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This article presents the results of theoretical and experimental studies on the sowing process of small-
seeded crops using a selective seeder equipped with an electromechanical sowing apparatus with adjustable
structural parameters. Particular attention is given to improving the uniformity of seed distribution in the flow,
which is critical in breeding seed production where accuracy and consistency of sowing directly affect the
quality of field research and the reliability of breeding outcomes.

The study employs a comprehensive approach that includes numerical modeling of seed flow in the
STAR-CCM+ software environment, analytical substantiation of the influence of the guiding surface
inclination angle g and divergence angle y on the throughput of the apparatus, as well as experimental
verification of the obtained data. As a result, second-order two-factor regression models were constructed to
assess the dependence of the variation coefficient of throughput capacity on changes in the structural
parameters of the sowing apparatus.

The proposed technical solutions reduce the coefficient of variation to minimal values, ensuring high
accuracy and uniformity of seed delivery into the sowing channels. This, in turn, improves early plant
development, reduces interplant competition, and enhances the efficiency of using breeding material. The
research findings have practical significance for improving the design of seeders intended for research and
breeding purposes and can be implemented in the operations of agricultural research institutions.

Additionally, the research identifies the optimal operating parameters of the electromechanical sowing
apparatus that ensure stable seed flow under varying vibration conditions and seed sizes typical for small-
seeded crops. The results of parametric optimization indicate that adjusting the rotor speed and the amplitude
of oscillation of the guiding surface allows maintaining a consistent seed trajectory and minimizing losses
during dosing. The implementation of the developed model in experimental prototypes demonstrated
improvement in the uniformity of seed distribution compared to conventional mechanical systems, confirming
the efficiency of the proposed design solutions for high-precision sowing technologies.

Key words: small-seeded crops, selective seeder, electromechanical sowing apparatus, seed
distribution uniformity, STAR-CCM+, structural parameters, regression model, coefficient of variation, even
distribution in the furrow, sowing accuracy.

Eq. 6. Fig. 6. Table. 3. Ref. 12.

1. Problem formulation

In modern breeding production of small-seeded crops, sowing accuracy plays a crucial role, especially
during variety trials and the initial stages of multiplication of new cultivars. The uniform placement of seeds
in the soil significantly influences the further development of plants, their competitiveness, and ultimately,
yield. One of the key components of a seeder that determines the quality of crop formation is the seed metering
device. Its design and operating principle largely affect the uniformity of dosing and seed delivery to the
furrow.

Sowing small-seeded crops presents a particular challenge due to the seeds’ low mass, tendency to
clump together, and inconsistency in shape and size. These factors complicate controlled dosing and uniform
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distribution. Electromechanical seeders, which are widely used in breeding practice and offer several
advantages, still often fail to ensure sufficient uniformity of sowing along the row. As a result, areas of both
excessive and insufficient plant density can occur within the rows, negatively affecting the objectivity of
breeding research outcomes.

The reasons for such unevenness are often associated with random processes that occur during seed
movement inside the metering device, especially at the stage when the seeds pass through the distributor.
Modern analytical methods describing seed movement mechanics typically require solving complex systems
of differential equations, which complicates their practical application. Therefore, numerical modeling
becomes a relevant and effective tool for studying and improving the processes of seed dosing and
transportation.

Thus, there is a need for scientific justification of the design parameters of the guiding elements within
the distributor of a breeding seeder's metering unit. These parameters must be analyzed in terms of their
influence on throughput capacity and the uniformity of small-seeded crop distribution. Improving this aspect
will contribute to enhanced sowing precision and, consequently, the quality of crop stands in the breeding
process.

2. Analysis of recent research and publications

Recently, there has been a significant increase in interest regarding the sowing process in the seed
production of small-seeded crops within breeding programs. This is due to the importance of obtaining high-
guality crops at the initial stages of research and the preliminary propagation of new varieties and hybrids of
small-seeded crops [4].

The seed metering device is one of the most critical working units of a seeder. It functions to select a
specific quantity of seeds from the total mass and to form an output seed flow with defined parameters [5].
Therefore, the advantages and disadvantages of seeders in terms of seed distribution quality along the row and
across the sown field are primarily determined by the performance of the seed metering devices.

Electromechanical seeders have become widely used for sowing small-seeded crops on variety testing
plots and in the preliminary propagation stages [8]. However, a key issue in their application is the insufficient
uniformity in seed distribution along the row, caused by random processes occurring during sowing. This
results in uneven crops — with clusters or sparse areas of plants in the row — ultimately leading to a decrease in
the yield of breeding-valuable small-seeded crops.

The sowing process for small-seeded crops using electromechanical metering devices involves dosing
and transporting the seeds to the seed tube [8]. In most designs, seeds are discharged into the hopper of the
metering device, where they form, from a mathematical perspective, a random packing. Then, using a shutter
through the resulting dosing openings, the seeds enter the distributor and are transported to the seed tube. Given
these considerations, the research was aimed at developing a model of the random packing of small-seeded
crop seeds within the hopper of a breeding seeder’s metering device.

Modern theoretical studies of the mechanical-technological processes of seed movement under the
influence of technical implement components rely on analytical methods. These methods lead to the
formulation of complex systems of differential equations with boundary and initial conditions [2]. Such
systems are practically unsolvable by traditional means, necessitating the use of numerical solutions through
computer modeling.

In light of the above, research aimed at improving the seed dosing process of breeding seeders’
metering devices holds significant scientific and practical value.

The objective of the research is to increase the accuracy of seed sowing by a breeding seeder for small-
seeded crops through numerical modeling of seed movement within the metering device distributor.

3. The purpose of the article

The purpose of the article is to improve the accuracy and uniformity of sowing small-seeded crops by
optimizing the design and operating parameters of the electromechanical sowing apparatus through analytical
modeling, numerical simulation, and experimental verification.

4. Results and discussion

The guide in the distributor of the metering unit of the breeding seeder is designed as a chute along
which the seeds move (Fig. 1) [8]. The main objective of the analytical research is to determine the inclination
angle B and the divergence angle y (the angle between two opposite generatrices of the guide — the apex angle
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of the guide) at which the throughput capacity of the breeding seeder's metering unit Qq" is uniform, that is,
when the deviation A(Qq) is minimized.
404) =732, 8
where A(Qq’) — coefficient of variation of the throughput capacity of the breeding seeder’s metering
unit Qq’; o(Qq¢’) — standard deviation of the throughput capacity of the breeding seeder’s metering unit

Qu, seeds/s; Q" — mean value of the throughput capacity of the breeding seeder’s metering unit Qq", Seeds/s.

Entrance

Exit

Fig. 1. Scheme of research of seed movement in the distributor of the sowing apparatus of the small-
seeded crop selection seeder

The study of seed movement in the distributor of the sowing machine was carried out using numerical
modeling methods in the STAR-CCM+ software package [6, 8, 11]. The research factors and their levels are
presented in Table 1. The smallest value of the angles was chosen taking into account that the seeds should
move along the inclined plane without forming clumps, i.e. Pmin = ymin = arctg(k) = arctg(0,58) = 0,525
(where k is the coefficient of friction of the seed at rest on the surface of the guide). The number of repetitions
is 3. The research plan is a full-factorial design with a total number of experiments — 3% = 27.

The visualization of the results of numerical modeling is presented in Figures 2-4, the analysis of which
suggests a decrease in the average throughput of the sowing machine Q4" compared to the throughput of the
metering unit Qq and an increase in its uniformity due to a decrease in the coefficient of variation A(Qq’). The
numerical data of the research results are given in Table 1.

Table 1
Factors, levels and results of research on seed movement in the distributor of the sowing apparatus of a
small-seeded seeder

Dosirjg Angle Tilt Throughput _of the \sowing thiiiﬁfgﬁgﬁ;lﬁfo\:‘atrrllztls%r\]/v?;g

Ne capacity angle machine Qq . R

Y machine A(Qq)

Qu, pesfs p 1 | 2 [ 3 [Ae.| 1 | 2 [ 3 [Ave
1 20 0,524 0,524 7,9 7,9 74 | 7,7 | 061 | 0,58 | 0,57 | 0,59
2 20 0,524 0,785 | 134 | 133 | 125 | 13,1 | 0,67 | 0,60 | 0,60 | 0,62
3 20 0,524 1,047 | 15,7 | 159 | 153 | 156 | 0,84 | 0,79 | 0,81 | 0,81
4 20 0,785 0,524 94 | 96 8,7 92 | 065 ] 058 | 059 | 0,61
5 20 0,785 0,785 | 150 | 148 | 142 | 147 | 0,71 | 0,62 | 0,66 | 0,66
6 20 0,785 1,047 | 17,7 | 170 | 168 | 17,2 | 0,91 | 0,85 | 0,85 | 0,87
7 20 1,047 0,524 | 10,1 | 9,9 95 | 98 | 0,74 | 0,68 | 0,70 | 0,71
8 20 1,047 0,785 153 | 152 | 144 | 150 | 0,78 | 0,71 | 0,71 | 0,73
9 20 1,047 1,047 | 18,1 | 17,9 | 17,1 | 17,7 | 0,98 | 0,89 | 0,91 | 0,93
10 60 0,524 0,524 | 236 | 234 | 22,7 | 232 | 0,63 | 0,57 | 0,56 | 0,59
11 60 0,524 0,785 | 389 | 38,9 | 38,3 | 38,7 | 0,65 | 0,62 | 0,60 | 0,62
12 60 0,524 1,047 | 473 | 46,8 | 46,3 | 46,8 | 0,88 | 0,80 | 0,81 | 0,83
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13 60 0,785 0524 | 280 | 274 | 270 | 275 | 067 | 0,62 | 0,60 | 0,63
14 60 0,785 0,785 | 434 | 433 | 426 | 431 | 0,70 | 0,63 | 0,64 | 0,66
15 60 0,785 1,047 | 515 | 50,8 | 50,6 | 51,0 | 0,91 | 0,85 | 0,85 | 0,87
16 60 1,047 0,524 | 293 | 29,2 | 286 | 290 | 0,74 | 0,67 | 0,69 | 0,70
17 60 1,047 0,785 | 44,7 | 445 | 442 | 445 | 0,77 | 0,74 | 0,73 | 0,75
18 60 1,047 1,047 | 52,7 | 52,5 | 52,1 | 52,4 | 0,97 | 0,91 | 0,93 | 0,94
19 100 0,524 0,524 | 392 | 386 | 382 | 387 | 0,64 | 0,59 | 0,57 | 0,60
20 100 0,524 0,785 | 64,8 | 64,7 | 644 | 646 | 0,66 | 0,62 | 0,63 | 0,64
21 100 0,524 1047 | 782 | 778 | 772 | 777|087 | 0,80 | 0,80 | 0,82
22 100 0,785 0,524 | 46,3 | 459 | 454 | 459 | 0,68 | 0,59 | 0,62 | 0,63
23 100 0,785 0,785 | 718 | 720 | 714 | 71,7 | 0,69 | 0,62 | 0,66 | 0,66
24 100 0,785 1,047 | 852 | 850 | 844 | 849 | 09 | 0,81 | 0,85 | 0,85
25 100 1,047 0524 | 48,2 | 483 | 478 | 481 | 0,72 | 0,68 | 0,69 | 0,70
26 100 1,047 0,785 | 748 | 741 | 739 | 743 | 080 | 0,74 | 0,74 | 0,76
27 100 1,047 1047 | 873|871 ) 8,7 | 870 | 09 | 0,93 | 0,91 | 0,93

Using the Wolfram Mathematica software package, the second-order regression equations for the

throughput of the sowing machine Qg4 were obtained in coded form:

Q¢ =43,1321 + 26,2741 x; + 0,0259259 x,2 + 2,87099 x, + 1,85926 X1 X2 — @)
—1,4537 X5 + 11,7327 X3 + 7,77593 X1 X3 — 0,0277778 X2 X5 — 3,87593 X32.

I I
W Entrance (), = 20 pes/s A(Qy) = 0,97
m Exit Qq =7.7pes/s A(Qy')=0,59 |

0,015

T -
LI T8N 388288
Seed diameter ‘?ggggoggggog
Fig. 2. Visualization of the results of numerical modeling of experiment A2 1 (Table 1)
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Fig. 3. Visualization of the results of numerical modeling of experiment A2 2 (Table 1)
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Statistical processing of Equation (2) is presented in Table 2. Taking into account the tabulated value
of Student’s t-test t(0.05;54) = 2.00, the insignificant coefficients were eliminated, resulting in the following
equation for the throughput capacity of the seed metering device Qq" in the decoded form (Fig. 5):

Qu' =-44,5759 — 0,0648676 Qq + 33,5619 B+ 0,17741 Qu B — @)
~ 21,1774 B?+ 88,9114 y + 0,741978 Qu y —56,4642 2.

NN
Bentrance Q= 20 Pes/s ; A(Qy) =098 |
W Exit Qg =156 pests ; A(Q,') = 0,81

"".
0,013 0,015
m |
Seed diameter
Fig. 4. Visualization of the results of numerical simulation of experiment A2 3 (T
Table 2
Statistical processing of Equation (2)
Coefficient Significance Student's t test
aoo 43,1321 63,3971
a10 26,2741 83,4256
a 2,87099 9,11598
aso 11,7327 37,2538
an 1,85926 4,82021
ais 7,77593 20,1594
ax —0,0277778 —0,0720152
an 0,0259259 0,0475276
ax —1,4537 —2,66494
ass —3,87593 —7,10537
Qy=100
Q4',rad
80 8=1,047 rad K
70t y= 1,047 rad 80 i_\
60t O4'. pes/s 60
k .
50+ 408
phi | 0.6 N 1.0
30} 5 : 0.8 -
: ; Oy, pes/s "
40 60 g0 100 T Lo 06

Fig. 5. Dependence of the throughput capacity of the seed metering device Qq4 on the throughput capacity
of the dispenser Qq, solution angle p, and inclination angle g

Analysis of Fig. 5 shows that as the throughput capacity of the dispenser Qq, the solution angle y, and
the inclination angle P increase, the throughput capacity of the seed metering device Qq" also increases. Using
the Wolfram Mathematica software package, second-order regression equations were obtained for the
coefficient of variation of the throughput capacity of the seed metering device A(Qq’) in the coded form:

A(Qq") = 0,664815 + 0,00333333 x; — 0,00222222 x,? + 0,0564815 X, — (4)
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—0,00111111 x; X2 + 0,0216667 X% + 0,117407 X3 —
—0,00222222 x1 X3+ 9,61481-107Y X, X3 + 0,0777778 X52.

Statistical processing of Equation (4) is presented in Table 3. Taking into account the tabulated value
of Student’s t(0,05;54) = 2,00, the insignificant coefficients were eliminated, yielding the equation for the
coefficient of variation of the throughput capacity of the seed metering device A(Qq’) in the decoded form

(Fig. 6):

A(Qq¢’) =1,03654 — 0,279974 B + 0,315638 B% — 1,33078 v + 1,13306 y2. (5)
Table 3
Statistical processing of Equation (4)
Coefficient Significance Student's t test
aoo 0,664815 141,526
a1o 0,00333333 1,53292
azo 0,0564815 25,9744
a3o 0,117407 53,9927
a2 —0,00111111 -0,417207
ais —0,00222222 -0,834413
a3 9,61481-10°Y 3,61023-10°%
an —0,00222222 —0,590019
az 0,0216667 5,75269
ass 0,0777778 20,6507

Analysis of Fig. 5 shows that with an increase in the solution angle y\gammay and the inclination angle
B, the coefficient of variation of the throughput capacity of the seed metering device A(Qq’) increases. The
throughput capacity of the dispenser Qq does not affect A(Qq’).

0.9}
081
0.7}
0.6°
0.6

AOS)

/J;. rad

0.6

1.0
Fig. 6. Dependence of the coefficient of variation of the throughput capacity of the seed metering device
A(Qq) on the solution angle y and the inclination angle 8

Analyzing the obtained dependencies, we conclude that to ensure the optimal parameters of the
proposed guide in the seed metering device distributor, the coefficient of variation of the throughput capacity
of the seed metering device A(Qq") should be minimized, while the throughput capacity of the seed metering
device Qq" should be maximized:

A(Q,") > min,

Q, — max,

20<Q, <100, (6)
0,524 < <1,047,

0,524 <y <1,047.

Solving the system of Equations (6) together with (6) and (5) yields, for any Qq: B= (42°),
v=0.785 (45°). At these values, the coefficient of variation of the throughput capacity of the seed metering
device A(Qq") = 0,65, which is 1.5 times higher than the coefficient of variation of the throughput capacity of
the dispenser A(Qq). This allows us to assert an improvement in the sowing accuracy of the developed seed
metering device.
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5. Conclusion

To achieve even higher sowing accuracy, it is necessary to install a seed guide in the distributor, which
represents a chute along which the seeds move.

Based on the results of numerical modeling of seed movement in the distributor of the seed metering
device of a precision seeder for small-seeded crops, dependencies of the throughput capacity of the seed
metering device Qg and the coefficient of variation of the throughput capacity A(Qq’) on the throughput
capacity of the dispenser Qq, the solution angle y\gammay, and the inclination angle f were obtained.

Analysis of these dependencies showed that, to ensure optimal parameters of the proposed guide in the
distributor of the seed metering device, the coefficient of variation of the throughput capacity A(Qq") should
be minimized, while the throughput capacity Q4 should be maximized. Solving the system of Equations (6)
together with (3) and (5) provided, for any Qq: the values p = 0.7328 (42°) and y = 0.785 (45°). At these values,
the coefficient of variation of the throughput capacity A(Qq’) is 0.65, which is 1.5 times higher than the
coefficient of variation of the throughput capacity of the dispenser A(Qq). This confirms an improvement in
the sowing accuracy of the developed seed metering device.
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JOCHIIKEHHSA PYXY HACIHHA Y PO3ITOAIVIBHUKY CIBAJIKW TOYHOI'O BUCIBY JJIsA
JAPIBHOHACIHHEBUX KYJIbTYP

VY crarTi NmpeAcTaBIEHO pe3yNbTaTH TEOPETHYHUX 1 EKCIEPUMEHTAIbHUX JOCIHIHKEHb
MPOIIECY BHUCIBY JPIOHOHACIHHEBUX KYJIBTYpP 13 BUKOPHCTAHHSIM CEJICKIIHHOI CIBAJIKH, 00JIaIHAHO1
EJIEKTPOMEXAaHIYHUM BHCIBHUM amnapaToM i3 pPEryJbOBaHMMU KOHCTPYKTHBHHMHU IapaMeTPaMHU.
Oco0nuBY yBary MNpUIIJICHO MIABUIIEHHIO PIBHOMIPHOCTI PO3IMOAUTY HACIHHS Yy IOTOIl, IO €
KPUTHUYHO BaXIJIMBUM Yy CEJIEKIIMHOMY HACiHHMLTBI, J€ TOYHICTh 1 CTaOUIBHICTh BHCIBY
0e3IoCepeIHhO BIUIMBAIOTh HA SKICTh IOJBOBUX JOCTIKEHb 1 JOCTOBIPHICTH CEIEKIIIHHUX
pe3yJbTariB.

VY A0cCiKeHH] 3aCTOCOBAaHO KOMIUIEKCHUH MIAX1A, KU BKIIOYa€E YUCEIbHE MOJIEIIOBAHHS
PYyXy HaciHHS B cepeioBuili nporpamuoro 3adesneueHns STAR-CCM+, ananiTiuuHe oOrpyHTYBaHHS
BIUIMBY KyTa HaXWly HAaIpsIMHOI MOBEpXHI B Ta KyTa pO3XOJKEHHs Y Ha IMPOIYCKHY 3AATHICThb
armapara, a TaKOX EKCIIEPUMEHTAJIbHY MEpEeBipKYy OTPHUMAaHUX TaHHUX. Y pe3yibTari moOyJ0BaHO
IBO(AKTOpPHI perpeciiHi Mojeni APYroro MOPSAAKY Ui OLIHIOBAHHS 3alIeXKHOCTI KoedilieHTa
Bapiallii mpomyCKHOI 3[aTHOCTI BiJl 3MiHM KOHCTPYKTHBHHUX ITapaMeTpPiB BUCIBHOTO amapara.

3anpomnoHoBaHi TEXHIYHI pIillleHHS JalTh 3MOTY 3MEHIIMTH Koe(ilieHT Bapiamii 10
MiHIMaJIbHUX 3HaY€Hb, 320€3MeUyI0YH BUCOKY TOUHICTH 1 pIBHOMIPHICTh MOAA4i HACiHHS y BUCIBHI
kaHanu. Lle, y cBOIO uepry, mokpallye No4aTKOBUH PO3BUTOK POCIMH, 3HI)KYE KOHKYPEHIIIIO MIXK
HUMH Ta MiJBUITYE ePEKTHBHICTh BAKOPUCTAHHS CEIECKIIHHOT0 MaTepiany. Pe3ynpratu gociimpkeHsb
MaroTh MPaKTHYHE 3HAUEHHS U1 BJOCKOHAJICHHSI KOHCTPYKII{ C1BalOK, MPU3HAYEHUX Ul HAyKOBO-
JOCHITHUX 1 CENEeKIIHHUX IiJIeH, Ta MOXKYTh OYTH BIIPOBAJKEHI Y MISUIBHICTH arpapHUX HAyKOBHX
YCTaHOB.

Kpim Toro, y poOOTi BH3HAQUYE€HO ONTHUMAIbHI PEXKHMU POOOTH EIEKTPOMEXaHIYHOTO
BHCIBHOTO arapara, 110 3a0e3mneuyroTh CTablIbHUN pyX HACIHHS 32 PI3HUX YMOB BiOparlii Ta po3MipiB
HACiHHSA, XapaKTepHUX Ui IpiOHOHACIHHEBHX KyNbTyp. Pe3ynbraTh mapaMeTpu4HOi OnTHMi3amii
MoKa3ajid, 110 PEryjlloBaHHS YacTOTH OOEpTaHHA pOTOpa Ta aMIUTITYAH KOJUBaHb HANpPSIMHOT
MOBEPXHI JI03BOJISIE MIATPUMYBATH CTALy TPAEKTOPIIO PyXy HACIHHS Ta MIHIMI3yBaTH BTPATH 1] 4ac
7o3yBaHHs. BnpoBamkeHHs po3poOieHoi Mofeni B €KCIepUMEHTalbHI  3pa3ku  I0Ka3ajo
MOKpAIllEHHs! PIBHOMIPHOCTI PO3MOJULY HACIHHA TOPIBHAHO 3 TPAJULIMHUMH MEXaHIYHUMU
CHUCTEMaMHM, IO MIATBEPANIO €(EeKTUBHICTh 3alPONOHOBAHMX KOHCTPYKTHBHUX pIIIEHb IS
BHCOKOTOYHOTO BHUCIBY.

KirouoBi cioBa: npiOHOHACIHHEBI KyJIbTYpH, CeNEKLiiHA CiBaJika, eleKTPOMEXaHIYHUMN
BHUCIBHMI amapar, piBHOMIpHICTh po3noauty HaciHHs, STAR-CCM+, KOHCTpYKTHBHI HapaMeTpH,
perpeciiiHa MojieNb, KoeillieHT Bapialii, pIBHOMIpHUNA pO3MOJ11 y OOpPO3HI, TOYHICTH BUCIBY.
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