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GEOMETRIC CLAMPING PLATE DIMENSIONS OF THE IMPROVED OF GRAIN
SEEDER COULTER SZ-3,6

ANNOTATION

The article notes that the improvement of operating tools of sowing machines is a solution to
one of the many tasks of increasing crop yields. It is also noted that a two-disc coulter and its inherent
advantages and disadvantages have been widely used on sowing machines, and the final sowing
operation is considered the most important for seeds, since it creates conditions for their germination
and further development.

Significant factors affecting the germination and development of plants after sowing with
seeders equipped with disc coulters are given, one of which is the tight contact of seeds with the
bottom groove with a loose surface layer.

The scheme for improving a two-disc coulter with pressure plate installed in the inter-disc space
is proposed, and the details of the coulters are maximally unified with the coulters of grain seeders of
the type SZ-3.6, mass-produced by domestic manufacturers. The pressure plate, moving together with
the coulter, crushes small soil lumps with the inclined part and pushes the seeds into the bottom
groove with a horizontal shank, ensuring their tight contact with the soil. A method for determining
the main geometric parameters of the pressure plate depending on external forces acting from the soil
is proposed, the dependence of the characteristics of the cross-section of the plate on the geometric
dimension is given.

Key words: two - disc coulter, pressure plate, cross section, moment of inertia, moment of
resistance

Introduction. The improvement of operating tools of sowing machines and technological
processes is a solution to one of the many tasks of increasing crop yields [1, 2, 3]. Sowing is one of the
important and responsible operations in the cultivation of agricultural crops. Sowing of agricultural
crops is carried out by special machines — the seeding [1, 2, 3, 4 p. 68-71].

For seeding have a set of similar operating device designed to perform certain functions, the
main of them are: a grain box, a seeding apparatus, seed ducts, sealing operating devices — coulters
and corkscrews.
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The final operation of sowing is the formation of a groove, laying seeds in the groove, closing
them from above with loose soil. It is the final operation that is considered the most important for
seeds; it creates favorable conditions for their germination, further development of plants and
obtaining a high yield.

Based on the available types of coulter designs, many different sealing of operating tools and
seed sealing technologies have been developed and investigated.

At sowing machines, the two-disc coulter was widely used, which is installed on seeders SZ-
5,4, SZ-3,6 and their modifications, as well as sowing complexes of foreign manufacturers: 5100
(«Case International», USA); 8000 («John Deer», USA); End Wheel («Great Plains», USA); TC-4
(«Hestair», UK); 40 DJ 150 («Ross», Czech Republic) and others [1].

It should be noted the advantages and disadvantages inherent in the two-disc coulter: ability to
work on soils clogged with plant residues and its main advantage, and the disadvantage of uneven
sealing seeds in depth, etc. and the fact that this coulter does not seal the bottom groove [1, 2, 5-12].

Many researchers cite the following reasons for the uneven embedding of seed material into the
soil with two-disc coulter: the capture of seeds by rotating discs with their ejection outside the coulter
into the upper layers of the soil; the capture of seed material by the soil discarded by coulters; the
shedding of groove, as a result of which the seeds reflected from the bottom groove fall into the upper
layers of the soil. The small supporting surface of the two-disc coulter does not provide sufficient
sealing of the bottom of the groove.

In order to ensure soil compaction in the furrow, many seeders are equipped with rolling of
rollers, which are installed behind the coulters. After soil is rolled over seed material, the furrow is
heavily compacted, which increases the intensity of moisture evaporation from such soil, and the seed
material is not provided with sufficient oxygen. A number of researchers have identified these
circumstances [1, 2, 5-12].

In this regard, to ensure an increase in crop yields and the effectiveness of the use of two-disc
coulter is an urgent task. The simplest and most effective is the equipping of coulters with spring
elastic elements that ensure the contact of the sown seeds with the soil and the uniformity of their
location in the groove depth.

Based on the analysis of existing technologies for embedding seeds in the soil, means of
mechanization of sowing, patent funds, technological process of sowing is proposed, which includes
the formation of groove in the soil with a compacted bottom with simultaneous laying and pressing of
seed material into the bottom of the groove, as well as the closure of seed material from above with
loose soil.

For implementation of the proposed technology, we have developed the sealing of operating
tools — coulters (patents of the Republic of Kazakhstan Ne 30296, Ne 30401 and RF Ne 2435356 [13-
15]). Details of the coulters are maximally unified with the coulters of grain seeders of the type SZ-
3,6, the mass-produced by domestic manufacturers [1, 13-21].

Materials and methods of research. In the design of the improved disc coulter [1, 13-15], the
pressure plate is provided, which ensures the formation of denser seedbed. It is located between disks
1 (figure 1) behind the seed guide and compresses the seedbed with simultaneous pressing of seeds
into the bottom of groove. At the same time, the density of the upper loose soil layer does not change.
Combining of the groove bottom causes an influx of moisture and nutrients to the seeds and increases
their germination. The loose top layer above the seeds in the groove does not allow moisture to
evaporate, and provides air flow to the seeds, which gives beneficial effect on their germination.

The pressure plate is installed in the inter-disk space with possibility of elastic deformation
under the resistance of soil lumps force action to destruction and does not interfere with the rotation of
the disks. The width b of the working part of the plate in contact with the soil deforming it is
determined in accordance with design parameters of the coulter: radius R or diameter D, angle
between disks y and angle o, determining the location of vanishing point disks (picture 1).

The pressure plate is made of main spring-spring steel 65G according to GOST 14959-79,
characterized by increased wear resistance and relatively low cost. According to [1, 13-15], it is made
concave in the form of beam equal resistance, the upper part is attached to the parallel seed guide with
forward tilt. The inclined section — deformer 3 (figure 1) — pressure plate 2 is equipped with
horizontal shank 4.

So that the pressure plate slides down to the groove bottom, excluding the unloading of soil in
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front of it, and push the seeds into the soil with horizontal shank, ensuring uniform distribution of
seeds in depth and compacted environment around them, angle of inclination of the deformer v
relative to the bottom groove should be less than the angle of friction ¢ soil about the material of
pressure plate, i.e. y < o.

The geometric shape of the pressure plate determines its location on the coulter. The width of
the elements of pressure plate depends on the place of its attachment and the width of groove formed
by the coulter during operation. In the serial coulter, wipers are installed at the attachment point of
pressure plate to prevent soil sticking. The width of the upper part of pressure plate — handle— b,.

The width of the groove b formed by two-disc coulter with the angle of the disks vy, in the lowest
part — point 4 (figure 1).

Figure 1 — Diagram of the disc coulter with pressure plate:
1 —discs, 2 — pressure plate, 3 — deformer, 4 — shank

b=2R(1—0030c)sin% @

where R - radius of the disks; o -the angle determining and location of the point B, the descent of
disks; y -the angle between disks. Taking into account the gaps 45 between coulter part and discs

b= 2R(1—c03a)sin%+Ab

The dimension b determines the width of a shank 4 of the pressure plate (figure 1).
The distance between the discs b; at the level of pressure plate output from the dimensions of
the discs - at point C

b, = 2R[1—cos(a+B)]-sin% 0

The greatest distance between the disks b at the level of the field surface at the stroke depth is
equal to a
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b, =2R[1—cos(oc+8)]-sin% )

where

R—a
O = arccos—— (4)
R

For creation of compacted seedbed at the seeding depth with the density of the soil skeleton of
the furrow bottom p, the pressure p and the angle of external friction of steel and soil ¢ > y are
necessary. Length | of the straight inclined section of the pressure plate— deformer — depends on the
values of the angles 3 and y and the depth a”

!

a
sin

()

Results of the study. For determining the geometric parameters of the plate from the strength
conditions, it is necessary to conduct a force analysis. The pressure plate is a cantilevered curved beam
loaded with forces: F, — resistance of the loosened soil layer to deformation by inclined element of the
pressure plate (figure 2, a), F., — friction of the inclined part on the deformable layer, F. — resistance
to the indentation of seeds and soil mass around seeds at the bottom of furrow with horizontal shank,
F.x — friction of shank on the soil. At the point of 4 fastening the pressure plate, the reaction R, and the
reactive moment m, are applied. The forces acting on the plate in the dangerous section of beam
cause compression stresses 6. and bending o,. The compression stress in the dangerous section of
plate is relatively small in comparison with the bending stress. In this regard, the prevailing bending
stress from the action of total bending moment to external forces acting on the elements of the plate is
determined.

If you take that the resistance to crumpling of soil lumps by inclined part of the plate is
proportional to the amount of deformation, then the plot of normal soil pressures on the plate deformer
will have the shape of a triangle (figure 2, b). The maximum value of soil pressure p at the point K of
the transition of inclined part to the shank

p=qa’,

where g — the volumetric crumpling coefficient of soil (proportionality coefficient), H/mm, a” — the
thickness of soil layer crushed by inclined part of the plate,mm.
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Figure 2 — Forces acting on the pressure plate:
a — general scheme of forces, b — soil pressure plate
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The cross section of pressure plate in the upper concave part — the attachment point — the form
of a circular ring sector with radius: r — circumscribed circle (figure 3), r1 — the inscribed circle, the
central angle a and the coordinates x and y center of gravity O.

Y

7 | v

Figure 3 — Calculation scheme for determining the moment of inertia of the plate section pressure: vo
— the distance from the center of circumscribed and inscribed circles to the center of gravity; u — the
circumscribed and inscribed circles center

Distance vo from the center of circumscribed and inscribed circles to the center of gravity [1],
mm.

4r® —r’180° . «
— i

Vy = n— (6)
° 3 —rlna® 2
The moment of inertia to the center circles, mm?.
r‘-r'( a° .
J, = yis +sina %)
8 180°
The moment of inertia to the relational axis x, mm®*.
. 2
J.=J,—AV? ®)
where A- cross-section area, mm?.
The moment of resistance to the relational axis x, mm3.
J
W, = [—=— (9)
r—v

0

The required moment of resistance Wy is determined by the values of the bending moment M,
and the allowable bending stress [c]
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For a pressure plate made of the same thickness along the entire length, the dependences of the
moment of resistance of the dangerous section to bending from the radius r (figure 4, a) and the
thickness 6 (figure 4, b) are determined.
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Figure 4 — Dependence of the plate section modulus on geometric parameters:
a — radius of curvature r, b — thickness &

Conclusion. The presented expressions and dependencies will allow to determine the geometric
parameters of the pressure plate installed in the interstitial space of the most common coulters of grain
seeders with dimensions: D = 350 mm, oo = 50 - 60 °, y = 10 - 12 °.
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TYHUIH

Makajiafia Cenkilm MalIMHAIAPBIHBIH KYMBIC OpraHJapblH JKETUIAIPY aybUIIIAPYallbLIbIK
JIAKbUTaPbIHBIH OHIMAUTITIH apTTHIPYABIH KONITEreH MIHACTTEPiHIH Oipi O0JIBIN TaOBLIATHIH LI aTall
otingi. CoHfaii-ak, CenKim MalinHaJapblHAa €Ki TUCKI CIHIPTill KeHiHeH KOJTaHATBHIHIBIFBI KOHE
OFaH TOH apTHIKIIBUIBIKTAP MEH KEMIITIKTEp aTam OTiifl, all COHFbI ceOy Omepanusichl TYKbIMIAp
YIIiH €H MaHbI3/IbI OOJIBIN CaHajIaIbl, OUTKEeHI OYJI OJlap/IbIH KOKTEYl MEH OJIaH opi JaMybIHa *Karaai
’Kacampl.

Juckini ciHiprimTepMen >kaOIbpIKTaNFaH CENKIIITEPMEH CeOUIreHHeH KeWiH KeKTeyi MeH
JlaMybIHA 9cep €TeTiH MaHbI3IBI (pakTopiap KeNnTipiireH, onapasiH O0ipi opmbuiiak 6eTki KabaTsl 6ap
TYKBIMHBIH KapbIK TYOIMEH ThIFbI3 OaijIaHBICHI.

Exi pguckimi CiHIprimTi JUCK apaiblK KEHICTIKTE OPHATHUIFAH KBICKBIII IUIACTHHACBIMEH
KETUAIpY cyi0achkl YCBIHBUIFAH, aJl CiHIPTriUTiH OeNmeKkTepl OTaHIbIK OHIIpYLIUIEp CepUsIIBIK
mibiFapaThid C3-3,6 THOTI JI9H CENKIMTEPAiH CIHIprimTepiMeH MakCUMaibl yisiecimai. KbICKpII
TUTaCTHHA, CiHIprim neH Oipre Ko3raja OTBIPHII, Kej10ey OeiriMeH TONMBIPAKTHIH YCaK TYHIpIIiKTepiH
yCaKTalIbl XoHE KOJJIEHCH KYHPBIKIIACKIMEH TYKBIMIAPABl KapblK TYOiHE WTepil, OIapably
TOTBIPAKIICH THIFbI3 OalJaHBICBIH KaMTaMachl3 eTefi. TOmbIpaK >KarblHAH oCEp E€TETIH ChIPTKbI
KyIITepre OaiIaHbICThI KBICKBIII IJIACTHHACBIHBIH HETI3r I€OMETPUSIIBIK MapaMeTpiiepiH aHBIKTAy
omicTeMeci YCHIHBUIFaH, TUIACTUHAHBIH KOIJICHEH KHMACBHIHBIH CHIIATTaMaJlapbIHBIH T€OMETPHSIIBIK
eJIIIeMIEPre TOYCIIILIIrT KEeNTipiireH.
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PE3IOME

B cratbe oTMEUeHO, YTO COBEPIICHCTBOBAHHE PAOOYHMX OPTaHOB ITOCEBHBIX MAIHMH SBIISICTCS
pelIeHueM OJHOW U3 MHOTUX 3a/1a4 M0 MOBBILIEHUIO YPOKAWHOCTH CEIbCKOXO3SMCTBEHHBIX KYJIBTYD.
Takxe OTMEYEHO, YTO HA MOCEBHBIX MAallMHAX IIMPOKOE PAlpPOCTPAHEHHUE MOIYYUI B NPUMEHEHUU
JIBYXJIUCKOBBIM COIIHMK U MPUCYIIEMY K HEMY IPEUMYLIECTBAMU U HEAOCTATKAMH, a 3aKIOYUTENIbHAS
omeparys 1moceBa CYMTAaeTCs Hamboliee BaKHOM TSI CeMSH, TaKk KaK OHAa CO3Ma€T YCIIOBHS IS MX
MpOpacTaHus U JaJbHEUILIETO Pa3BUTHS.

IIpuBemensl 3HaUMMBIE (DAKTOPHI, BIUAIONINE HA MPOpacTaHHEe W Pa3BUTHE PACTCHHM ITOCIIE
MOCEBa CesJIKaMU O0OPYIOBAHHBIE NUCKOBBIMH COITHHUKAMH, OJHUM H3 KOTODPBIX SBISETCS TUTOTHBIHA
KOHTAKT CEMSIH C THOM OOPO3JIKH IPH PBHIXJIOM ITOBEPXHOCTHOM CJIOE.

IIpennoxeHa cxema yCOBEPIICHCTBOBAHMS ABYXIUCKOBOTO COIIHHMKA IMPWKUMHOW ITACTUHOM,
YCTaHOBJICHHOH B MEXIMCKOBOM IIPOCTPAHCTBE, & IETAIN COITHUKOB MAKCHUMAIFHO YHUDHUIIPOBAHBI
C COIIHMKaMHU 3€pHOBBIX cesuiok Ttuma C3-3,6, BBIMYCKAaEMBIX CEPUMHO OTEUECTBEHHBIMU
MpPOU3BOAUTENSAIMU. [IprKUMHAs MIIACTUHA, MEPEMENIAsiCh BMECTE C COUTHMKOM, HAKJIIOHHOW 4acTbIO
CMUHAET MEJIKHE MOYBEHHBIE KOMOYKH U TOPU30HTAIBHBIM XBOCTOBHKOM BIABIMBACT CEMEHA B JTHO
0opo3nku, obecrieunBas WX IUIOTHBIA KOHTaKT ¢ MOYBOW. [IpemioskeHa METOIUKA OIpPEICIICHUS
OCHOBHBIX T'€OMETPUUECKUX MapaMEeTPOB MPUKUMHOW IJIACTUHBI B 3aBUCUMOCTH OT BHELIHUX CHII,
JIEUCTBYIOLIUX CO CTOPOHBI MOYBBI, IPUBEICHBI 3aBUCUMOCTU XapaKTEPUCTUK MOMEPEYHOr0 CEUCHUS
IJIACTUHBI OT TEOMETPUUECKUX Pa3MEPOB.
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