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Abstract. In the drives of the working bodies of ice breaking, road, construction and other 
technological machines the use of asymmetric planetary vibration exciters becomes promising. 
Where rotation carrier axis of the inertial runner is shifted relative to the treadmill center. 
Vibro-exciters of this type as a result of the joint action of the centrifugal and Coriolis forces on 
the inertial slider provide a significant increase in the integral value of the directional driving 
force. The momentum is proportional to the eccentricity of the carrier and directed towards the 
specified displacement of the carrier axis. The article presents the original mathematical and 
graphical dependencies characterizing the workflow of these vibration exciters and confirming 
their effectiveness. 
Keywords: vibroexciter, inertial runner, carrier, eccentricity, treadmill, driving force. 

1. Introduction 

The use of vibration makes it possible to intensify many technological processes, improve the 
quality of work performed and create new technologies based on vibration effects. Devices that 
excite vibration, which must be transmitted to the processing object, are called vibration exciters. 
They can be classified according to several characteristic levels. 

The method of action distinguishes between centrifugal, inertial and vibration exciters of shock 
movement. The driving force of inertial vibration exciters develops as a result of the reciprocating 
movement of the masses. In shock exciters, the driving force arises from the collision of moving 
masses. When working in one particular mode, different values of the impact speed are possible, 
and, therefore, different machine efficiencies, depending on its setting. In centrifugal vibration 
exciters, the driving force is characterized by the inertia force of the rotating parts – inertial 
elements. Of all the types of vibration exciters used in compaction of road-building materials, the 
most common are centrifugal ones. They are simple in design, have a low cost, provide the ability 
to achieve high driving force (more than 1 kN per 1 kg of vibration exciter mass), a wide range of 
vibration frequency (approximately in the range of 0.01 ... 1000 Hz), smooth or stepwise 
regulation of the vibration frequency with a simultaneous change in the amplitude of the driving 
force, the ability to work with large dissipative resistances. Vibrating machines with centrifugal 
exciters are dynamic systems in which the law of mass motion depends not only on the parameters 
of the vibration exciter and the circuit diagram of the machine, but also on the state of the system 
itself. The movement of the working body is affected by positional, inertial and dissipative forces 
arising from this movement. 

According to the vibration type, vibration exciters are divided into single-frequency and multi-
frequency. An example of the excitation of polyfrequency oscillations is presented in Figure 1b, 
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where the treadmill is run in by an unbalanced runner. 
According to the type of excitation of vibrations, centrifugal vibration exciters are divided into 

unbalanced and planetary. In unbalanced, the inertial element (unbalance) is an unbalanced rotor 
with its shaft mounted in bearings (Fig. 1(a)). The generated driving force is transmitted to the 
exciter housing through bearings. The planetary vibration exciter inertial element (runner) is run 
on the treadmill of the body, making two movements: running and its own rotation, which are 
connected by a certain gear ratio. One of these movements is provided by the drive. The generated 
driving force is transmitted to the body through the treadmill. 

Planetary vibration exciters are divided into lead and friction-planetary. In Fig. 1(b, c, d), 
diagrams of lead-planetary vibration exciters with external running are shown. The runner with 
its outer side surface is run in along the treadmill of the body with a leash, the rotation of which 
is reported by the shaft. The leash in the first case is forked, and in the second it is articulated. The 
driving exciters include planetary vibration exciters, in which the runner rolls along the treadmill 
of the body cavity under the action of the air supplied in the tangential direction. In the case of the 
use of unbalanced runners (Fig. 1(b)), two centrifugal forces of different frequencies arise. 

One driving force develops as a result of rotation of the center of mass of the runner relative 
to the axis of rotation 𝑂, and the second due to rotation of the roller relative to its axis 𝑂 . In this 
case, the movement of the runner can be represented as consisting of the translator together with 
the center of the runner and rotational relative to this center. 

In friction-planetary vibration exciters, two principal schemes of their device are distinguished: 
with external and internal running-in. The friction-planetary vibration exciter with external 
break-in (Fig. 1(e)) has a slider, whose own rotation supports the engine through the shaft. The 
runner runs on the treadmill of the body. In the case of an internal run-in (Fig. 1(f)), a runner 
having an annular cross-section is rolled around the treadmill with its inner side surface, which is 
the side surface of a finger rigidly connected to the body. Own rotation of the slider informs the 
engine. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Fig. 1. Flat diagrams of centrifugal vibration exciters with one inertial element:  
1 – housing; 2 – inertial element; 3 – drive shaft; 4 – treadmill; 5 – drove; 6 – housing finger 

In unbalanced vibration exciters, depending on the design requirements of the vibrator, 
determined by its technological purpose, shape, dimensions and weight, the shafts of the 
unbalanced mechanism can be made horizontal and vertical, coaxial, parallel or mutually 
perpendicular. A certain direction and synchronism of shaft rotation with unbalances is achieved, 
as a rule, by gears - cylindrical or conic. In relation to the longitudinal axis, vibration exciters can 
excite circular, longitudinal, rotational, longitudinal-rotational, transverse and helical vibrations, 
therefore, using synchronously rotating unbalances, you can create any single-frequency driving 
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forces (forces, moments, their combinations). Each type of oscillation is used to perform a specific 
technological operation, for which it is most effective. 

To transmit movement from the drive to the working body of the planetary vibration exciters, 
various types of carrier are used. The most common are towed vibroexciters (fork – Fig. 1(c, d); 
articulated – lever – Fig. 1(b) and friction – Fig. 1(d, f)). 

According to the type of carrier installation in the vibration exciter case, there are symmetric 
(Fig. 1(c)) and asymmetric (Fig. 1(d)) vibration exciters. Asymmetric vibration exciters have 
increased dynamism and a high degree of unsteadiness of the working process due to the addition 
of the Coriolis forces of inertia to the centrifugal forces, which is achieved by the asymmetric shift 
of the axis of rotation along which the inertial runner moves. 

The shape of the treadmill distinguishes planetary vibration exciters with a round, oval, 
elliptical track or track, the shape of which is described by higher-order curves. 

According to the implementation type of the driving force, centrifugal vibration exciters can 
be directed and non-directed. In the latter case, the vibration exciter consists of two runners 
(eccentrics) rotating in different directions with the same angular velocity, arranged so that at each 
moment of time the horizontal components of the centrifugal forces are balanced, and the vertical 
components are summed. The directed action of the driving force is also inherent in asymmetric 
planetary vibration exciters. 

The variety of vibration exciters used in the industry is very large, and they find more and 
more widespread use in all spheres of human activity, and people sometimes do not even think 
about their presence, for example, in cell phones, where they provide the well-known “vibration 
mode”. 

But not all known vibration exciters are demanded by consumers, despite their well-known 
advantages. 

The use of planetary vibration exciters on ice breaking, road and construction machines 
provides an effect on the processed material of significant driving force and at the same time 
increases the reliability of vibration exciters due to the action of the driving force of the inertial 
runner directly on the housing treadmill, bypassing the drive shaft. 

The most effective in terms of driving force and polyfrequency effects on the material being 
processed is planetary vibration exciter with an offset center of carrier rotation (asymmetric 
planetary vibration exciter) [1-4], where the variable angular velocity of the inertial runner relative 
to the treadmill curvature center is provided by the eccentricity of the rotation axis of the carrier 
relative to this curvature center. 

Due to the fact that the rotation center of the carrier of the vibration exciter is asymmetrically 
shifted in one direction, the maximum impulse of the driving force of the vibration exciter is 
shifted in the same direction, which can be 3-5 times larger than the pulse directed in the other 
direction [5-7]. 

The increase in the driving force in asymmetric planetary vibration exciters is achieved due to 
the additional effect on the inertial slider of the Coriolis inertia forces with a variable radius of its 
movement trajectory or a variable angular velocity. 

However, Well-known designs of asymmetric planetary vibration exciters have a common 
drawback: the inertial slider slips along the surface of the treadmill under the influence of Coriolis 
forces and spontaneous torque within certain areas of the movement path. Slippage leads to a 
sharp, about an order of magnitude, increase in the energy intensity of the drive of the carrier and 
intensive heating of the inertial runners [8-11]. That is why all over the world there is still no 
widespread use of these vibration exciters. 

Solving the slider's slippage problem could spread of this class of perspective vibration 
exciters, but nowadays almost no one of scientists has investigated the causes of inertial slider 
slipping on the treadmill surface and the vibration exciter working process, and the lack of 
understanding of these causes repels potential consumers from using asymmetric vibration 
exciters. 

No one was engaged in the development of anti-skid devices for planetary vibration exciters, 
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the use of which could several times increase the efficiency of these vibration exciters and reduce 
their energy consumption. 

The novelty of the issue, the presence of contradictory information, the lack of a generalizing 
literature on this issue create great difficulties in the development of new vibration machines with 
planetary vibration exciters. 

The authors of this article offer their original analysis of the causes and a previously unknown 
solution to this problem. 

A. B. Yermilov, and then E. S. Temirbekov [5-7], considered the working process of an exciter 
with a powered drove, which provides the simplest kinematics of an inertial slider drive and 
transmits to the drive shaft of an exciter in its pure form a moment of resistance to the displacement 
of the inertial slider along the treadmill [4]. 

2. Analysis of the kinematics of an asymmetric vibration exciter 

Fig. 2(a) shows a block diagram of an asymmetric planetary vibration exciter with a powered 
carrier, and Fig. 1(b) shows the calculated scheme of asymmetric planetary vibroexciter (APV) 
with a carrier of the leash type, where the inertial slider is represented as a material point.  

The carrier rotation axis 𝑂 is shifted relative to the center of curvature 𝑂  of the treadmill to 
the eccentricity 𝑒 taking the radius of the treadmill 𝑅 , the following values are obtained from the 
geometric relationships by solving equations: 𝑅 cos𝛿 = 𝑅sin𝜑 − 𝑒,    𝑅 sin𝛿 = 𝑅cos𝜑, (1)

where 𝑅 –current rotation radius of the inertial slider relative to the rotation carrier axis; 𝜑 – 
current angle of inertia slider rotation 𝑅; 𝛿 – current rotation radius 𝑅  rotation of the inertial 
runner relative to the treadmill curvature center. 

When solving Eq. (1) relative to the radius 𝑅 , the absolute value of the current radiuses 
obtained: 

𝑅 = 𝑒 sin𝜑 + 𝑅𝑒 − cos 𝜑 . (2)

Due to the eccentricity, the inertial slider not only performs an asymmetric circular motion 
around the center 𝑂 , but also periodically moves along the radius of rotation with a radial velocity 𝑑𝑅/𝑑𝜑. Differentiating the equation of radius 𝑅 by the magnitude of the elementary current angle 
of rotation 𝑑𝜑, the alternating radial velocity is obtained: 𝑑𝑅𝑑𝜑 = 𝑒𝑅cos𝜑𝑅 − sin𝜑 = 𝑒cos𝜑 1 + sin𝜑𝑅𝑒 − cos 𝜑 . (3)

The magnitude of the current angle 𝛿 with regard to Eq. (2) is determined by the trigonometric 
dependencies: 

cos𝛿 = sin𝜑 1 − 𝑒𝑅 cos 𝜑 − 𝑒𝑅 cos 𝜑, 
sin𝛿 = cos𝜑 1 − 𝑒𝑅 cos 𝜑 + 𝑒𝑅 cos𝜑sin𝜑. (4)
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The angle 𝛾 between the current radii of rotation 𝑅 and the curvature 𝑅  is determined by the 
dependence 𝛾 = 𝜑 + 𝛿 − 𝜋 2⁄ . Then cos𝛾 = sin 𝜑 + 𝛿 , and sin𝛾 = −cos 𝜑 + 𝛿 . Using 
Eq. (4), the equation is: 

cos𝛾 = 1 − 𝑒𝑅 cos 𝜑,     sin𝛾 = 𝑒𝑅 cos𝜑, sin𝛿 = cos 𝜑 − 𝛾 ,     cos𝛿 = sin 𝜑 − 𝛾 . (5)

It should be noted that at the points 𝜑 = 𝜋 2⁄  and 𝜑 = 3𝜋 2⁄ , the sin𝛾 function reverses sign, 
whereas the cos𝛾 function remains positive over the entire range of variation of the angle 𝜑. 

  
Fig. 2. The design scheme of the APV with a leash type carrier 

3. Analysis of the dynamics of asymmetric vibration exciter 

When the carrier rotates, the inertial slider is acted by the centrifugal force 𝑅  directed along 
a variable radius 𝑅 , the Coriolis force 𝑃  perpendicular to this radius and resistance force to 
movement of the 𝑃  tangent to the treadmill’s circumference, i.e. perpendicular to the radius 𝑅 . 
The proper weight of the inertial slider is neglected. Calculated values of centrifugal and Coriolis 
forces: 

𝑃с = 𝑚𝜔 𝑅 =  𝑚𝜔 𝑒 sin𝜑 + 𝑅𝑒 − cos 𝜑 , (6)

𝑃 = 2𝑚𝜔 𝑑𝑅𝑑𝜑 = 2𝑚𝜔 ecos𝜑 1 + sin𝜑𝑅𝑒 − cos 𝜑 . (7)

When 𝜑 = 𝜋 2⁄  and 𝜑 = 3𝜋 2⁄ , the centrifugal force is 𝑃 = 𝑚𝜔 𝑅 𝑒 , and the Coriolis 
force is 𝑃 = 0, since at these characteristic points of the inertial runner’s trajectory the force 𝑃  
changes its direction relative to the radius 𝑅 on the contrary. At 3𝜋 2⁄ 𝜑 𝜋 2⁄ , the force 𝑃  is 
directed in the direction of slider movement, at 5𝜋 2⁄ 𝜑 3𝜋 2⁄ , the force 𝑃  counteracts the 
movement of the slider. 

Since at the points 𝜑 = 𝜋 2⁄  and 𝜑 = 3𝜋 2⁄ , the force effect sign 𝑃  and functions sign  
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sin𝛾 = cos𝜑 change simultaneously, the component 𝑃 sin𝛾 always coincides in direction with 
the component 𝑃 cos𝛾. 

From Eq. (6) and (7), taking into account Eq. (5), it follows that 𝑃 = 2𝑃 tg𝛾. Since the force 𝑃  directly depends on the function cos𝜑, it is always directed at an angle (𝜋 2⁄ − 𝜑) to the 
vertical axis (𝑌) of the exciter towards the eccentric displacement of the carrier rotation axis in the 
entire values range of the angle 𝜑. The tangential forces 𝑃  and 𝑃  are mainly determined by the 
magnitude of the Coriolis force 𝑃 , therefore, in the interval 5𝜋 2⁄ > 𝜑 > 3𝜋 2⁄ , the indicated 
forces oppose the inertial motion of the slider (resistance moment 𝑀 > 0), and in the interval 3𝜋 2⁄ > 𝜑 > 𝜋 2⁄  contributes to its movement (𝑀 < 0). 

The force of resistance 𝑃  is a dissipative function and determined by the action of the force 𝑃 , normal to the surface of the treadmill: 𝑃 = 𝑃 𝑓 = 𝑃 cos𝛾 + 𝑃 sin𝛾 𝑓, (8)

where 𝑓 – rolling friction coefficient of the inertial slider along the treadmill. The component of 
the force 𝑃 , directed along the radius 𝑅, is summed algebraically with the centrifugal force 𝑃 , 
therefore the additive force 𝑃  acting along the radius 𝑅: 𝑃 = 𝑃 − 𝑃 sin𝛾 = 𝑃 1 − 𝑓sin𝛾cos𝛾 − 𝑃 𝑓sin 𝛾. (9)

Accordingly, the additive tangential force 𝑃 , perpendicular to the radius 𝑅 , when its positive 
value coincides with the direction of rotation of the carrier at 0 < 𝜑 < 𝜋 2⁄ : 𝑃 = 𝑃 sin𝛾 − 𝑃 − 𝑃 cos𝛾 = 𝑃 sin𝛾 − 𝑓cos𝛾 − 𝑃 𝑓sin𝛾 + cos𝛾 . (10)

The additive tangential force 𝑃 , which characterizes the moment of resistance to the carrier’s 
rotation [8, 9]: 𝑃 = − 𝑃 + 𝑃 cos𝛾 = − 𝑃 𝑓cos 𝛾 + 𝑃 1 + 𝑓sin𝛾cos𝛾 . (11)

The added coefficient 𝐴 =  1 + sin 𝛾 cos𝛾⁄ , depending on the angle 𝛾, and after simplifying 
the Eq. (8-11) the equation is: 𝑃 = 𝑃 𝐴,     𝑃 = 𝑃 𝑓𝐴,      𝑃 = 𝑃 1 − 𝑓𝐴sin𝛾 , 𝑃 = −𝑃 sin𝛾 + 𝑓𝐴 ,      𝑃 = −𝑃 2tg𝛾 + 𝑓𝐴cos𝛾 . (12)

Moment of resistance to carrier rotation: 𝑀 = −𝑃 𝑅 = 𝑃 2tg𝛾 + 𝑓𝐴cos𝛾 𝑅. (13)

Since 𝜑 = 𝜋 2⁄  and 𝜑 = 3𝜋 2⁄  angle 𝛾 = 0, then 𝑀 = 𝑃 𝑓𝑅. 
Projections of the driving force of the APV on the coordinate axis: 𝑃 = 𝑃 = 𝑃 sin𝛿 + 𝑃 cos𝛿   or   𝑃 = 𝑃 = 𝑃 cos𝜑 + 𝑃 sin𝜑, 𝑃 = 𝑃 = 𝑃 sin𝛿 − 𝑃 cos𝛿   or   𝑃 = 𝑃 = 𝑃 cos𝜑 − 𝑃 sin𝜑. 
Using the expression𝑅 = 𝑅 sin𝜑 + cos𝛾 ,obtained from Eqs. (2) and (5) the equations in 

a dimensionless form: 

𝐹 = 𝑃𝑚𝜔 𝑅 = 𝑘 sin𝜑 + cos𝛾 sin𝜑 − 2tg𝛾cos𝜑 − 𝑓𝐴cos 𝜑 − 𝛾 , (14)
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𝐹 = 𝑃𝑚𝜔 𝑅 = 𝑘 sin𝜑 + cos𝛾 cos𝜑 − 2tg𝛾sin𝜑 + 𝑓𝐴sin 𝜑 − 𝛾 , (15)𝑀 = 𝑀𝑚𝜔 𝑅 = 𝑘 sin𝜑 + cos𝛾 2tg𝛾 + 𝑓𝐴cos𝛾 , (16)

where 𝑘 = 𝑅 𝑒⁄  – coefficient of inverse specific eccentricity. 
In Fig. 3, from two different points of view, the same graph of the specific force 𝐹  versus the 

carrier angle 𝜑 and the coefficient 𝐾  is shown. With an increase in eccentricity 𝐾 → min, and 
oscillations acquire a poly-frequency nature. The intersection points of the graphs with the 𝑥-axis 
approach the mean value of 𝜑 = 90° with increasing eccentricity, and the extreme ordinates of the 
positive and negative branches of the graphs increase in absolute value. 

This relationship is particularly important when calculating the working bodies of sealing or 
crushing machines and ice breakers [8-13], since it allows adjusting the force direction. 

 
Fig. 3. Dependence of projection of the specific driving force 𝐹  on the ordinate axis  

on the carrier rotation angle 𝜑 of asymmetric exciter 

For small values of 𝐾  (𝐾 < 3), the negative branch of the graphs, which corresponds to the 
force action 𝐹  towards eccentric displacement of the carrier relative to the treadmill curvature 
center, acquires two extreme values that are symmetrical about the abscissa 𝜑 = 90°. This is 
explained by the maximum effect of the Coriolis force on the lateral (relative to the axis 𝑌) 
sections of the treadmill. These extremes are larger than the extreme value of the positive graphs 
branch. 

With an increase in the extremum of the positive graphs branch at 𝜑 = 90°, the opposite value 
of the specific force 𝐹  at 𝜑 = 270° decreases proportionally. For the theoretically admissible case 𝑘 = 1, when the rotation axis of the carrier coincides with the circumference of the treadmill, the 
existence area of the graph will be 0 < 𝜑 < 𝜋. For 𝜋 < 𝜑 < 2𝜋, there is 𝐹 = 0. Due to the 
polyfrequency nature of the oscillations, it is impossible to estimate their asymmetry by the 
extreme values ratio of the of the force 𝐹 , such an estimate can be made from the magnitude of 
the impulse force. 

The graphs of the specific force 𝐹  (Fig. 4) are almost symmetric about the abscissa axis. The 
possibility of changing the magnitude and direction of the force 𝐹  is important in the design and 
calculation of flat wind robots and ice breakers [14, 15]. At 𝑒 = 0, the dependency graph will be 𝐹 = cos𝜑 . With increasing eccentricity drove the area of graphs existence narrows to  0 < 𝜑 < 𝜋. When 𝜑 = 90° and 𝜋 < 𝜑 < 2𝜋, there is 𝐹 ≈ 0. 

The graphs of the specific moment of 𝑀  have a similar character (Fig. 5). 
The average specific moment of the carrier exciter rotation is determined by the dependence 

obtained from the Eq. (16): 

𝑀 = 12𝜋 𝑀 𝑑𝜑 = 12𝜋 𝑘 sin𝜑 + cos𝛾 2tg𝛾 + 𝑓𝐴cos𝛾 𝑑𝜑, (17)
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where 𝑑𝜑 – elementary angle of rotation. 

  
Fig. 4. Dependence of projection of the specific driving force on the abscissa axis  

on the carrier rotation angle of the vibration exciter 

 
Fig. 5. Dependence of the specific resistance moment to carrier rotation  

from the carrier rotation angle of the vibration exciter 

4. Analysis of the impulse of the vibroexciter driving force and slippage conditions of the 
inertial runner of the planetary vibroexciter 

The impulse of the driving force projected on the 𝑌  axis is determined in general terms 
Eqs. (14): 𝐹 𝑡 = 𝜔 𝑘 sin𝜑 + cos𝛾 sin𝜑 − 2tg𝛾cos𝜑 − 𝑓𝐴cos 𝜑 − 𝛾 𝑑𝜑. (18)

The solution of this integral can be significantly simplified due to the fact that the last term of 
the integrand, containing a rolling friction coefficient 𝑓 ≈ 0.02, determines on average no more 
than 2-4 % of the specific driving force 𝐹 . Thus, considering the specific impulse of the driving 
force without taking into account the rolling resistance of the runner on the treadmill, the  
equation is: 𝐹 𝑡 = 𝜔 12𝑘 𝑘 𝛾 − 𝜑 − 32 cos 𝜑 − 𝛾 . (19)

For symmetric planetary vibroexciter with 𝑘 → 0, the parameter 𝐹 𝑡 = −cos𝜑. 
A special case of solving the impulse force integral in the interval 0 < 𝜑 < 2𝜋 for different 

values of 𝑘  is complicated by the fact that integration limit of the positive and negative graph 
branches 𝐹 = 𝐹 𝜑  in Fig. 2 will change depending on 𝑘 . The integration limits are determined 
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at 𝐹 = 0, then 𝑅 = 𝑅 𝑘 sin𝜑 + cos𝛾 , as a result sin𝜑 − 2tg𝛾cos𝜑 = 0. 
The solution of the last expression allows finding the angle values 𝜑 corresponding to the 

limits of integration: 

𝜑 = ±arccos −16 𝑘 + 1 + 16 𝑘 + 14𝑘 + 1. (20)

When 𝑒 = 0 and 𝑘 = 0, the 𝜑 = 0 and 𝜑 = 𝜋. When 𝑘 = 1, the value is 𝜑 = 55° and 𝜑 = 125°. 
Fig. 6 shows a graph the integration change of upper and lower limits as a function of 𝑘 . 
The difference between the upper 𝜑  and lower 𝜑  limits of integration Δ𝜑 is the integration 

range of the positive branch 𝐹 , corresponding to the driving force action of the vibration exciter 
in the direction opposite to the eccentric shift of the carrier. With a decrease in 𝑘 , when 𝑒 → 𝑅 , 
the value of the lower integration limit 𝜑  increases, and upper limit value 𝜑  and integration 
range ∆𝜑 decreases [11-15]. 

The particular integral solution of the driving force impulse according to the Eq. (18) within 
the integration 𝜑  and 𝜑 , defined by the Eq. (19), allows obtaining the impulse value 𝐹 𝑡 
directed towards the eccentric displacement of the carrier and in the opposite direction. 

The difference ∆𝐹 𝑡 between absolute values of these positive and negative impulses is the 
external impulse of the driving force and determines the external power characteristic of the 
asymmetric planetary vibroexciter [13-19]. 

Fig. 6 also shows the curve of the external impulse dependence 𝐹 𝑡 ofthe driving force on the 
carrier eccentricity coefficient 𝑘 . 

Dependence is a hyperbole, its analysis showed that it is fully adequate to the expression ∆𝐹 𝑡 = 𝜋𝑘  taking into account the percent error that occurs when the term determining the 
rolling resistance of the inertial runner is excluded from the Eq. (17).  

The impulse asymmetry of the vibroexciter driving force relative to the abscissa axis is 
determined by the asymmetry coefficient: 

𝑘 = 𝐹 𝑑𝜑 + 𝐹 𝑑𝜑 𝐹 𝑑𝜑 > 1. (21)

The dependences graph of the asymmetry coefficient 𝑘  of the force versus impulse from the 
carrier eccentricity coefficient 𝑘  shown in Fig. 6, it is also a hyperbola. This graph with a fairly 
high degree of accuracy is approximated by the dependence: 𝑘 = 2𝜋𝜋 + 4 𝑘 − 1 + 1. (22)

When 𝑒 = 0 and 𝑘 = 0, the 𝑘 = 1, i.e. harmonic oscillations law for a symmetric planetary 
vibration exciter. 

When 𝑘 = 1, we have the maximum value 𝑘 = 3. 
After determining the external pulse ∆𝐹 𝑡, it is possible to find the average integral value of 

the external directional force ∆𝐹 ,the vibration exciter has a static effect on the material being 
processed or the aggregates of the vibration road-building machine, for example, ice breaker, roller 
of the road roller or vibrating screen, with the full-speed dynamic effect: ∆𝐹 𝜔𝑡 = 𝜋𝑘 ; since 𝜔𝑡 = 2𝜋, then ∆𝐹 = 0,5𝑘 . In absolute dimensional form: 
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∆𝐹 = 0.5𝑚𝜔 𝑅 𝑘 = 0.5𝑚𝜔 𝑒. (23)

Theoretical studies [16-20] and series of experiments showed that the main disadvantage of 
planetary vibration exciters with an offset rotation axis of the carrier is the inertial runner slipping 
along the surface of its treadmill. When the optimal variant of its rolling on the treadmill is  
violated, it leads to a sharp (about ten times) increase in the resistance moment to the rotation of 
the carrier and the energy intensity of the vibration exciter drive, however, with limited power and 
the drive motor, it leads to limit the frequency or disruption of [16-20]. The additional energy 
expended to overcome the sliding friction of the slider goes into heat and implemented to heat the 
slider and treadmill surface. Intensive heating and abrasive wear of the inertial slider and treadmill 
surface is observed. Accordingly, poor heat removal from the inertial runner leads to its thermal 
deformation and rapid destruction, which significantly reduces the reliability and durability of the 
vibration exciter, up to the limit of its [16-20]. 

 
Fig. 6. Dependence of the lower 𝜑  and upper 𝜑  integration limits, the integration range Δ𝜑,  

the external impulse 𝐹 𝑡 of the driving force and the asymmetry coefficient  
of the impulse 𝑘  from the carrier asymmetry factor 𝑘  

In a well-known article [16], the authors determined that the slider slips not across the entire 
trajectory of its movement, but only in certain areas, with an unfavorable combination of 
centrifugal and Coriolis forces on it, as well as additional inertia forces in the transient movement 
of the vibration exciter body. 

The alternating radial velocity 𝑑𝑅 𝑑𝜑⁄  of the inertial slider relative to the rotation center of the 
carrier determines the uneven action of the Coriolis forces on the slider parts that are distant at 
different distances from the specified center. It turns out that the distance from the rotation center 
of the slider carrier to the mass center of the external slider part is greater than the distance from 
the rotation center to the mass center of the internal half of the slider (Fig. 7). As a result, the slider 
acts on the entire circular trajectory of movement except for points 𝜑 ± 0.5𝜋 of Coriolis torque, 
which in certain parts of the trajectory determines the slider's spontaneous slippage: its slipping 
within the arc of the trajectory (−0.5𝜋 < 𝜑 < 0.5𝜋) and skid in the range of 0.5𝜋 < 𝜑 < 1.5𝜋. 
In addition, the additional torque ensures the discrepancy between the vector of the radial 
centrifugal force and the radius of the treadmill [20, 21]. 

To determine the true effectiveness of the asymmetric planetary vibration exciter and the 
development of constructive measures to prevent the inertial slider from slipping, the angular 
coordinates of the slip sites within the circular motion path of the slider [16-20] were previously 
determined. 

The centrifugal angle of these areas increases with increasing eccentricity of the carrier and 
the specific rolling radius of the inertial slider, referred to the curvature radius of the ring treadmill. 

According to the well-known studies [16-20], the maximum slippage probability of the inertial 
slider corresponds to the carrier positions 𝜑 = 0 and 𝜑 = 𝜋 , i.e. when the carrier is located 
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perpendicular to the eccentricity of its rotation axis. For this maximum probability, the slippage 
mode occurs at the minimum values of the coefficient 𝑘 and eccentricity 𝑒. 

For example, for 𝑘 = 0.4, the slider will occur within the arc 𝜑 =  300° ... 60° or  𝜑 = –60° ... 60°, and the slider’s skip – within the arc 𝜑 = 120° ... 240°, i.e. the length of the left 
and right arc of the slider creep is 120°, and only within 120° of the central angle of the movement 
trajectory does the creeper move without slipping. 

 
Fig. 7. Design diagram of the movement conditions of the inertial runner  

of an asymmetric planetary vibration exciter 

With the values 𝜑 → 0,5𝜋 and 𝜑 → 1,5𝜋 the slippage probability tends to zero, i.e. the angle 𝜑  corresponds to infinitely large values of 𝑘 → ∞. This is explained by the fact that in these 
positions of the carrier, the Coriolis force acting on the slider changes its sign and passes through 
zero, and the centrifugal force vector coincides with the slider rotation radius 𝑅 relative to the 
carrier rotation axis. Therefore, the tangential force is 𝑃 → min (the minimum is determined 
only by the rolling resistance of the slider 𝑃 = 𝑃 · 𝑓 ), and the adhesion force is maximum  𝑃 = 𝑃 · 𝑓 , where 𝑃  is the centrifugal force. 

For the accepted values of the parameters [16-20] 𝑓 , 𝑓 and 𝑟 𝑅⁄  the minimum value of the 
coefficient 𝑘  at which the slider slips, 𝑘 ≈ 0,196 at points 𝜑 = 0 and 𝜑 = 𝜋, and for skip at 
least k is slightly higher (by 0.35 %) than for slider. Thus, the slider is more dangerous critical 
mode of its movement compared to the skid. 

In any case, both to combat skid and to combat slippage, in known designs of asymmetric 
planetary vibration exciters, devices should be installed to prevent the inertia slide from slipping, 
and the use of which could provide a significant reduction in the energy intensity of the work, 
increase the efficiency and reliability of the vibration exciter. It is significant part to check this 
statement in practice. 

5. Experimental verification 

An analysis of the considered theory of an asymmetric planetary vibration exciter indicates the 
need to improve its design, the main direction of which, along with the theoretical justification, is 
to evaluate the actual effectiveness of a device that prevents spontaneous slipping of an inertial 
runner when it moves along a treadmill under the action of Coriolis forces in practice. 

To confirm the obtained dependencies and determine the true effectiveness of the pendulum 
anti-skid device, we will verify the adequacy of the proposed theoretical model experimentally. 

Description of the experimental setup. The object of research was a large-scale physical model 
of an asymmetric planetary vibration exciter with a pendulum anti-skid device, which is a 
pendulum 6 suspended from the axis of the inertia runner 4, the inertial mass of which was moved 
out of the treadmill 3 [16-20] (Figs. 8, 9, 10). The pendulum 6 provides a relatively large radius 
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of integral center rotation of mass and the integral magnitude of the absolute mass compared with 
the radius of the treadmill 3 and at the same time the minimum mass and rotation radius of the 
inertial slider 4, which determine the effect of its spontaneous slip along the treadmill 3. 

The drive shaft of the carrier 5 (Fig. 8) can be installed with an eccentricity about the center of 
curvature of the treadmill 3 by moving the panel 9 in a vertical plane. Engine 7 – direct current, 
power 1.0 kW, speed up to 6000 rpm. 

The experimental stand also included a remote control system for the operation of the vibration 
exciter and equipment for recording the loading parameters of the vibration exciter. 

The geometric sum of the normal and tangential reactions of all forces on the treadmill 3 
provides the driving force of the vibration exciter, the fixation of the vertical component of which 
was carried out using a strain gauge link glued to strain gauge beam 2 mounted on a support. 

When the strain-gauge bend 2 was bending, the signal from the strain-gauge was processed 
and recorded with special ZetLab equipment and displayed on a computer screen. 

Also, during the experiment, the values of the voltage and current applied to the motor exciter 
were monitored and recorded. 

The rotation frequency of the motor shaft (drive drove) was measured by a frequency meter, 
to the input of which a signal was sent from a magnetic induction sensor mounted on the free end 
of the drive shaft (Fig. 9). 

 
Fig. 8. The design of the experimental stand of the planetary vibration exciter: 1 – body;  

2 – strain girder; 3 – treadmill; 4 – inertial slider; 5 – drove; 6 – pendulum anti-skid device;  
7 – the engine; 8 – drive shaft sleeve; 9 – engine mounting panel 

During the experiment, the model was an asymmetrical planetary vibration exciter (Fig. 9) 
with parameters: treadmill radius 𝑅 = 50 mm; the radius of the runners 𝑅 = 15 mm; the runner 
mass is 𝑀 = 79.73 g and 𝑀 = 65.97 g. 

In the experiment, pendulum anti-skid devices of the same geometric dimensions, but of 
different mass were used: 𝑀 = 14.73 g; 𝑀 =  37.21 g; 𝑀 = 59.69 g, with  𝑀 + 𝑀 ≈ 𝑀 . In other cases, 𝑀 + 𝑀 > 𝑀 + 𝑀 > 𝑀 . Weight drove 30.07 g. 
Pendulum length 𝐿 = 50 mm. 
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Separated by an axial gap, the two sections of the treadmill are mounted inside the cylindrical 
body with mounting bolts arranged at an angle of 120° relative to each other. In the axial gap a 
pendulum with a load device anti-skid inertial slider is placed. 

The installation on the shaft of the drive motor, magnetic induction sensor used to measure the 
angular velocity of the exciter driver, fixed by a frequency meter is shown in Figs. 9, 10. 

  
Fig. 9. General view of the vibration exciter on the experimental stand 

  
Fig. 10. Installation of a vibration exciter carrier on the stand of the magnetic induction speed sensor 

The instant traces of the spatial position of the pendulum anti-skid device, showing the angular 
displacements of the pendulum relative to its radial position under the action of centrifugal and 
Coriolis forces, were recorded using a stroboscope. 

5.1. Analysis of the experiments 

As a result of the experiment to determine the effect of the carrier eccentricity and the mass of 
the pendulum anti-skid device on the target function – the driving force of the vibration exciter, 
the dependencies of the driving force 𝐹  were obtained on the current rotation angle of the carrier 𝜑 within 0 < 𝜑 < 360°. 

Fig. 10 shows the experimental projection dependence of the specific driving force 𝐹  on the 
ordinate axis on the angle of rotation 𝜑  of the carrier with the eccentricity of the latter,  𝑒 = 1.67 cm, which corresponds to the value of 𝐾 = 3. 

In the graph, the theoretical dependence of the specific driving force 𝐹  as a function of the 
angle 𝜑 for a runner without a pendulum anti-skid device is similarly dotted. 

Analysis of the graphs shows that an increase in the carrier’s eccentricity leads to a significant 
distortion of the sinusoidal nature of the dependence of the specific driving force 𝐹  as an angle 
function 𝜑. With a slight increase in the amplitude of 𝐹  at 𝜑 = 90°, directed in the direction 
opposite to the eccentricity of the carrier, the value of the amplitude directed to the other side (in 
the eccentricity direction of the carrier relative to the curvature center of the treadmill) increases 
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significantly, just as the magnitude of the force pulse 𝐹 𝑡  increases and the mean integral force 𝐹  in time 𝑡. 

  
Fig. 11. Experimental projection dependence of the specific driving force on the ordinate axis on the 
rotation angle of the carrier driver and different mass of the pendulum at 𝐾 = 3 and 𝑀 = 65.71 g 

Fig. 11 shows the experimental dependences of the change in the relative magnitude of the 
driving force 𝐹 = 𝑃 𝑚𝜔 𝑅⁄  as a function of the angle 𝜑  for the minimum value of the 
eccentricity of the carrier, equal to 1 cm, which corresponds to the value 𝐾 = 5. On the same 
graph, the dotted line shows the theoretical dependence of the specific driving force 𝐹  as 
functions of angle 𝜑 obtained by the previously derived formulas for an asymmetric planetary 
vibration exciter with an inertial slider without a pendulum anti-skid device. Dependence is 
sinusoidal. The maximum amplitude of the specific driving force corresponds to the angle  𝜑 = 90° and is directed in the direction opposite to the eccentricity of the carrier relative to the 
center of curvature of the treadmill. The maximum value of the integral impulse of the specific 
driving force 𝐹 , as the difference of the areas 𝐹 𝜑  and 𝐹 𝜔𝑡  located between the positive and 
negative branches of the sinusoidal axis of the abscissa at 𝐹 = 0, corresponds to the value  𝜑 = 270°, i.e. the position of the carrier, coinciding with the direction of its eccentricity relative 
to the center of curvature of the treadmill. 

Thus, the magnitudes of the maximum amplitude and maximum impulse of the specific driving 
force 𝐹  are opposite to each other in direction. Therefore, when compacting the material using an 
asymmetric planetary vibration exciter, the eccentricity of the carrier relative to the center of the 
treadmill curvature of the vibration exciter should be oriented towards the surface of the material 
being compacted.  

Due to the small eccentricity of the carrier, the additional inertial mass of the pendulum 
anti-skid device practically does not affect the value of the specific driving force 𝐹 . 

The theoretical values of the specific driving force 𝐹  as a function of the angle 𝜑 slightly 
exceed the amplitude of the experimentally recorded value 𝐹  due to the fact that the physical 
model inevitably has dissipative energy losses due to the sliding friction of the axis of the runner 
relative to the powered carrier, etc. In general, this reduces the absolute values of the specific 
driving force 𝐹  with unchanged other parameters and modes of operation of the vibration exciter. 

An increase in the mass of the pendulum leads to a corresponding increase in the amplitude of 
the specific driving force 𝐹 , which is explained, in addition to the general increase in the inertial 
moment of the planetary system, by an additional decrease in the inertial slider slipping zones and 
energy loss to its spontaneous slippage 𝑃 , which is equivalent to an increase in the specific 
slippage force 𝐹  with the same parameters of the workflow (based on the unchanged power 
balance of the process of planetary motion of the inertial runner 𝑎). 
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Fig. 12. Experimental projection dependence of the specific driving force on the ordinate axis on rotation 

angle of vibrofibers driver and different mass of the pendulum with 𝐾 = 5 and 𝑀 = 65.71 g 

For the conditions of the experiment, the rational mass of the pendulum is 50-60 % of the mass 
of the inertial runner. 

The data obtained during the experiments were checked for convergence with the results of 
theoretical calculations [7-12]. The magnitude of the discrepancy between the theoretical and 
experimental values averaged 19-27 % for a runner without anti-skid means and 7-10 % for a 
runner with a pendulum. The greatest scatter of results is observed in the intervals (𝜋 ± 20°) and 
(2𝜋 ± 20°). The increase in the eccentricity e or the radius of the slider 𝑅  contributed to an 
increase in the discrepancy between the theoretical and experimental values due to a 
corresponding decrease in the latter in these cases. 

The use of a pendulum anti-skid device gave the greatest convergence with theoretical 
dependencies. However, an increase in the mass of the pendulum does not always lead to a 
corresponding increase in the driving force. There is a pattern of mass influence of the pendulum 
on the driving force with changes in parameters of the vibration exciter such as eccentricity 𝑒, the 
rotation frequency introduced 𝜔 and the radius of the runner 𝑅 . From the graphs in Figs. 12 and 
13 it can be seen that for different values of eccentricity the various masses of the pendulum give 
the greatest convergence. Moreover, the increase in eccentricity gives greater convergence with 
increasing mass of the pendulum and vice versa. With an excessive increase in the mass of the 
pendulum and a small eccentricity, there is an intense heating of the surface of the inertial runner 
and treadmill due to the growth of resistance to the movement of the inertial runner [13-21]. 

The second stage of the experiment is based on a second-order orthogonal plan (two factors 
on three levels) with the following variable parameters – carrier rotation frequency 𝜔 and mass of 
the pendulum anti-skid device 𝑀 , while maintaining the geometric parameters of the device and 
the mass of the inertial slider 𝑀  for different eccentricity of the carrier. 

To identify the most optimal working conditions of the vibration exciter, the second stage of 
the experiment was carried out at different eccentricities of the carrier (𝑒 = 1 cm; 𝑒 = 1.67 cm; 𝑒 = 2.5 cm). The magnitude of the eccentricity changed after the completion of the experiment 
with the previous eccentricity, i.e. in the process of research, the values of 𝜔 and 𝑀  changed for 
some specific experience for each experiment, the values of eccentricity 𝑒. The required number 
of repeated experiments in experimental studies was determined after preliminary measurements 
according to known methods. 

During the third stage of the experiment, the angular velocity of the carrier 𝜔, the mass of the 
pendulum anti-skid device 𝑀  and the eccentricity of the carrier 𝑒 were taken as independent 
parameters. The objective function – the driving force of the vibration exciter, is directed along 
the axis of its symmetry towards the eccentric displacement of the carrier. 

The results of the third stage of the experiment are interpreted by the graphs shown in Fig. 13. 
The graphs of the results of the third stage of the experiment fully confirm the physical 

adequacy of the dependencies obtained during the second stage of the experiments. With an 
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increase in the eccentricity of the carrier from 1 cm to 2.5 cm, the magnitude of the driving force 𝑃 , as a function of the eccentricity of the carrier, is traceable both with the variation of the angular 
velocity of the carrier and with the variation of the mass of the pendulum anti-skid device 𝑀 . 

 
Fig. 13. Experimental dependence of the driving force of an asymmetric planetary  

vibration exciter on the angular velocity of the carrier 𝜔 and the mass  
of pendulum anti-skid device for different values of the carrier eccentricity 

6. Comparative evaluation of the results of theoretical calculations and experimental studies 
of asymmetric planetary vibration exciter with pendulum anti-skid device 

An analysis of experimental data clearly shows an increase in driving force of the vibration 
exciter with an increase in the carrier eccentricity relative to the curvature center of the treadmill 
and integral inertial mass (runner, pendulum and load) making a planetary motion (Fig. 14). An 
increase in eccentricity from 0 to 2.5 cm provides an increase in the absolute value of the driving 
force 𝑃  towards the eccentric displacement of the carrier relative to the center of curvature of the 
treadmill by an average of 87 %, with a greater increase in the driving force with increasing 
eccentricity corresponding to the maximum integral inertial mass of the runner and device 
anti-skid. The excess of the theoretical values of the 𝑃  force over the experimental ones is 
explained by the influence of dissipative losses, which are not taken into account in the theoretical 
formula. 

Analysis shows that with increasing mass of the pendulum to values close to the mass of the 
inertial runner, the greatest convergence of theoretical and experimental dependencies resulted in 
a corresponding increase in the eccentricity of the drove relative to the curvature center of the 
treadmill. This can be explained by excessive pressing of the inertial slider to the treadmill with a 
small eccentricity, when slippage is not so significant, and additional pressing of the slider to the 
treadmill with a large mass of the pendulum anti-skid device gives only an increase in the 
resistance to slider movement. 



ANALYSIS OF VIBROEXCITERS WORKING PROCESS OF THE IMPROVED EFFICIENCY FOR ICE BREAKING, CONSTRUCTION AND ROAD MACHINES.  
ALINA KIM, MIKHAIL DOUDKIN, ALEXANDR ERMILOV, GENNADIY KUSTAREV, MURAT SAKIMOV, MAREK MLYNCZAK 

 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA 481 

As the eccentricity increases, the slider slips along the treadmill and additional pressing of the 
slider under the action of inertial forces acting on the pendulum anti-skid device begins to perform 
useful work, pressing the slider against treadmill and preventing the rolling friction of the slider 
from sliding to slide over the treadmill. 

The divergence increase of the impulse values of the driving force in the direction opposite to 
the carrier eccentricity can be explained by the dissipative energy losses caused by the sliding 
friction of the slider relative to the pedestal carrier, treadmill and pendulum anti-skid device. 

Analysis of the graphs shows that with the same specific eccentricity 𝐾 = 3, an increase in 
the mass of the pendulum anti-skid device, respectively, increases the impulse value of the specific 
driving force 𝐹  and the average integral value of the force 𝐹 . 

Moreover, the discrepancy between the theoretical and experimental dependences for the 
impulse of the specific driving force increases with increasing mass of the pendulum anti-skid 
device, and for the amplitude 𝐹  directed towards the eccentricity of the carrier relative to the 
center of curvature of the treadmill the convergence is almost the same and the difference  
is 6-10 %. 

If the theoretical dependence within 90° < 𝜑 < 270° has a saddle-shaped amplitude reduction, 
as a result of the predominantly tangential orientation of the action on the inertial slider of Coriolis 
forces in the specified 𝜑 angle range, there is practically no saddle on the experimental curve. 

The curve passes through the average value of the theoretical curve amplitudes with a similar 
mass of the inertial runner and pendulum anti-skid device, having a pronounced bulge within  
90° < 𝜑 < 270°, which can be explained by measurement errors and strain gauges that smoothed 
the saddle-shaped change in the specific driving force. 

Fig. 14 shows the dependence of the theoretical and experimental projections of the specific 
driving force of an asymmetric planetary vibration exciter on the ordinate axis on the rotation 
carrier angle for different values of the specific eccentricity 𝐾  with a constant ratio of the mass 
of the pendulum device to the mass of the inertial slider 𝐾 = 0.749. 

  
Fig. 14. Dependence of the projection of the specific driving force  

of an asymmetric planetary exciter on ordinate axis on the rotation carrier angle 

Alina Kim – theoretical investigation of asymmetric vibration exciters, analysis of the 
kinematics of an asymmetric vibration exciter, development of mathematical model of the new 
exciter, 3D graphs. Mikhail Doudkin – analysis of the dynamics of asymmetric vibration exciter 
(dependence of the specific resistance moment to carrier rotation from the carrier rotation angle 
of the vibration excite, dependence of projection of the specific driving force on the abscissa axis 
on the carrier rotation angle of the vibration exciter). Experimental studies of asymmetric 
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planetary vibration exciter, comparative analysis of the experimental results. Introduction and 
conclusion parts of the article. Alexandr Ermilov – development of the design scheme of the APV 
with a leash type carrier. Theoretical investigation of asymmetric vibration exciters, analysis of 
the kinematics of an asymmetric vibration exciter. Gennadiy Kustarev – analysis of the impulse 
of the vibroexciter driving force and slippage conditions of the inertial runner of the planetary 
vibroexciter, analysis of the dynamics of asymmetric vibration exciter. Development of the design 
scheme of the APV with a leash type carrier. Murat Sakimov – development of the experimental 
setup, experimental studies of the asymmetric vibration exciter, analysis of the experimental 
results. Marek Mlynczak – analysis of the results of the third stage of the experiment, description 
of experimental dependence of the driving force of an asymmetric planetary vibration exciter on 
the angular velocity of the carrier. Comparative evaluation of the results of theoretical calculations 
and experimental studies of asymmetric planetary vibration exciter with pendulum anti-skid 
device. 

7. Conclusions 

1. In asymmetric planetary vibration exciters, the driving force is transmitted from the inertial 
sliders directly to the treadmill, bypassing the bearings of the carrier shaft, which increases their 
reliability and durability. Due to the additional impact on the inertial slider of Coriolis forces, the 
directed driving force of the vibration exciter significantly increases (1.5-2 times) with the same 
dimensions and mass of the vibration exciter relative to the center of curvature of the treadmill. 

2. The Coriolis force acting on an asymmetric planetary vibration exciter provides a 
spontaneous torque of the slider causing slippage (slipping or skidding) of the slider on the 
treadmill, which is a negative factor leading to a sharp increase in energy intensity and heat density 
of the vibration exciter. The minimum value of the treadmill eccentricity ratio to the radius, at 
which the slider slips, is 𝑘 ≈  0,196 (𝑘 = 𝑒 𝑅⁄ ) at the points 𝜑 = 0 and 𝜑 = 𝜋  of the 
movement trajectory, and at least 𝑘  several times higher (by 0.35 %) than for slip slider. Thus, 
the slider is more dangerous critical mode of its movement compared to the skid. 

3. The pendulum anti-skid device proposed as a result of research provides an increase in the 
specific driving force of the vibration exciter by 20-60 % for a mass of the pendulum of 40-60 % 
of the runner mass by increasing the total Coriolis force acting on the inertia slider and pendulum, 
and reducing the inertial runner slippage on a treadmill, i.e. reduce the dissipative dissipation of 
the part of the drive energy of the exciter. 

4. The driving force of an asymmetric planetary vibration exciter parabolicly depends on the 
mass of the pendulum anti-skid device with a clearly defined extremum. This allows to determine 
the nature of changes in the magnitude of the driving force as a function of the angular velocity of 
the carrier at optimal mass values of the pendulum anti-skid device and to make an informed 
choice of the specified mass when designing asymmetric planetary vibration exciters. 

5. Changing the slider weight or rotation frequency of the carrier with a constant design of the 
vibration exciter does not affect the value of the specific driving force. If the mass ratio of the 
runner 𝑀  and pendulum mass 𝑀  change in the integral mass, reducing the weight of the runner 
and increasing the pendulum mass, then the specific driving force increases by 2-3 times, 
depending on the treadmill radius. 

6. A decrease in the runner weight and an increase in the pendulum mass with their constant 
sum reduces the rolling circumference radius of the runner, the central angle of the slip zones and 
the total energy intensity, which determines the feasibility of using pendulum anti-skid devices on 
an asymmetric planetary vibration exciter. 

7. For an asymmetric planetary vibration exciter with a pendulum anti-skid device, the 
discrepancy between theoretical calculations and experimental data is 6-10 % due to a more 
deterministic process while decreasing the relative length of inertial runner slipping zones and the 
number of random factors corresponding to this spontaneous slippage under the influence of 
Coriolis force. 
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8. The asymmetrical planetary vibration exciter with the multi-frequency law of dynamic 
driving force ensures the action of external static force, the impulse for one revolution vibration 
exciter carrier proportional to the eccentricity of the carrier relative to the curvature center of the 
treadmill and directed towards this eccentric carrier displacement, which is explained by the action 
of Coriolis forces on the inertial runner. The absolute value of the external static exciter force does 
not depend on the radius of the treadmill. 

9. An asymmetrical vibration exciter can be used practically in drives of working tools of ice 
breakers or road machines where directional action of the driving force is required, the magnitude 
of impulse, when acting towards the eccentric displacement of the carrier, is almost an order of 
magnitude greater than the impulse acting in the opposite direction, which will undoubtedly 
increase efficiency their work. 
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