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ABSTRACT

The article describes the technological process of operation of the improved disc grating
apparatus aimed to grate seed of legume grasses and presents the results of analytical studies of its
performance.

PE3HOME

Y cmammi Hage@eHO onuc mexHOs02iYHo20 rfpoyecy pobomu yOOCKOHaIeHo20 OuUCKO8020
mepKo80O20 MpUCMPOK, rpu3HavYeHo2o Onsi eumupaHHs HaciHHa 6o0bosux mpae | pe3ynbmamu
aHanimuy4Hux docnidxeHb npodykmusHocmi tioeo pobomu

INTRODUCTION

Sustainable development of agricultural production in Ukraine is possible on the basis of further
modern mechanization of all production processes through the development and introduction of highly
efficient technologies of crop harvesting, including perennial legume grasses (Grynyk I. et al, 2014).

Sharp decrease of livestock population in Ukraine in recent years has led to the decline of such industry as
seed production of perennial legume grasses (clover, alfalfa, sweet clover). Researches on the
development of technologies and means of mechanization that would improve quality indicators of
machines aimed to harvest seed of perennial legume grasses practically have not been carried out in
recent years. Recently there has been observed a trend towards the intensification of production of animal
products, so there is a need to develop feed base of farms and to provide these farms with seed of such
crops as perennial legume grasses (clover, alfalfa, sweet clover) (Burkov A. et al, 2008).

Operational process of treatment or wiping of alfalfa seed from a pile that is threshed by the working bodies
of harvesting machines and then goes to the separating transporting and technological systems is one of
the most important and complex technological operations in the scope of the technological process of
operation of combine harvesters. Growth of the degree of seed wiping, reduction of seed damage and
losses are priority goals in terms of meeting agricultural and technical requirements for seed processing,
i.e. seed quality (Adamchuk V. and Bulgakov V., 2010).

The problem of improvement of the technological level of grating modules, which are assessed by
the seed quality indicators remains particularly relevant in terms of further development of stationary
threshing machines and combine harvesters in general.

There is a great variety of construction and layout schemes of the stationary threshing machines and
working bodies of grating devices. This is related to both harvesting technologies and agro-technical
requirements for quality indicators of grating legume grass seed (Antipin V. and Erk F., 2006; Burkov A., et
al, 2008). Since the development and application of the first technical devices and facilities for mechanical
harvesting of legume grasses an extensive experience in the establishment of relevant working bodies and
machines has been gained in the world practice. Agro-biological and mechanical properties of the grass
seeds have a great influence on working conditions of grating modules and regulate construction features
of working bodies for grating off legume grass seed (Grynyk I. et al, 2014).

Taking into account specific mechanical and technological properties of seed inside the pod and
world tendencies of harvesting legume grasses it can be concluded that the technological process of grass
seed grating should be performed by the working bodies of stationary machines according to the principle
of seed grating off from the pods (Burkov A. et al, 2008)
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Therefore, improvement of construction and layout schemes and working bodies of machines for
grating legume grass seed and substantiation of parameters of their working bodies should be carried out
taking into account specific properties of this process. This is particularly important and actual to provide
necessary quality indicators of work according to agro-technical requirements (Antipin V. and Erk F., 2006).

The objective of the study is to increase technological process indicators of harvesting of legume
grasses through the development and substantiation of working parameters of the discs grating device.

MATERIAL AND METHOD

In general, the object of research of the discs grating device (DGD) is a technological process of
treatment (wiping) of the prepared material (pile of alfalfa). The integral component of the technological
process of lucerne pile treatment is the study of changes of the technological parameters or changes of
DGD performance depending on the construction and technological parameters of its structural elements.
The subject of research is construction and kinematic parameters of the working bodies of DGD that
perform technological process of seed removal from alfalfa pile, and performance parameters.

Methodology of the theoretical research was based on the mathematical modelling of the
technological process of DGD operation in order to construct determinate mathematical models that
characterize basic technological parameters.

Development of modern advanced layout schemes and new constructions of working bodies of the
threshing-separating devices and their modules must be based on the international experience, taking into
account peculiarities of local agricultural, technical, economic, and environmental requirements.

Based on the analysis of the obtained quality indicators and technological indicators of harvesting
legume grasses we have proposed an improved design of DGD ATI1 (Tverdokhlib I. and Anelyak M., 2013;
Tverdokhlib I. et al, 2014)

Construction scheme of DGD is shown in Fig.1.

Grinding disc device DGD includes the body 6, where the tank is set 1, which has a loading mouth
feed 2 and loading opening 3. In the tank space pin activator is installed 4, which has boards 5. Activator is
fixed on top of the shaft 9, and on the lower part of the shaft moving grinding disc is fixed 8. In the body it is
set a fixed disk 7, which has a glass, the hole of which follows loading mouth feed. Glass is designed as a
hollow cylinder on the outside of which the threaded bushing is twirled. To the bottom surface of fixed disk
are the beaters, installed on the disk in the form of rays. Beaters are made from steel in the reef form which
has a notch. In the intervals between beaters concentric to the axis of the disc are placed ring lugs. At the
bottom of tank there is the output channel 10.
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Fig.1 — Constructional scheme DGD:
1 - tank; 2 — loading mouth feed; 3 loading hollow; 4 — activator; 5 — blade; 6 — body;
7, 8 — stationary and moving disc; 9 — driving shaft; 10 — output channel

RESULTS

In addition to the ability to grind seeds, grinding device is also characterized by operational and
technological criteria, including technological capacity. (Antipin V., Erk F., 2006) regulates the productivity
of grinding devices and, ultimately, productivity of harvesting machines, or the ability to handle pile
constituents without their ‘download' on working surfaces for minimizing damage and loss of seeds.

To sustain the rational constructive-kinematic parameters DGD that meet the technical data of the
machine, first is theoretical foundation of DGD band width or performance (Tverdokhlib 1., Spirin A. 2015)..
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The basis of the criterion foundation process work DGD is that the capacity of its working bodies
within interval t =1 C, or productivity must be equal or higher than the total of per second filing alfalfa pile
that comes to them from previous transport and technological systems of harvesting machines, so the
condition shall be fulfilled:

dQ, / dt>dW, /dt,or Q, =W, )

where: Q, — capacity (or productivity) accident DGD, kg/s;
W, —general pile loading seconds transferred to DGD, kg/s.

In order to formalize alfalfa pile processing by DGD and to further study of the parameters of its
working bodies, let’s consider the design scheme of the internal working space surround channel, shown in
Fig.2 and workflow of DGD.
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Fig.2 — Design scheme of the internal working space surround channel of DGD
1 - body; 2 — bushing; 3, 8 — stationary and moving disc; 4 — clip; 5 — beater; 6, 7 — ring lugs, 9 —shaft; 10 — blade; 11 — output channel
The internal volume of the working space of DGD is formed by adjacent - vertical position of
stationary 3 (Fig.2) and 8 movable discs placed in the body 1 with the clearance, the height of which is hd ,

with the outer diameter of the disk D, and moving Dp that installed on the shaft 9 rotating with angular
speed @, . In worktop of the stationary disk perpendicular and concentric to it is fixed holder 4, made in the
form of bushings, outer diameter of which is D, as mid — d, and are installed in form of rays- beaters 5

the number of which is K, , made in the form of rays (reefs) with the width b, , length L, and height h_,
which are enshrined to the hub. There are also on the working surface of the stationary disk in between
beaters concentric to the axis of the disc ring lugs 6, 7 of total number kv formed as a round rod; the

average diameter is from the centre of the disk at a distance of 0.5 D,, and 0.5D,,, .

For further analysis and description of the formalized process of wiping alfalfa seeds in the context of
the scheme we accept the following assumptions:
- the working space is a rectangle ABCD in section, that is why the working surfaces of the stationary

3 and the movable disks 8 are parallel to each other, so D, =D ;

- the cross section of beaters 5, which is fixed to the radial inner surface of the stationary disk is a
segment of a cylinder with equal height segment h_;

- diameter ring lugs 6, 7 which are concentric to the axis stationary disk and is the same d, as the
height of the sleeve 4 is cross-sectional height of 5 and beaters totals h. .

Pile with non - grind alfalfa seeds enters through the loading channel 2 the internal volume space of
the working channel of an DGD, where the centrifugal force shifts it from the centre axis of the movable disk
8 and from the axis centre of rotation of disc 3 fixed to their periphery. In the process of its motion in space

working channel the process of grinding alfalfa seeds takes place, and further processed alfalfa pile is
taken by blades 10 which direct it to the output channel 11, through which it leaves GDD.
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Productivity of DGD, Q, , according to (Bronstein I. and Semendyaev K., 2009; Gorbert Goldeteyn
et al, 2012) can be calculated by a common formula which determines the performance of machines of
continuous action.

Q. =F,p,0V,: F, =0252(D?—d?): ¢, =V, /V,: V, =0.252D°h, @)
where:
Fp — the working area of basic (moving) disk, m?;

p, — Bulk alfalfa pile density, kg/m?;
@, — Filling factor of internal working space formed by figure ABCD ;
V., —the average speed of the processed pile towards the periphery of the disc, m/s;
V, — the amount of space pile alfalfa working channel, m3;
V., — The total amount of space inside the working channel, m3;
V. — Diameter and height of the cylinder, m.
The maximum possible volume V, .. of alfalfa pile that fills the space of the working channel of an

DGD will consist of the difference of the total internal volume V of the working space of the channel and

the total volume ZVe of structural elements that are installed on the inner surface of the fixed disk and

which hold a certain amount volume, i.e.

kn ky
Vi =Vy =DV, =V, — (vw +D VDV Y, ] ©)
i=1 i=1

where:
Kn ky
V.. vaj , ZVki , V4 — accordingly, bushings volume, the total volume of the beaters ring inserts and
j=1 i=1
drive shaft volume, ms3.
This amounts corresponding figures that adopted the design elements found on the inner surface of

the real disk are determined by formulas

kﬂ
V, =025z, (D —d?); ;vbj —F,L k, =05r2[(ze, /180)—sina, |L k. @)
kV
SV, =SV, + 3V, 4.+ 3V, 1 Vg =025md0 Ny i= 1,2k, ©)
i=1
kV
DV, =V +V, + .4V -V koK, (6)
i=1

where:
D,, d, —outer and inner diameter of bushing, m;

h. — height of bushings, m;

F. — beaters cross-sectional area or segment, m?;

a,, — central angle, tightening beater chord, grade;

k, — total number of installed beaters, pcs.;

L,,
ZVlV , szv ZVN — the total volume of one of the ring insert, which is placed concentrically at a

I, —beat length and radius of the arc segment beat, m;

distance from the centre of the stationary disc is equal, respectively, to 0.5D,,, 0.5D,, ,..., 0.5 D,,, m3;

V., V, .Y,

. — respectively, the total volume of each 1 of ring insert, which is placed concentrically at a

distance from the centre of the stationary disc is equal, respectively, to 0.5 D,,, 0.5D,,,...,0.5 D,,, m3;
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Vk’n — the amount of each i ring insert, which is placed across the width bn of each set on a fixed disk

beater, m3.

On the other hand the difference between the constituent right side of equation (6) can be written in
the form V, =Vy =V, , V, =V, =V, , V, =V, =V, , where V, , V, ...V, - the amount of each
I ring insert, which is placed between two adjacent concentric beaters away from the centre of the real disk
is equal, respectively, to 0.5D,,, 0.5D,,,...,0.5D,,, m2.

Then the total volume of each | ring insert which is placed concentrically at a distance from the centre of
the real disk, which is equal to, respectively, 0.5 D,,, 0.5D,, ,...,0.5 D,, will be determined by the formula:

ZV1V=V1knkn: ZVZV =V, K ZVW =V, k,.aV;=0257°D,,d?; V, =0257°D,,d’; V; =025z°D,d} (7)

2vin

where: D,,, D,,,..., D,, —the diameter of the centre section of the centre ring of the torus, m;

d, — diameter of circular section torus, m.
Volume of each sector i ring insert, which is placed between two adjacent concentric beaters away
from the centre of the stationary disk is equal to, respectively, 0,5D,,, 0,5D,,,...,0,56D,, and angle

between the central part of i torus with (7) will be determined by the formula
2 2 0.
Vy, =0257°D,d’a,, 1 360°;

V,, =02572°D,,da,, /360°;
®

V, =0257°D,d’e;, /360°
where: a,., a,,...,Q;, — central angle that tights a chord of each sectorial i ring insert, which is placed at
a distance from the centre of stationary disk at 0.5D,,, 0.5D,,,...,0.5 D,,, rad.

Central angle that tights a chord of each sectorial share of | ring insert, which is placed at a distance

from the centre of the disc real is equal, respectively, to 0.5D,,, 0.5D,, ,...,0.5 D,, according to (Grynyk I.
et al, 2014) and is given by formula:

a,, = 2arcsin(a,, / D, ); a,, =2arcsin(a,, / D,,) ; «,, =2arcsin(a,, / D,)) )

where: a,,, a,,,..., &;, — a chord length of each sectorial share of i ring insert, which is placed between

two adjacent concentric beaters away from the centre of the real disk is equal, respectively, to 0.5D,,,

0.5D,,....,0.5D,, charged by corresponding central angle, &, &, ..., &;;, M.

[\

Fig. 3 - Scheme to determine the length of the chord:

1 - beater
To determine the length of the chord a,,, a,,,...,d;,, consider the composite scheme (Fig.3),

while:
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. b, 1 1
ey =2(R, +05b, /sin(e/2))-2-05b, / cos(ex/ 2)=D,, +?(Sin(a 12 woslal 2)) =ay (0
b b

a,, =D, +— 1t 1 a, =D, +— L - L
2o 2 sin@l2) cos(el2))s M Y 2 (sin(e/2) cos(a/2) (11)

Then, according to (9) and (10) we have

a,. =2arcsin 1+ b, ! - ! ;
o 2D,, | sin(z/k,) cos(z/k,))/

. 1 1
=2 1 - ;
o arcsm( "2 o (sin(;r/kn) cos(z/k, )B (12)

(SRS

. b 1 1
a;, =2arcsin 1+ ——| — -
{ 2D, [sm(;z/ k,) cos(z/ kn)B

Then, substituting the values (12) to (9), and subsequently (9) (8) and according to (7), we obtain
the formula for determining the total volume of each i ring insert, which is placed between two adjacent

beaters and between beater central angle «,,, &, ,..., &, , a sector of a torus of i

ic?

. b 1 1
V,, =057°D,,d}k 1+ - 1360°;
2V =057 Dy, narcsm{ +2D1v(sin(;r/kn) cos(n/kn)B

) b, 1 1
V, =0572D, d%k_arcsin 1+—" - /360°; (13)
2Va =057 Da 0k, ( 2D2V(sin(7z/kn) cos(ﬁ/kn)D

>V, =057°D,,dzk, arcsin 1+ b, . ! - ! /360°
2D, \ sin(z/k,) cos(z/k,)

where:

ky
V., . sz , kai , V4, — bushings volume, the total volume of the beater inserts and ring volume drive
i=1

shaft ms.
Substituting the value of the total volume of each of i ring inserts with (13) in the first equation (5) we

obtain the formula for determining the total beater volume kn the total of which occupies the space of the
working channel of DGD:

D, arcsin 1+ b, ! - ! +
Y 2D, \sin(z/k,) cos(z/k,)

& 057°d2k, , b, 1 1 : (14)
DV, ==+ D, arcsin 1+ _ - +ot
=i 360 2D,, ( sin(z/k,) cos(z/k,)

. b 1 1
+D,, arcsin 1+ ——| — -
{ 2D,, (sm(ﬁ/ k,) cos(z/Kk, )H

The total volume ZVe of structural elements that take a certain amount of the total internal

volume V, of the working space bed according to (3), (4) and (14) will be determined by the formula:
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3V, =025, (DZ - dZ )+ 05 [(a, /180)—sing, JL k, +0,257d2h, +
. b 1 1
D 1 . -
v arcsm[ ’ 2D,, (sin(;z/ k,) cos(z/ kn)ﬂJr
05772k, T oy 1 1 (13)
——— 1+ D, arcsin 1+ - - +..+
360 2D,, \ sin(z/k,) cos(z/k,)

. b 1 1
+D,, arcsin 1+ ——| — -
{ 2D, (sm(ﬁ/ k,) cos(z/ kn)ﬂ

At maximum volumeV, . - alfalfa pile that fills the space of the working channel of the DGD

according to (3)—(5) and (14) is determined:

V, e = 0,252D%h, —0,2572 (DZ —d? )+ 051 [(er, /180)— smab]Lnkn+
D,, arcsin 1+ b, : L
2D, sin(z/k,) cos;:/k
057%d2k, [ b 1
+———— 1+ D, arcsin 1+ - +ot T+ (16)
360 2D,, | sin(z/k,) cos(;r/kn)
+ D, arcsin 1+ b, . ! — L
2D,, | sin(z/k,) cos(z/k,)
+0,257d2h,
_/:.:
A
/5{,&?4,’1
L 0 f
h, P '
z ) -
>
le'
|

Fig. 4 — Scheme for definition of central angle &, and radius [ :
1 - beater

To determine the central angle «,, tightening chord bn of beater 1 and radius I, we consider the

composite circuit shown in Fig. 4.

According to Fig.4 and identities that are given in [6] we have b, = 2,/2h.r, —h? =2, sin(e, / 2),
or b? =4(2h.r, —h?), sin(a/ 2)=b, / 2r, .

Where:

b h
r. =(b?/8h_)+05h : =2arcsin ——-¢ 17
b (n c) C ab [0,125bnz+h02j ( )

Maximum coefficient of filling ¢, .., the internal space of the working channel of the DGD according

to (2), (3) and (16), (17) is determined:
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h, (D2 - d?)+ i[(bf /8h, )+05h, | x
ya

| (rarcsinb,h, /180- (012507 +h, )—sin— " | k. +dzh, +
0125 +h;

D,, arcsin/ 1+ b, L - ! +
Y 2D, | sin(z/k,) cos(z/k,)

2
+7Zdnkn +D2Varcsin{1+ b, [ 1 1 H+...+

180° 2D,, | sin(z/k,) cos(z/k,)

- bn 1 1
+D,, arcsin 1+ - -
{ 2D, (sm(ﬂ/ k,) cos(z/ kn)ﬂ
D?h,

The average speed V., of pile processed towards the periphery of the movable and immovable discs

Pn.max = 1- (18)

will be determined:
V.=V, A, =05(de/ dt)DA, =05w,DA4,, (19)
where:
V., — the theoretical speed of the material, m/s;

A, — factor for the decline rate V,, relative to the theoretical average speed V_;
@ —rolling disk angle, grad.;

, —angular velocity of a moving disk, rad/s.

Thus, maximum productivity of DGD Q, .., according to (2), (18) and (19) is determined by
dependence:

Qn.max = ﬂ.a)n/’ivpv(Dz _dv2

2 2 2 2
{1— h, (D2 -d?2)+(40L,k, / 7)+d2h, +Qad2k, /180J 0)

8Dh,
Where:

S

Q=D,, arcsin 1+ D, e ’
2D, \ sin(z/k,) cos(z/k,)
NPT -
R b B
+D,, arCS|n|: + 2D2v [Sin(ﬂ'/ kn) COS(”/ kn )J:|+ i

. b 1 1
+D,, arcsin/ 1+ —" - -
{ 2D, (sm(n/ k,) cos(z/ kn)ﬂ

For practical use of the dependence (20), which is cumbersome, based on further analysis will hold
its simplification based on the following considerations.

Maximum meaning of filling factor ¢, .., the space working channel of DGD can be represented as

a product useful volume gpr'] and the working space entered factor ¢, for the volume that is occupied by the
structural elements installed on the inner surface of the stationary disc. This meaning is defined as the ratio

of the total amount Z:Ve of structural elements that are installed on the inner surface of the stationary disk

to the total internal volume V space of the working channel of DGD or:
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2
h(DZ —d2)+40L,k, / 7+d?h, + stnof" o

=SV, IV, = 21

0. =2 V.1V, 8Dh, e

Then, taking into account the factor ¢, , the actual meanings of filling ¢, .., the space of the

working channel of the DGD will be determined:

2
(pn.max = (Dr:.maxq)e = (gor’lmaxhc(Do2 _d02)+4®|-nkn /ﬂ+d\/2hd +%Qj/8th (22)
In this case, the maximum productivity of DGD Q,, .., according to (22) will be determined by
dependence:
Qn.max = 0'1257ZD(D2 - dv2 )pvgor:.maxgoeﬂv (:j_qtp =
2 23
h(DZ —d2)+4OLk, / 7 +d?h, + 7, K, 23)
=01252D(D? —d2 )p, @, 1 A 180° "~ dg
Vv v n.max®v 8th dt
2 2 2 '
or Q. -7 n,0(D° = d? 0,0 @ | (24)
' 120

where: n, —fixed speed rot/min.

The resultant dependence (24) characterizes the change in productivity of DGD depending on its
structural and kinematic parameters.

According to the dependence (24) constructed are image reproductions Q

5- Qpmax = f(D,n), Fig. 6a— Q, nax = f(n); Fig. 6b — Q, nax = f((or']).
Analysis of dependence Q, = f(D,n) (Fig. 5) shows that productivity of DGD varies approximately in

wmax as functional changes: Fig.

the range of 0.2 to 1.3 kg/s, depending on the meaning of the diameter D and rotational speed N, of

moving disc by linear variation of Q,, with increased productivity N, and unit growing D, which is also
characteristic for dependencies that are shown in Fig. 6.
Significant productivity growth Q, is observed in the meaning of movable disk diameter of D > 0.5

m, with a range of changes 400 <n, < 1000 rot/min for the moving diameter of D = 0.6 m, drive
productivity Q, increases by about 0.65...0.7 kg/s (Fig. 6a ) and a significant increase in productivity Q,,,
depending on changes in fill factor ¢r'] working space channel of GDD (about 0.2...0.25 kg/s) is the meaning
of ¢, > 0.5 (Fig. 6b).

06 07 08 09 | 1112
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L I — 5

N\ . U 07
\
5504 \
{
N\ %

D 04 045 0.5 0.55 06
J Diameter of moving disc, D, m

Frequency of disc rotation, a, rotimin

Fig.5 — Dependance of change Q, as functional: Q, .« = f(D,n)
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Fig.6 — Dependance of change Q, as functional: a- Q, ., = f(n); 6-Q, nax = f((pr',)

CONCLUSIONS

Thus, the developed analytical model of DGD productivity allows to theoretically support structural

and kinematic parameters and modes of grinding device.
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