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Abstract. The transport of material by vibratory conveyors involves micro-throws of particles, 
which can be undesirable for certain materials. This study investigates body motion in a conveyor 
trough whose bottom executes harmonic oscillations perpendicular to the transport direction, 
while the side walls undergo asymmetric oscillations. The methodology combines mathematical 
modelling and laboratory experiments. Numerical integration of the governing differential 
equations using a fourth-order Runge-Kutta scheme yielded the body displacement over one 
oscillation period, which enabled estimation of the average conveying speed and, consequently, 
the throughput. The study substantiates the concept and demonstrates the feasibility of the 
proposed vibratory-conveyor architecture. The results can inform the design of conveyors with 
throughput regulated by adjusting oscillation frequency or amplitude.  
Keywords: conveyor, oscillations, amplitude, conveying speed. 

1. Introduction 

Vibratory machines are widely used in industry and agriculture to transport discrete and bulk 
materials and they often operate as subsystems within larger process lines. The throughput of such 
equipment depends on oscillation amplitude and frequency, parameters that can be tuned over a 
wide range to meet process requirements. Inertial and vibratory conveyors are classes of 
oscillatory conveyors characterised by low power demand and reliable operation. In inertial 
conveyors, transport is produced by biharmonic trough motion at low frequency and large 
amplitude (up to 0.15 m), whereas vibratory conveyors operate at high frequency (up to 100 Hz) 
and small amplitude (≈ 0.15-0.2 mm). Because transport relies on micro-throws of particles, these 
devices are unsuitable for certain materials (e.g., metal shavings, wet sugar, concrete). Significant 
contributions to vibratory transport have been reported by researchers at Lviv Polytechnic. The 
benefits of electromagnetic drives are discussed in [1]; dynamic parameters for the bolts transport 
of various sizes are examined in [2]; and broader applications of vibratory machines are analysed 
in [3]-[5]. The effect of transverse trough oscillations normal to the sliding plane has been 
investigated in [6]-[9]. To reduce friction between the load and the trough in inertial conveyors, 
imparting horizontal transverse oscillations has been proposed, which increases throughput 
[10]-[12]. High-frequency excitation of a platform can also reduce friction between the body and 
the surface [13]-[15]. Waveform asymmetry has been proposed to increase mean conveying speed 
[16, 17]. Friction reduction due to torsional excitation in shaft-bushing systems is reported in [18]. 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2025.25234&domain=pdf&date_stamp=2025-12-22
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Body motion along an inertial-conveyor trough is analysed in [19] and a combined numerical-
experimental study of a vibratory conveyor for bulky and loose products is presented in [20]. A 
drawback of systems with transverse trough oscillations is that the conveyed load moves not only 
along the trough axis but also follows wall oscillations in the transverse direction. The associated 
inertial forces must be overcome, which increases energy consumption and the required drive 
power. 

2. Methodology 

2.1. Theoretical research 

We consider a vibratory-conveyor configuration schematized in Fig. 1. It comprises a 
horizontal platform (1) that performs harmonic oscillations along the 𝑌-axis and two plates (2, 3) 
between which the body 4 is located. To determine the mean conveying speed, which is the main 
performance indicator for conveyors, we first analyse body motion on platform 1 moving at 
velocity 𝑉଴. Plate 2 moves at 𝑈଴, whereas plate 3 is fixed. 

As the platform moves, friction at the platform-body interface presses the body against plate 2; 
simultaneously, friction at the body-plate interface drives motion along the 𝑋-axis. In the proposed 
device, the trough bottom undergoes only transverse oscillations, whereas the walls execute 
asymmetric longitudinal oscillations. Accordingly, the bottom alternately presses the body against 
the wall that, at a given instant, moves in the conveying direction. Friction with that wall produces 
purely longitudinal motion without transverse oscillation, so input energy is spent on translation 
alone, reducing the process energy demand. 

The velocity of the body on the platform surface is given by Fig. 2: 𝑊ሬሬሬ⃗ = 𝑈ሬሬ⃗ + 𝑉ሬ⃗ , (1)

where 𝑈 is the absolute velocity of the body along the 𝑋-axis; 𝑉 = 𝑉଴ is the body’s velocity 
relative to the platform (opposite the platform motion). 

 
Fig. 1. Schematic of the vibratory-conveyor design:  

1 – platform; 2, 3 – plates; 4 – body 
 
 

 
Fig. 2. Free-body diagram of the forces acting on the 

body during motion in the trough: 𝑉଴ – platform 
velocity; 𝑈଴ – plate velocity; 𝑊 – body velocity 

relative to the platform; 𝑈 – absolute body velocity  

Resolving frictional force into components gives: 𝐹ଵ = 𝐹் cos𝛼 = 𝑓ଵ𝑚𝑔 cos𝛼 ,       𝐹ଶ = 𝐹்sin𝛼 = 𝑓ଵ𝑚𝑔 sin𝛼, (2)

where cos𝛼 = ௏ඥ௏మା௎మ, sin𝛼 = ௎ඥ௏మା௎మ, 𝑓ଵ is the coefficient of friction between the platform and 
the body. 
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The plate-body friction is: 𝐹ଷ = 𝑓ଶ𝐹ଵ = 𝑓ଵ𝑓ଶ 𝑚𝑔 cos𝛼. (3)

The equation of motion reads: 𝑚𝑥ሷ = 𝐹ଷ − 𝐹ଶ, (4)

i.e.: 𝑚𝑥ሷ = 𝑓ଵ𝑓ଶ𝑚𝑔cos𝛼 − 𝑓ଵ𝑚𝑔sin𝛼. (5)

With the substitution: 𝑈 = 𝑥ሶ = 𝑉tg 𝛼, (6)

and constant 𝑉, we obtain: 

𝑥ሷ = 𝑉𝛼ሶcosଶ𝛼. (7)

Combining with Eq. (5) yields: 𝑉𝛼ሶcosଶ𝛼 = 𝑓ଵ𝑔ሺ𝑓ଶ − tg 𝛼ሻcos𝛼 , (8)

hence: 

𝛼ሶ = 𝑑𝛼𝑑𝑡 = 𝑓ଵ𝑔ሺ𝑓ଶ − tg 𝛼ሻcos𝛼. (9)

Integrating Eq. (9) gives 𝛼(𝑡) and the body velocity. If 𝑓ଶ > tg𝛼, then 𝛼ሶ > 0 and  𝛼 → 𝛼௠௔௫ = arctg𝑓ଶ so: 𝑈 = 𝑉tg 𝛼௠௔௫ = 𝑓ଶ𝑉. (10)

Hence, in this regime 𝑈 is independent of 𝑈଴ and of the platform-body friction. The upper 
bound 𝑈௠௔௫ cannot exceed the plate velocity 𝑈଴. 

For small 𝛼, using tg𝛼 = 𝛼 and cos𝛼 = 1 leads to: 𝑑𝛼𝑑𝑡 = 𝑓ଵ𝑔𝑉 (𝑓ଶ − 𝛼). (11)

Eq. (11) was integrated with the condition 𝑡 = 0, 𝛼 = 0: 𝛼 = 𝑓ଶ ൬1 − 𝑒ି௙భ௚௏ ௧൰. (12)

In the second scenario, plate 2 moves at 𝑈଴, plate 3 remains fixed and the platform velocity is: 𝑉଴ = 𝐴𝜔 sin𝜔 𝑡, (13)

where 𝐴 and 𝜔 are the amplitude and frequency of the platform oscillations. In this case, the 
differential equation of motion of the body becomes: 
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𝑥ሷ = 𝑓ଵ𝑔 ቆ𝑓ଶ 𝐴𝜔 sin𝜔 𝑡ඥ(𝐴𝜔 sin𝜔 𝑡)ଶ + 𝑥ሶ ଶ − 𝑥ሶඥ(𝐴𝜔 sin𝜔 𝑡)ଶ + 𝑥ሶ ଶቇ. (14)

Since Eq. (14) is highly nonlinear, it can only be integrated numerically to obtain the 
displacement of the body as a function of time and hence the average transportation velocity. For 
this purpose, we used the fourth-order Runge-Kutta method. The integration step was 0.001 s and 
the integration limits were 𝑡଴ = 0 s, 𝑥଴ሶ = 0 m/s. 

In the third scenario, both plates execute asymmetric oscillations with 𝑈଴ = 𝐵𝜔 sin𝜔 𝑡, where 𝐵 and 𝜔 are the amplitude and frequency of the plate oscillations.  
Eq. (14) is integrated over 𝑡ଵ when the body is in contact with plate 2 0 ≪ 𝑡ଵ ≪ 𝑇 2⁄ , where  𝑇 = 2𝜋 𝜔⁄  is the period of plates oscillation. 
Over the interval 𝑇 2⁄ ≪ 𝑡ଶ ≪ 𝑇, when the platform changes its direction of motion, the body 

is pressed against plate 3, whose velocity is also directed along the 𝑋-axis and the body continues 
to move in the desired direction.  

2.2. Experimental research 

To validate the theoretical results, a laboratory test rig was developed, whose general view is 
shown in Fig. 3. It consists of a platform (1) capable of translation in the horizontal plane along 
the 𝑌-axis and two walls (2, 3). Wall 2 is fixed, whereas wall 3 is mounted to translate along the 𝑋-axis. A vibration exciter (4) is attached to platform 1. A test body (load) (5) is placed on the 
platform between the two walls. 

 
Fig. 3. General view of the laboratory setup: 1 – platform; 2, 3 – walls; 4 – vibration exciter; 5 – body 

In the first stage of the experiments, platform 1 moved at a constant velocity 𝑉଴, while wall 3 
moved at a constant velocity 𝑈଴. The movement of the body in the trough was recorded on video 
and analysed frame-by-frame. The displacement-measurement error was 0.5 mm. Each test was 
performed in triplicate. Average velocity was obtained from the measured displacement over a 
known time interval. The coefficients of friction were measured by the inclined-plane method. 
Because the kinetic coefficient depends on sliding speed and is difficult to determine accurately, 
the static and kinetic coefficients were taken equal for the purposes of this study. 

In the second stage, using the vibration exciter (4), platform 1 performed harmonic oscillations 
with velocity 𝑉଴ = А𝜔 sin𝜔 𝑡, while wall 3 moved at a constant velocity 𝑈଴. The exciter 
frequency was measured with a laser tachometer.  

3. Results and discussion 

3.1. Results of the theoretical research 

As it is shown in theoretical research, when both the platform and the trough walls move at 
constant velocities, the body’s displacement and velocity vary with time in a manner that depends 
on the friction coefficients at the platform and wall surfaces (Fig. 4, Fig. 5). 
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The graphs demonstrate that the body velocity approaches its maximum asymptotically 𝑈௠௔௫ = 𝑓ଶ𝑉଴. The platform-body friction coefficient affects only the time required to reach this 
limit: at 𝑓ଵ = 0.2, 95 % of 𝑈௠௔௫ is attained in 𝑡 = 0.3 s, whereas at 𝑓ଵ = 0.8 the same level is 
reached in 𝑡 = 0.19 s. Clearly, the body velocity cannot exceed the wall velocity.  

For harmonic platform motion 𝑉଴ = 𝐴𝜔 sin𝜔 𝑡 computed velocity-time histories for two 
amplitudes are shown in Fig. 6. 

 
Fig. 4. Body displacement versus time for several 
values of the friction coefficient between the body 
and the platform surface (𝑓ଶ = 0.5, 𝑉଴ = 0.3 m/s) 

 
Fig. 5. Body velocity versus time for several values  
of the friction coefficient between the body and the 

platform surface (𝑓ଶ = 0.5, 𝑉଴ = 0.3 m/s) 
 

 
a) 𝑓ଵ = 0.6, 𝑓ଶ = 0.6, 𝜔 = 10 rad/s 

 
b) 𝑓ଵ = 0.6, 𝑓ଶ = 0.6, 𝜔 = 20 rad/s 

Fig. 6. Body velocity versus time for different platform oscillation amplitudes 

The curves indicate a strong dependence of body speed on both platform-oscillation amplitude 
and frequency. Fig. 7 compares velocity-time responses for several wall-friction coefficients. 

 
a) 𝐴 = 0.011 m, 𝑓ଵ = 0.6, 𝜔 = 10 rad/s 

 
b) 𝐴 = 0.011 m, 𝑓ଵ = 0.6, 𝜔 = 20 rad/s 

Fig. 7. Body velocity versus time for different wall-friction coefficients 

The peak velocity scales nearly linearly with the wall-friction coefficient, consistent with the 
constant-velocity regime. 

Figs. 8-9 show mean conveying speed versus wall-friction coefficient for multiple 
platform-friction levels (Fig. 8) and for multiple oscillation amplitudes (Fig. 9). 
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Fig. 8. Average body speed versus wall-friction 

coefficient for different platform-friction  
coefficients (𝐴 = 0.011 m, 𝜔 = 10 rad/s) 

 
Fig. 9. Average body speed versus wall-friction 

coefficient for different oscillation  
amplitudes (𝑓ଵ = 0.6, 𝜔 = 10 rad/s) 

The results show that mean conveying speed is governed mainly by the wall-friction 
coefficient and platform-oscillation amplitude, with negligible sensitivity to platform-body 
friction. 

Speed rises with amplitude and frequency; however, at 𝜔 = 30 rad/s and 𝐴 = 0.02 m. it 
decreases because within a half-period the body cannot reach its peak velocity. From Fig. 7, 
doubling platform frequency (from 10 rad/s to 20 rad/s) raises the peak velocity only by 1.6 times, 
so the growth of the average speed with frequency is sub-linear at higher frequencies. 

With asymmetric wall oscillations, the body speed cannot exceed the instantaneous wall speed 𝑈଴ = 𝐵𝜔 sin𝜔𝑡. Fig. 10 compares the body and wall velocities.  

 
Fig. 10. Body and wall velocities versus time 

3.2. Results of the experimental research 

The experimental studies conducted at the laboratory scale plant resulted in obtaining the 
dependences of an average conveying speed versus oscillation frequency 10 ≤ 𝜔 ≤ 30 (rad/s), 
amplitude of the platform.0.001 ൑ 𝐴 ൑ 0.021 (rev/m) and friction coefficient between the body 
and the platform surface 0.2 ≤ 𝑓ଶ ≤ 1 in a technological line, which are presented in the form of 
response surfaces as a functional а) 𝑉 = 𝑓(𝐴, 𝑓ଶ) at 𝜔 = 20 rad/s; b) 𝑉 = 𝑓(𝜔, 𝑓ଶ) at  𝐴 = 0.011 m; с) 𝑉 = 𝑓(𝐴,𝜔) at 𝑓ଶ = 0.6 (Fig. 11).  

Analysis of the response-surface sections indicates that the mean speed versus wall-friction 
coefficient approaches its asymptote 𝑈௠௔௫ = 𝑓ଶ𝑉. The amplitude and frequency of oscillations 
exert the dominant influence on the mean conveying speed; notable gains are observed for 𝜔 ≥ 20 rad/s and 𝐴 ൒ 0.011 m. 

Fig. 12 compares theoretical predictions with experimental data for constant-velocity motion 𝑉଴ = 0.3 m/s and the moving wall at 𝑈଴ = 0.3 m/s. 
Under the assumption of equal static and kinetic friction coefficients at all interfaces, theory 

and experiment agree satisfactorily (error within 14-20 %). 
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а) 𝑉 = 𝑓(𝐴,𝑓ଶ) at 𝜔 = 20 rad/s 

 
b) 𝑉 = 𝑓(𝜔,𝑓ଶ) at 𝐴 = 0.011 m 

 
с) 𝑉 = 𝑓(𝐴,𝜔) at 𝑓ଶ = 0.6 

Fig. 11. Response surfaces of average conveying speed versus as a functional 

 
Fig. 12. Body velocity versus the coefficient of friction at the surface of the moving wall 

4. Conclusions 

The study examined body motion in a conveyor trough under constant-velocity travel and 
harmonic oscillations of the platform. A mathematical model was formulated for these regimes, 
and numerical integration of the governing equations provided the mean conveying speed as a 
function of platform and wall kinematics and of the relevant friction coefficients. Experimental 
results validated the proposed model. The device is suitable for practical implementation, as its 
conveying speed depends on the oscillation frequency of the platform and walls, which can be 
adjusted with a frequency inverter. With a stepper-motor drive, both frequency and amplitude are 
tunable via software control. In the proposed device the body does not undergo transverse 
oscillations, which reduces energy expenditure for motion perpendicular to the trough axis and, 
consequently, lowers the required drive power. Upon completion of a full laboratory setup and 
additional experimental studies, practical guidelines can be formulated for selecting rational 
design parameters for the proposed vibratory conveyor. 
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