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RESEARCH INTO THE USE OF SPIRAL VIBRATORY FEEDERS
FOR SEED DOSING IN AUTOMATIC PHENOTYPING SYSTEMS

Elchyn Aliiev, Olexandr Chernii
Dnipro State Agrarian and Economic University

Problem Statement. Modern trends in the development of the agricultural
sector require the introduction of high-precision, automated technologies for
quality control of crop seeds at the stage of their breeding [1]. One of the key
directions in this context is the automatic phenotyping of seeds using machine
vision systems [2, 3]. The efficiency of such systems largely depends on accurate
and stable seed transportation and dosing, which are ensured by appropriate
technical means — in particular, vibratory feeders.

Analysis of Recent Research. According to previous studies [3, 4], a
structural and technological scheme of an automatic phenotyping system for
agricultural seeds has been developed. To improve the efficiency of such a
system, it is necessary to study the interaction between moving bulk particles and
the vibrating working element in order to determine the optimal structural and
technological parameters of the vibratory conveyor. A large number of scientific
works are devoted to finding optimal parameters for the process of vibratory
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transportation of various types of bulk materials. In [5], a numerical analysis of
the parameters of vertical spiral vibratory conveyors was carried out. By
introducing a nonlinear proportional-derivative controller into theoretical
dependencies, optimized vibration parameters of the conveyor were obtained.
Numerical modeling of particle motion along a vibrating surface with lining was
studied in [6]. Models of load particles were created in the form of spheres with
an average radius of 0.5 mm. Simulation results showed that the main factors
influencing the conveying speed are the static coefficient of friction and the
rolling friction coefficient of particles on the conveyor lining. Due to their
advantages, vertical vibratory conveyors are widely used not only as conveying
machines but also as machines for additional processing of the moving load.
Another application of vertical vibratory conveyors for disinfection and
pasteurization of barley seeds and wheat flour is presented in [7,8]. The influence
of vibrator drive parameters (the tilt angle of the vibromotor axis relative to the
horizontal, rotor rotation frequency) on the residence time of transported material
in the conveyor trough was investigated. The effect of vibration trajectory type on
conveying speed in vertical vibratory conveyors was analyzed in [9].
Experimental results confirmed that for transporting loads with a low friction
coefficient, elliptical oscillations of the working body are required. In [10],
numerical modeling using the STAR-CCM+ platform was presented to study
sunflower seed motion along a vibrating surface with compressed air blowing.

Research Objective. The aim of the study is to analyze the structural
features and operating principles of spiral vibratory feeders used for transporting
and dosing seeds, in order to determine optimal technical solutions for ensuring
uniform and controlled seed feeding in automatic phenotyping systems based on
machine vision technologies.

Research Results. Transportation and dosing of agricultural seeds using
vibration-based equipment have specific features and subtleties. Each type of seed
1s characterized by diverse geometric, mechanical-technological, and rheological
properties, which significantly affect the performance and dosing accuracy of
vibratory conveyors. Therefore, for each seed type, the structural and
technological parameters of vibratory feeders must be optimized. Structurally,
vibratory conveyors and feeders are classified by:

. Operating mode: resonant and non-resonant;

. Number of vibrating masses: single-mass and multi-mass;

. Drive type: eccentric, inertial, electromagnetic, electromechanical,
pneumatic;

. Direction of transport: horizontal, inclined downward, inclined upward,
vertical, curvilinear;
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. Type of elastic suspension: flat metal or polymer springs, round rods,
lattice hyperboloid torsions, rubber vibration isolators;

. Method of tuning vibration resonance: changing the number of elastic
elements, stiffness of suspension, working mass, or vibration frequency;

. Shape of working elements: trough-type, bowl-type (cylindrical and
conical).

The main advantages of vertical spiral bowl vibratory conveyors compared
to horizontal ones are:

1. Small footprint in production facilities;

2. Due to longer conveying times, simultaneous processes such as drying,
cooling, and orientation of loads for the next technological stage can be
performed;

3. Smooth transportation of materials difficult to move by other conveyor
types (e.g., irregularly shaped or spherical loads);

4. Constant conveying speed, which positively affects the quality of
subsequent processing stages;

5. Easy adjustment of productivity by changing vibrator drive parameters
(unbalance mass, rotor rotation frequency, input current frequency, etc.);

6. Can be used as vibratory feeders for uniform supply of artificial materials
for further processing on technological machines;

7. Minimal dust formation during transportation;

8. Simple design ensures low labor intensity during maintenance.

Promising solutions include two-mass and multi-mass vibratory conveyors,
which, due to their design, can create elliptical trajectories of working body
oscillations. Such oscillations increase conveying speeds of particles along the
vibrating surface. However, elliptical vibrations complicate the design of
vibration machines, suspensions, and vibrator drives. Therefore, the main task for
designers is to achieve high-quality, productive, and reliable vibratory machines.

An analysis of modern advances in vibratory conveying machinery shows
that there are several main technical approaches to generating elliptical oscillation
trajectories in vertical vibratory feeders: decoupling the rigid connection between
the conveyor’s working body and its drive by introducing damping and elastic
elements; special placement of drive elements in vibrator mechanisms.

The review also revealed that elastic elements of vibratory feeders for
dosing bulk and small-piece materials are often polymer or metal springs in the
form of rods or plates inclined to the horizontal. Another widely used solution is
hyperboloid torsion suspension of the feeder hopper. The main types of drives for
spiral conveyors are electromagnetic and inertial (unbalanced).

Conclusions. Based on the scientific review results, it can be stated that
vertical spiral vibratory feeders have several advantages over horizontal feeders.
The most optimal type of drive for spiral vibratory feeders used in automatic seed
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phenotyping systems is the unbalanced centrifugal vibrator. The study made it
possible to systematize advances in the development of designs and methods for
improving the efficiency of vibratory feeders for transporting and dosing crop
seeds in automatic phenotyping systems.
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BE3IMEYHUX [TPUHIIUIIIB MAIIMHHOI'O JOIHHSA
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11. MOXJIMBOCTI BUKOPUCTAHHS AI[AHTOBAHOT CUCTEMHU
LELY SPHERE B YMOBAX YKPATHCHBKUX ®EPM
Ilomanosa C.€. 413
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Ilacmywenxo O.A., [lomanosa C.€. 416

13. OFTPYHTYBAHHS KOHCTPYKTUBHO-TEXHOJIOT TYHOT

CXEMMU 3MIIITYBAYA 3 POBOYMM OPT'’AHOM Y BUT'JIAI

[ITHEKA
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Mipuuii B.FO. 527
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Pesa C.B. 544
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Invuenko A.B., Jlucrox O.A., Cmux B.C. 601
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Xmenenxo A.M. 613
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[IPOLIECY MUTTS JAETAJIEN CIUIbCBKOI'OCITIOJIAPCBHKOI

TEXHIKU HA IIJITIPUEMCTBAX AT'POIIPOMUCJIOBOI'O
KOMIUJIEKCY YKPAIHU

Kenemew A.0. 615
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Jlonamwvko K.I'., Cocrog B.C., Mpyuox M.IFO. 628
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BUITPOBYBAHHS TEXHIYHUX 3ACOEBIB
Jlenucenxo M.1., /lee’ssmko O.C. 629
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63. 'TBPUIHI TA EJIEKTPUYHI TPAKTOPH: PEAJIBHICTD YN
I[TEPCIIEKTMBA HAUBJIMXKYOI'O MAWMBYTHBOI'O
Ilonomapenxo O B. 630

Cexuis
JIlpancnopmui mexHoA02L ma A02ICMUKg

1. OIIHKA E®OEKTUBHOCTI MDKMICBKMX BAHTAXHUNX
ITEPEBE3EHb: METOJOJIOT'TYHI 3ACAJI1 TA IH@OPMAHIﬁHE
3ABE3ITEYEHH

Ilnexkan Y. .M. 633

2. TEXHIKO-EKOHOMIYHA E®EKTUBHICTS BITPOBA /’KEHHA
IHTEJIEKTYAJIbBHUX TTIIHOXIITHUX ITEPEXO/IIB I IIEPEXPECTDH

Y MICBKII TPAHCITOPTHIN IHOPACTPYKTYPI

lesko Lb., I'esxo b.P., Haspoyvra T./1., [I'enmax M./]. 636

3. IHCTPYMEHTAPIN YJIOCKOHAJIEHHS OIIEPATUBHOI'O
VYITPABJIIHHA 3ATOTIBEJIbBHUMHU KAMITAHISIMUA B

OBOUYIBHUIITBI

Cmenanenxo C.I1., Kyopuneyvxuii P.b. 638

4. EKOHOMIKO-MATEMATHUYHA MOJIEJIb OLIIHKHN
E®EKTUBHOCTI BUKOPUCTAHHA CAMOXIJIHUX
CUIBCBKOI'OCITOAAPCBKUX AT'PEI'ATIB

3azypcovkuti A.O. 642

5. BUBHAUYEHHS Ob’€MIB MATEPIAJIBHOI'O IIOTOKY ¥V
BUPOBHUYUX ITIACUCTEMAX BEPTUKAJIBHO

IHTEI'POBAHUX CTPYKTVYP AIIK

3aeypcokuii O.M. 645

6. POSCYBHI KY30BA BAHTAXKHUX TPAHCITOPTHUX
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Juuyk O.JI., I'eséxo Lb., Xopowyn P.B. 648

7. YIOCKOHAJIEHHS TPAHCIIOPTHOI CUCTEMMU MICTA
OCTPOI" 3A EKOJIOI'TYHUM KPUTEPIEM
Mayrox K 1., 3acypcoxuu O.M. 651
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8. CTPYKTYPA XKUTTEBOI'O LIUKJIY ABTOMOBIJIA
Paszmanos C.B., 3azypcokuti O.M. 654

9. AHAJII3 POBOTHU TPAHCITOPTHUX 3ACOBIB I3
BUKOPUCTAHHAM I'PA®IKIB
Lueanenxo M.O., I'ap6oysz FO.M., Muxaiiiuuenxo b.O. 657

10. AHAJII3 OPIAHI3ALIII ITEPEBE3EHHS BAHTAXIB 3
BHUBOPOM BUY TPAHCITIOPTHOTI'O 3Ane 6onon66pmrCOBY 3
YPAXYBAHHSM YMOB

Hueanenko M.O., €emywenko O.B., Onixienxo M.O. 659
11. IO O3HAYACE «HYJIBOBI BUKM U JIO 2030 ABO

2050 POKVY»

llozopina K.B., Konocok I.0. 661

12. AHAJII3 CTAHY BE3IIEKU PYXY TA ABAPIMHOCTI 3A

6 MICSLIIB 2025 POKY B YKPATHI HA ABTOMOBIJIbHOMY
TPAHCIIOPTI 3AT’AJIBHOI'O KOPUCTYBAHHAA

Kopmnitiuyk M.B., Konocok 1.0. 663

13. AHAJII3 CTAHY BE3IIEKM PYXY TA ABAPIMHOCTI 3A

6 MICSILIIB 2025 POKY B YKPAIHI HA MICBKOMY

EJIEKTPUYHOMY TPAHCIIOPTI

Kpasuyk A.C., Konocoxk 1.O. 666

14. SHW>XEHHHS IIBUJIKOCTI HA JIOPOI'AX YV €BPOIII
Knimose M.C., Konocok 1.0. 668

15. ACIIEKTU PAMKOBOI YT'OJIU IIPO B3AEMHY,

CITPABEJIMBY TA 35AJIAHCOBAHY TOPTIBJIIO MIXK
CITIOJIYYEHUMU IITATAMU TA €BPOITENCHKIM COI030M
Kowapa M.1., Konocoxk 1.O. 670

16. TEXHOJIOI' TYHUI PO3BUTOK MAIIWH JJ151
TPAHCITOPTYBAHHA 3EPHA HA 3EPHOIIEPEPOBHNX
IIJIITPUEMCTBAX

Junsa B.1. 671

17. OCOBJIMBOCTI TEXHOJIOI'TYHUX ITEPEBE3EHL YPOXAIO
CIIBCBKOI'OCITOJAPCBKUX KVIJIBTVYP
Onanxo B.T'. 674
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18. EBPOIEVMCHKUI JOCBIJI PEAJIIBALIT KOHIIEILII SMART
MOBILITY
Knumenxo C.M., Onanxo B.I'. 676

19. PO3BUTOK MOBUIBHOCTI HA OCHOBI KOHLIEIILIII MAAS:
€BPOIIEMCHKWU JOCBIJI 1 IIEPCIIEKTHUBU J1J1d YKPAITHU
Kopinuyx M.B., Onanxo B.T". 678

20. MOBUIBHICTH HA BUMOT'Y SIK CKJIAJIOBA KOHILIEIILIT
PO3YMHOI'O MICTA TA HAIIPSIM PO3BUTKY CYUACHUX
TPAHCIIOPTHUX CUCTEM

Manvxo K.B., Onaaxo B.I". 680

21. TPAHCIIOPTHE 3ABE3IIEUYEHH TEXHOJIOT'THHOI'O
ITPOLECY BHECEHHA MIHEPAJIbHUX TIOBPUB
Jlvomin O.A., Touxonoe I.B. 682

22. CYYACHI TEHJIEHIIII PO3BUTKY TPAHCIIOPTHO-
JIOTICTUYHUX CUCTEM B YKPAIHI
Kpomenko C.I1. 684

23. POJIb TA IIPUSHAYEHHS AYTCOPCHUHI'Y ITPU 3IMICHEHHI
TPAHCIIOPTHO-EKCIIEAMTOPCBKOI'O OBCJIIVTOBYBAHHA
Caesuenxo JI.A., [[uuenxo b.O. 685

24. DEVELOPMENT OF FREIGHT FORWARDING SERVICES IN
THE CONTEXT OF DIGITAL TRANSFORMATION OF LOGISTICS
Savchenko L., Marchuk O. 687

Cexuis
Icmopia azpapnoi océimu 1 HAYKU

1. AKAJIEMIK A.O. BACWIEHKO - BUTATHUU BUEHUI V

TAJTY34X 3EMJIEPOBCBKOI MEXAHIKU TA
CUJIBCBKOI'OCITOAAPCBKOI'O MAIILIMHOBY IYBAHH S

Jlepkau 1.0., /lepxau O.11. 689

2. KAMIJIJI TABPMJIOBUY HIMHJUIEP: 1O BIOTPA®II
Hmroes O.B. 691
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