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Introduction

The effect of self-synchronisation of the turning drive shafts 

in the electric motors is an important phenomenon currently used 

in vibration technology. 

The nature of the effect is the spontaneous synchronous rotation 

of two or more unbalanced shafts mounted to one rigid body.  

It results in a synchronised oscillatory motion of the entire mass,  

i.e. the rigid plate connecting the vibrators, the vibrators themselves, 

as well as other elements attached to the plate. 

In modern technology however, concurrent synchronisation is 

used more often. In such a case two unbalanced shafts are turning 

in the same direction. This effect is used especially often in vibration 

motors in sieving machines. During concurrent synchronisation the 

rigid plate connecting the vibrators is subjected to much smaller 

load factor than during counter-rotating synchronisation, and the 

granular material placed on the vibrating plate moves differently 

in each case. The physical properties of such systems have been 

described in detail (Ławrow 1968, Blechman 1971).

The base of a sifter is a vibrating table (rigid plate) undergoing 

a screw motion with angle and vertical amplitude. The machine is 

suspended or propped on springs. 

Fig.1. Rotating screw system with two vibrators

The system is propelled by two motors with unbalanced drive 

shaft placed symmetrically on both sides, usually at an angle of 45o 

to the vertical plane, and at an angle of 90o to each other. The 

motors work in mutual synchronisation, either concurrent or 

counter-rotating. The system undergoes screw vibrations around 

the vertical axis and simultaneous linear vibrations along the vertical 

axis. This complex motion causes the material to move circuitously 

on the horizontal plane. 

Purpose of the study

The purpose of this study is to find the parameters of motion 

of a rigid plate, such as vertical amplitude, and angle amplitude, 

as well as the peripheral speed of a seed motion on the surface 

of the horizontal plate, depending on parameters such as: type 

of synchronisation of the shaft rotation, angle of the vibrators, 

magnitude of force causing the vibration, mass of the rigid plate 

and the elements attached to it, and rotational speed of the shaft. 

The knowledge of these relationships is essential in designing seed 

calibrators.

Equipment

The equipment used in this study consists of a vibrating table 

on which a base for a column of sieves was mounted, propped 

on springs. The column is built from segments between which the 

sieves are placed. The first, lowest segment of the sifter rests on the 

column base. Two electrovibrators were mounted to it, opposite 

each other, to generate vibrations (Fig.3).

Three-phase motors with unbalanced masses mounted to their 

drive shaft were used as vibrators (Fig. 2). The vibrators used were 

manufactured by VIBRA Pol in Poznań, type:

BM 200/15, 1,500 rpm, voltage 380V, current 0.45A, wattage 

180W, maximum centrifugal force 2,030N, mass 11kg.

The exciting force for the vibrations in BM 200/15 vibrators is 

set after taking off the lid covering the counterweight (Fig 2) and 

after locking the rotation. The counterweights need to be adjusted 

to the magnitude of force shown on the dial: 50%, 70%, 80%, 

90%, 97% and 100% of the maximum centrifugal force driving the 

vibrations. 

Fig.2.The method of regulating the force of vibrators driving  
the oscillation

The counterweights are moved the same distance on both sides 

of the vibrator. The vibrators may work in a concurrent (Fig. 3a)  

or counter-rotating (Fig. 3b) mode, i.e. when one of the vibrators i 

s rotating in an opposite direction relative to the other. 

The angle of the vibrators in relation to the perpendicular  

is established by turning the vibrator on the mounting flange, marked 

with a scale from 0 to 90 degrees (Fig. 2). 
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a). Concurrent synchronisation of the vibrators

b). Counter-rotating synchronisation of the vibrators

Fig.3. The influence of the type of synchronisation of vibrators  
on the laser pointer trace

The horizontal plane of the vibrating table is subject to a complex 

oscillating motion as a result of the operating vibrators. The motion 

can be divided into: return-rotary motion on the vertical axis, and 

reciprocating motion on the vertical axis. Some conclusions about the 

parameters of this motion can be made after examining the constituents 

of the oscillation amplitude, based on the trace of the laser pointer on 

the screen placed at a significant distance from the vertical axis of the 

device. The laser pointers were mounted on the lid of the calibrator, 

allowing observation of traces of laser beams on the screens, placed 

on planes perpendicular to the laser axes. Both constituents parallel 

and perpendicular to the surface of the vibrating table were being 

registered. For the purpose of analysis of the operation of the device, 

the running torque is calculated for the given direction of motion:

          M = s · m
sum

   (1)

where:

M  = running torque, mm ·kg

s  = vibration amplitude on the measured plane mm

m
sum  

= total vibrating mass kg

Granular material motion takes place in a horizontal plane.

Methodology

For concurrent oscillation the angles of 0o, 45o, 90o were set, and, 

based on the size of the trace of the laser beam on the screen, the 

running torque while loading the table with different weights was 

calculated: 130, 145, 154, 170, 183kg. 

Additionally, the magnitude of force driving the vibrations was being 

changed: 50%, 70%, 80%, 90%, 97% and 100% of the maximum 

force driving the vibrations, equalling 2,030N. 

The running torque of the vibrating table in concurrent  

synchronisation of the vibrators

The running torque for vertical and horizontal oscillation of the 

vibrating table with two vibrators in concurrent synchronisation mode 

was calculated for the angles of 0o, 45o and 90o and for individual forces 

driving the oscillation F%; it is proportional to the exciting force. 

The running torque can be written in a form:

  (2)

where:  

F = 4060N maximum force of the two vibrators driving the vibrations

 % - the percentage of force driving the vibrations set on the vibrators 

This formula can be rewritten also for vertical vibrations. The 

results of measurements and calculations where, for demonstration 

purposes, 0o angle and concurrent oscillation was used, are presented 

in a graph (Fig. 3) 

Fig.4. The relation between running torque, both vertical and 
horizontal, for concurrent vibrations, and the force driving the 

vibrations at the angle of 0o

Analogous measurements were conducted for the angles  

of 0o, 45o and 90o. The running torque of the vibrating table, with 

varying angle of the vibrators and varying driven force driving the 

vibrations, as well as varying load of the table, for concurrent and 

counter-rotating oscillation, were presented in Figures 4 and 5. 

Oscillation in concurrent synchronisation

Fig.5.The relation between the running torque for concurrent 
oscillation and driven force

The running torque for concurrent oscillation varies most 

significantly for horizontal oscillation at the angle of 0o from 2,750 to 

5,400 kg·mm, and for the angle of 45o from 2,200 to 4,000 kg·mm, 

as well as the angle of 90o for vertical oscillation, from 600 to  

1,300 kg·mm. The running torque for the remaining oscillation is 

constant and equals from 500 to 600 kg·mm.

Oscillation in counter-rotating synchronisation

Fig.6.The relation between the running torque for counter-rotating 
oscillation and the strength of vibrations

The running torque for counter-rotating oscillation varies most 

significantly for horizontal oscillation at the angle of 0o from 1,500 to 
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3,000 kg·mm, and at the angle of 45o for vertical oscillation, from 1,700 

to 3,400 kg·mm. The running torque for the remaining oscillation is 

constant and equals from 700 to 900 kg·mm. 
Table 3

The determined formulas for the concurrent and  
counter-rotating oscillation

No. Oscillation
Vibrator 

angle

Horizontal 

oscillation

Vertical 

oscillation

1 concurrent 0 Y
0
=1.3466·x R2=0.9986 490

2 concurrent 45 Y
45

=0.9962·x R2=0.9693 512

3 concurrent 90 603 Z
90

=0.3216·x R2=0.9832

1
counter-

rotating
0 900 655

2
counter-

rotating
45 901 901

3
counter- 

rotating
90 Y

90
=0.2667·x R2=0.9902 Z

90
=0.8393·x R2=0.9902

Peripheral speed in concurrent synchronisation

A resultant force, causing the rotational motion of the granular 

material on the horizontal plane, appears on the vertical plane of 

vibrations in concurrent synchronisation. The peripheral speed, 

depending to the angle of the vibrators, was measured for a circle 

with a diameter of 0.6 m and is presented in the graph (Fig. 7) in 

relation to the constant exciting force for the vibrations, 90% of the 

maximum force, and the weight of the load on the vibrating table from  

130 to 183kg. The maximum speed occurs for angles of 40o to 50o.

In oscillation in counter-rotating synchronisation organised 

rotational motion on the horizontal plane is not observed. There is, 

however, a motion on a vertical plane, which enables, for example, 

mixing in a horizontal drum.

Fig. 7.The relation between the peripheral speed of granular material 
with vibrations in concurrent synchronisation, and the angle of the 
vibrators, for the weight of the load on the vibrating table varying 

from 130 to 183 kg

Summary

For concurrent oscillation the resultant amplitude of horizontal 

oscillation is the highest for the angle of 0o and decreases as the angle of 

the vibrators increases, whereas the amplitude of vertical oscillation is 

constant and starts increasing only for angles bigger than 45o (Fig. 8). 

Fig. 8.The relation between the running torque and the angle 
between the vibrators for concurrent and counter-rotating oscillation 

with 80% exciting force (3,600N)

For counter concurrent oscillation the vertical amplitude is the 

greatest for the angle of 0o, and decreases when the angle increases. 

The amplitude for horizontal oscillation rises steadily from 0o, reaching 

its peak at the angle of 90o.

Conclusion

The findings regarding the behaviour of a plate of a vibrating table 
with two vibrators enabled us to build a multilayer seed calibrator with 
a circle circuit of seeds on a sieve working in concurrent synchronisation 
mode. Rotational motion is not observed during conter-rotating 
synchronisation on horizontal axis; however, the constituent of the 
vertical vibrations increases. This motion takes place in vertical plane. 

The following possible uses of the presented design solution can 
be proposed:
–  Oscillation in concurrent synchronisation

horizontal vibrating feeders• 
sifters • 
dispensers • 
mixers of solids and suspensions • 
tables for evening the surface of the granular material• 
vertical vibrating feeders.• 

–  Oscillation in counter-rotating synchronisation
vibrating driers• 
ball mills • 
granulators. • 
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