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Abstract. The aim - to develop Maple-model of a particle on old rough drive in
polar coordinates.

Based on the proposed method of forming laws of motion of particles on rough
surfaces in the interior of coordinates projected on orts accompanying trihedron was
founded maple-model of a particle on the old disk. Due developed computer tools has
become possible to perform online research trajectory-kinematic characteristics of a
particle on the old disk. This enabled us to analyze the motion of particles in rough
old drive in polar coordinates.

Keywords: material particle surface is rough, sloping disk

Topicality. In scattering machines for fertilization by gravity particles coming
from the hopper cars on inclined planes, then falls on the rotating disc, where the
centrifugal force rises from it and provides free movement in the air before falling to
the surface of the field [ 1]. Understanding the patterns of movement of particles in
three dimensions allows purposefully to calculate structural and kinematic parameters
of operating these machines.

Analysis of recent research and publications. Analytical output law of motion
of particles on the rough surface is reduced to a compilation of differential equations
of 2nd order. Sequence analytical output of differential equations and methods of
solution is very time-consuming. [2]

Computer simulation of a particle on the surface allows to remove bulky
analytic transformation and interactively to provide for the necessary computational
experiments on the analysis of a particle at different baseline throwing it on any
rough surface. But the development of computer models of a particle on the surface
needs to address a number of theoretical and practical nature. First, is the
development of general algorithm for automatic withdrawal of differential equations

law of motion of particles on any surface that is randomly located in space; trajectory
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analysis, kinematic characteristics of a particle not only in time, but depending on the
position of the particles on the surface and the direction of its movement on the
surface; illustrate the results of research in the form of numerical data, graphics and
motion simulations particles on the surface [3].

The aim - to developMaple-model of a particle on old rough drive in polar
coordinates.

Materials and methods. A characteristic feature of the model of a particle on a
plane is a parametric setting it in a rectangular coordinate system. But there are other
systems parametric setting plane. Thus, the study of a particle on a plane that rotates
around the axis perpendicular to it, using a polar coordinate system default flat
compartment [1, 52]. Although the trajectory-kinematic characteristics of a particle
will not depend on the choice of the coordinate plane setting, but the kind of
analytical transformations formation law of motion of particles in a given inclined
plane in polar coordinates will vary.

The results of research. Write parametric equations old flat disk as:

R(u,v) = Rlvcos(u) cos(&), v sin(uw), —v sin(w) sin(&)], (1)
ne u € [0;2x], v € [0;1,] - independent curvilinear coordinates flat disk;
& - horizontal rotation angle of a flat disk around the axisOy.
The first quadratic formds=of flat diskR (w, 1) is:

ds? = vidu® + dv?, (2)
whereE, F, G - 1st coefficients quadratic forms under equal:
E=v3F=0G6=1. (3)

Since the ratio F = 0, then the flat disc (1) is orthogonal to u, v - coordinate line.
Substituting expressions u = u (t), v = v (t) desired trajectory of particles in the inner
u, v- coordinates the equation (3) flat disk R (u, v), where we get the particle
trajectory r (t) as:

r(t) = }’['[-‘(E') cos(u(f))cﬂs(f) , (1) sz'n(u(f))l —v(t) sz'n[u(f)) sa'n(r;“)]. 4)

Drive from the equation R (u, v) and trajectory r (t) particles to define it:
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vector tangent #(t)and trajectoryr(t):

_cos{f)(ﬁéTﬂf)coSCu(f))-T{fﬁﬁéuif)sinfu(f)))f
qt) ==r®=¢ v sin(u®)+ v Su®) cos(u(t)), (5)
sin(g) (1’(f)j—t'u(f) sin(u(®)) —<v(e) CGS(M(TJ))_

speedV (t)of particle:

v = 1701 v (£u) + (£v0)5 ®
\

curvature k (t) trajectory r (t) particles:

d d2 d 2
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Lt t2 dt t2

k(t) = . T ()
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normal vectorN (t)to the surface ofR(u, 17)along the trajectoryr(t):

N(t) = N[—v(t) sin(&),0, —v(t) cos(&)]; (8)

cosines of the angles ¢ and # between the respective vectorsn, N i G:
Ce(t) = cos(e) = cos(n,N) = 0, 9)
Cn(t) = cos(np) = cos(G,N) = cos(&). (10)

Analytical expressions normal vector n (t) the trajectory of a particle and its
acceleration w (t) is somewhat cumbersome, and therefore is not given.
Obtained above expressions can determine the centrifugal forceF, (t)and normal

reaction forceFyparticle along its trajectoryr(t):
Fe(D) =mV(©)” k(t) =

I?"‘|z_£1£'f’“ib'*|] +L""|Iib' lﬂ—u'*l—iu la—u'*' |+L'*|2|£1£'*|] |
LdT di? dt di? Neis

2

{ o fd . i d .-~' A
A F12 ) —qF = i
| PR g ] Tla ] |

(11)
Fy(t) =mg cos(e) + F. cos(n) = mg cos(§). (12)
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To generate the law of motion of the particles is necessary to determine the time

torts R, = u i R, = vlocal coordinate systemOuvN, which is adjacent to the u, v-
coordinate lines of a flat diskR (u, v7):

Rie - iR('LLJ’[-‘) =

R, [—1-‘(?)5i'n(u(f))cos({), v(t) cos(-u(t)), ’t-‘(f)sa’n(u{f))sa’n(f)]
, (13)
R, = j—b R(u,v) = RL[CGS[‘LL(?)) cos({)sin(u(f)), —cos[u(f)) sin(£)]; (14)
value of acceleration!V (t):
wit) =

=
| & - 2 =

| [ [;T v{t) :I_ —vlt) [:iu::r} )_)

. +4=u(®=v() [::{t} Ll +2u Lol + () Zu(s) )
(15)
cosines of the angles between the vector w (t) and vectorsR;, i R,
Clr‘r“l.{(f:l — CDS{W,R .!) — a_*l.!'f-|—1,;+|.:l1,|f—|a—1.!|+|’ (16)
d..zz.l"lﬂ -L_|-|'-|| aiulf-l ]
Cwr(t) = cos(w,R.,) = — ; (17)
cosines of the angles between the vector G[0,0, -1] and vectorsR;, i R;,
CGu(t) = CDS(G R; ) = — sm(u(f))sm(q) (18)
CGr(t) = CDS‘(G,RL) = cos(u(f)) sin(&); (19)
cosines of the angles between the vector 7 (t) and vectorsR,, i R;
Ctu(t) = cos(t,R.) = M T : (20)
_L'\tzlzl::%u'it:l. + l:.%u'itzl. )
J At / \dE ;
Ctv(t) = cos(T,R.) = - “_*wl (21)

N g -4 / d - -
lw(£)2 | Z7ult) ] + | it ]
_\: WAL A war g

Then the law of motion of particles in the projection of u and v orty local
coordinate system OuvN to rough flat disc R (u, v):

103



"Enepzemuka i agmomamuxa'’, Ne2, 2017 p.

;

mf vltd—ult)coslsg)

Ou:=m (2 iu(r) iu (t) + v(t) ;Tm(rj) = —mg sin(u(t)) sin(¢) —

ove= (409 - 00 (00 ) = m cos(u(9) sncp - L2

The initial terms of the solution of differential equations are:

0i = ;T“(U) _ Losinico] 5:']‘:':‘3":' ulty) = uo,ir({l) =V, cos(a,),v(t,) =1,, (23)

a

wheree, - the angle between the vector of initial velocity V,and the axisOz = v;
V, - initial velocityV' (t, )particles at the beginning t, = Oits movement;
u(t,) = u,,v(t,) = v,- inside u, v-coordinates of the position of the particle.
To generate lawprojected on orts T i P trihedron Darboux vector P OTPN
define a tangent vector product z(t) Ta nopmamni N(t):
P(t)=rt) X N(t) =
v(t) cos(¥) (i’t-‘(f) sz"n[u(f)) + v(t) ;—tu{f) cos(u{f))),

P|v(t) cos(¥) (i'{-‘(f) sz’-n(u(f)) + v(t) j—tu(f) cos(u(f))),
_ v(t) cos(é) (;—t'[-‘(f) sa'n(u(f)) + 't-‘(t)iu(f) cos(u(f)))_ |

(24)
Cosine anglesy, ¥ i @between vectorsP, n i Gis:
o sin(f) l:fv (£ %u'ﬁt ) sin{ult) ::'—%v'it:l cos|ul(t)) ]
Cy(t) = cos(P,G) = — L el -, (25)
lv(£)? l::aﬂf-tu':tzl + l:ia%uftzl
Cy(t) = cos(ﬁn) = —1, (25)
— sin(f) l: v ':t:laﬂf-‘_lﬂ (£) sin(u(e))- L%v'it ) cos(ult)) ]
Co(t) = cos(G,7) = — i : (26)

=,f‘2'i"] 'i,“]
i)l —ulf) | + 7wt
_l': WAL A WAL J

Then the law of motion of particles in a disk inclined rough projections on orty
T and P trihedron Darboux OTPN:
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oT II 2l f ey Eoen (e oy f & HI"""l
" = a1 vl )= — ulf)—ulE) + — 12l f — it = it — il F =
i m WL UL o WAL L ERLRTS gL A
\ dr gt ir | drl \de 2o
Foeay € pon PP R R AT - fd s
mg | coslult) ) —vit) —sinlf) | v{t) sinfult) ) —ult) | +mf cos(E) vt} 2| —ult) | + | —vit)
\ /.(27)
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| G W el o el o il ) Gl Wy L= Wl for
(£ < (£} (a1} (£) g i+ Carl#1Y
L mg sinlE) | —vlt) sinlult) ) + vit) —ult) coslult))

To solve this system of differential equations can only be approximated.

Figure constructed trajectory r (t) particles on the rough drive for different
values of the angle of throwinge, = 0°,30%60%90°% if the initial velocity is
V,=4m/s, the friction coefficientf = 0.3, starting positionu, = 7,
v, = 2and¢ = 30"angle of inclination of the disk to plane OxyNone of the particles
on the disk stops becausef = 0.3 < tan(¢ = 30%).Rectilinear trajectory of particles
thrown at an anglec;, = 0°(up from the center of the disc), will go through it - the
point O. If the initial position of the particle to the horizontal drive generators-
u, =m, v, = 2, then the trajectory of the initial conditions the particles will already
be on the other side of the disc diameter (Figure, b). The trajectories of particles
thrown in one directiona, = 1207, but  with different initial

velocityV, = 2,4,6,8 m/s, shown in Figure c.

Figure. Trajectoryr(t)particles on the rough drive according to:

a) throwing angle &, and the initial position u, = m; b) throwing anglec,iand

the initial positionit, = 1.5m; ¢) the initial velocityV,.
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Conclusions
For the same initial conditions throwing particles, particle trajectories built on
rough disk is congruent to the trajectories of particles on rough inclined plane. At the

same time, the coordinate position trajectory lines of flat sections vary considerably.

List of references

1. Anamuyk B.B. Teopuss 1neHTpoOexHBIX pabOuuMX OPraHOB MalluH Jis
BHECEHUS] MUHEPAJIBHBIX ynoOpeHuil: MmoHorpagust / B.B. Anamuyk. - K.: Arpapna
Hayka, 2010. - 178 c.

2. [Twmmnaka C. ®. Maple-monens pyxy 4acTHHKM TO HIOPCTKi BHYTPINIHIN
noBepXHI  BepTukanbHOro wwiHapa/ C.O®. [lununaka, A.B. HecBimomin //
['eomeTpuyne Ta KOoMIT 10TepHE MoAemoBaHHA. — XapkiB: XAYXT, 2011. —Bun.28. —
C.19-24.

3. Hecimomin A.B. MopenioBanHa pyxy YaCTHHKH MO HIOPCTKIA BHYTPIIIHIH
NOBEPXHI TOPU30HTAJIBHOIO LWIIHJpA B MPOEKIIAX HA OPTU JIOKAIbHUX CHUCTEM

koopnuHat / A.B. HecBimomin // T'eomeTpuuHe Ta KOMIT'IOTEPHE MOJEIIOBAHHS.—
Xapki: XJAVXT, 2011. -Bun.29. — C.23-29.

References

1. Adamchuk, V.V.(2010). Teoriya tsentrobezhnykh rabochikh organov mashin
dlya vneseniya mineral’nykh udobreniy: monografiya [Theory of centrifugal working
organs of machines for applying mineral fertilizers]. Kyiv: Agrarna nauka, 178.

2. Pylypaka, C. F., Nesvidomin, A. V. (2011). Maple-model rukhu chastynky po
shorstkii vnutrishnii poverkhni vertykalnoho tsylindra [Maple-model of a particle on
the rough inner surface of the vertical cylinder]. Heometrychne ta komp’iuterne
modeliuvannia. Kharkiv: KhDUKhT, 28, 19-24.

3. Nesvidomin, A. V. (2011). Modeliuvannia rukhu chastynky po shorstkii
vnutrishnii poverkhni horyzontalnoho tsylindra v proektsiiakh na orty lokalnykh
system koordynat [Modeling of rough particles on the inner surface of the horizontal
cylinder projections on orty local coordinate systems]. Heometrychne ta
komp’iuterne modeliuvannia. Kharkiv: KhDUKhT, 29, 23-29.

KOMIT'FOTEPHA MOJEJIb PYXY YACTHUHKMU 110 ITIOXUJIOMY
HIOPCTKOMY JIUCKY
A. B. Hecgioomin

AHoTaniss. Mema oOocniddicennss - popooka Maple-mooeni pyxy uacmunku no
HOXUTIOMY UWOPCIMKOMY OUCKY 8 NOJAPHIU cUcmemi KOOpOUHAm.

Ha ocnosi 3anpononosanoco cnocoby (hopmysants 3aKOHI8 PyXy YACMUHOK HO
WOPCMKUX NOBEPXHAX Y GHYMPIWHIX IX KoopouHamax y NpoeKyisx Ha opmu
CYNPOBOOICYIOUUX — MPUSPAHHUKIE  Oyla  3anponoHosana maple-mooens — pyxy
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YACMUHKU NO  WOPCMKOMY OUCKY. 3a80aKu  po3poONieHOMY KOMN'IOMepHOMY
MOOENIOBAHHIO  CIMANO  MOJCTUBUM 8  THMEPAKMUBHOMY  DeXCUMi  BUKOHAMU
O00CNIOJNCEHHST MPAEKMOPHO-KIHEMAMUYHUX XAPAKMEPUCTNUK PYXY UYACMUHKU N0
wopcmkomy oucky. Lle oano moocaugicmos ananizyeamu pyx YacmuHOK no NOXUIOMY
ULOPCMKOMY OUCKY 8 NOJIAAPHUX KOOPOUHAMAX.

KiouoBi cioBa: mamepianvna uacmunka, wiopcmka noeepxHs, NOXUIUIL
OucK

KOMIIBIOTEPHASI MOJEJIb IBUKEHUS YACTUILBI 110
HAKJIOHHOMY HIEPOXOBATOM TUCKE
A. B. Hecéuoomun

Annoramusi. llenv uccnedosanus - paspabomka Maple-modenu Oeudicenus
yacmuyvl N0 HAKIOHHOMY ULepPOX08aAmomy OUCK)Y 8 HOJAPHOU cucmeme KOOPOUHAM.

Ha ocnose npeonoosicennoco cnocoba Gopmuposanus 3aK0HO8 OBUNCEHUS
yacmuy no wepoxo8amuvlx NOBEPXHOCMAX B0 GHYMPEHHUX UX KOOPOUHAMAX 8
NPOEKYUSX HA OPMblL CONPOBOANCOAIOUUX MPEXSPAHHUKOS OblLia npednodxcena maple-
MOOeb 0BUIICEHUS. YaACMUYbL NO Wepoxosamomy oucky. brazooaps paspabomannomy
KOMNbIOMEPHOMY MOOETUPOBAHUIO CIANO BO3MONCHBIM 68 UHMEPAKIMUBHOM DedCume
BLINOIHUMb ~ UCCIEO08AHUSL  MPAEKMOPHO-KUHEMAMUYECKUX — XAPAKMEPUCMUK
0BUICEHUsL  Yacmuybl N0  UEPOX08amomMy OUCKY. IOmo 0ano  803MONCHOCHb
AHATU3UPOBAMb  0BUIICEHUe Yacmuy NO HAKIOHHOMY UWepPOX08amomMy OUCK) 8
HONAPHBIX KOOPOUHATNAX.

KioueBble cJIOBa: MamepuanvHas 4acmuua, wepoxosamas No8ePXHOCMb,
HAKJIOHHBLI OUCK
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