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Justification and calculation
of structural-power parametersof screw loaders

Abstract. Existing designs of screw working bodies of transport and processing machines cannot always provide the
required performance and avoid overloading, which causes deformation and damage to parts of the mechanisms. Thus,

it is necessary to establish new efficient screw working bodies that would ensure the execution of the technological
process. The purpose of the study was to substantiate and explore the design and methodology for calculating
the main structural-power parameters of the developed screw loader, to synthesise screw loaders using the method
of morphological analysis to obtain designs of mechanisms with better technical and economic characteristics.
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The methods of surface theory, analytical and differential geometry, computer graphics and mathematics were used
to conduct the research. As a result of theoretical and experimental studies, the designs of screw conveyors with
hopper loading and screw conveyors with nozzle loading are presented. In addition, a classification of loaders for
screw transport and technological mechanisms is presented. The dependencies for calculating the design of screw
conveyor loaders are determined. The synthesis of loaders and mixers by the method of morphological analysis was
performed to obtain designs of mechanisms with the best technical and economic characteristics and competitive
designs of mechanisms were established. A system of coding and synthesis of structural elements and mechanisms of
screw implements with improved technological properties is proposed, and competitive designs of screw implement
that perform technological processes efficiently and effectively are selected. A methodology for calculating the main
structural and power parameters of a screw loader has been developed, which allows for determining the parameters
of a screw loader. The materials of the research can be used in further studies of screw conveyors and, in particular,
screw loaders to determine their design, technological, energy and power parameters

Keywords: screw conveyor; nozzle; transport and technological mechanism; structural elements; structural

synthesis; morphological analysis; calculation method

INTRODUCTION

One of the most significant criteria for the operation of
screw conveyors is the productivity of the transport-tech-
nological machine, which must be ensured with minimal
energy consumption. Thus, to efficiently perform the tech-
nological process of reloading bulk materials using trans-
port-technological machines in the form of screw conveyors,
it is necessary to ensure their rational loading. In addition,
note that screw conveyors can be loaded with hoppers, noz-
zles and loading devices.

The issues of theoretical design of screw reload-
ing mechanisms with flexible lines and methods of design-
ing and calculating their parameters, development of
efficient designs of screw conveyors for transporting
bulk materials along curved routes are discussed in [1; 2],
and the issues of synthesis of machine structures by mor-
phological analysis are discussed in [3] etc. Particular atten-
tion should be paid to the coverage in the literature of the
issues of calculation and selection of parameters of screw
working bodies and transportation of grain materials, min-
eral fertilisers and other bulk agricultural materials by screw
conveyors [4; 5; 6] since the problem of injury to materials
during the transportation is open.

The design calculations of mechanisms with screw
working bodies are covered in many scientific works, in par-
ticular [7-9] and many others, but the presented calculations
of each mechanism or part have their specifics since each of
the given structures is characterised by the presence of cer-
tain structural details that affect the nature of their oper-
ation and operation. In addition, in [10; 11], studies were
conducted on the development of working bodies for flexi-
ble screw conveyor lines, which significantly increase their
length and expand technological capabilities.

The issues of exploring the functional, operational, and
resource characteristics of screw conveyors in their interac-
tion with agricultural materials are discussed in [12; 13]. The
study of the movement of particles of agricultural materi-
als by the screw surfaces of the working bodies of convey-
ors is devoted to [14; 15]. Works [16; 17] substantiate the
design, kinematic and technological parameters of screw

working bodies by considering their functional purpose. The
possibility of using a helical surface for the manufacture of
conveyor working bodies was considered in [18]. The theo-
retical foundations of the design and construction of lin-
ear screw surfaces are presented in [7; 19]. Research [20]
justify using a helical surface in conveyor working bod-
ies and reloading nozzles, and research [21] explored the
injury of grain material by a screw conveyor working body.
Works [22; 23] justify using elastic working bodies to min-
imise damage to grain material when it is overloaded by
SCrew COnveyors.

However, the known designs of the working bodies of
screw conveyors do not fully satisfy the operational require-
ments, and therefore the task of developing new designs of
working bodies of screw conveyors and justifying their com-
petitive design and technological parameters that could pro-
vide better performance while reducing material consump-
tion and simplifying the design is relevant.

The purpose of the research — justification, design of
elements of screw conveyors, development of a methodol-
ogy for calculating the main structural-power parameters of
a screw loader and synthesis of screw loaders.

MATERIALS AND METHODS
The mathematical modelling of the processes of movement
of bulk materials is described using the laws and postu-
lates of analytical geometry, differential mathematics, the-
oretical and applied mechanics, surface theory and com-
puter graphics systems. The study was conducted using
the method of morphological analysis, elements of the
theory of experiment, methods of mathematical statistics
and mathematical methods of optimal experiment plan-
ning. The analysis of the results of the presented research
was performed using applied computer programmes, in
particular Excel, Word, and SolidWorks, and was conducted
according to standard and developed methods, in particu-
lar, the methodology for systematisation and classification
of research results, their analysis, preparation of tables
and graphs reflecting the results of research, calculation of
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errors, literature analysis, modelling, experimentation, and
work experience that require research.

The methods of morphological analysis and syn-
thesis were used to effectively search for new construc-
tive solutions since they are the most common methods
for establishing new designs of mechanisms that use ele-
ments of classification and systematisation. Morphological
analysis means that a specific number of the most char-
acteristic functional or structural morphological features
are identified for a given product, which allows for spe-
cific search options for these characteristic features. In the
course of the analysis, a list of specific variants of particu-
lar designs is determined for each morphological feature.
All defined variants of morphological traits are compiled
in the form of a so-called morphological table or “matrix”.
The term “morphological” can be explained by the fact that
variants of constructive features are defined by the let-
ters of the Ukrainian alphabet. By designing random com-
binations of variants, new design options can be discov-
ered that might be missed by simple searching. The search
for the most appropriate variants of mechanism designs
should be conducted using computer software (electronic
computers). The method of morphological analysis uses
elements of combinatorics, i.e. a systematic study of all
theoretically possible variants of constructive schemes
that arise from the specific patterns of construction of
the mechanism considered. The synthesis of these mecha-
nisms involves both well-known and new, unusual design
options. The method of morphological analysis has several
varieties and is designed to overcome bias in existing opin-
ions about the possibility and ways of solving a problem.
It allows the task to be described and analysed using a set
of all possible structural (i.e. morphological) relationships

a) b)

and relationships between its elements. Before conducting
a morphological analysis, morphological tables or graphs
should be developed and compiled. Using the method
of morphological analysis does not result in new or original
ideas, but it does provide an opportunity to find new combi-
nations of known structural parts. Therefore, it is advisable
to use it when a mechanism or product consists of several
structural parts. The classification of structures allows for
faster and more accurate orientation in a large number of
terms and factors, and therefore morphological analysis is
based on classification.

RESULTS AND DISCUSSION

The functional purpose of screw conveyor hoppers is to
accumulate, store and ship bulk material for a short period
to the discharge line of screw conveyors, provided that the
screw working body is not overloaded. The shape of the hop-
pers of screw conveyors can be square, rectangular, round,
etc. The purpose of the nozzles for screw conveyors is to
insert the screw spiral into the bulk material without defor-
mation and to perform productive loading of the screw con-
veyor casing while preventing the phenomenon of techno-
logical overload and breakage of the working bodies. Nozzles
for screw conveyors are available with adjustable openings
or with permanent openings. Loading mechanisms are used
to transfer bulk materials from flat surfaces and containers
to screw conveyors by delivering them to the working body.
The loading devices are divided into two types: for loading
the conveyor with materials that spill out of containers and
for picking up loose materials from flat surfaces and moving
them into the conveyor.

Figure 1 demonstrates a typical screw conveyor equipped
with a hopper load, which is described in detail in [24].

)

Figure 1. Hopper-fed screw conveyors: a) tractor PTO drive; b) and c) mobile screw conveyors

Figure 2 demonstrates screw conveyors with rigid
and flexible shafts, in which the loading is performed
using nozzles. All of them do not provide a process for

a) b) <)

regulating the loading of the lines, which can result in
the overloading of the screw conveyors caused by the
process.

d)

Figure 2. Screw conveyors with nozzles for loading: a) manufactured by PJSC “Elevator Equipment Plant”; b) manufac-
tured by LLC “Promstroykomplekt”; ¢) manufactured by LLC “TechResource”; d) manufactured by LLC TD “BMZ”
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The transport-technological machines presented bulk materials from flat surfaces, and Figures 3e-3f pre-
in Figures 3a-3g, it is possible to load conveyors with  sents wagon unloaders with screw working bodies.

a) b) <)

d) e) f)

Figure 3. Loading mechanisms: a) auger loader; b) scraper-screw conveyor; c) auger working body for picking up
bulk materials; d) auger pick-up trolley; e) screw wagon unloader; f) screw wagon unloader

To ensure the reliable and productive operation of = materials. In addition, for screw conveyors that are loaded
screw conveyors and prevent their damage, which can be  with a nozzle, safety devices can be used to stop the load-
both accidental and as a result of the technological pro- ing of the main line if foreign material enters the noz-
cess, it is, therefore, necessary to use regulatory and pro-  zle, which can cause damage to the screw working body.
tective mechanisms. For example, in screw conveyors, which It is difficult to ensure the optimum amount of material
are loaded through a hopper or nozzle, it is necessary to  loaded in conveyors that have loading devices, therefore,
use regulating mechanisms in addition to protective grids, their transport lines must be designed for maximum load-
which can ensure that a specific volume of material enters  ing. In addition, loading mechanisms must be equipped
the main line per unit of time. with safety clutches. The classification of loaders of screw

It will ensure optimum loading of the main lines transport and technological mechanisms by design fea-
and maximum productivity when transporting various tures is presented in Figure 4 [24].

’ LOADERS FOR SCREW TRANSPORT-TECHNOLOGICAL MECHANISMS ‘
I
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Figure 4. Classification of loaders of screw transport-technological mechanisms by design features
Source: developed by the authors based on [24]

Machinery & Energetics. Vol. 13, No. 4

&



Justification and calculation of structural-power parameters...

Based on the above and considering the fact that the
issue of material flow through the hopper gates has been
thoroughly explored [25], it is necessary to address the
problem of developing and researching screw conveyor
nozzles that will ensure a regulated process of loading
the main lines.

a) b)

d) e)

Loading and protective nozzles have been estab-
lished for screw conveyors, the designs of which are pre-
sented in Figure 5 [24]. The design of the self-loading noz-
zle, presented in Figure 5a, protects the working body from
deformation, and the presence of holes allows the trans-
ported material to penetrate it.

<)

f)

Figure 5. Designs of loading-protective nozzles for screw conveyors

Source: developed by the authors based on [24]

When the self-loading nozzle (Fig. 5b) is inserted into
the bulk material, only the coils of the cylindrical spring 2
are deformed, not the auger working body. At the end of the
injection process, spring 2 returns to its original position
and moves the bulk material into the nozzle.

In the self-loading nozzle of screw conveyors (Fig. 5¢c),
after insertion into the bulk material, the tip of the noz-
zle rests on the casing, and its petals open and allow the
bulk material to penetrate the casing.

Figure 5d demonstrates a nozzle that can adjust the size
of the material passage holes, which can ensure rational
loading and compliance with the established standards for
the transport process.

If foreign objects get into the nozzle presented in
Figure 5e, which can cause damage to the working body, the
western screw 5 of the nozzle stops and disconnects it from
the screw of the retracting line using the balls 2 exiting the
holes made on the line shaft 1 due to their axial displace-
ment and deformation of the springs 3.

When foreign objects enter the nozzle presented in
Figure 5f through the technological holes, which can cause
damage to the screw working body, the 3-way screw of the
safety nozzle stops and disconnects it from the working
body of the transport line due to the axial displacement of
the nozzle shaft and compression of the spring.

It has been established that to ensure the technological
process of transporting by screw conveyors with retracting
lines, it is necessary to determine the rational values of the
dimensions of the holes for the passage of bulk material of
nozzles. The capacity of a screw conveyor can be calculated
using the formula:

0=0,25-m¢-V «(D*-d), (1)

where D — diameter of the casing; d — diameter of the shaft of
the working body; V - axial speed of movement of the load
in the casing; ¢ — coefficient of filling the inter-turn space.

The reloading capacity must be equal to the bulk mate-
rial loading capacity. If the bulk material is loaded through
the nozzle, the capacity of the screw conveyor can be deter-
mined by the following equation:

Q-kFn-V, @)

where F - area of one hole; n — number of holes; V, -
the material filling rate; k — loading factor of the screw con-
veyor, k=0.7...0.5.

The rate of cargo spillage through the hole is deter-
mined by the formula [26]:

V=1-y/3.2-g-RR, 3)

where A — the coefficient of the passage of bulk material; R —
the reduced radius of the conveyor outlet (the ratio of the
outlet area to the perimeter of the outlet); g — the acceler-
ation of free fall.

If the appropriate transformations are made, the follow-
ing dependence is used to determine the size of the radius
of the loading hole:

_s fwz-Vrf-(Dz -d?)
k= 25,6:k% n2-22-g" )
In addition, the width of the rectangular loading open-
ing can be determined from the dependency:

r [@2 V2 (D?-d?)]s
= a [z(ps,e-kz(-nz-zz-; : ®)

Using these dependencies, it is possible to determine
the required design dimensions of the loading holes of the
screw conveyor nozzles and obtain the maximum produc-
tivity of screw conveyors for the transport of bulk materials.

When developing progressive designs of screw con-
veyors with flexible working bodies, it is advisable to
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use the method of morphological analysis [27], which
allows for obtaining a solution to the problem: obtain-
ing the most rational and economical design solutions for
establishing new mechanisms and their working bodies.

M. Klendii et al.

Using the method of structural and schematic synthesis
and morphological analysis [24], the constituent elements
and the links between them were identified and a morpho-
logical matrix was compiled in the form of Table 1.

Table 1. Morphological table of features of structural elements of a flexible screw conveyor

Conveyor drive Screw working body Loading mechanism
Screw construction
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
View Type of Quantity  |Spiral profile |Partial Solid Spiral Connection |Gutter Process Type
movement combination |design construction
1.1. 2.1. 3.1. 4.1. 5.1. 6.1. 7.1. 8.1. 9.1. 10.1. 11.1.
Electric drive |Continuous |One Narrowband |Gimbal Bulkhead Single-type  |Toothed Solid Gravitational Hopper
1.2 2.2 3.2 4.2. 5.2 6.2. 7.2. 8.2. 9.2. 10.2. 11.2.
Pneumatic  |Cyclic Two Wideband Hinged With flexible |Combined Riveting Sectional orced Nozzle
drive 2.3. 3.3. 4.3. 5.3. simple shaft 8.3. 10.3. 11.3.
1.3. With Several Corrugated  |Sectional 6.3. Welded Separate Loading
Internal accelerations 4.4, With flexible 8.4. 10.4. device
combustion |and L-shaped or folding shaft Bolted With calibration
engine decelerations inclined 8.5. 10.5.
1.4. 4.5. Finger With shredding
Hydraulic Blade 8.6. 10.5.
drive 4.6. With internal With additional
With cut-outs section technical
or openings connection operations
4.7. 8.7. 10.6.
Spring With external Multilink
section
connection
8.8.
With internal
and external
section
connection
8.9.
Elliptic
8.10.
Ball

Source: developed by the authors based on [24]

The main morphological features of screw convey-
ors have presented: types of drive, types of screw work-
ing bodies, designs of loading mechanisms, types of
screw conveyor arrangement, and types of unload-
ing mechanisms. The morphological model of spiral con-

by a morphological matrix, which was established by
the method of designating the numbers of codes of the cor-
responding alternative designs, which are placed in the col-
umns of the developed morphological table:

veyors, which is presented in Table 1 [24], can be recorded N=K‘K,K;...K=[I\. K, (6)
8.1
8.2
j% 8.3 10.1
1; 21 31 43 51 6.1 71 gg 91 18; 11.1
Neme= |75 22 32|nlaa 52 62 [oIn[> 0|00 nli0D 112]. ©)
1.3 23 33 45 53 63 7.2 8.6 9.2 10.4 113
14 ) 4—.6 ’ ' 8.7 10.5 )
4'7 8.8 10.6
’ 8.9
8.10

The total number of design variants of flexible screw
conveyors that make up the morphological matrix (7) is
very significant, and therefore it is necessary to spend a lot
of time selecting productive solutions, and therefore it is
necessary to use the established variants by combinations
of the presented method to synthesise hierarchical groups
using the method of morphological analysis, which estab-
lishes conditions for dividing this system into a spe-
cific number of established hierarchical levels with their

decomposition in each of the various established designs
of this system [25].

For the presented variant, the combination of the first
hierarchical level and the model of the established system
“Flexible Screw Conveyor”, presented in Figure 6, [24], can
be divided into two subgroups.

The first presented subgroup includes designs of
elements that demonstrate special morphological fea-
tures of the design of the working body (5) and (7), and
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special morphological features of the design of the screw
working body connection (8), and the second includes struc-
tural elements of screw working bodies (6). When using
this method, the number of synthesised variants is deter-
mined by the formula:

Ny=Z ZLITEK ®

I(1)51, I(1)52, I(1)55
I(1)71, I(1)72

11) || ey

1(2)31, 1(2)33, 1(2)3s

3) 1(3)21, 1(3) 22, 1(3)23

11(3)9:, 11(3)9:

where z - designation of the hierarchical level; [ - number of
levels; x — subgroup of a certain hierarchical level; g - num-
ber of subgroups of a certain hierarchical level; K, - selection
of a design feature of the mechanism of a subgroup of a cer-
tain hierarchical level; m - number of selections of design
features of mechanisms of a particular subgroup of a spe-
cific hierarchical level.

Nir = le=1 ZZ=1 [T, Ki= 646

1(1)81, 1(1)82, 1(1)8s, 1(1)84, I(1)8s, 1(1)8s, 1(1)87, 1(1)8s, I(1)8s, 1(1)810
1I(1)6:1, T1(1)62, II(1)6s

2 T1(2)41, TI(2)42, T1(2)4s, T1(2)4s, 11(2)4s, TI(2)4s, 11(2)47
I11(2)101, 111(2) 105, I11(2)10s, I11(2) 104, 111(2)10s, I11(2)10s
ITI(2)115, T1(2)115, ITI(2)115

1(3)11, 1(3)12, I(3)15, I(3) 14

Figure 6. Diagram of the model of the mechanical system “Screw loader”:
I - the first subgroup of the hierarchical level; IT — the second subgroup of the hierarchical level;
III - the third subgroup of the hierarchical level; (2) - the second hierarchical level; (3) — the third hierarchical level

If the method of morphological analysis is used to cal-
culate the number of alternative designs, the total num-
ber of generated variants of flexible spiral conveyors will
be 1632960 variants, and if the method of synthesis of hier-
archical groups with subsequent decomposition into sepa-
rate subgroups is used, using the method of morphological
analysis, the number of variants will be only 102, which
is much less than using the conventional method of synthesis.

The choice of the established design variant of the
screw working bodies of the reloader will depend on the
transportation process and the amount of force load on the
screw working body. If the main parameters in the design
of working bodies are productivity and geometric dimen-
sions and the quality indicators of the technological pro-
cess are neglected, then in such a model of a mechanical
system the number of coefficients will be reduced to two
values, and the selection task will be to find designs that
would ensure optimal strength and cost of screw working
bodies. It will result in the search for rational solutions
to establish equally strong structures of rigid and flexi-
ble screw working bodies, considering their technical and
economic indicators. It will result in the search for rational
solutions to establish equally strong structures of stiff and
flexible screw working bodies, considering their technical
and economic indicators.

As a result of the analysis of the design solutions of
the generated variants, workable designs of flexible screw
conveyors were obtained (Fig. 7) [27].

Since the design and kinematic parameters of these
devices are interrelated, it is necessary to set a specific value

of the loader’s capacity Q, i.e. a value that would reflect the
amount of material that will be periodically loaded into the
device. This parameter is the initial value for setting the
diameter of the spiral and its rotation frequency. Accord-
ing to the methodology for determining the performance
of screw conveyors:

Q,~Qp, t/h, ©

where Q, - volumetric capacity, m*hour; p - bulk density of
the transported material, t/m3.

The volumetric capacity is determined by the formula:

Q=47DZXnyc,, (10)

where D - outer diameter of the working body, m; & - pitch
ratio of the working body; n_ - rotational speed of the work-
ing body, rpm; y - conveyor filling rate; ¢, - coefficient that
considers the angle of inclination of the working body.

The estimated capacity is determined by the formula:

Q472N yc,p, (11)

whence the calculated value of the outer diameter of the

spiral is equal:
Q
D; = /7”.
¢ 47&ncpcgp

The final value of the outer diameter of the helix is
determined according to DSTU 2763-94 [28], with the clos-
est value to the calculated one being the largest.

(12)
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a)

b)

e)

Figure 7. Synthesised models of screw conveyors and loaders

The drive power can be calculated based on the follow-
ing considerations. The power of the drive motor is used
to overcome the frictional resistance when the material
is moved in the respective hose, for bearing losses and to lift
the material to a specific height (vertical conveying section).

The total drag force W caused by the friction of the
bulk material against the pipe walls and the inclination of
the device at an angle f to the horizon (Fig. 8) [27] is equal:

W=qgf L.cosa+qgf L -sina=qg(Lf,+h), (13)
where q - the distributed mass of the material, kg; g — free
fall acceleration; fp — coefficient of friction of the material

M. Klendii et al.

against the walls of the hopper pipe; L, L, h - length of the
spiral and its projections, m; a — the angle of inclination of
the highway to the horizon.

Figure 8. Calculation scheme for determining
the critical speed of the helix
Note: m — mass of the material particle; f, - coefficient
of friction of the material against the walls of the hop-
per; R - radius of the spiral; g — angle of rise of the spiral;
F, - reaction force of the hopper

If the speed of material movement is expressed as:

v=t.n_/60, (14)
where t .- the spiral pitch, and the distributed mass of mate-
rial g through the productivity Q:

Q=3,6qtn./60, (15)
the necessary power N, is obtained, which is required to
overcome the resistance force W:

_ Wv _Qg(pr+h)
17 1000 3600

(16)

If the drag force is considered to be the normal pres-
sure on the surface of the propeller blade, without consid-
ering the angle of elevation, the friction force of the mate-
rial against the helix can be calculated:

F=qgf (Lf,+h), (17)
where f_. - the coefficient of friction of the material to the
helix.

Since the force acts in a cross-section approximately
equal to 0.25 D, the power N, consumed by friction against
the spiral is equal:

_ a9fc(Lfy+h) mdn¢

N, =Fv=—"—"
2 ¢ 1000 60 ’

(18)
where d - diameter of the spiral shaft, m. After the appropri-
ate transformations, the following will be obtained:

_ Ue(Lfp+h) ma

N. .
2 367 tc

(19)
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However, in production conditions, it is difficult to
determine all the forces that oppose the movement of the
working body, thus a well-known dependence is used to
determine the drive power [2]:

— Qplc

= e (k £ sina),

(20)
where 5, — actuator efficiency; k — material resistance
coefficient.

Accordingly, the “+” ign is used when lifting the mate-
rial, and the “-” sign when lowering it. For horizontal posi-
tioning of the hopper section:

_ Qplck
= serm (21)

In addition to the appropriate diameter and shape

of the spiral blades, a certain spiral speed is required to

lift material with the vertical section. To determine the min-
imum required helix rotation frequency, consider the kine-
matics of the material movement using the example of the
scheme presented in Figure 8.

A particle of mass m on a helical surface is subject
to two forces, one of which is downward mg sing, and the
other - the frictional force of the particle against the sur-
face of the spiral mgf, cosp. During the rotational move-
ment of the particle along with the spiral at a certain speed
v along the radius R, a centrifugal force mv?R arises, which
presses the material particle against the fixed wall of the
spiral sleeve, where the friction force of the particle against
the sleeve mv’f /R arises, which generates additional pres-
sure on the helical surface of the spiral blade. The vertical
component of this pressure is mo’f, cosf/R, and the normal
pressure on the helical surface is mv’f sinf/R.
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Figure 9. Dependence of the change in the critical rotation frequency of the working body of the loader on its radius
n=f(R) at different values of the process line elevation angle and the coefficient of friction of the material against the
pipe walls: 1 - (6=16°, f,=0.15); 2 - (#=20°, {,=0,15); 3 - (=16°, f =0,18); 4 — (=20°, f =0.18)

The critical velocity, i.e. the velocity on the circumfer-
ential surface of the spiral at which the material fraction is
in equilibrium, is found from the following condition:

mvﬁpfp};‘csin/? _muﬁpj:z,cosﬁ -0, 22)

mgsinf +mgf; cosf +
where the critical velocity is equal:

_ |gRsinB+fccosB _ [gR
Ugp = \/prOSB—fCSinB - \/fp t.g(ﬁ +Pc),

23)

where p_. - the angle of friction of the material particle to
the surface of the spiral.
Considering that the critical speed is equal:

R
Uiy =50 24)
the critical speed of the working body is equal:
—30 fﬂ
nKp ~ R f tg(ﬁ + pC) (25)

To determine the influence of the screw radius R, the
angle of the rise of the process line 3, and the coefficient of
friction of the material against the pipe walls f on the value

of the working body rotation frequency, we determined the
dependence (25). According to the results obtained, which
are presented in Figure 9, it was found that the frequency
of rotation of the working body decreases with the growth
of the screw radius, and, accordingly, the greater the value
of the angle of the rise of the technological line and the
smaller the value of its radius, the lower the value of the
coefficient of friction of the material against the pipe walls.

The monograph [22] discusses new designs of mecha-
nisms with screw working bodies for the mechanisation of
labour-intensive processes of bulk materials handling. Pro-
gressive designs are presented, their technical characteris-
tics are defined, but the designs with the best technical and
economic indicators are not identified.

Work [24] is devoted to the design, manufacturing tech-
nology and experimental studies of flexible screw conveyors,
the main characteristics of which are mobility and the pos-
sibility of reloading bulk materials along curved routes. The
research provides a theoretical justification for the design of
flexible screw conveyors, explores the processes of their man-
ufacture, presents the results of experimental studies and
optimises the design parameters of screw working bodies,
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but it is necessary to improve the methodology for design-
ing the structures of working bodies of screw conveyors.

Research [25] describes the main methods of transport-
ing bulk agricultural materials along curved routes in the
closed elastic casing using nozzles. A theoretical substan-
tiation of the structural and kinematic parameters of the
proposed schemes of flexible screw conveyor nozzles has
been performed, but it is necessary to determine the opti-
mal parameters of these mechanisms.

Work [29] states that to ensure the growth of produc-
tivity and quality of technological processes using screw
transport and technological mechanisms of machines, it is
necessary to use progressive and efficient designs of screw
working bodies in their designs. In addition, the research
synthesises mechanisms with structures of screw working
bodies using morphological analysis and selects several
competitive designs. However, no designs with improved
technical and economic characteristics have been identified.

In addition, work [30] presents the design of screw con-
veyors with hopper loading and screw conveyors with load-
ing through nozzles. In addition, a classification of loaders
for screw transport and technological mechanisms is pre-
sented. However, there are no analytical dependencies for
determining the design parameters of screw loaders.

Work [31] presents the calculation of the structural and
power parameters of screw loaders, but the proposed meth-
odology does not fully provide opportunities to carry out
engineering and technological calculations of the structural
and energy parameters of screw loaders.

Thus, the research deals with the establishment of
structures of screw conveyors using structural and sche-
matic synthesis by using hierarchical groups and morpho-
logical analysis. The research analyses the influence of many
factors on the processes of moving bulk cargo by flexible
conveyors with screw working bodies and establishes the
structural elements of these conveyors that determine the
design features of these means of transport.

M. Klendii et al.

CONCLUSIONS

The designs of screw conveyors with hopper loading and
screw conveyors with nozzle loading are presented. In
addition, a classification of loaders for screw transport
and technological mechanisms is presented. The mathe-
matical dependencies for determining the geometric and
design parameters of loaders with screw working bodies are
presented.

Using the method of structural analysis, the synthesis
of screw loaders and mixers with screw working bodies was
performed, establishing designs with the best technical-eco-
nomic characteristics and selecting competitive designs.

The research presents a system for coding and synthesis
of structures of screw mechanisms, which allowed consist-
ently conducting engineering and technological calculations
to establish some relevant constraints and using computer
software to develop and select competitive structures of
screw working bodies that would ensure high-quality and
productive implementation of technological processes.

It has been established that the choice of design solu-
tions for screw implements will depend on the type of tech-
nological process and the magnitude and nature of the load
on the screw implements. For this purpose, based on the
necessity to ensure the strength of the screw working bodies
in the design, it is necessary to limit the number of variants
of mechanism designs and develop workable designs of the
sections of flexible screw mechanisms of screw conveyors
for the transport of bulk materials.

Engineering and technological calculations of the
structural and energy parameters of the presented screw
loader have been performed, which can be of practical use
in the design of similar mechanism designs.

The prospect for these studies will be to determine the
kinematic parameters of screw conveyors based on ensur-
ing maximum conveyor performance, damage to bulk mate-
rials, the size of curved routes and the rheological proper-
ties of bulk materials.
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O6r'pyHTYBaHHS Ta pO3pPaxyHOK
KOHCTPYKTUBHO-CU/TIOBUX NapaMeTpiB rBUHTOBUX 3aBaHTa)KyBauiB

AHoTaUif. [cHyI04i KOHCTPYKIIii TBUHTOBMX POGOUMX OPTaHiB TPAHCIIOPTHO-TEXHOMOTIYHUX MAIIMH He 3aBXKAY MOXKYTh
3a6e31eunT HeoOXiIHY MPOXYKTUBHICTb T YHUKHEHHSI TepeBaHTakeHHs], 1[0 Befie o Aedopmalliii i MOIKoIkeHb JeTaei
MexaHi3MiB. ToMy HeO6XiZHO CTBOPIOBATM HOBi epeKTUBHI I'BMHTOBI po60uUi opraHu, siki 6 3a6e3meuyBaay BUKOHAHHS
TEeXHOJIOTIYHOTO mpoLiecy. MeTo po6oTH 6y/I0 OGIPYHTYBAHHS i JOCTiAKeHHSI KOHCTPYKLi1 Ta METOAVKM PO3PAXYHKY
OCHOBHUX KOHCTPYKTMBHO-CWJIOBMX ITapaMeTpiB pO3p06/IeHOr0 TBMHTOBOTO 3aBaHTaKyBaya, IPOBeIeHHSI CMHTEe3Yy ITBUHTOBUX
3aBaHTaKyBauiB 3 BUKOPUCTAHHSIM MeTOQy MOP(OJIOTiUHOIO aHasli3y [IJIsS TOTO, 1100 OfepskaTy KOHCTPYKIIii MexaHi3MiB
3 KpallMM TEXHIYHMMM | eEKOHOMIUHMMM XapaKTepucTukaMu. 17151 IpoBeleHHs JOC/TiIKeHb BUKOPUCTaHO METOAM Teopii
TOBEePXOHb, aHATITUYHOI Ta audepeH1iianbHOI reoMeTpii, cucTeM KoMIT I0TepHOi rpadiku i MaTremaTuku. B pesynbrari
MIPOBeIeHMX TEOPETUIHMX Ta eKCIIePUMEHTATbHYX TOCTiAKeHb MPUBeNeHO KOHCTPYKIIii TBUHTOBMX KOHBEEPIB 3 6YHKePHUM
3aBaHTasKeHHSIM Ta FBUHTOBMX KOHBEEPIB i3 3aBaHTaskeHHSIM uepe3 Hacanku. Takok npuBeieHa kiacubikallis 3aBaHTaKyBaviB
IBUHTOBMX TPAHCIIOPTHO-TEXHOJIOTIUHMX MeXaHi3MiB. BusHaueHo 3a1eXXHOCTi 11 PO3paxyHKy KOHCTDPYKIIii 3aBaHTasKyBayviB
I'BUHTOBMX KOHBEEPIB. 3[i/iICHEHO CMHTE3 3aBaHTaKyBayiB Ta 3MilllyBauiB MeTOIOM MOP(OIOTIYHOTO aHAJTi3Y [IsI OfePyKaHHS
KOHCTPYKIIili MeXaHi3MiB 3 KpalllMM TEXHIUHMMM i EKOHOMiYHMMM XapaKTepUCTUKAMU Ta CTBOPEHO KOHKYPEHTO30aTHi
KOHCTPYKIIii MexaHi3MiB. 3alIpOoIIOHOBAHO CHCTEMY KOLYBAHHS Ta CMHTE3Y e/leMeHTiB KOHCTPYKLIiii i MexaHi3MiB FBUHTOBUX
pO6OUMX OPraHiB i3 MOKpaIeHVMY TeXHOMOTTYHMMM BJIACTMBOCTSIMM Ta BilibpaHO KOHKYPEHTO34aTHI KOHCTPYKIIii ITHEKOBUX
POBOYMX OPraHiB, SIKi SIKiCHO Ta MPOAYKTMBHO BUKOHYIOTh TEXHOIOTIYHI ITpotieck. PO3po61eHo MeTOOMKY PO3PaxyHKy OCHOBHUX
KOHCTPYKTMBHO-CWIOBYMX [1apaMeTpiB TBMHTOBOrO 3aBaHTa)KyBaya, 3a JOIIOMOTI'0I0 SIKOi MO>K/IMBO BU3HAUUTHY NTapaMeTpu
TBMHTOBOTO 3aBaHTaXyBaya. MaTepiaiy cTaTTi MOXKYTb 6TV BUKOPUCTaHI TPV TOSATBIINX JOCTIDKEHHSIX TBUHTOBMX KOHBEEDIB
i 30KpeMa rBMHTOBMX 3aBaHTaKyBayiB 3 BU3HAYEHHSI iX KOHCTPYKTUBHMX, TEXHOOTIUHMX, EHEPreTUYHMX Ta CUIOBUX I1apaMeTpiB

Knio4yoBi cnoBa: IHEeKOBUI KOHBEEDP; HACA/IKa; TPAHCIIOPTHO-TEXHOOTIYHMI MeXaHi3M; KOHCTPYKTUBHI elleMeHTH;
CTPYKTYPHMIA CMHTE3; MOPGOIOTiuHMIT aHAi3; MeTOAMKA PO3PaXyHKY
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