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Mathematical model of a root harvef,e after=gleaning system

A mathematical model of root crops after-cleaning and their meve attern in a technological run for
loading into means of transportation has been presented. The i oth controlled and uncontrolled
factors on the efficient continuous transportation of root c een determined on the basis of the
above-mentioned model. The use of the suggested math
the most efficient design, kinematic and dynamic patan

conducting some experimental research on
heir possible adjustment according to the

Introduction
To provide the quality perfor of‘root crops harvesters, especially concerning sugar beets root crops
cleaning of soil and plants reina eeds some complex approach combining both theoretical and practical

investigation.

Quality mathemat;j
limits of design and ki
way we will save

al I of some processes of root crops after-cleaning resulted in the recommended
% parameters will enable to reduce the number of experiments significantly. In this
timegand costs to achieve the target goal.
in layout schemes of root crops harvesters are widely used. Theory of root crops
movements r similar products have been described in numerous scientific articles. The problems dealing
ighlighted namely in the papers [1-5].
age of the harvested crops during their simultaneous transportation and cleaning is also paid
fion to in the investigation. These issues have been presented in the papers [6-9].
e dynamic models of agricultural products transportation providing the quality of technological process
mance by necessary tools and their reliable operation have been described in the articles [10-14].
eover, minimum power consumption is also important in materials transportation and other technological
operations and this problem was discussed in the papers [15, 16].

The investigation results dealing with the sugar beets root crops after-cleaning by augers are given in the
articles [17-19].

The made analysis of the known research has proved that the problem of root crops quality cleaning in
machine harvesting has not been solved completely.

The purpose of the theoretical research is to find the most effective design, kinematic and dynamic parameters
of the auger taking the root crops aside to provide the quality cleaning of root crops.
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Material and method

Let’s consider the process of an auger-root crop interaction whilst its transportation (Fig. 1). As we have
seen in the paper [20], the case when the assumed central axis of a root crop is perpendicular to the belt motion
direction is the most unfavorable in terms of sugar beets passing through the clearance between the belt surface

1 and auger rotation surface 2.
X é

Figure 1. Augex (taking root crops aside)-root crop interaction pattern

ne projection OXZ, is overlapped with the auger rotational surface less
e thrown back with some turning and will be a little risen over the belt
fact, that during the interaction the root crop is acted by the moment whose
g through the beet’s center and the arm will be close to the beet crown radius

In case when a root cro
than the crown radius ya
surface. It can be expl:
regularized force wi
located on the

A case whe overlapping with the auger rotational surface is more than the crown radius value is
scarcely big and medium root crops as the most efficient structural and kinematic parameters of
augers, ar efl)for relatively small, standard root crops (crown diameter is 40 mm).

, oing some calculations, we’ll accept an option when normal reaction force of the auger to the
op will be passing through the central axis of the latter, and the contact will take place with the beet

o) while doing some calculations, we’ll make the following assumptions: a beet crown is of perfect semi-
sphere shape; longitudinal and lateral oscillations of the belt are neglected, its surface is considered to be
perfectly smooth; screw pitch and height, angle of ascent of auger screw line are the same along the whole
length; transporting conveyor linear velocity and angular velocity of auger rotation are constant.

We assume that a rot crop is travelling in horizontal plane on the transporting conveyor surface with the
velocity V;, and the auger, which is perpendicular to the motion direction, is rotating with angular velocity w
and is throwing the root beet aside and back. The root crop and auger contact is taking place when the center
of imaginary sphere circling the root crop coincides with the auger edge.
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Angle of ascent of screw surface on the given radius in the place of contact

T
A = arctg <—2 R)’
T

where T — auger pitch; R — radius of imaginary circle in auger-root crop contact point (R < R); Rs —
auger radius.

The angle between the horizontal line and the line connecting the centers of projections of the rogt crop
sphere and the auger axis is found by

, (L—Rr(l —sin)\)>
@ = arcsi R 5

where L — height of auger axis location over the transporting conveyor; R, — a root crop ra
Reaction N and friction force Fy, = N f are acting on a root crop from the auger’s side

coefficient).

Velocity V,. of a root crop takeoff consists of two parts — velocity Vi, which i
linear velocity of the auger contact point on the direction of vectors sum of
crop thrown back of the surface of stationary by convention auger due to i
taking into account throwback coefficient Ky, .

fhe projection of
V5 of the root

X1
Vector V/ = | W1 is found by the direction of the augey tant force
Z
F=N+
To find the vectors direction we use rotation matr out axis X and Y, respectively, on angles A and ¢
M= S A sin A |;
in\  cosA
cosp 0 —sing
0 1 0
sinp 0 cosy
Then the correspondent re found by rotation matrixes.
Vector of the auge a esistant force is equal to
0
F = M, M), N
Nf
eloc of auger-root crop contact point
B X 0
Vo= v |=m, o
Z wR
Modulus of throwing velocity
Vi = Vscosf3

where § — angle between vectors V}’ and ‘_/;, which is equal to the angle between vectors F and f/;, which is
found from the known condition of angle cosine between two vectors

XpXs+YpYs+ ZpZs
VXEAYE Y ZE /X2 + Y2+ 22

cos 8 =
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To find takeoff velocity vector Vi we find directing vector of force F of unit length

—

F

Nt

where vector modulus F is written in the denominator.
Then the vector value of takeoff speed V; is found as a product of unit directing vector i and modulus of

velocity value of contact point of auger and a root crop in its projection on this vector axis
0

X 1 -
- FwR; cos wR cos
Vi= Y1 = jlwRscos B = 2 b = 2 b MMy N .
7 N1+ f2 N1+ f2 Nf
Xo
A root crop velocity due to «mirror» reflection of the auger surface V, = Yo i i from the
Z
condition of equality of angles of descent and reflection and the coplanarity condi 0 vectors with
normal vector to the auger surface in the place of contact.
The coplanarity condition of the above-mentioned vectors are determined, by ed product equality

to zero (correspondent determinant)
Xo Yo Zp

Xy Yn Zn =)
Vi 0 0
nd byathe dependence

where normal vector to the auger surface in the contact point is
XN
Yy =M .
ZnN
d

n after some necessary transformations is written

The condition of equality of angles of desce
in the following way
Xo

_ Being thrown back of the auger s@itface taking into account the reflection coefficient the modulus of velocity
V5 is taking the following value
Vi = KyV, = \/ X2+ Y2 + Z2.

is found as vector sum of two velocities

Sum velocity of root _crop take
X, X1+ X,
Vi=l Yo | =Vi+Ve=| Y1+Y
Zr Zl + Z2
On t locity vector V, we calculate vertical a and horizontal ~ angles of takeoff and projected
t a gth Sy, of a root crop
Zy
a=arct§ | —m——— |;
VXZ+Y?

()
v = arctg v )

V2sin2a  (X24Y?2+ Z?%)sin2a

SL: =
9 9

A program of calculating velocities, takeoff angles and throw path length for different kinematic and
geometrical parameters of the system under consideration has been developed using the above-mentioned

formulae to analyze and improve the transport auger design.
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Results

Figures 2, 3, 4, 5 show the correspondent calculating curves of dependencies of vertical and horizontal angles
a and v of the root crop takeoff, root crop takeoff velocities V,. and range of throw Sr on the change of basic
design and physical parameters of transporting-separating system, namely: auger pitch T, angular velocity of
its rotation w, radius R, of the auger peripheral surface, linear velocity of the root crop transportation till its
contact with the auger rib V;, friction coefficient of a root crop on the auger surface f, beet crown radius R,
and the coefficient of its throwback of the auger edge Ky .

Analysis of curves shown on Figure 2 proves that radius value Ry of peripheral surface of the auger taking
root crops aside and its pitch T" are controlled dominant factors which influence the vertical angle @y0f the root
crop takeoff.

Other controlled factors, namely angular velocity of rotation of the auger taking root grops aside w and
linear velocity V; of the root crop transportation till the moment of its contact with the auger do not make
substantial impact on the vertical angle a of the root crop throw by the auger taking root cropstaside.

Here it should be noticed that uncontrolled factors, namely the beet crown radius R,. dnd frietiondcoefficient
of a root crop on the auger surface f make substantial impact on vertical angle « of the reet crop throw by the
auger taking root crops aside, their value increase results in increased value of anglé o

The coeflicient of root crop throw away of the auger rib Ky does not make {great’ impactyon the vertical
angle a.

Analyzing the curves shown on Figure 3, we can state that the dominamt €entrolled factors making impact
on horizontal angle v of a root crop takeoff are the auger pitch 7" and linean, velocity of horizontal transport
conveyor V;. Increased value T results in decreased value of angle %. Converselyjincreased linear velocity of the
root crop transportation V; causes the increased value of angle .

Negative sign at angle v means that a root crop is thrown away i opposite to the axis OX direction.

Compared to the previous factors, which in fact are char@eterized by linear dependencies of influence on
angle -, the angular velocity of rotation of the auger taking\roet, crops aside w, while speeding up from 10
to 25 rad/s, results in sharp increase of angle v absolute Walue but its further influence on the angle v can
be neglected. Increased value of peripheral surface raflius‘ef auger taking root crops aside Ry leads to a small
increase of angle v modulus.

As for the uncontrollable factors, it shouldgb@gsaidithat high soil humidity and as a result lower value of
friction coefficient f makes a great impact on angle yimmodulus increase. At the same time, the increased radius
of beet crown R, and the coefficient of itsdbeating off the auger edge Ky on the contrary results in decreased
modulus of angle 7.
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Figure 2. Dependencies of vertical angle « of root Figure 3. Dependencies of horizontal angle v of root

crop takeoff on parameters T, w, R,,V;, f, R, and Ky crop takeoff on parameters T, w, Ry, V¢, f, R, and Ky
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The analysis of curves (Fig. 4) describing the impact of different factors on the root crop takeoff speed V.
has proved that only increase of radius value of peripheral surface of the auger taking root crops aside R, and
angular velocity w of its rotation cause the increase of value V., while other factors do not make a substantial
impact on value V,. change.

Similar to the previous case, only angular velocity w of rotation of the auger taking root crops aside
(considerable impact) and its peripheral surface radius Ry have a significant influence on root crop range
of throw Sy, (Fig. 5).
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Figure 4. Dependencies of a root crop takeoff speed Figure 5. Dependencies of a root crop range of throw
V,. on parameters T, w, Rs, Vi, f, R, andfKy Sp, on parameters T, w, R, Vi, f, R, and Ky

Conclusions

On the basis of results analysis of eonducted theoretical investigation on root crops movement behavior after
their contact with the auger takingyroot creps aside it has been found out that increased auger pitch from 0.1
to 0.4 m causes decreased angleter (from 17° to 12°) and increased angle v (from —10° to —37°). At the same
time within the given range 'of auger pitch increase T both the velocity of root crop takeoff V, and, therefore,
the range of its throw Sgfisigettingfincreased. Root crops range of throw must be within the limits 0.2...0.6 m.
At S < 0.2 m root erops separation is not efficient due to little shaking effect after their interaction with
the belt. New confacts\withithe auger are also getting more possible which cause additional damage of the
root crops. At 87 > 0:6,m the root crops will be thrown towards shields and frames structures of the machine
hopper, and_thisalso results in their bigger damage. Thus, auger pitch T can’t be smaller than 0.15 m.

The biggerthe friction coefficient f is, the bigger the range of throw of a root crop is. Though the maximum
values,f \=40.8)...0.9 (use of special friction materials for an auger spiral rib making) do not cause the Sy,
increase foramere than 0.5 m.

Afbeet crown radius R, increase has caused its range of throw S increase, though small root crops
(Rn = 0.02...0.03 m) will be thrown not far from (up to 0.15 m).

Goefficient of throwback Ky change can be neglected regarding the range of throw of root crops
(S, =0.2...0.215 m).

Thus, the variable parameters are recommended to be chosen within certain boundaries: 7= 0.2...0.3 m;
w=18...30 rad/s;Rs = 0.15...0.25 m;V; = 1.2...1.3 m/s.
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P.B. T'eeko, .I".Tkauenko, }O.B. I'magpo, C.B.Cunmit, H.A. T'arnsok, O.H¥Epoxangx

Tyb6ipaik eciMaiKTepai XKWHAY MaITUHACHIH

Maxkasiaga TyGipJiiK JaKbLIIAP/IbI Ta3apTy YPHAICIHIH MATEMATUKAJIBIK, MOJIE @ bIH KO3FAJIBICHIH
i i Herizinzge, GakbI-
JIAHATBIH 2KoHe OaKbLIaHOANTHIH (aKTOPJIAPABIH, TYOIPJIiK JaKbLIIapIbl O3FAJIbICHIH CAIIAJIbI
KaMTaMacChI3 eTyre 9cepi aHbIKTAJIbI. ¥ ChIHBIIFAH MaTeMaTUKAJIBIK MOJIeJIb 11 Haiijanany Tybip KuHay Ma-
IMUHAJAPbl VIIH Ta3apTy *KyWeJIepiHiH THUIMAI *KYMBIC iCTeyJ aylblH KAUMATTBIK KargaiiaapbiHa
ColiKeC oJiapZbl PeTTey MYMKIHIIriMeH, SKCIEePUMEHTTIK 3epTTeyII prisreH Ke3ze KarKeTTi OHTAMIbI
JU3aiiH, KNHEMAaTHKAJBIK KoHe JTUHAMHUKAJBIK [TapaMeTpJIepi KapTyFa MYMKIiHJiK Gepesi.

Kiam ceadep: TyGIp/iK JaKbLIIaP bl KEHIHHEH €M/ Iey TTPOIIeC ATUKAJIBIK, MOJIE], TYOIPJIIK JaKbLI-
JAPIBIH KO3FAJIBICHI, KOJIIK KoHe 0oy Kyiteci, KyMbIC HBIH, KOHCTPYKTHUBTi, KWHEMATHKAJIBIK,
JKOHE JIMHAMUKAJIBIK [apaMeTpJiepi.

P.B. T'eBko, .. Tkauenxo, FO.B. ‘ QCI/IHI/II/I H.A. Tarmzok, O.H. Tpoxansx

MaremaTu4g MO/IeJIb CUCTE€MbI JOOUYNCTKH
yOopo4dHOiT MaITWHBI

IIpencrasnena maremar, ast €JIb IIPOIecca JOOYMCTKU KOPHEIIONOB U XapaKTepa UX JBUKeHUd
B TEXHOJIOTMYIECKOe DPYC LIIPY3KN B TPAHCIOPTHBIE cpeicTBa. Ha ocHoBe nanHON Momenu ObLIO
YCTaHOBJICHO BJINS] aK BJISIEMBIX, TaK U HeEyIpaBJseMbIX (baKTOPOB Ha KadeCTBEHHOe obeciie-
YeHue HelpepblB eMeIleHnsI KOPHeIIonoB. Vcnosib30BaHne IpejIoyKeHHO MaTeMaTHYeCKOil Mo-
JeId MO3BOJL DJIE ICKOMBIX OINTHUMAJIbHBIX KOHCTPYKTHUBHBIX, KMHEMATHUYECKUX U JUHAMUYE-

DOBEEHIH SKCIEPUMEHTAIbHBIX UCCIeI0BaHUM 718 9bdDeKTUBHON paboThl cucTEM

JIOOYNCTK POYHBIX MAIIIMH C BO3MOYKHOCTBHIO UX PErYJIMPOBAHUS B COOTBETCTBUU C IIPUPOJIHO-
KJII ¥ yCJIOBUSIMU YOOPKH.
W ble €A08a; MAaTEeMaTUIeCKasi MOJIEJIb MIPOIECCa JOOYUCTKU KOPHEIJIONOB, XapaKTep JIBUKEHUs KOP-
TILJT PaHCIOPTHO-CENApPUPYIONIAsl CUCTEMA, KOHCTPYKTHBHbBIE, KHHEMATHYECKNE U JJUHAMUYIECKHE T1a-

aMeTpbl pabOYNX OPraHOB.
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