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Abstract. The problems of studying the dynamic behavior and improving the operational 
efficiency of various vibratory equipment are currently of significant interest. Special attention is 
paid to the possibilities of developing the enhanced designs of the planetary-type vibration exciters 
for the conveying, screening, and sieving machines. The novelty of the present research consists 
in providing the changeable inertial parameters of the improved planetary-type vibration exciter 
in order to adjust its operational conditions in accordance with the technological requirements. 
The mathematical model of the single-mass vibratory screening conveyor equipped with the 
proposed exciter is developed using the Lagrange-d’Alembert principle. The simulation of the 
system kinematic and dynamic characteristics under different operational conditions is carried out 
in the Mathematica software using the integrated Runge-Kutta methods. 
Keywords: vibratory equipment, inertial parameters, mathematical model, vibratory screening 
conveyor, simulation, dynamic characteristics, operational conditions. 

1. Introduction 

The problems of vibration excitation of various industrial equipment are of significant interest 
among researchers and designers. The vibratory machine operational conditions and technological 
functions substantially depend on the implemented exciter. Among a great variety of vibratory 
drives, the planetary-type ones are widely used in compacting equipment, screening and 
conveying machines, etc. The self-resonance effect occurring during the operation of the 
planetary-type vibration exciters allows for their effective implementation in different areas of 
vibration engineering with no necessity to use the complicated control systems [1]. The dynamic 
behavior and the failure effects of the planetary gear mechanisms are investigated in [2]. The 
improved model of the planetary gearbox containing the time-varying parameters is considered in 
[3]. The kinematic and dynamic analysis of the asymmetric planetary-type vibration exciter is 
carried out in [4]. The problems of synthesizing the rational design parameters of an asymmetric 
planetary-type vibration exciter with a pendulum anti-skid device are studied in [5]. The paper [6] 
considers the self-regulated inertial vibration exciter able to adjust its geometrical and mass 
parameters in accordance with the required dynamic characteristics of the vibration process.  

The possibilities of implementing the dual-frequency excitation of vibratory equipment by 
applying two synchronized coaxial unbalanced rotors driven by one electric motor are considered 
in [7]. Similar inertial vibration exciter equipped with separate driving motors independently 
actuating each unbalanced rotor was thoroughly studied in [8]. The novel design of the eccentric-
pendulum-type inertial vibration exciter generating the periodic disturbing force along the 
prescribed direction is theoretically and experimentally investigated in [9]. The paper [10] is 
dedicated to designing and studying the operation of the planetary-type vibration exciter with two 
unbalanced masses synchronized with the help of the chain gear. In [11], the authors considered 
the three-mass vibratory machine operating under the anti-resonance conditions and actuated by 
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the inertial vibration exciter designed in the form of the passive auto-balancer. The dynamics of 
the single-mass vibratory machine equipped with two identical inertial vibration exciters of the 
ball, roller, or pendulum type is analyzed in [12]. 

The present paper continues the authors’ previous research presented in [13] and [14] and 
dedicated to investigating the dynamics of the controllable inertial vibration exciters. Unlike the 
twin crank-type exciters thoroughly studied in [13] and [14] and implemented for providing the 
translational locomotion conditions of semidefinite vibratory systems and compaction machines, 
the present research considers the asymmetric self-regulated planetary-type vibration exciter. The 
novelty of this paper consists in improving the exciter design parameters by ensuring the 
possibility of changing its inertial characteristics and adjusting its operational conditions in 
accordance with the technological requirements. The proposed ideas can be effectively 
implemented in practice while designing the vibratory conveying and screening machines. The 
main objectives of this research consist in improving the mathematical model of the single-mass 
vibratory screening conveyor equipped with the proposed planetary-type exciter, and simulating 
the exciter kinematic and dynamic characteristics under different operational conditions. 

2. Research methodology 

2.1. General design of the vibratory screening conveyor equipped with the asymmetric self-
regulated planetary-type vibration exciter 

The vibratory screening conveyor is based on the single-mass oscillating platform 3 mounted 
on the foundation using four supports 1 and coil springs 2 (Fig. 1(a)). The working member 
consists of the vibrating screen 5 with the rod-type sieve and the conveying tray 4. The system is 
set into oscillatory motion by the asymmetric self-regulated planetary-type vibration exciter 6. 

The improved design of the exciter is presented in Fig. 1(b). The plate 1 is used to connect the 
exciter to the conveyor’s oscillating platform. The ring (annual) gear 2 is fixed to the plate 1. The 
driving motor 3 is mounted on the plate 4 connected with the 2. The axis of the motor’s shaft 
rotation doesn’t coincide with the ring gear’s geometric center. That’s why the carrier bar 6 
changes its position relative to the guide (linear) bearing 5 mounted on the motor shaft. 

 
a) 

 
b) 

Fig. 1. a) General design of the vibratory screening conveyor and b) the planetary-type vibration exciter 

Using the ball bearings, the planet gear 8 is installed on the axis 9 fixed to the carrier bar 6 
(Fig. 1(b)). The planet gear 8 rolls on the inside of the ring gear’s pitch circle 2. In order to ensure 
reliable contact between the planet gear 8 and the ring (annual) gear 2, the position of the carrier 
bar 6 sliding along the guide (linear) bearing 5 is regulated by the coil spring 7. The guiding bar 
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13 of the centrifugal exciter is connected to the casing 10 fixed on the ring gear’s hub 8. The 
unbalanced weights are placed on the guide (linear) bearing 12 sliding along the guiding bar 13. 
The position of the bearing 12 is controlled by the rubber damper 11 and the coil spring 14. The 
preliminary compression of the spring 14 is regulated by the nut 15.  

Therefore, the rotation of the driving motor’s shaft 3 causes the rolling of the planet gear 8 
along the inner circle of the ring gear 2 and simultaneous plane-parallel motion of the centrifugal 
weights 12. The major advantage of such an asymmetric planetary-type vibration exciter consists 
in arising the centrifugal and Coriolis forces and gyroscopic moments acting upon the planet gear 
8 and the ring (annual) gear 2. The mentioned forces and moments significantly improve the 
dynamic characteristics of the planetary-type vibration exciter and increase the efficiency of the 
conveying and screening processes provided by the vibratory machine [2], [3]. Unlike the actual 
research results and designs of similar exciters, the proposed one allows for self-regulating the 
inertial parameters of the centrifugal unit, i.e., the position of the weights 12 (see Fig. 1(b)). 

2.2. Dynamic diagram of the conveyor’s oscillatory system 

Let us consider the simplified dynamic diagram of the vibratory screening conveyor whose 
working member performs vertical and horizontal oscillations while the angular motion is 
restricted (see Fig. 2). The working member (conveying tray and oscillating sieve) is simulated as 
the rigid body of the mass 𝑚ଵ supported by the vertical springs of the stiffness 𝑘ଵ௬. The horizontal 
displacement of the working member is limited by the horizontal springs of the stiffness 𝑘ଵ௫. The 
oscillations are excited by the planetary-type mechanism consisting of the following elements: the 
ring (annual) gear fixed to the working member; the carrier bar characterized by the adjustable 
length; the planet gear rolling along the inner pitch circle of the ring (annual) gear; the unbalanced 
(centrifugal) exciter with self-regulated inertial characteristics. 

 
Fig. 2. Dynamic diagram of the conveyor’s oscillatory system 

The rotary motion of the block linkage 𝐵 around the hinge 𝐴 simulating the motor shaft is 
determined by the controllable angle 𝜑. The carrier bar 𝐵𝐷 can change its length in accordance 
with the position of the planet gear due to the action of the spring of the stiffness 𝑘ଶ. The planet 
gear of the mass 𝑚ଶ is hingedly joined with the carrier bar at the point 𝐷. The guide bar 𝐷𝐾 of 
the unbalanced (centrifugal) exciter is fixed to the planet gear and simultaneously rotates around 
the hinges 𝐴 and 𝐷. The angular position of the guide bar 𝐷𝐾 relative to the carrier bar 𝐵𝐷 is 
described by the angle 𝛾. Therefore, the unbalanced mass 𝑚ଷ simulated as the slider 𝐻 moving 
along the guide bar 𝐷𝐾 is generally under the conditions of the plane-parallel motion characterized 
by the changeable radiuses 𝐵𝐷 and 𝐷𝐻. The distance 𝐷𝐻 is controlled by applying the certain 
parameters (stiffnesses 𝑘ଷ, 𝑘ସ, initial lengths, etc.) of the springs 𝐸𝐻, 𝐻𝐾, and can change during 
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the machine operation due to the action of the centrifugal and Coriolis forces. 

2.3. Mathematical model describing the conveyor dynamics 

Let us adopt the Cartesian coordinate system 𝑥ଵ𝑂𝑦ଵ with its origin 𝑂 located at the gravity 
center of the conveyor’s working member (see Fig. 2). The generalized coordinates 𝑥ଵ and 𝑦ଵ 
unambiguously describe the position of the working member at any moment of time with respect 
to its initial position. The generalized coordinate 𝑥ଷ is used to describe the sliding (translational 
motion) of the guide (linear) bearing 𝐻 (mass 𝑚ଷ) along the guide bar 𝐷𝐾. The mathematical 
model describing the conveyor dynamics is developed using the Lagrange-d’Alembert principle. 
The differential equations of the oscillatory system motion are following: ሺ𝑚ଵ + 𝑚ଶ + 𝑚ଷሻ𝑥ሷଵ + 𝑐ଵ௫𝑥ሶଵ + 𝑘ଵ௫𝑥ଵ= ሺ𝑚ଶ + 𝑚ଷሻ൭ቆ𝑑𝜑ሺ𝑡ሻ𝑑𝑡 ቇଶ 𝑙஻஽ሺ𝑡ሻ cos𝜑ሺ𝑡ሻ − 2𝑑𝜑ሺ𝑡ሻ𝑑𝑡 𝑑൫𝑙஻஽ሺ𝑡ሻ൯𝑑𝑡 sin𝜑ሺ𝑡ሻ൱

−𝑚ଷ ൭ቆ𝑑𝛾ሺ𝑡ሻ𝑑𝑡 ቇଶ 𝑙஽ுሺ𝑡ሻ cos൫𝜑ሺ𝑡ሻ − 𝛾ሺ𝑡ሻ൯ + 2𝑑𝛾ሺ𝑡ሻ𝑑𝑡 𝑑൫𝑙஽ுሺ𝑡ሻ൯𝑑𝑡 sin൫𝜑ሺ𝑡ሻ − 𝛾ሺ𝑡ሻ൯൱, (1)

ሺ𝑚ଵ + 𝑚ଶ + 𝑚ଷሻ𝑦ሷଵ + 𝑐ଵ௬𝑦ሶଵ + 𝑘ଵ௬𝑦ଵ= ሺ𝑚ଶ + 𝑚ଷሻ൭−ቆ𝑑𝜑ሺ𝑡ሻ𝑑𝑡 ቇଶ 𝑙஻஽ሺ𝑡ሻ sin𝜑ሺ𝑡ሻ − 2𝑑𝜑ሺ𝑡ሻ𝑑𝑡 𝑑൫𝑙஻஽ሺ𝑡ሻ൯𝑑𝑡 cos𝜑ሺ𝑡ሻ൱
+ 𝑚ଷ ൭ቆ𝑑𝛾ሺ𝑡ሻ𝑑𝑡 ቇଶ 𝑙஽ுሺ𝑡ሻ sin൫𝜑ሺ𝑡ሻ − 𝛾ሺ𝑡ሻ൯ − 2𝑑𝛾ሺ𝑡ሻ𝑑𝑡 𝑑൫𝑙஽ுሺ𝑡ሻ൯𝑑𝑡 cos൫𝜑ሺ𝑡ሻ − 𝛾ሺ𝑡ሻ൯൱, (2)

𝑚ଷ𝑥ሷଷ + 𝑐ସ𝑥ሶଷ + 𝑘ସ𝑥ଷ = 𝑚ଷ ቆ𝑑𝛾ሺ𝑡ሻ𝑑𝑡 ቇଶ 𝑙஽ுሺ𝑡ሻ, (3)

where 𝑐ଵ௫, 𝑐ଵ௬, 𝑐ସ are the damping coefficients influencing the corresponding motion conditions 
of the oscillating bodies; 𝜑ሺ𝑡ሻ = 𝜑଴ + 𝜔 ∙ 𝑡; 𝜑଴ is the initial angular position of the carrier bar 
relative to the horizontal axis; 𝜔 is the carrier bar angular velocity;  𝑙஻஽ሺ𝑡ሻ = 𝑅 − ඥ𝑥஺ଶ + ሺ𝑅 − |𝑦஺|ሻଶ ∙ cosሺ𝜑ሺ𝑡ሻ + 𝛼ሻ; 𝛼 = arccos ቀ𝑥஺ ඥ𝑥஺ଶ + ሺ𝑅 − |𝑦஺|ሻଶ⁄ ቁ; 𝑅 is 
the pitch radius of the ring (annual) gear; 𝑥஺, 𝑦஺ are the coordinates of the axis of the carrier bar 
BD rotation (hinge A, see Fig. 2); 𝛾ሺ𝑡ሻ = 𝛾଴ + 𝜑ሺ𝑡ሻ ∙ 𝑅 𝑟௦⁄ ; 𝛾଴ is the initial angular position of the 
guide bar DK relative to the carrier bar BD; 𝑟௦ is the pitch radius of the planet gear; 𝑙஽ுሺ𝑡ሻ = 𝑙஽ா +𝑙ாு଴ + 𝑥ଷሺ𝑡ሻ; 𝑙஽ா, 𝑙ாு଴ are the distances describing the initial position of the slider 𝐻 (unbalanced 
mass 𝑚ଷ). 

3. Results and discussion 

3.1. Analyzing the inertial forces acting upon the oscillating bodies 

Let us introduce the input parameters: 𝜔 = 157 rad/s, 𝜑଴ = 0, 𝛾଴ = 3.14, 𝑚ଵ = 300 kg,  𝑚ଶ = 0.8 kg, 𝑚ଷ = 0.05 kg, 𝑙஽ா = 0.02 m, 𝑙ாு଴ = 0.01 m, 𝑅 = 0.087 m, 𝑟௦ = 0.017 m,  𝑥஺ = 0.015 m, 𝑦஺ = –0.055 m, 𝑘ଵ௫ = 𝑘ଵ௬ = 3×107 N/m, 𝑐ଵ௫ = 𝑐ଵ௬ = 100 (N∙s)/m,  𝑘ସ = 6.8×103 N/m, 𝑐ସ = 2 (N∙s)/m. The results of numerical modeling are presented in Fig. 3. 
Some of the internal forces do not exert any effect on the system dynamics. The carrier bar 

spring just presses the planet gear to the ring (annual) gear that’s why the stiffness 𝑘ଶ is not 
specified. Similar conclusion can be drawn about the rubber spring element of the stiffness 𝑘ଷ 
used for adjusting the initial position of the unbalanced mass. 

The inertial forces acting upon the oscillating bodies can be divided into the following groups: 
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centrifugal forces 𝐹௖௘௡.ଶሺ𝑡ሻ, 𝐹௖௘௡.ଷሺ𝑡ሻ occurring due to the planet gear rolling along the inner pitch 
circle of the ring (annual) gear and due to the unbalanced mass rotation around the hinge 𝐷 (see 
Fig. 2), respectively; Coriolis forces 𝐹௖௢௥.ଶሺ𝑡ሻ, 𝐹௖௢௥.ଷሺ𝑡ሻ disturbed due to the simultaneous 
rotational and translational motions of the planet gear and the unbalanced mass taking place while 
changing the length of the carrier bar 𝐵𝐷 and the distance 𝐷𝐻, respectively. 

The maximal excitation effect on the system vibrations is exerted by the centrifugal forces 𝐹௖௘௡.ଶሺ𝑡ሻ, 𝐹௖௘௡.ଷሺ𝑡ሻ. The magnitude of the force 𝐹௖௘௡.ଶሺ𝑡ሻ varies within 1000,…, 2600 N and 
changes in time due to the periodic decreasing and increasing of the distance BD. The force 𝐹௖௘௡.ଷሺ𝑡ሻ magnitude becomes almost constant and reaches about 1800 N after a certain time 
interval when the position of the slider 𝐻 holding the unbalanced mass is stabilized. The overall 
influence of the Coriolis force 𝐹௖௢௥.ଶሺ𝑡ሻ on the system motion is somewhat smaller, and its 
magnitude periodically changes in time within –1500,…, 1500 N. The force 𝐹௖௢௥.ଷሺ𝑡ሻ exerts 
almost zero effect on the system when the position of the unbalanced mass becomes stable, i.e., 
when the translational speed of the slider 𝐻 moving along the guide bar 𝐷𝐾 is equal to zero (see 
Figs. 2, 3). 

 
Fig. 3. Time dependencies of the inertial forces acting upon the exciter’s oscillating bodies 

3.2. Numerical modeling of the system motion 

The next stage of the present investigation is dedicated to numerical modeling of the 
conveyor’s oscillatory system motion excited by the inertial forces considered above. The solution 
of the derived system of the differential Eq. (1)-(3) has been obtained in the Mathematica software 
using the integrated Runge-Kutta methods. The results of the carried out numerical modeling are 
presented in the form of time dependencies of the oscillating masses displacements (responses) at 
different time intervals characterizing the starting conditions and the stable operation of the 
vibratory conveyor (see Fig. 4). 

 
a) 

 
b) 

Fig. 4. Responses of the oscillating masses at different time intervals: a) 𝑡 = 0…0.5 s; b) 𝑡 = 9.8…10 s 
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The starting conditions are characterized by intensive oscillations of the unbalanced mass 
whose initial displacement reaches 54 mm (Fig. 4(a)). After a certain time interval, the mass 𝑚ଷ 
takes its stable position at 𝑥ଷ = 0.028 m (Fig. 4(b)). The conveyor’s working member (screen and 
tray) starts its motion from the state of rest and performs periodic elliptical oscillations at the 
amplitude of about 10 mm, reaching the stable operation 1.5,…, 2 s after the start. According to 
the input data, the forced frequency is equal to 25 Hz (𝜔 = 157 rad/s), while the working body 
oscillations are performed at about 50 Hz (see Fig. 4). 

4. Conclusions 

The paper deals with studying the dynamics of the enhanced asymmetric planetary-type 
vibration exciter used in the vibratory screening conveyor. Under the prescribed input parameters, 
the working member performs elliptical oscillations at the amplitude of about 10 mm. 

The carried-out investigations showed that by changing the forced frequency and the 𝑅 𝑟௦⁄  
ratio, it is possible to adjust the operational conditions in accordance with the technological 
requirements. At the same time, the amplitude values of the working body displacement, velocity, 
and acceleration can be easily controlled by changing the inertial parameters of the unbalanced 
mass, i.e., the mass value, initial position, stiffness 𝑘ସ, etc. Therefore, the scope of further 
investigations consists in optimizing the system parameters in accordance with the prescribed 
technological requirements set for various vibratory equipment. 
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