 
of energy consumption when using a flexible helical blade 

structure were investigated employing theoretical analysis 
and simulation experiments.

The study results presented in this paper relate to 
helical spirals without the use of a flexible shaft. Howev-
er, based on the practical observations of S. Xiaoxia et al. 
(2017), P.J.  Owen & P.W.  Cleary (2010), during the trans-
portation of material along a curvilinear route (especially 
with small radii of curvature equal to about 1.5 m) due to 
the presence of cyclic deformations caused by the presence 
of different signs during the screw rotation, destruction oc-
curs, which significantly limits the use of such screws due 
to non-performance operational requirements. Whereas 
the proposed working body can work at a minimum radius 
of curvature in the technological line of about 0.5 m, which 
considerably increases the mobility of the flexible screw 
conveyor. Therefore, to increase the reliability of the tech-
nological process during the development and research of 
working bodies, it is necessary to use a sectional method 
of manufacturing flexible screws, which will help eliminate 
sign-changing cyclic loads; to increase the contact area be-
tween the torque transmission nodes, which allows reduc-
ing the internal stresses and forces in the friction pairs due 
to the increase in the torque transmission arm.

Based on the obtained analytical dependencies, for the 
selection of rational design parameters of flexible section-
al screw conveyor working bodies, the interrelationship of 
power characteristics was established, proceeding from the 
conditions of its operation, the laws of influence of struc-
tural nature and force. The dynamic and technological pa-
rameters of the developed flexible sectional screw working 
bodies were established according to the functional and per-
formance indicators of the flexible screw conveyor process.

CONCLUSIONS
To improve the performance of screw conveyors, namely, 
to ensure the transportation of bulk materials along cur-
vilinear routes, to increase the load capacity, as well as to 
increase their maintainability, a hinged screw working el-
ement was developed. The performed theoretical calcula-
tions of the structural and kinematic characteristics of the 
hinged sections of the screw helped determine the rela-
tionship between the magnitude of the torque that occurs 
between the loaded screw sections and their spatial loca-
tion. Analytical equalities of the condition of stiffness of 
a separate section and elements of the hinged connection 
depending on the forces and structural dimensions of the 
working body were derived.

It was found that the angular displacement of the sec-
tions according to the dependence obtained in the study 
allows reducing both the amplitude of the change of the 
drive torque (up to 4…5 times) and its maximum value. A 
study was conducted using the developed test bench and a 
hinge-screw working body to determine the torque T and 
the power N. Based on the conducted multifactorial exper-
iment, a regression relationship was obtained to determine 
the effect of the rotation frequency of the working body n, 
the value Δ and the height of the material lift h on the value 



87
Machinery & Energetics. Vol. 14, No. 1

O. Trokhaniak

REFERENCES
[1]	 Baranovsky, V.M., Hevko, R.B., Dzyura, V.O., Klendii, O.M., Klendii, M.B., & Romanovsky, R.M. (2018). Justification  

of rational parameters of a pneumoconveyor screw feeder. INMATEH: Agricultural Engineering, 54(1), 15-24.
[2]	 Bulgakov, V., Adamchuk, V., Nozdrovicky, L., Kroсko, V., Korenko, M., Kiurchev, V., & Ihnatiev, Y. (2017). Mathematical 

model of complex movement of a material point on a surface of agricultural machine working body. Mechanization  
in Agriculture & Conserving of the Resources, 63(1), 64-71.

[3]	 Çelik, İ., & Güneş, E.C. (2017). Use of disc springs in a pellet fuel machine for pressure regulation and prevention  
of damage. Acta Polytechnica, 57(2), 89-96. doi: 10.14311/AP.2017.57.0089.

[4]	 Fernandez, J.W., Cleary, P.W., & McBride, W. (2011). Effect of screw design on hopper draw down by a horizontal screw 
feeder. In Seventh international conference on CFD in the minerals and process industries CSIRO (рр. 1-6). Melbourne: 
CSIRO Australia.

[5]	 Gorobets, V.G., Trokhaniak, V.I., Rogovskii, I.L., Titova, L.L., Lendiel, T.I., Dudnyk, A.O., & Masiuk,   M.Y. (2018). 
The numerical simulation of hydrodynamics and mass transfer processes for ventilating system effective location. 
INMATEH: Agricultural Engineering, 56(3), 185-192.

[6]	 Hevko, B.M., Hevko, R.B., Klendii, O.M., Buriak, M.V., Dzyadykevych, Y.V., & Rozum, R.I. (2018). Improvement of 
machine safety devices. Acta Polytechnica, 58(1), 17-25. doi: 10.14311/AP.2018.58.0017.

[7]	 Hevko, M.R. (2013). Substantiation of the parameters of sectional screw conveyers for transporting bulk agriculture 
materials. Ternopil: I.Pyliui Ternopil National Technical University.

[8]	 Hevko, R.B., Strishenets, O.M., Lyashuk, O.L., Tkachenko, I.G., Klendii, O.M., & Dzyura, V.O. (2018). Development  
of a pneumatic screw conveyor design and substantiation of its parameters. INMATEH: Agricultural Engineering, 
54(1): 153-160.

[9]	 Hevko, R.B., Yazlyuk, B.O., Liubin, M.V., Tokarchuk, O.A., Klendii, O.M., & Pankiv, V.R. (2017). Feasibility study  
of mixture transportation and stirring process in continuous-flow conveyors. INMATEH: Agricultural Engineering,  
51, 49-59.

[10]	 Kaminskyi, V., Kolomiiets, L., Bulgakov, V., & Olt, J. (2021). An investigation into the state of agricultural lands under 
water erosion conditions. Agronomy Research, 19(2), 458-471. doi: 10.15159/ar.21.029.

[11]	 Kuvachоv, V., Bulgakov, V., Adamchuk, V., Kaminskiy, V., Melnik, V., & Olt, J. (2021). Experimental research into new 
harrowing unit based on gantry agricultural implement carrier. Agronomy Research, 19(1), 126-135. doi: 10.15159/
ar.20.239.

[12]	 Li, H., & Liu, W.F. (2012). The exprimental research of screw conveyor feeding system. In Applied Mechanics and 
Materials (Vol. 251, pp. 101-103). Stafa-Zurich: Trans Tech Publications, Ltd. doi:  10.4028/www.scientific.net/
amm.251.101.

[13]	 Liashuk, О., Rohatynska, О., Peleshok, Т., & Liubachivsky, R. (2015). Investigation of the process of bulk material 
transportation by means of inclined screw conveyers. Bulletin of I. Pyliui Ternopil National Technical University, 79, 
137-143.

[14]	 Lyashuk, O.L., Rogatynska, O.R., & Serilko, D.L. (2015). Modelling of the vertical screw conveyer loading. INMATEH: 
Agricultural Engineering, 45(1), 87-94.

[15]	 Merritt, A.S. (2008). Mechanics of tunnelling machine screw conveyors: A theoretical model. Geotechnique, 58(2), 79-
94. doi: 10.1680/geot.2008.58.2.79.

[16]	 Molodetska, T.I. (2021). Investigation of the stress-strain state of the bending process of coated materials. Scientific 
Herald of Uzhhorod University. Series “Physics”, 50, 15-24.

[17]	 Mondal, D., & Ghosh, N. (2018). Study on filling factor of short length screw conveyor with flood-feeding condition. 
Materials Today: Proceedings, 5(1), 1286-1291. doi: 10.1016/j.matpr.2017.11.213.

of the torque moment T during grain material transporta-
tion. Its analysis strongly suggests that the dominant factor 
affecting the value of T is the setting of the clearance Δ, fol-
lowed by the value of n and the height of the material lift h.

Based on the conducted set of theoretical and exper-
imental studies, a competitive sectional screw working 
body was created, which allows improving the functional 
and performance characteristics of screw conveyors for 
transporting bulk and lumpy agricultural materials. The 
use of the proposed sectional screw working bodies in the 
constructions of conveyors, considering the recommended 
parameters, will allow transporting agricultural materials 
efficiently along curvilinear tracks.

In the future, it is necessary to perform calculations 
and analyse the change in the efficiency factor of the hinged 
mechanism depending on the main design parameters. To 
establish the feasibility of using long conveyor screws with 
a significant number of elements, to determine the limits 
of increasing the bending radius of the screw in this case to 
improve the overall efficiency factor of the entire conveyor. 
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Обґрунтування раціональних параметрів  
шарнірно з’єднаних робочих органів гнучкого гвинтового конвеєра

Анотація. Актуальність дослідження полягає в необхідності вдосконалювати, розробляти нові конструкції та 
визначати оптимальні конструктивні та кінематичні параметри шарнірно з’єднаних між собою секцій шнекових 
робочих органів конвеєрів, з метою отримання кращих функціональних й експлуатаційних характеристик 
процесу транспортування сипких та кускових матеріалів і гранульованих добрив. Тому метою проведеного 
дослідження було покращення експлуатаційних показників гнучких шнекових конвеєрів шляхом розроблення 
й визначення оптимальних параметрів шарнірно з’єднаних між собою гнучких гвинтових секційних робочих 
органів для перевантаження сипучих матеріалів по криволінійних гілках транспортування. Дослідження виконано 
із використанням методів теорії математичного та комп’ютерного моделювання. методу математичного планування 
експерименту. У статті представлено нові конструкції шарнірних гвинтових робочих органів та обґрунтовано їхні 
оптимальні параметри для забезпечення переміщення сипких матеріалів по криволінійних трасах. Визначено 
взаємозв’язок між величиною крутного моменту, який виникає між навантаженими гвинтовими секціями та їх 
просторового розміщення. Отримано аналітичні залежності для умов жорсткості окремої секції із шарнірним 
з’єднанням в залежності від навантаження та конструктивних параметрів транспортера. Встановлено, що кутові 
зміщення секцій згідно встановленої в статі залежністі, дозволяє суттєво (до 4-5 раз) зменшити амплітуду зміни 
крутного моменту приводу, а також понижує його максимальне значення. Було доведено, що при штовхаючому 
режимі енерговитрати є більшими у порівнянні з тягнучим у 1,06...1,4 рази. Практичне значення результатів 
полягає в можливості обрати оптимальні конструктивні, кінематичні та технологічні параметри розроблених секцій 
гвинтового робочого органу для транспортування сипких чи кускових матеріалів і мінеральних добрив

Ключові слова: шнекові механізми; криволінійна гілка транспортування; силові параметри; сипкий матеріал; 
перевантажувальні механізми
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