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Movement of a Particle Along an Inclined Cylinder
Rotating Around Its Axis

Abstract. It is well known that parts of agricultural machinery often have a cylindrical shape. This shape, for example,
can be observed in the casing of lifting and transport machines, where the active working body rotates. Furthermore, drum
grain dryers and triers use an inclined cylinder that rotates around its axis. In this case, the particles of the technological
material interact with the rotating surface, which leads to their sliding, the nature of which depends on the value of
the angle of inclination of the cylinder. In this study, the methods of differential geometry, vector algebra, theoretical
mechanics, and numerical integration of differential equations consider the motion of a particle along the inner surface
of an inclined cylinder rotating at a constant angular velocity around its axis. The axes of a fixed coordinate system are
used to compose differential equations of motion. It was established that the proper initial conditions under which the
particle would be stationary at a certain distance from the lower forming cylinder towards its rotation can be determined
analytically. In case of movement along an inclined cylinder, the particle moves, among other things, in the axial direction,
while reducing the amplitude of vibrations. Furthermore, it was found that the angle of inclination of the cylinder plays
a significant role. If the latter is less than the angle of friction, then the vibrations stop, the movement of the particle
stabilises, and it performs a rectilinear movement at a constant speed in the axial direction. If the angle of inclination of
the cylinder is greater than or equal to the angle of friction, then the particle moves rapidly in the axial direction and its
movement does not stabilise. The value of the angular velocity of rotation also plays a significant role. A certain amount
of it provokes “sticking” of the particle, which does not depend on the inclination angle of the cylinder. The obtained

analytical dependences can be used in the design of cylindrical working bodies of agricultural machines

Keywords: surface, rotational motion, sliding, angular velocity, differential equations, trajectory

Article’s History: Received: 02/10/2022; Revised: 03/11/2022; Accepted: 04/10/2022.

INTRODUCTION

Cylindrical surfaces form an integral part of agricultural
machinery. In lifting and transport machines, they play
the role of a casing, inside which the active working body
rotates (e.g., an auger). An inclined cylinder that rotates
around its axis is used in drum grain dryers and cylindri-
cal separators (triers). The interaction of material particles
with the surface of the cylinder rotating around its axis
leads to their sliding, the nature of which depends on the
value of the inclination angle of the cylinder. An analytical
description of the particle’s sliding on the cylinder surface
is a prerequisite for designing machines with such a nature
of particle interaction with a moving surface, which indicates
the relevance of this study.

Furthermore, at all times, the issues of increasing
the durability of machines and their elements by improv-
ing reliability indicators have been extremely relevant.
Thus, the article [1] describes the latest method of surface

Suggested Citation:

sulphidation developed. In [2], the method of surface hard-
ening of parts using cementing and nitriding is highlighted.
In [3], a method for applying a multi-layer coating is pro-
posed. As the researchers note, such recommendations are
insufficient to meet the needs of the present [4]. Notably,
in all these and similar studies, the latest technologies of
surface hardening are developed, which is a costly process.

Engineering practice often faces problems of geo-
metric design of objects that are proposed to be solved in
various ways, e.g., in multidimensional space by approxi-
mating the solution of differential equations [5], by mul-
tidimensional parabolic interpolation [6], by interpolating
geometric space [7], etc. It is even easier to solve the in-
verse problem. In this case, the geometric design of techno-
logical objects is reduced to finding analytical dependen-
cies of their interaction. Such interaction in mechanical
engineering is the interaction between the working body
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and the material. This occurs during grain separation [8],
aspiration separation [9], soil fertilisation [10], etc. The
motion of an individual particle cannot be identified with
the motion of a material that comprises individual parti-
cles, but it allows identifying patterns of motion that can
be transferred to the material in a certain way. Thus, [11]
presents the results of studies of particle motion on rough
surfaces, and [12] - in rotary scatterers.

However, the study of body motion in some cases
can be reduced to a particle [13]. This applies to the case
when the inertial forces from the rotation of a body can
be ignored due to the small angular velocities of their ro-
tation [14]. Using this approach, the motion of particles
on the surface of a spherical segment rotating around a
vertical axis was investigated [15]. Thus, the range of ap-
plied problems requiring an analytical description of the
motion of a particle along a plane is expansive. Proceeding
from the above, the purpose of this study was to search for
patterns of motion of a material particle along the inner
surface of a cylinder set at an angle to the horizon and ro-
tating around the axis. Research on this area is made in

T. Volina et al.

the monograph [16, p. 468], but they have a limited nature
of calculations and graphical constructions for objective
reasons due to the lack of modern computer tools at that
time.

MATERIALS AND METHODS
To fulfil the purpose set, the authors of this paper used
methods of differential geometry, vector algebra, theo-
retical mechanics, and methods of numerical integration
of differential equations. The parametric equations of a
cylinder with a horizontal axis directed along the OX axis
(Fig. 1) have the following form:

X=w;Y=Rsina;Z=—-Rcosa, (1)

where R is the cylinder radius-constant value; a and u are
the independent variable surfaces, and o is the angular co-
ordinate, u is the linear coordinate (length of a rectilinear
generating cylinder). The sign “~” in the above Equation (1)

is taken so that the value a=0 corresponds to the lowest
element of the cylinder, on which the particle will be in the
initial position.

Figure 1. Graphical illustrations for compiling the equations of motion of a particle along the inner surface
of a horizontal cylinder that rotates around its axis: a) axonometric view of the cylinder; b) projection of the cylinder,
when the OX axis is directed at the observer and the forces applied to the particle at point B

At the beginning of the movement, the particle is
at point A on the lower base of the cylinder (Fig. 1). The
cylinder will be rotated around the axis with a constant an-
gular velocity . During time t, the cylinder will turn to the
angle ot and the lower generator of the cylinder will move
to point C. During the same time, the particle will move
along the surface of the cylinder, but will not reach point
C, as it will slide along it (Fig. 1b). Suppose it reached point
B, which corresponds to angular slip a. Since the axis of
rotation of the cylinder is horizontal, it is obvious that the
sliding trajectory will be an arc of a circle. If the cylinder
is tilted, there will be a component of the force of gravity,
which will make the particle slide towards the OX axis as
well. First, the study considered the movement of a particle
on the surface of a horizontal cylinder.

If one connects the independent variables o and u
of the surface by a certain functional dependence, e.g., on
time t, then Equations (1) will turn into equations of one
variable, i.e., they will describe a line on the surface of the

cylinder. This line will be considered as the sliding trajec-
tory, and the dependences a=a(t) and u=u(t) are unknowns
that need to be found. To find them, one needs to compile
a system of differential equations of motion of the particle
in projections on the axis of the OXYZ coordinate system.

The equation of motion of the particle will be for-
mulated in the following form: mw=F, where m is the particle
mass, w is the vector of absolute acceleration, F is the re-
sulting vector of forces applied to the particle. These forces
are weight force mg (g=9.81 m/s? — acceleration of free fall),
surface reaction N, and friction force f-N (f — friction coef-
ficient). Next, the direction cosines are found, i.e., the unit
direction vectors of action of these forces. The weight force
is directed downwards, so the projections of the guide vector
will be written as follows:

mg:{0;0; -1} 2)

The frictional force f-N is directed opposite to the
velocity vector of the relative movement V - sliding. To

Machinery & Energetics. Vol. 13, No. 2
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Movement of a particle along an inclined cylinder rotating around its axis

find the speed V of relative motion, Equation (1) is differ-
entiated with respect to time t. Therewith, it is implied that
a=a(t) and u=u(t), i.e., Equations (1) are no longer equa-
tions of the cylinder, but equations of a line on it, i.e., of a
relative trajectory. To distinguish between line and surface
equations, in the equations of the relative trajectory, the
authors switch from uppercase letters to lowercase letters
with the index “r”:

x, =u';y. =Ra'cosa;z. = Ra'sina 3)

The relative sliding velocity of a particle on the sur-
face of a cylinder is defined as the geometric sum of the
components (3):

Vo= x>+ %+ 2% = Ju'? + R%2a”? “4)

When dividing (3) by (4), it is possible to obtain a
unit vector of the tangent to the relative trajectory in the
projections on the axis of the OXYZ system. Given the op-
posite direction of the friction force fN and the relative ve-
locity vector V, the sign of the unit direction vector of the
friction force must be changed to the opposite:

u
I {_ Vu'2 + R%a'? . Vu'2 + R%2q"2 T Vu'z + Rza'z} )

! Ra'cos a Ra'sina

Surface reaction Nis directed from a point on the cyl-
inder to the axis of rotation (Fig. 1b). If the radius vector of
a point on a cylinder is determined by the second and third
expressions of Equations (1), then the surface reaction is
determined by the same expressions, but with the opposite
sign. Having shortened the expressions by R, the projections
of the unit reaction vector N will be written as follows:

N:{0;—sina;cos a} (6)

At the angular rotation speed o of the cylinder sur-
face during the time t, a turn by an angle of f=—wt (clockwise)
will be made. The generator of the cylinder, which was in
the lower position at point A, will take the position at point
C (Fig. 1b). To rotate the cylinder (1) around the OX axis by
an angle O=—wt, the known formulas are applied as follows:

X =u;
Y =Rsinacos8 + Rcosasinb; ™
Z = Rsinasinf — R cos a cos 0.

After simplifications considering 6=-wt, equation (7)
takes the following form:

X =u;
Y = —Rsin(wt — a); ®)
Z = —R cos(wt — a).

Equation (8) at o=o(t) and u=u(t) are the equations
of the absolute trajectory of the particle’s motion. The cyl-
inder turned to the angle 6=-w-t, and during this time the
particle, sliding along the cylinder in the opposite direc-
tion, turned to the angle o=o0(t) and took the position at
point B (Fig. 1b). The absolute speed of the particle is found
by differentiating equations (8), switching to the lowercase
letters with the index “a”:

xg=1u';
Vg = —R(w —a') cos(wt — a); )
z, = R(w — a') sin(wt — a).

By differentiating Equations (8), the projections of
the absolute acceleration vector are found as follows:
xq =u";
yd = R(w — a')?sin(wt — @) + Ra" cos(wt — a) ; (10)
n o __ "n2 " .
zg = R(w — a')? cos(wt — a) — Ra" sin(wt — a).

The unit direction vector of the action of the fric-
tion force f-N (5) and the reaction N of the surface (6) were
found for a stationary cylinder. The surface rotates at an
angle 6=-w-t, and therefore the vectors must also be ro-
tated by this angle. Otherwise, the correspondence to the
location of the particle is lost. The rotation is performed
by analogy with the rotation of the surface according to
Equations (7). After such manipulations, the projections of
vectors take the following form:

— of the unit direction vector of the friction force f-N:

u
N:{— e
f { _\/ulz + RZaIZ \/ulz +R2(Z'2

I

Ra' cos(wt — a) Ra'sin(wt — a)
\/urz +R2a!2

}.(11)

— of the unit direction vector of the action of the reac-
tion force N:

N: {0;sin(wt — a) ; cos(wt — a)} (12)
Since the projections (10) of the absolute accelera-
tion vector and the direction vectors of the applied forces
of the particle weight mg (2), friction f-N (11) and reaction
N (12) are known, the vector equation mw=F must be for-
mulated relative to the fixed OXYZ coordinate system:

!

u
Ra’' cos(wt — a)
Ra'sin(wt — a)

—mg + N Vu'?2 + R?a'?

By substituting acceleration expressions (10)
into (13), a system of three equations will be obtained with
three unknown dependencies: a=a(t), u=u(t), and N=N(t).
It should be used in the case when the initial velocity u’
of particle sliding is specified towards the OX axis. When
u"=u'=0 (i.e.,when a particle slides around a circle), the first
Equation (13) turns into the identity 0=0. Having solved the
system of the other two with respect to o"=a"'(t) and N=N(t),
one obtains as follows:

mxg = —fN

mys = —fN +Nsin(wt —a); (13)

mz, = + N cos(wt — a).

a” = %[sin(wt —a) — fcos(wt —a)] — flw —a)? (14)

N = m[R(w — a')? + g cos(wt — a)]. (15)

Equation (14) is differential and can be solved inde-
pendently. It can be assumed that when the horizontal cyl-
inder rotates, the particle located at the bottom (point A,
Fig. 1b) will rotate with the cylinder without sliding to
point C, and then it will slide down to a certain point below,
and this process will be repeated. Numerical integration of
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Equation (14) has shown that this assumption is valid only
for small angular velocities. An essential role in numerical
integration is played by the initial conditions, on which,
as will be shown later, the nature of the particle’s motion
depends. The initial conditions provided that the particle
at the initial moment is on the bottom of the cylinder and
there is no sliding angular velocity, i.e., o=a’=0. In Figure 2,
graphs of the change in the kinematic characteristics of the
particle movement during 3 s at R=0.2 m, f=0.3 and different

400 a, deg ' '
200 i
ts
0 1 1
0 1 2 3

a)

T. Volina et al.

angular velocities of the cylinder rotation are plotted. Above
is a graph of the change in the angle a, and below — the dif-
ference in the angles wt—a. The horizontal section of the
graph a=o(t), which is repeated periodically, indicates that at
this moment in time there is no sliding, the particle “sticks”
and rotates together with the cylinder. “Sticking” (lifting up)
periodically alternates with sliding (lowering down). The
graph of the change in the angle difference w-t—a shows the
amplitude of oscillations in the angular dimension.

2000 o deg T T

1000

200 wt-a, deg I I

100

-100

b)

Figure 2. Graphs of changes in the sliding angle o and the angle of deviation of the particle o-t—a from the zero value in
absolute motion: a) ®=2 s'; b) ®=10 s

The graphs show that the amplitude of particle vi-
brations increases as the angular velocity of rotation of the
cylinder increases. If at ®=2 s the particle turned by ap-
proximately 35° while rising and descended almost to zero
(i.e., to the lower generator), then at ®=10 s these angles
are 165° and -40°, respectively, i.e., the particle oscillates in
a circle, covering more than half of its arc. With the further
growth of the angular velocity o of the cylinder rotation, the
particle practically “sticks” and rotates together with it.

400 . T
a, deg

200 7

a)

If, at the initial moment, the particle is given an angular
speed of sliding o’=, i.e., at the beginning of the movement,
its absolute speed of rotation will be equal to zero, then the
further movement of the particle will differ from the consid-
ered cases. For instance, the authors of this paper took =10 s!
(the graph is presented in Figure 2b below for the initial con-
ditions a=a'=0). Next, only one initial condition was changed:
=0, a'=w. This substitution substantially changed the na-
ture of the vibrations - their amplitude decreased (Fig. 3a).

19
wt-a, deg ) )

18
17

16

15

b)

Figure 3. Graphs of changes in the particle deviation angle o-t—a from the zero value in absolute motion at =10 s!
and different initial conditions of integration: a) a'=o, a=0; b) a’=0, 0=—15°

Theoretical studies have shown that when the an-
gular speed of rotation of the cylinder increases, the parti-
cle does not “stick”, but oscillates with the same amplitude
(within 0° to 35°), i.e., the angular speed of rotation of the

cylinder in this case does not affect the amplitude of oscil-
lations. However, the second initial condition added to the
first has an effect. In Figure 3b, a similar graph is plotted
when 0=-15°, i.e., at the initial moment, the particle is not

Machinery & Energetics. Vol. 13, No. 2

4



Movement of a particle along an inclined cylinder rotating around its axis

fed to the lower point of the cylinder, but slightly higher
towards its rotation. The amplitude of vibrations has de-
creased and is within 15°...18.5°, while it is not difficult to
notice that in both cases (Fig. 3a, b) vibrations occur rel-
ative to the midpoint, which in angular measurement is
approximately 17°. If a=—17° is taken as the starting con-
dition, then the amplitude of oscillations practically disap-
pears, and the particle remains motionless in absolute mo-
tion. This is confirmed by the partial solution of differential
Equation (14) for the corresponding initial conditions.

Let the solution of equation (14) be the dependence
o=o-t+a,. Then o=, o”’=0. Substituting these expressions
into the differential Equation (14) satisfies it. One gets a
simple equation:

—sinay — f cos ay = 0, hence ay = —Arctgf.  (16)
Thus, the angle « is equal to the angular friction of
the particle on the cylinder surface. For the accepted value of
f=0.3, the angle o =-16.7°. If these initial conditions are met
(o'=0 and o=a =-Arctg f), the particle will slide along the sur-
face of the cylinder, remaining motionless in absolute mo-
tion at a certain height from the lower generator, which in
the angular dimension corresponds to the angular friction.

To make differential equations of motion of a particle
along an inclined cylinder rotating around its axis, one needs
to rotate the cylinder and bring all the vectors of forces and
absolute acceleration according to its position. Rotation will
be performed around the OY axis by an angle B, clockwise, so
that the direction of the particle sliding down along the gen-
erating lines of the cylinder coincides with the direction of
the OX axis. The weight force vector is directed downwards,
i.e., it does not change its direction. The vectors of the re-
maining forces and absolute acceleration are rigidly tied to
the surface of the cylinder or to the lines (trajectories) on
it, so they must be rotated in the same way as the cylinder.

After turning by the angle B, the following expres-
sions are obtained:

are the parametric equations of the cylinder:

x('l'ﬁ =Rsinf (w —a’)? cos(wt — a) + u" cos § — Ra" sin B sin(wt — a);

Yap = R(w — a')? sin(wt — a) + Ra" cos(wt — a) ;

X=ucosf —Rsinfcosa; 17
Y =Rsina; a7
Z =—-usinf —Rcos B cos a;
are the projections of the absolute trajectory:
Xq =ucos B —Rsinf cos(wt — a);
Vg = —Rsin(wt — a) ; (18)
zg = —usinfB — R cos B cos(wt — a);
are the projections of absolute acceleration:
19)

Z,'l'ﬁ = Rcos B (w — a')? cos(wt — ) —u" sinf — Ra" cos B sin(wt — a).

— of the unit direction vector of the friction force f-N:

{Ra’sinﬁsin((ut —a)—u'cos B )

— of the unit direction vector of the action of the reac-
tion force N:

vu'? + R?a'? i {N: sinB cos(wt — a);sin(wt — a) ; cos B cos(wt — a)}(21)
Ra'cos(wt — a
fi: | R o), (20) . . .

| Vu? + RZa”? . Similarly, as for a horizontal cylinder, a system of
lRa’ cos B sin(wt — a) +u' sin J differential equations is compiled considering the rotated

Vu? + R?a’? vectors (19-21):

. Ra'sinBsin(wt — a) —u' cos B .
mxgp = fN NN + Nsinf cos(wt — a);
Ra’' cos(wt — a) (22)
myss = —fN —————+ N sin(wt — a);
Yaf Vi + R7a”

Ra'cos Bsin(wt —a) +u' sinf

mzgp = —mg + fN

+ N cos B cos(wt — a).

Next, the authors substituted the acceleration expressions (19) into (22) and solved with respect to o'=0"(t),

u"=u"(t) and N=N(t):

) . fa N2
a =—cospsin(wt —a) — —— cos Bcos(wt —a)+ R(w — «a H
& c0s B sin( ) TR [g cos B cos( )+ R( )?]
fu (23)

u" =gsinf - ————
g VT + R%a?

[g cos B cos(wt — a) + R(w — a')?];

N = m[g cos 8 cos(wt — a) + R(w — a')?].
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RESULTS AND DISCUSSION

Using numerical integration, the kinematic characteristics of
the movement of the particle along the inner surface inside
the cylinder were obtained, and they substantially depend
on two parameters: the angle of inclination B of the cylinder
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and the angular velocity o of its rotation. In Figure 4, the ab-
solute trajectories of the particle movement are plotted for a
cylinder of radius R=0.2 m, tilted at an angle $=15° (smaller
than the friction angle, which for f=0.3 is 16.7°).

Figure 4. Absolute trajectories of particle motion along the inner surface of the cylinder at different angular velocities
of its rotation: a) ®=2 s'; b) ®=10 s!

In Figure 5, graphs of speed changes are plotted
u’=V, towards the OX axis. In one case (Fig. 5a), the tilt
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angle is smaller than the friction angle, in the second
(Fig. 5b) — it is larger.
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Figure 5. Graphs of the change in speed u’=V, towards the cylinder axis at ®=>5 s for different angles p of its
inclination: a) p=10°; b) p=20°

Analysing the image in Figures 4a and 5a, it can be
concluded that the motion of the particle stabilises, its ve-
locity in the axial direction approaches a constant value, and
the trajectory approaches a straight line. Such stabilisation
is possible up to a certain value of the angular velocity of
the cylinder rotation. Figure 4b shows the absolute trajec-
tory at ®=10 s!, which shows that the particle’s oscillations
are increasing. As the angular velocity o increases further,
the particle practically “sticks” and rotates together with
the cylinder. At low angular speeds of rotation of the cylin-
der (i.e., before the particle “sticks”), speed stabilisation is
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possible only for cylinder tilt angles that are less than the
angle of friction. Figure 5b shows a graph of the particle
sliding speed in the axial direction at an angle B greater
than the friction angle. It shows that the sliding velocity of
the particle increases linearly.

“Sticking” of the particle occurs when the corre-
sponding angular velocity of rotation of the cylinder is
reached at any angles of its inclination. Figure 6 shows
graphs of the change in the sliding angle o and the distance
u of the particle movement in the axial direction at ®=20 s!
and the angle of inclination p=45°.
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Figure 6. Graphs of changes in the kinematic characteristics of particle motion at ®=20 s! and the inclination angle
B=45°: a) graph of the dependence u=u(t); b) dependence graph a=a(t)
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Movement of a particle along an inclined cylinder rotating around its axis

The graphs show that the particle moves 6 mm in
the axial direction during the time t=2 s and turns 1° in
the angular dimension. It is clear that a further increase in
the angular velocity of rotation of the cylinder will lead to
complete “sticking” of the particle.

The results obtained considerably complement the
similar results obtained in the monograph [16]. In the given
study, the sliding trajectories of particles are plotted on the
surface of an inclined cylinder, in contrast to the specified
monograph, where they are plotted on a cylinder sweep.
Furthermore, this study considered cases where the angle
of inclination of the cylinder is less than or greater than
the angle of friction, while the aforementioned study con-
sidered an angle less than the angle of friction. The results
obtained show that with an increase in the angular velocity
of rotation of the cylinder, “sticking” of the particle is pos-
sible, which was not considered in the cited monograph.

As it turned out, for the cylinder inclination angles
smaller than the friction angle, it is possible to stabilise the
motion, in which the particle slides in a straight line at a
constant speed. A solution for this case and for a horizon-
tal cylinder can be found by looking for the solution in the
form o=w-t+a,, supplementing it with a constant velocity
in the axial direction u’=V =const. Thus, a'=0, o""=0, u”=0.
Substituting these data into the first two Equations (23), a
system of two equations is obtained as follows:

fwg cos B cos(—ay) _

/VZZ + RZwZ

fV,g cos B cos(—ag)

/VZZ +R2(/)2

After solving system (24) with respect to o, and V,,

one obtains:
1+f2
V, = Rw ]W (25)

0= %cos B sin(—agy) —
(24)

0=gsinf—

ay = —Arctgy/f? cos? B —sinf

The obtained result (25) should be understood as
follows: if a particle hits a cylinder at o with a relative an-
gular velocity equal to the angular velocity of rotation of
the cylinder, directed oppositely from the direction of its
rotation and with a relative translational velocity along the
V, axis, then it continues to move at this speed along the
cylinder without oscillation.

CONCLUSIONS

When a particle hits the inner surface of a horizontal cylin-
der, which rotates with an angular velocity o around its axis,
it begins to oscillate in the plane of the cylinder cross-sec-
tion with a certain amplitude in the angular dimension.
The magnitude of the amplitude depends on the point of
impact of the particle, the coefficient of friction, and the
initial absolute velocity. Under proper starting conditions,
which are determined analytically, a particle in absolute
motion can be stationary, being at a point in the cylinder
at a certain distance from the lowest point in the angular
dimension along the course of the cylinder rotation. When
the cylinder is tilted at an angle B to the horizon, the parti-
cle begins to move in the axial direction, while the ampli-
tude of vibrations decreases. The angle of inclination of the
cylinder is important: at the angle B, which is smaller than
the friction angle, the movement stabilises, the oscillations
stop, and the particle moves in a straight line in the axial
direction with a constant speed; at an angle B greater than
or equal to the angle of friction, motion stabilisation does
not occur, the particle moves accelerated in the axial direc-
tion. The value of the angular velocity of rotation is of great
importance. When a certain value is reached, the particle
practically “sticks” regardless of the angle of inclination
of the cylinder. Experimental verification of data obtained
as a result of theoretical research can serve as the basis of
further research.
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Movement of a particle along an inclined cylinder rotating around its axis

TerssHa MukonaiBHa BosiHa, Bikrop MukosnaiioBuu HecBimoMmiH,
Awunpiit Bikroposuu HecBigomiu, BiTasniit Mukosnaiiosmuu baoka,
Ipuna IOpiiBHa I'puieHko

HarionanpHmit yHiBepcuTeT 6iopecypciB i MpupomoKOpUCTYBaHHS YKpainu,
03041, Byn. T'epoiB O6oponu, 15, M. Kuis, Ykpaina

MepeMilWeHHSa YaCTUHKM MO NOXMUIOMY LUUAiHAPY,
Lo 06epTaETbCA HaBKOJIO BIacHOI OcCi

AHoOTAaUif. 3arajbHOBIIOMO, 110 YACTUHU CiIbCHKOTOCIIOAAPChKMX MAIIMH YacTO MAlOTh IIiHAPUYHY dhopmy. Taky
dbopmy, HaTpUKIAL, Mae KOXKYX IMiAIOMHO-TPAHCIIOPTHUX MalllMH, B IKOMY 06epTaeTbCsl aKTUBHMI poboumit opras.
Kpim Toro, y 6apabaHHUX 3epHOCYLIApKaX Ta TPi€pax BUKOPUCTOBYETHCS MOXMUINI IVUTIHID, 1[0 06€pTaeThCsl HABKOJIO
BiacHoi oci. [Ipu IbOMY YaCTMHKM TEXHOJIOTIYHOTO MaTepiaay B3aEMOZIIOTh 3 06epTOBOIO MTOBEPXHET0, 110 MPU3BOAUTD
[0 iX KOB3aHHS$, XapaKTep SIKOTO 3aJeXNUTh Bifl BeIMUMHM KyTa HaXuily LWIiHApa. Y JaHOMY IOCIiIKeHHi MeTogaMu
IudepeH1iaabHOI reOMeTpii, BEKTOPHOI anrebpu, TeOpe TUYHOI MexaHiKM Ta YMCeNbHOT0 iHTerpyBaHHs AudepeHIialbHUX
PiBHSIHb PO3IISALAETHCS PYX YACTMHKM TI0 BHYTPIlIHiM MOBEpXHi MOXWJIOTO IVIiHIpA, [0 06epPTAEThCsl 3 TOCTITHOO
KyTOBOIO MIBU/IKICTIO HABKOJIO BJIACHOI Oci. I8l ckinamanHs audepeHialbHUX PiBHIHb PyXy BUKOPUCTAHO OCi HEPyXOMOi
CUCTEeMY KOOPIMHAT. BCTaHOBIIEHO, 110 HAJIEXKHI BUXiIHI yMOBH, IPU IKUX YACTUHKA 6ye HepyXOMOIO Ha MeBHiii BigcTaHi
BiJl HVOKHBOI TBipHOI I[MTiHApA B HaMpsIMi #10r0 06epTaHHs, MOXKYTh OYTY BU3HAUEHi aHATITUUHO. Y BUMAAKY PYXy IO
MOXMUJIOMY LMJIIHJPY YaCTMHKA PYXa€TbCs B TOMY UYMC/Ii B OCbOBOMY HalpsMi 3 OZHOYACHMM 3MEHILIEHHSIM aMIUITyIu
KonmBaHb. Kpim Toro, 3’1COBaHO, 1110 3HAYHY POJIb Ma€ KYT HaXWIy IWIiHApA. KO OCTaHHil MeHIle 3a KYT TepTs, TO
KOJIMBAHHSI IPUMUHSIIOTHCS, PyX YACTMHKY CTabiMi3y€eThCS TA BOHA 3MiICHIOE IPSIMOMiHITHMIT pyX 3i CTAIOI0 MIBUIKICTIO B
OCbOBOMY HaIpsIMi. SIKIO KyT HaXMUTy UMIiHApa Gibliie a60 JOPiBHIOE KYTY TEPTSI, TO UaCTUHKA PYXa€eThCs IPUCKOPEHO B
0CbOBOMY HampsiMi Ta ii pyx He cTabinisyeTbcs. Takok 3HAUHY POJIb MA€ BEJIMUMHA KYTOBOI MIBUAKOCTI 06epTaHHs. [TeBHa
il BeMIMUMHA MPOBOKYE «3aJIUIMaHHSI» YaCTUHKMY, SIKe He 3aJIeXKUTh Bif, KyTa Haxwiy uiaiHapa. OTpuMaHi aHamiTUUYHI
3JIEXKHOCTi MOSKYTh Oy TI BUKOPUCTAHI ITPY MPOEKTYBAHHI IMTIHIPUUYHMUX POOOUMX OPTaHiB CiTbCbKOTOCTIOAAPCHKUX MAIIMH

Knio4oBi cnoBa: moBepxHsi, 00epTaIbHII PyX, KOB3aHHS, KYTOBa IIBUAKICTD, fudepeHIliaabHi piBHIHHS, TPAEKTODIsI

Machinery & Energetics. Vol. 13, No. 2

<



