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MAPLE-MODEL OF A PARTICLE MOVEMENT BY A
ROUGHNESS PLANE, WHICH MAKES SLIDING OSCILLATIONS
IN SPACE

Nesvidomin V., Babka V., Nesvidomin A.

Trajectory-kinematic properties of the motion of a particle along a
rough plane are presented, and translational oscillations are made along
the parabola at the vertical plane.

Key words: rough plane, vibrational displacement, particle motion,
trajectory, velocity.

Formulation of the problem. In many technological processes there
Is a motion of a particle on a rough plane, which in turn carries out a given
displacement in space. For example, in the cultivating machines of the
grain hopper there is a grains movement along a sloping rough plane that
performs forward oscillations in a vertical direction. The difficulty of
studying the motion of a particle in a moving rough plane depends on their
position, the diversity of the laws of motion of the plane, and the initial
conditions for the particle flutter in the plane. The solution to this problem
Is due to the development of a computer model that covers the various laws
of rough plane motion and provides an interactive research mode.

Analysis of recent research and publications. In the classical papers
[2, 3] the analytical foundations of the motion of a particle on the rough
surfaces of the working organs of the s.-g. cars Using the accompanying
triangular trajectory to describe the motion of a particle on a rough surface
Is disclosed in [4].

Formulating the goals of the article. To develop analytical and
software tools for the Maple [1] symbolic algebra environment, a computer
model for studying the motion of a particle on a rough plane, which carries
out certain forward translational vibrations in space.

Main part. The developed model of motion of a particle in a moving
rough plane consists of 3 blocks: 1) the task and analysis of initial
conditions; 2) formation of the law of motion; 3) visualization of the results
of the study.

There are three characteristic positions of the plane in three-
dimensional space - vertical, horizontal and inclined (Fig. 1). Parametric
equation of plane with axis Ox cartesian coordinate system Oxyz is:

R(u,v) = R[u, vcos(§),v sin(§)], 1)
where & —angle of inclination of the plane R(u, v) to the plane Oxz.
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Fig.1 Characteristic plane positions in three-dimensional space

Move the plane R(u,v) in space can occur under the most diverse
laws. We restrict the translational movement of the plane R(u, v), at which
any straight in the plane R(u, v) when it moves in space remains parallel to
itself. For all these cases, a portable trajectory H(u,v,t) the plane R(u, v)
in the Cartesian coordinate system Oxyz is the sum of the coordinate vector
of the point of the plane R(u,v) and vector-functions of parallel transfer

M[x(t),y(t), z(D)]:
H[x(u,v,t),y(u,v,t),z(u,v,t)] = Rlu, vcos(&), vsin(é)] +

M(x(t), y (1), z(D)], )
Where t = [0;t,] — time (independent parameter);
M[x(t),y(t),z(t)] — guiding the curve in the coordinate system

Oxyz.
The vector equation of motion of a particle in a rough plane, which
performs translational displacements in space, has the form:

mw=mgG-—f (i@ cos(N/,\G) + F, cos(N/,\n)) T, (3)

where m — particle mass;
w - vector of absolute acceleration of a particle;

Vp
T, = m unit vector relative particle velocity;
p

N - the vector is normal along the trajectory in the relative motion of
the particle;
= [0,0,—1] - unit gravity vector;

F, = mg - gravity, g = 9,81 m/c?,

F. = mV?k - centrifugal force, where V - absolute particle velocity,
and k - curve of the absolute particle trajectory.

In the projections on the Orty u = R;, and v = R;, triangular OuvN
vector equation of motion of a particle in the function of the time parameter
t will look like (4):

{Ou = chos(R
Ov = chos(R

cos(R G) fFNcos(R )

cos(R G) fFNcos(R ) @

w) =F,
w) = I
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The above analytical support forms the basis of the developed
application to the system of computer algebra Maple [1] studying the
motion of a particle on a rough plane R, which carries forward movements
by any direction M[x(t), y(t), z(t)]. In the Maple environment, the law of
motion of a particle (4) is automatically formed, the equations of which are
S0 cumbersome that they are not able to produce them here.

Example. Let the horizontal plane R[u,v, 0] performs reciprocating
displacements in a vertical plane in a parabolic form:

M(t) = [asin(vt +60), 0, bsin?(vt +06)], (5)
where do we get its mobile trajectory H[x(u, v, t), y(u, v, t), z(u, v, t)]:
H = R[u,v,0] + M[a sin(vt +60), 0, bsin?(vt+0)] =

H[u + asin(vt + 8),v, b sin®*(vt + 6)]. (6)

where v - angular velocity, rad / s;

@ - angle of the initial position of the plane, rad.

In Fig. 2, a five-point horizontal plane is constructed R, all points of
which move along the parabola (5). The plane begins to move from the
bottom point to the top in the direction of the axis Ox, and then returns.

Trajectory-kinematic properties of the abandoned particle in a
moving horizontal plane R depend on seven variables:

1. a,b — parameters of the shape of the points of the plane of the
trajectory R;

2. v, 8 —angular velocity of the plane R and its initial position;

3. 0,, V, —the angle of the throwing of the particle in the plane and its
initial velocity;

4. f — coefficient of external friction of a particle.

We will show the effect on the motion of a particle of only one
variable parameter - angular velocity v. In Fig. 2, b-f constructed absolute
r(t), relative p(t) trajectory, graphs of absolute V(¢) and relative V,(¢) its
speed and normal reaction Fy(t) depending on the angle ¢, =
—90°, —45°,0°,45° casting of a particle, coefficient of friction f = 0.3,
initial speed V, = 6m/c, parameters a = 2, b = 1m and angular velocity v =
1c™'. You can see the relative graph V,(t) speed (Fig. 2, e) that all
particles stop. The very first through t ~ 1.3c¢ stop the particle that was
thrown in the opposite direction («, = —90°) plane movement.
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Fig.2 Absolute r(t), relative p(t) trajectory, graphs of absolute V(t),
relative V, (t) speed, normal reaction Fy (t) particle atv = 1

We increase the angular velocity of the plane to the value v =2 ¢!
(Fig.3). The particles are thrown at an angle «, = —45°,0°,45° never stop in
the oscillatory plane. At t > 6c¢ graphs of absolute V(t) and relative V,(t) the
velocities of the particles zigzag-like coincide (Fig. 3, d, €), which means the
transition to stationary mode. Relative trajectories p(t) for such a regime
there are straight lines (Fig. 3, b), which are parallel to the direction of the
parabola (5). Absolute trajectories r(t) after the transition process, there
will be flat curve lines that are also parallel to the plane Oxz (Fig.3,a).
Graphs of normal reaction Fy (t) > 0 and centrifugal force F.(t) (Fig.3,d,c)
is a congruent curve. According to these graphs it can be argued that the
smallest particle reaction is at the highest point of the trajectory - it is there
that the particle can break away from the oscillatory plane. Note that only a
particle is thrown at an angle «, = —90° stop in the plane after a period of
time t ~ 1.9¢ and there will be no more movement in the plane - its absolute
trajectory after the stop of the congruent parabola (5).

Increase the angular velocity to the value v = 2.2 ¢~ * will lead to the
separation of all particles from the plane in a period of time t ~ 0.7c.
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Fig. 3 Trajectory-kinematic properties of the abandoned particle at v = 2

Conclusions. The given example of studying the motion of a particle

on a rough horizontal plane, which performs vibrational displacements in a
parabola, reveals the multifactorial nature of the process, which without the
development of similar applications to systems of computer mathematics to
perform a complete study is not possible. One of the possible laws of
motion of a rough horizontal plane, all of which in a vibrational motion
describing a parabola in a vertical plane, is disclosed. The regularities of
the motion of a particle in a plane, depending on the magnitude of its
angular velocity, are found, namely, when the particles stop in the plane, or
they will constantly move in it, or they will break away from it.
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MAPLE-MOZAEJIb ABUXKEHUSA YACTHULbI 11O
IMEPEXOBATOM INIOCKOCTH, KOTOPASI COBEPIIIAET
HOCTYHATEJBHBIE KOJTEBAHUS B ITIPOCTPAHCTBE

HecBunomun B.H., badbka B.H., HecBumomun A.B.

Paspadomana maple-mooenv uccnedosanusn osusrcenus wacmuyvl
no uiepoxoeamoiui naockocmu, Komopas ocywiecmennem
nocmynamenpHble Koiebanus. Ilpuseoenwi mpaeKmopHo-
KuHemamuyeckue ceoicmea O8UMNCEHUA YACMUUbL O 20PU30OHMATbHOU
uiepoxoeamoii NI1OCKOCMU, KOmopas ocyuiecmeisiem nocmynameibHole
Ko1e0anus 6 6epmMuKaiIbHoil NI10CKOCmMU no napaodoJe.

Kntouesvie cnosa: wepoxosamas niaockocme, KonedamenbHoe
nepemeujenue, 08U ceHue YACMUYbl, MPAEKMOPUs, CKOPOCHb.

MAPLE-MOJEJIb PYXY YACTUHKH 11O MOPCTKIN
IIJIOIIHUHI, AKA 3JIMCHIOE ITIOCTYITIAJIBHI KOJIMBAHHS B
IMPOCTOPI

Hecinomin B.M., badka B.M., HecBigomin A.B.

Pospooneno maple—-moodensv oOocnioxycennn pyxy uacmunku no
wopcmkiil n10wWuHI, AKa 30ilCHIOE hocmynaibHi Koaueanusa. Haeeoeno
MpPACKMOPHO-KIHEMAMUYHI  61ACMUBOCE  pYXy  YACHMUHKU Y
20PDU3OHMANBbHIN NAOWUHI, WO KOIUBAEMbLCA NO hapaooni y
6epMUKAIbHII NOWUHIL,

Knrouogi cnhoea: wiopcmka naowyuna, KoaueaivHe nepemiuieHus,
PYX uacmunku, oughepenuianbHi piGHAHHA, MPAECKMOPIA, WIEUOKICHb.



