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Abstract. This article is devoted to solving the 

problem of single-seed sugar beet sowing with a 

pneumatic seeding device. As a result of experimental 

researches the influence of sowing device parameters 

equipped with an additional disk for quality sowing were 

defined. 
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INTRODUCTION 

 

The problem of increasing productivity and reducing 

the costs of crop cultivation is the main in agricultural 

production. Sugar beet yields are influenced by several 

factors, including an even distribution of seeds in a row at 

a given reasonable intervals. For a long time of seeding 

equipment history, a large number of sowing machines 

designs were created, each of which had the goal of 

improving the quality of sowing. However, the 

heterogeneity of seed properties and a number of other 

uncontrollable factors, especially in the field conditions, 

lead to a decrease of uniformity of seeds placing in a row, 

sometimes it goes far beyond the farming requirements. 

Thus, improvement of devices aims at improving the 

quality of sowing and defines its dependence on the 

design parameters of the dosing element - that is an urgent 

task. 

 

THE ANALYSIS OF RECENT RESEARCHES 

AND PUBLICATIONS 

 

In the study of sowing process were engaged Zenin 

L.S., Chichkin V.P., Pogorily L.V., Zhuravlev B.I., Shmat 

S.I., Sviren M.O., Amosov V.V., et al. A large number of 

studies were devoted to the selection of the optimal 

number of holes, agitator and kickers design parameters 

and influence of suctorial forms of holes on the single 

filling of the sowing disk with seeds. The process of seed 

capturing with the suctorial disk hole is rather complex 

and, at an early stage it is crucial to ensure the required 

dosing capacity (productivity) of the device as a whole. 

One of the main elements of the sowing machine, 

which significantly affects the quality of dosing is the 

seeding plate. The review of the known structures of 

sowing machines [1-7] showed that the diversity of the 

surface structures and suctorial disk holes affect the 

quality of seed capture. 

In practice, there are various forms suctorial holes 

(cylindrical, conical, toroidal, etc.), but the most prevalent 

in domestic and foreign technology has become a 

cylindrical surface of the hole with the right angle edges. 

We know that in the field conditions the quality of 

seed filling holes of suctorial disk often does not meet the 

agronomic requirements. At low speed of rotation of the 

disk, a large number of "twins" is being sown, and at high 

speed - increases the number of spaces that affects the 

density of crops. 

It is known that an even distribution of seeds in a row 

can be achieved through the full completion of the sowing 

disk cells with no spaces. 

The process of pneumatic sowing machine work 

consists of the following operations: 

- seeds feeding from the bunker into the seed hopper 

chamber; 

- capturing of one or more seeds by the suctorial disk 

hole; 

- movement of seeds with the disk, removing the 

excessive seeds by the rejector unit and further movement 

of the seed with the disk; 

- separating the seed from the disk; 

- movement of the seed to the compacted furrow 

bottom; 

The most significant factor affecting the quality 

performance of the exact seeding process of cultivated 

crops by pneumatic seeding device is to capture seeds by 

the suctorial disk holes and their further transportation. At 

the moment of capture a seed is affected by many forces 

including friction force of other seeds in the layer that 

affect the unauthorized dumping of the seed, which has 

been already sucked, from the hole. In order to hold it we 

need the suction force to be greater than the force of seeds 

friction. 

 

THE MAIN RESULTS OF THE RESEARCH 

 

An enhanced device consists of the body 1, on the 

drive shaft 2 of which there is the seeding plate 3 and 

agitator 4. Between them it is installed an additional disk 

5, which has some shaped cutouts on the circuit. Thanks 

to the original design of the additional disk the main seed 

is quicklier oriented at the suctorial hole, the remaining 
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seeds are separated from it at a distance of the disk 

thickness and accept less vacuum than it is required for 

suction. 

The aim of the series of experiments was the 

implementation of Box-Hunter matrix plan 2
5
, as a result 

were defined the influence factors of dilution in a vacuum 

chamber (ΔP), the speed of rotation of the sowing and 

additional disk (V), the thickness of the additional disk , 

radius of the extra disk basin r and size of the seed 

fraction z. 

 

 
  

         

Fig. 1. An improved pneumatic seeding device:  

1 - body, 2 - drive shaft, 3 - seeding plate, 4 - agitator,  

5 - extra disk. 

 

The quality of the device was estimated by 

coefficient of cells filling Kf, which is equal to the 

relation of amount of actually sown seeds for a certain 

period of time to the number of seed cells on the disk 

which passed the point of discharge at the same time. 

At the same time, cell fill factor can be equal to 1 if 

there is a certain number of passes and the same number 

of doubles. To control the results of the studies we 

conducted digital photo and video fixation of the sowing 

process. 

Results of the factors encoding are listed in Table 1. 

Table 1. The results of the factors encoding  
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The speed of rotation 
of the seeding and 
additional disk, m / s 

V x1 0,05 0,35 0,3 0,25 

The pressure in the 
system, kPa 

Р х2 1 3 2 1 

Thickness of the 
additional disk, mm 

 x3 0,5 2 1,5 1 

Radius of the 
additional disk basin, 
mm 

r x4 0,25 2,75 2,5 2,25 

Seed fraction, mm z x5 0,5 5,5 5,0 4,5 

Criterion of optimization Y - coefficient of cells 

filling Kf 

The regression equation has the form 
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Fig. 2. General view of the experimental setup to study 

the process of sowing sugar beet: 1 - bunker; 2 – electric 

motor; 3 - chain transmission; 4 – seeding plate and extra 

disk; 5 – agitator
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Fig. 3. Dependence of filling factor coefficient on the design parameters of the disk: 

a - the dependence of Kf on ΔR system pressure and rotation speed of the sowing disc V; b - Kf dependence on the 

pressure in the P system and seed fraction z; c - dependence of Kf on extra disk basins radius r and seed fraction z; d - Kf 

dependence on the pressure in the P system and the extra disk basins radius r; e – Kf  dependence on the extra disk 

thickness  and seed fraction z; f - Kf  dependence on disk rotation speed V and seed fraction z 

  

Results of the experiment planning matrix realization 

are presented in Table 2. 

For processing the experimental data the package 

STATISTICA 6.4 was used. 

There were constructed response surfaces (Fig. 3) 

and line level output for cell filling coefficient of the 

seeding plate Kf. 

After analyzing the response surface and line level 

output for cell filling coefficient of the seeding plate Kf, 

we define rational values of the investigated factors: 

  circular cell speed of seeding plate x1 → Vc, 

should be in the range of 0.26 to 0.34 m / s. 

 value of dilution in a vacuum chamber x2 → ΔP, 

should be in the range of 1.7 to 2.4 kPa;
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 thickness of extra disk x3 → δ, should be in the 

range of 1.8 to 2.2 mm; 

 radius of extra disk basin x4 → r, should be in the 

range of 2.2 to 2.4 mm; 

 seed fraction x5 → z, should be in the range of 5 

to 5.5 mm. 

 

Table 2. Results of the experiment planning matrix 

realization 

№
 e

x
p

er
. 

Natural factor value Response 

function 

value Y x1 x2 x3 x4 x5 

1 0,25 1 1 2,25 4,5 0,88 

2 0,35 1 1 2,25 4,5 0,69 

3 0,25 3 1 2,25 4,5 1,53 

4 0,35 3 1 2,25 4,5 1,34 

5 0,25 1 2 2,25 4,5 0,54 

6 0,35 1 2 2,25 4,5 1,06 

7 0,25 3 2 2,25 4,5 1,04 

8 0,35 3 2 2,25 4,5 1,13 

9 0,25 1 1 2,75 4,5 0,88 

10 0,35 1 1 2,75 4,5 0,85 

11 0,25 3 1 2,75 4,5 1,54 

12 0,35 3 1 2,75 4,5 1,35 

13 0,25 1 2 2,75 4,5 1,34 

14 0,35 1 2 2,75 4,5 0,67 

15 0,25 3 2 2,75 4,5 1,37 

16 0,35 3 2 2,75 4,5 1,12 

17 0,25 1 1 2,25 5,5 0,77 

18 0,35 1 1 2,25 5,5 0,64 

19 0,25 3 1 2,25 5,5 1,31 

20 0,35 3 1 2,25 5,5 1,2 

21 0,25 1 2 2,25 5,5 0,46 

22 0,35 1 2 2,25 5,5 0,39 

23 0,25 3 2 2,25 5,5 1,01 

24 0,35 3 2 2,25 5,5 0,86 

25 0,25 1 1 2,75 5,5 0,77 

26 0,35 1 1 2,75 5,5 0,61 

27 0,25 3 1 2,75 5,5 1,27 

28 0,35 3 1 2,75 5,5 1,12 

29 0,25 1 2 2,75 5,5 0,65 

30 0,35 1 2 2,75 5,5 0,56 

31 0,25 3 2 2,75 5,5 1,08 

32 0,35 3 2 2,75 5,5 1,04 

 

Having analyzed the Pareto card for cell filling 

coefficient of the seeding plate (Fig. 4) a conlusion can be 

made that on the quality of work of a sowing device the 

greatest impact has the value of dilution in a vacuum 

chamber x2, thickness of extra disk x3, and seed factions x5 

but the values of the circular cell speed x1 and extra disk 

basin radius x4 are not significant in this range. 

 
Fig. 4. Pareto map impact factors assessment of cell 

filling coefficient of the seeding plate 

 

CONCLUSIONS 

 

Thus, the use of additional seeding plate allows 

correctly direct a seed at the stage of capture to the center 

of the cell and eliminates the ability to capture "twins"; 

supporting the seed during transportation to the place of 

discharge. After a series of experimental studies, we 

found that even filling the cells of seeding plate 

significantly affect the pressure in the system, circular cell 

speed of seeding plate and radius of extra disk basins. 

REFERENCES 

1. Sysolin P.V. 2004. Seeding devices of seeders / 

Textbook. P.V.Sysolin, M.O. Sviren. - Kirovograd. – 

160 p. 

2.  Shmat S.I. 1984. Row seeders / Shmat S.I., Shmat 

K.I. // Design and production of agricultural 

technology machines: Republican interdepartmental 

scientific and technical collection. - K .: - Vol. 11. - p. 

22-24. 

3.  Shmat S.I. 1989. Increasing efficiency of pneumatic 

sowing machine / Shmat S.I., Sotnikov V.S. // Design 

and production of agricultural machines: Resp. 

Interdepartmental. scientific and engineering. Coll. - 

Vol. 19. - K .: Technique. 

4.  Svіren M.O. 2012. Scientific and technological bases 

of increase of efficiency of the seeding devices of 

seeding machines: diss. Doc. of Sciences.: spec. 

05.05.11. "Machinery and mechanization of 

agricultural production" / Svіren M.O. - Kirovograd ,. 

5.  Amosov V.V. 2007. Justification of universal sowing 

device parameters for row crops: Diss. on doctor’s 

degree, specials. 05.05.11. "Machinery and 

mechanization of agricultural production" [Text] / V. 

Amosov. - Kirovograd: KNTU. 

6.  Pastukhov V.I., 2014. Prospective directions of 

modernization of grain seeders / Pastukhov V.I., 

Bakuma M.V., Nikitin S.P., Mikhailov A.D., Abduyev 

M.N., Kirichenko R.V., Yashchuk D.A. Journal of 

Kharkov national technical University of agriculture 

n.a.Petro Vasilenko [text]: scientific edition, Vol. 148. 

Engineering. "Mechanization of agriculture" / 

KNTUA. - Kh: p. 77-80. 



DEFINING QUALITY WORK OF A PNEUMATIC SEEDING DEVICE WITH AN EXTRA DISK       195 

7.  Zenin L.S. 1962. Research of pneumatic precision 

seed sowing machine: Author. Diss. on PhD degree. 

tech. Sciences [Text] / L.S. Zenin - Almaty – p.36. 

8.  Zhuravlev B.I. 1961. Research of pneumatic sowing 

machines for precise seeding [Text] / Zhuravlev B.I. // 

Tractors and agricultural machines. - №9. 

9.  Chichkin V.P. 1984. Vegetable drills and combined 

units [Text] / V.P. Chichkin - Chisinau: Shtiintsa - 392 

p. 

10.  Sydorchuk O. 2014. Impact of meteorogical 

conditions on the need in adaptive perfoming of 

technological operations of soil tillage and crop 

sowing / O. Sydorchuk, P. Lub, O. Malanchuk // 

ECONTECHMOD: an international quarterly journal 

on economics in technology , new technologies and 

modelling processes. - Lublin; Rzeszow, - Volum 3, 

nomber 4, 35-39. (in English). 

11. Vasylkovska, K.V. 2014. Justification settings of 

universal pneumatic sowing machine precision seeder: 

Dis. on Science. degree candidate. Sc. Sciences 

specials. 05.05.11. "Machinery and mechanization of 

agricultural production" / K.V. Vasylkovska. - 

Kirovograd, 2014. (in Ukraine). 

12. Vasylkovska, K.V. 2014. Influence of the shape and 

type of seed cells drive on the quality of dispensing 

seeds [Text] / K.V.Vasylkovska, O.M.Vasylkovskyy // 

Eastern European Journal of latest technology. Vol 6, 

No 7 (72) (2014) - Kharkov: Technological Center, 

2014, 33-36. (in Ukraine). 

13.  Pat. 63,895 U Ukraine, IPC A01S 04/07 (2006.01). 

Pneumatic seeding device / Shmat S.I. Sviren M.O., 

Abramov V.V., V.M. Lushnikov .; applicant 

patentowner, Kirovograd National Technical 

University. - №u201103252; appl. 21.03.2011; publ. 

25.10.2011, Bull. Number 20. 

14.  Pat. A 58,306 Ukraine, IPC A01S 04.07. Pneumatic 

seeding device / 

Shmat S.I., Sviren M.O., Abramova V.V., Lushnikov V. 

M .; applicant patentowner Kirovograd National 

Technical University. - № U201010953; appl. 

13/09/10; publ. 11.04.11, Bull. Number 7. 

15.  Abramova, V.V. 2013. Improving the design of 

pneumatic sowing machine / V. Abramova, O.M. 

Vasylkovskyy, M.M. Shokin. // Proceedings of Lutsk 

National Technical University: Farm equipment 

LNTU, Lutsk. Vol. 24. - P. 3-9. 

16.  Vasylkovskyy, O.M. 2014. Experimental studies of 

pneumatic sowing device for sowing the seeds of 

cultivated crops / O.M. Vasylkovskyy, V.V. 

Abramova, K.V. Vasylkovska, D.I. Petrenko // 

Proceedings of Kirovograd National Technical 

University: Technology in agriculture, industrial 

engineering, automation. ed.27 - Kirovograd, KNTU, 

p. 161-167. 

17. Vasylkovska, K. 2015. Determination of the optimal 

parameters extra seeds from seed cells disk of a 

pneumatic device [Text] / K.V.Vasylkovska, 

O.M.Vasylkovskyy // Proceedings of Kirovohrad 

National Technical University: Engineering in 

agriculture, industrial machinery, automation. Vol. 28 

- Kirovograd, KNTU, 2015, 159-163. (in Ukraine). 

18. Vasylkovska, K. 2015. Field tests with use of 

pneumatic seed disks with the proposed device [Text] 

/ K.V.Vasylkovska, O.N.Vasylkovskyy S.M.Moroz // 

Lutsk National Technical University: Farm equipment 

LNTU, Lutsk. - 2015. - Vol. 30, 32-36. (in Ukraine) 

19. Borovykov V. 2003. STATISTICA. Art data analysis 

on the computer now, for professionals. [Text] / V. 

Borovykov. - SPb.: Peter, 2003, 688. 

20. Vukolov, E. A. 2008. Fundamentals of statistic 

analysis. Workshop on research of statistic methods 

and operations with using STATISTICA packets and 

EXCEL: Uchebnoeposobye. [Text] / E. A. Vukolov. - 

M .: Forum, 2008, 464. 

21. Pyatnytska-Pozdnyakova, I. 2003. Basic research in 

higher education: Teach. guide [Text] / I.S. 

Pyatnytska-Pozdnyakova. - K .: Centre textbooks, 

2003, 116. 

22. Haylis, G.A. 1992. Fundamentals of design and 

research of agricultural machinery: Teach. guide 

[Text] / G.A. Haylis, DM Konovalyuk. - K .: 

NMKVO, 1992, 320. 

23.  Researcher Manual: A manual for students of 

agronomic specialties [Text] 2016 / Vasylkovskyy 

O., Leshchenko S., Vasylkovska K., D. Petrenko. - 

Kharkiv: Machulin. – p. 204. 



 

 


