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Transportation of a Material Particle by the Operating Mechanism
of an Agricultural Machine in the form of a Vertical Screw Confined
by a Coaxial Stationary Cylinder

Abstract. The use of vertical augers in screw conveyors significantly expands the operational capabilities of
such mechanisation equipment for performing loading and unloading technological operations. However, the existing
designs of vertical screws do not fully meet the operational requirements. Their main disadvantages are increased
energy consumption, especially with their significant overall dimensions, which depend on the influence of friction of
the process material on the conveyor surfaces. Therefore, the study considers the movement of a material particle by the
operating mechanism of an agricultural machine in the form of a vertical screw confined by a coaxial stationary cylinder
and establishes the dependence of the speed of transportation of a material particle on the influence of the particle friction
coefficient on the surface of the screw and on the surface of the limiting cylinder. The purpose of the study is to determine
the parameters of the movement of agricultural material particles when they interact with the helical surface of the
operating mechanism of a vertical conveyor in the form of a screw that rotates around the axis and the surface of a coaxial
fixed cylindrical casing. Mathematical modelling of the processes of movement of soil particles along the helical surface of
the operating mechanism is described on the basis of general laws and principles of analytical and differential mathematics,
theoretical and analytical mechanics. As a result of the study, the differential equations of movement of a particle of
agricultural material on the helical surface of the screw, which rotates around its axis in a fixed cylinder, were compiled.
The equation is solved using numerical methods and the trajectories of the relative motion of the particle along the helical
line — the edge of the screw, which is common to the surface of the screw and the limiting cylinder are constructed. The
friction forces of the material particle on the surfaces of the screw and casing are also considered. The limit value of the
helical line lifting angle is found when the particle lifting becomes impossible at a given angular velocity of screw rotation.
The influence of the friction angles and radius of the limiting cylinder on the particle lifting speed is estimated. Graphs of
kinematic characteristics as a function of time are given. The materials of the study can be used by researchers for further
investigation and by practitioners in the selection of conveyors for transporting agricultural materials
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INTRODUCTION
The helical surface in the form of a screw is a structural
element of many transport and technological agricul-
tural machines, which is widely used in screw conveyors
for transporting technological agricultural material. Forces
act between the particles of the material, but they can be
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ignored or neglected when the body is small in size, tak-
ing it as a material point [1] or in the case of moving the
particle at a low speed, which occurs in lifting and trans-
port machines [2]. It is also important to investigate
the movement of material particles along helical surfaces
that rotate around their axis. In [3], the movement of particles
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by a vertical screw from the axis of rotation to the meet-
ing with a cylindrical casing is studied. The particles move
up after they meet the bounding cylinder. The paper inves-
tigates the movement of a particle of agricultural mate-
rial, which interacts with two surfaces: the movable helical
surface of the screw and the fixed surface of the cylinder.

The nature of material particles is quite broad. They
can be not only mechanical particles, but also gas or liquid
particles that interact with moving surfaces [4]. The move-
ment of mechanical particles on the surface of a mobile till-
age spherical disk is considered in [5], on the surface of a cyl-
inder - in [6], on the surface of a cone — in [7]. Consideration
of the movement of particles on helical surfaces is of practical
importance, since such surfaces are used in screw conveyors [8;
9] and separators [10]. The use of a helical surface for calculat-
ing and manufacturing helical working elements is considered
in[11; 12]. The theory of designing and constructing linear sur-
faces is highlighted in [13]. In [14], the practical possibility of
using a screw operating mechanism for tillage is substantiated.

But today, the process of transporting a material par-
ticle by the operating mechanism of an agricultural machine
remains rather neglected, in particular, the investigation of
the interaction of material particles with a helical operat-
ing mechanism, the working surface of which is made in the
form of a screw and a coaxial stationary cylinder, which are
considered in the paper.

The purpose of the study is to theoretically investigate
the movement of particles of agricultural materials when
they interact with the helical surfaces of the operating mech-
anism of a vertical conveyor in the form of a screw and the
surfaces of a stationary cylinder.

MATERIALS AND METHODS
Mathematical modelling of the movement of particles of
agricultural materials is described based on general laws
and principles of analytical and differential mathematics,
theoretical and analytical mechanics, surface theory, and
computer graphics systems. The results of the conducted
theoretical studies are analysed using methods of numerical
integration of differential equations to find primitive func-
tions, using the Simulink package of the MatLab system.

In [3], it is shown that when a particle moves under
its own weight along a helical surface, it moves away from
its axis. This is conditioned by the fact that the particle moves
along a curved trajectory, resulting in a centrifugal force
that causes the particle to move to the periphery. If the
screw rotates around the axis, then the particle of agricul-
tural material performs a complex movement: sliding on the
helical surface and rotating around the axis of the screw,
which also causes it to move towards the cylindrical casing.
The material particle slides along the helical surface, simul-
taneously contacting the surface of the screw and cylinder.
Parametric equations of a helical line have the form:

x=Rcosa; y=Rsina; z=Rotgp; (1)

where R - cylinder radius - constant value; # — screw helical
line lifting angle —constant value; a — angle of rotation of
a point on a helical surface — independent variable.

The helical line (1) passes through two surfaces: the
screw and the cylinder. When a particle comes into contact
with these surfaces, reaction forces occur that are directed
along the normal to them.

The helical surface is formed by rectilinear genera-
trix that are parallel to the horizontal plane, and one end
of these generatrix runs along the helical line (1), and the
other is directed to the axis of the helical surface (Fig. 1a).
The parametric equations of the screw have the form:

X=(R-u)cosa;
Y=(R-u)sina; 2)
Z=RRatgf

where u — value of a rectilinear helical forming surface — the
second independent surface variable.

When the value of the value u=R-r, where r — radius
of the screw shaft, the surface is confined by two helical
lines (Fig. 1a). When u=0, the parametric equations of the
screw helical line are obtained (1). To make the helical sur-
face equations different from the helical line equations, they
are denoted by lowercase letters for the line and uppercase
letters for the surface.

Figure 1. Scheme of transportation of a material particle by the screw:
a) turn of the helical surface of the screw, b) diagram of the forces applied to the particle
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When rotating at angular velocity w, a material par-
ticle located on the helical line (1) simultaneously con-
tacts the movable helical surface and the fixed surface of
the cylinder (Fig. 1b). The following forces are applied to
the material particle: reaction N of screw surface, weight
force, reaction N, of cylinder, and friction force F, (Fig. 1b).
If the particle rises up in absolute motion, then the friction
force on the helical surface F, is sent in the opposite direc-
tion of its sliding, and on the surface of the casing F - in
the opposite direction of movement (Fig. 1b).

The equation of motion of a material particle in the
form ma=F is created, and this equation is written in pro-
jections on the axis of the spatial coordinate system OXYZ.

The helical surface rotates around an axis at a cer-
tain angular velocity w and over time t it will return at an
angle that is equal to a,=-wt and will move in a helical line
along a certain trajectory according to equations (1). The
direction of rotation of the helical surface must be chosen
so that the material particle can rise up in absolute motion.
The helical line of the screw (1) is moved around the axis
OZ on the corner o =-wt:

x =Rcosacos(-wt)-Rsinasin(-wt)=Rcos(wt-a);
y,=Rcosasin(-wt)-Rsinacos(-wt)=Rsin(wt-a); 3)
z,=Ratgp.

The obtained equations (3) consider rotation by
angle a=a(t) in the relative motion of the material particle
and at an angle a =-wt in figurative motion, therefore, they
are equations of absolute motion.

Projections of the absolute velocity vector are
obtained by differentiating equation (3) over time t:

X =-R(w-a")sin(w-ta);

V' =-R(w-a")cos(w-ta); 4
z,=Ra'tgp.
The speed value is (4):
AN
2 ®)
= w(w-2a')cos’f+a”
cos 3 \/ ( ) p

The projection of a unit vector that sets the direction
of the absolute velocity of a material particle is equal to:

_(a)—a')sin(a)t—a)cosﬂ.

T,.= y
(0—a')cos(wt —a)cos B ©)
vy A s
_a'sing
T:fu; - A b

where A :\/5()(61)—201')cos2 p+a”.

Absolute acceleration w of particle is obtained by dif-
ferentiating equation (4):
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X" =R" asin(wt-a)-R(w-a')*=cos(ot-a);
y" =R acos(ot-a)+R(w-a')=sin(wt-a);  (7)
Z"=Rd'tgp.
Projections of the friction force vector F, are found
by differentiating equations (1):

x'=-Ra'sina;
y'=-Ra'cosa; 8)
Z'=Rd'tgp.

The relative velocity of a material particle is equal to:

!

R
y={T i =2 ©)
cos

The value of the projections of the unit vector of rel-
ative velocity is obtained by dividing the projections of this
velocity by its absolute value:

T, =-cosfisina; T, =-cospcosa; T, =-sing.  (10)

For the force F, to be applied at the point where

the material particle is located, the projections of the unit

vector of relative velocity should be rotated by the value
(-wt) around the axis Oz:

{cospsin(wt-a); cospcos(wt-a); sinf}. (11)

The vector of the normal to the helical surface is

defined as the partial derivative of the screw equations (2) :

oX . o0X

5:—(R—u)s1na; E:—COSO!;

oY oY - (2
—=(R-u)cosa; —=-—sina;

oo ou

The vector product of the obtained vectors is
defined (12):

X Y Z
—(R-u)sina (R—-u)cosa Rtgf|=
—cosa —sina 0 (13)

={RtgfBsina; RtgBcosa; R—u}

Vector (13) is not singular and its place on the sur-
face is determined by coordinates: u and a. To find the nor-
mal to the screw surface, the vector (13) is substituted in the
expression u=0 and its expression is reduced to a single one:

{sinfsina; -sinfcosa; cosp}. (14)

The normal to the cylindrical casing is also found:
{-cosa; -sina; 0}.

(15)

For the above reasons, the unit vectors (14), (15) are
rotated by the angle (-wt) and the expression of the unit

Machinery & Energetics. Vol. 13, No. 3

4



Failure Analysis of the Segment Finger Bar Mower...

vector of the normal to the helical surface at the particle
placement point is written as:
{sinfsin(wt-a); -sinfcos(wt-a); cosp}. (16)
The value of the unit vector of the normal to the
cylindrical casing at the particle location takes the form:
{-cos(wt-a); sin(wt-a); 0}. 17)
Unit vector of particle weight force mg, which is
directed downwards, is defined by projections:
{0;0;-1}. (18)
The value of the friction forces F, and F, can be
determined by the reaction values of the surface and the
corresponding coefficient of friction: F, =f,, F,=f,N,, where
fand f, - coefficients of friction of the material particle on
the helical surface of the screw and the cylindrical casing,
respectively. _
Making up the equation of motion ma=F , it is writ-
ten in projections on the axis of the spatial system, consid-

ering the directions (6), (11), (16), (17), and (18) of relevant
forces F =f;N,, F,=f\, N, N, and weight forces mg:

(w—a")sin(cr — a)cos B
\/a)(a)— 2a')cos’ f+a?
—N'sin #sin(wt — a)— N, cos(at — a);

— fN cos 3 cos(ot —a)—

mx!=f Ny — fN cos Bsin(wt —a)-

(@ —a')cos(wt — a)cos
Jolw-2a")cos’ f+a'

—N'sin S cos(wt —a)+ N, sin(or — a);
a'sin 8

my ;= Ny

mz!'=— f Ny ; - —fN sin S+N cosf—mg.
\/a)(cof2a )eos® B+ a (19)
A Z
0.1 | i
I =
0.05 ~
S — |
 p—
0 . L’-_é
a) -0.1 -0.05 0 0.05 R,m 0.1

To obtain a system of equations with functions:
a=a(t), N=N(t) and N,=N,(t), the expressions for absolute
acceleration from equation (7) are substituted in (19), and
a",N, N, is defined:

a)cosﬁ(cosﬁ—fsinﬂ)—a’ 3

a"= folo—a') cos

Jolw—2a")cos> f+a’>  (20)
—%(fcosﬂ+sinﬁ).
AV
N=mcosf| g+ fuRolw—a') sin B (21)
Jolo-2a")cos” f+a"”
N,=mR(ar-d) 22)

To obtain solutions to differential equations, it is
necessary to use numerical methods.

RESULTS AND DISCUSSION

The composite equations of motion of a material parti-
cle can only be solved by numerical methods. When 5=10°,
R=0.1 m, w=15 s, f~f,=0.3, obtain a'=2.1 s*. When $=20° and
unchanged other parameters, obtain: a'=-0.5 s’'. It is also
obtained that when $=10° the particle is moving up (Fig. 2a),
and when $=20° — on the contrary-down (Fig. 2b). When «'=0
the particle “sticks” and rotates in absolute motion in a cir-
cle. Therefore, the corresponding angle A of lifting the auger
line of the screw is found by equation:

2 —
B Arcthwaizfg_ (23)
Rfp fo" +g
Az
—]
0
m = ]
? + ——
-0.05 7
il
b) -0.1 -0.05 0 0.05 R,m 0.1

Figure 2. Trajectories of movement of a material particle at R=0.1 m, w=15 s’ f=f,=0.3
a) when =10° - upward movement of the particle; b) when =20° — downward movement of the particle

According to (23) for R=0.1 m, w=15 s' and f=f,=0,3
the limit value of the helical line lifting angle is p=17.8°. If
$>117.8° then the rise of the particle at the specified parame-
ters becomes impossible. As the angular velocity of rotation
of the helical surface increases, the limit value of the angle

B also grows, but up to a certain limit. Next, the study finds
the limit to which equation (23) approaches with an unlimited
increase in the angular velocity of rotation w:

Rwaz - fg —

lim,_, Arctg—"——
Rfpjo" +g

Arcctg f. (24)

Machinery & Energetics. Vol. 13, No. 3

v



Arctg fis the angle of friction of the particle on the
surface of the screw and in this case, Arctg 0.3 =16.7°. Lifting
angle limit value p according to (24) is Arcctg 0.3=73.3°, that
is, these two angles add up to a right angle. When >73.3°
lifting the particle up is not possible at any angular speeds
of rotation of the helical surface.

If a specific angular velocity w of screw rotation is
set, then the limit value of the helical line lifting angle can
be found by equation (23). At this interval (from zero to
the limit value), there is a specific angle g, which provides
the highest speed of particle transport up. The problem is
reduced to finding the maximum value of the last expression
in equations (4) or (8), since the vertical components of the
relative and absolute velocities are equal.

Since equation (20) for a stationary process at a"=0
is necessary to solve by numerical methods to find the value
of the angular velocity o' sliding of the particle, then find-
ing the optimal angle g will be implemented in two stages.
At the first stage, the value «' is found from equation (20)
for the specified angles g from the acceptable range of their
values. At the second stage, substituting the obtained values
o' and corresponding angles 8 in the last expression in equa-
tions (4) or (8), the vertical component of the particle veloc-
ity is obtained. This data can be used to plot the dependency
z'=z'(B), from which the optimal angle value g is determined.
The study provides a simplified version of the calculation
for =15 s (acceptable range of values of angle 5=0...17.8%):

B=50; a'=3.53 s71; z2'=0.03 m/s;
B=100; a'=2.08 s71; z'=0.037 m/s;
B=150; a'=0.73 s71; z'=0.02 m/s.

From the results obtained, it can be seen that the
highest rate of particle transport up is provided by the

O. Banniy et al.

angle #=10°. Using the same calculation method, the opti-
mal angle value £ is found at the value of the angular veloc-
ity @=25 s’': f=20°. In this case, the vertical component of
the particle velocity is z'=0.29 m/s. Considering that the per-
missible interval of angle values for speed w=25 s makes up
$=0...45.7° then it can be concluded that the optimal value
of the angle p is close to the average value of the allowed
interval. In [8], an equation for determining this angle
is given for the case when the angular velocity of rotation
of the screw increases indefinitely (o — «):

B=45°-0.5Arctgf (25)

From (25) for f=0.3 obtain: f=36.65°. This value is
exactly two times less than the limit value (8=73.3%), that is,
it is exactly in the middle of the allowed interval.

Next, the study considers how the coefficients of fric-
tion f and fR affect the speed of lifting the particle. When
the coefficient of friction f decreases, angular velocity o' of
sliding of a material particle increases, and its maximum
value is reached at the value of f=0, that is, for a completely
smooth helical surface. Fig. 3a shows the graphical relation-
ship a'=a'(f) when R=0.1 m, »=25 s, f,=0.3, f=20°.

Reduction of the coefficient of friction f, of the par-
ticle along the cylinder leads to a decrease in the angular
velocity o' of movements of a material particle (Fig. 3b).
Reduction of f, leads to lowering of the material particle.
The limit is the value of f, when a'=0. By solving (23) with
respect to f,, the following is obtained:

;oo 8&U+eh)
T Ra’(1- 1 1gp)

For the given data from (26), the limit value of the
friction coefficient f,: f,=0.12 is found.

(26)

gia 14 o
' st 0
o N
121 6 12
10 4 10
8 2 8
st
0.30.250.20.150.1 0.05 0 0.3 0.250.2 0.15 \’0.1 0.1 0.15 0.2 0.25 0.3
a) b 2 0

Figure 3. Graphical dependences of the angular velocity of a particle ¢’ when w=25 s, f=20°:
a) R=0.1m, f,=0.3;b) R=0.1 m, f=0.3; c) f=0.3, f,=0.3

If the angular speed of rotation of the screw is
increased, for example, to 30 s’!, then the particle lift would
be possible. The limit value of the coefficient of friction for
this angular velocity is f,=0.08. As the values of the angular
velocity of rotation of the helical surface increase, the limit
value of the coefficient decreases. Going to the boundary,
the following is obtained:

Ro’(1- f tgf)
Thus, if the surface of the cylindrical casing is abso-
lutely smooth, then the lifting of the particle becomes
impossible for any angular speeds of screw rotation.
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Figure 3c shows the graphical dependence a'=a'(R),
from which it follows that the increase in the radius value R
leads to an increase in the lifting speed, but it has a certain limit.

If the angle value f is negative, the direction of wind-
ing the helical line changes, which means that with the
same direction of the angular velocity of screw rotation, the
particle on its surface will slide not up, but down. Transpor-
tation of the particle downwards has its own characteristics
depending on the angle value p. If in equation (20) before
the angle f the sign is changed, then one of the expressions
in parentheses will be written: fcos -sing. If the angle g is
equal to angular friction, i.e., f=tgB, then this expression is
converted to zero. To convert the entire equation (20) to
zero, it is enough to equate another expression in paren-
theses to zero: w-a'=0. The angular velocity of sliding of

0
-0.05
0 : Z__ 0.1
m
-0.15
-0.05 -0.2
-0.25
0.1
\ 0.3
os ! A -0.35
04
0.2 -0.45
a) 01 -005 0 005 01 D)

a material particle is equal to the angular velocity of rota-
tion of the helical surface. Since they are directed in oppo-
site directions, their sum is zero, that is, the particle in abso-
lute motion does not rotate, but falls down in a straight
line - the generating cylinder. Next, the study finds «' and z'
for three angles: smaller, larger, and equal angular friction gf
as with lifting the particle for R=0.1 m, »=15 s'and f=f,=0.3.

B<B;: B=-10°; 0'=8.8s1;, z'=-0.16 m/s;
B=p;: p=-Arctgf=-16.7% a'=15s";  z'=-0.45 m/s;
B>p;: p=-20% a'=204s'; z'=-0.74 m/s.

Figure 4 shows the relative and absolute trajectories
of the particle’s motion for these cases. Frontal projections
of trajectories are shown at different scales.

Z

ANAS

VIRV

-0.1 0

0.1

Figure 4. Trajectories of the particle’s downwards movement at R=0.1 m, ©=15 s, f=f,=0.3 during the time t=1s:
a) f=-10°; b) p=- Arctgf=-16.7%; c) p=-20°

By solving differential equation (20), the kine-
matic parameters of the motion of a material particle by
numerical methods is found. Figure 5 shows graphical

10

8 p=-100

p=-10°

t,s

a) 0 0.5 1 1.5 b)

dependencies a'=a'(t) and z'=z'(t), which show the motion of
the particle for 1.5 seconds. The angular velocity and veloc-
ity reach the values obtained earlier.

0.05 z,

m/s

p=-10°

-0.05

0.1}
=-10°

-0.15 |

t,s

1 1.5

-0.2 *
0 0.5

Figure 5. Graphical dependences of changes in the velocities of movement of a material particle at R=0.1 m, ®=15 s
and f=f,=0.3: a) graphical dependency a'=a'(t); b) graphical dependency z'=z'(t)

The process of overloading the flow of loose material
would differ from the movement of a single particle, but it

can be assumed that the qualitative picture of overloading
the material will be the same.
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In[15], it is proved that a material particle can move at
different velocities when moving up in the conveyor. In addi-
tion, studies [16; 17] show that at the same angular velocity
of rotation of a helical surface, the velocity of movement of
a material particle up z', will depend on the size of the tilt
angle f3 of a helical line. In [18], it is proved that after stabilisa-
tion of the movement of a material particle, the speed of move-
ment of the material particle up and the angular sliding veloc-
ity o' material particles are constant values, and therefore, the
angular acceleration value «"=0 is zero. The value o' can be
determined with the specified parameters of the helical sur-
face, the angular velocity of its rotation, and the coefficients
of friction [19]. Having solved the equations of motion of
a material particle compiled in this paper by numerical meth-
ods, the resultscorresponding to the results given in are
obtained [20]. It was also established that there was a change
in the direction of movement of the material particle [21].

CONCLUSIONS

As a result of the conducted theoretical studies, a mathe-
matical model of the movement of a material particle by the
working surface of a helical body, which is a screw and the
surface of a limiting cylinder, is obtained.

As a result of solving differential equations by
numerical integration, it is established that a particle falling

on the surface of a vertical screw that moves around its axis
is thrown back to a coaxial stationary limiting cylinder under
the action of centrifugal force. Further movement of the par-
ticle occurs along the common line of these two surfaces —
a helical line — with simultaneous sliding on both surfaces.
The absolute movement of a material particle in the ver-
tical direction occurs both up and down and depends on the
angle p tilt of the helical line of the screw and its angular
rotation speed. The limiting value of the angle g of inclina-
tion of the helical line, at which the lifting of the particle is
impossible, and the value of the angle at which the value of
the particle velocity is the greatest, is determined.

It is established that a decrease in the coefficient
of friction of a particle on the helical surface leads to an
increase in the speed of its movement up, and a decrease in the
coefficient of friction of a material particle on the surface of
the limiting cylinder leads to its decrease.

When changing the direction of winding the helical
line, the particle can only be transported downwards at
a much higher speed.

The prospect of this study is to establish the reg-
ularities of the movement of the material flow along the
working surfaces of the helical body and the limiting cyl-
inder and determine the energy and power parameters of
transportation.
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Cepriit ®egoposuy ITnnunaka!, Mukosna bormanosuu KiteHziii?

HarrionanpHmit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YRpaiHu
03041, Bysn. T'epoiB O6oponu, 15, M. Kuis, Yrpaina

’BimokpeMIeHMIt TiAPO3/Iia HAI[IOHATBHOTO YHiBepCUTETY 6iopecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHu
«bepe>kxaHChbKUIi arpoTexXHiYHMUI iIHCTUTYT», YKpaiHa
47501, Byn. Akagemiuna, 20, M. Bepeskanu, TepHOTMiIbCbKa 06/1aCTh, YKpaiHa

TpaHcnopTyBaHHA YaCTUHKU MaTepiany po604uM opraHom
CinbcbKorocnopgapcbkoi MallMHU Y BUINSAi BePTUKANbHOIO LUHEKA,
obMeXkeHoro cniBBiCHUM HEPYXOMUM LUNIHAPOM

AHoOTaLif. 3aCcTOCYBaHHS B TBUHTOBMX KOHBEEPAX BEPTUKAIbHMX IITHEKIB JO3BOJISIE CYTTEBO PO3IIMPUTHU €KCIUTyaTAlliiHi
MOXIMBOCTI TAKMX 3aC06iB MexaHi3allii /151 BUKOHAHHS 3aBaHTaKyBaJbHO-PO3BAHTAXKYBaTbHMX TEXHOMOTIUHMX OTepalliii.
OnHakK iCHYIOUi KOHCTPYKIIil BepTUKAJIbHMX IIIHEKiB He B TIOBHili Mipi 3a/10BOJIbHSIIOTH €KCILTyaTalliliHi BumMmoru. OCHOBHUMU
iX HeZOTiKaMM € MiBUILeHi eHePTOBUTPATH, 0COOIMBO MPU iX 3HAYHMX TabapUTHUX PO3Mipax, sIKi 3a/1eKaTh BifL BIUTUBY
TepTsI TEXHOJIOTIUHOTO MaTepiamxy 1o MOBePXHIX KOHBeepa. TOMY B CTATTi PO3MISIHYTO PyX YaCTMHKM MaTepiany po6ounm
OPTaHOM CiTbCbKOTOCIIONAPCHKOI MALIMHY Y BUIISILI BePTUKaJIbHOTO IIHEeKa, 00MeXXeHOTO CIiBBiCHMM HepyXOMUM
LWIIHAPOM Ta BCTAHOBJIEHO 3aJI€XKHICTh UIBMIKOCTI TPAHCIIOPTYBAHHS YaCTUMHKM MaTepiany BiJ BILIMBY KoedirieHnTa
TepPTsI YaCTUHKU 110 MOBEPXHi LTHeKa Ta KoediljieHTa TepTsi YaCTMHKY 10 MOBEPXHi 06MesKyI0uoro nuiaiHgpa. MeToro
IOCITiKeHHSI Oy/I0 BU3HAUEHHSI ITapaMeTPiB PyXy YaCTUMHOK CiTbChKOTOCIIOAAPChKUX MaTepiasiB Mpu iX B3aemonii i3
TBMHTOBOIO [TOBEPXHEI0 POOOUOT0 OpraHa BepTUKaIbHOIO KOHBEEPA, BUTOTOBIEHOTO y BUMISIZ ITHEKA, SIKUit 06epTaeThCs
HaBKOJIO OCi, Ta IOBEPXHEIO CITiBBiCHOTO HEPYXOMOT'0O IMIiHAPUYHOTO KOXXKyXa. MaTeMaTnuHe MOZe/TI0BaHHS NPOLIECIB PyXY
YaCTMHOK I'PYHTY I10 I'BUHTOBII MOBEPXHi po60YOT0 OpraHy OnmMcaHo Ha 6a3i 3araJibHUX 3aKOHIB i MPUHIIUIIIB aHATI TUYHOT
Ta nudepeHIiabHOI MaTeMaTUKM, TEOPETUYHOI Ta aHAJIITUYHOI MeXaHiKu. B pe3y/bTaTi MpoBeeHOro JOCTiIKeHHS 6Y/10
ckazeHo audepeHLiaabHi PiBHSIHHS MepeMillleHHS YaCTUHKM CiTbChbKOTOCTIOAAPCHKOrO MaTepiasy Mo TBMHTOBI TOBepXHi
IIHeKa, SIKMii 06ePTAETHCSI HABKOJIO CBOET OCi y HepyXOMOMY IMIiHAPi. PIBHSHHS pO3B’13aHO 3a JOIIOMOTOI0 YMCeTbHUX
MeToZiB i MO6GYIOBaHO TPAEKTOPii BiTHOCHOTO PyXy YaCTMHKM T10 TBUHTOBI JIiHii — Kpajilli IIHeKa, sKa € CIiIbHO IS
TOBepXHi ITHeKa i 06MeXyoUuoro IyIiHAPa. TaKOK BpaxOBaHO CHJIM TePTSI YaCTUMHKM MaTepiaay Mo MOBEePXHSIX IIHeKa
i Kokyxa. 3HaliIeHo TpaHMUHe 3HAaUeHHS KyTa IMifgiioMy 'BMHTOBOI JIiHii, KOJM MiA/i0M YaCTUHKM CTA€ HEMOKIUBUM
TIpM 3aJjaHiil KyTOBiil MIBMAKOCTI 06epTaHHSs IIHeKa. BUsIBIeHO BIUIMB KYTiB TepTs i pagiyca 06MesKyrouoro UIiHApa Ha
MIBUAKICTD MifiioMy yacTuHkK. HaBeneHo rpadiku KiHeMaTUMYHMX XapaKTepUCTUK Y GYHKIIIT yacy. MaTepianan cTaTTi MOXKYTb
6yTM BUKOPUCTAaHI HAYKOBISIMM /IS TTONATBIINX JOCTiIKEHD Ta TPAKTUKAMM Y BUOOPi KOHBEEPIB AJIsI TPAHCIIOPTYBAHHS
CiIbCHKOTOCIIOAAPCHKMX MaTepiasiB

Knio4oBi cnoBa: KoHBeep, TBUHTOBA [TOBEPXHSI, KyTOBA i JIiHilfHa IIBUIKOCT, 06MEKYIOUMit KOXKYX, AudepeHiianbHi
PiBHSIHHS PyXY, KiHEMaTUYHi TapaMeTpu
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