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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 4 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 

is 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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