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Abstract

The constructive scheme of the vibration unit is developed. Presented results of researches of a rammers on determination of parameters,
which will provide high efficiency of vibration action on the processed environment for ensuring the quality of the compaction process,
which is based on the idea of direct transfer of energy from the working organ to the processed environment. Revealed zones of effective
operation of the parameters and characteristics of the system "machine-environment" to ensure high quality of the compaction process,
which is based on the idea of the purposeful use of elastic characteristics of the general vibration system, which, under all the same con-

ditions, also reduces the energy costs for some machines to 50%.
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1. Introduction

Vibration action machines are widely used for grinding, sorting,
mixing, sealing and other technological processes. As a rule, the
implementation of the technological process is realized on the
basis of the usual harmonic modes of motion of vibration ma-
chines, in which as vibrators are used vibration blocks of centrifu-
gal action. The hypothesis about the possibility of direct transfer
of energy from the working organ to the processed environment is
proposed, which is expected to increase the efficiency of the work
process. The implementation of such energy transfer is realized in
a number of machines: vibrating soil and road rollers, rammers,
machines for surface compaction of concrete mixtures, etc. Thus,
the basis of the study of complex dynamic systems should be
based on a mathematical model for the implementation of which
can be used calculation complexes of general purpose, based on
numerical calculations and basic laws of the theory of elasticity,
plasticity, etc. Recently, such settlement systems have been widely
used in various industries, including engineering.

The results of researches of rammers on determination of parame-
ters, which will provide high efficiency of vibration action on the
processed environment (soil, concrete mixes), are presented in the
work.

2. Literature review

Ensuring the high technological level of vibration rammers, as
well as other vibration machines for compaction, depends to a
large extent on the physical and mathematical models of the vibra-
tion system "Rammer - Ground™" which adequately meets the real
conditions of the work process. The greatest difficulties arise
when choosing a soil model due to the lack of a commonly ac-

cepted approach to determining its characteristics and functional
dependencies on vibration parameters. There are two fundamental
approaches to soil modeling (which is subject to the vibration
process): the modeling of inertia-elastic and dissipative properties
that are inherent to any vibration system, discrete or distributed
parameters.

Many studies [1, 2, 3, 4 and others] devoted to the study of shock-
vibration systems are represented, which are the analysis and syn-
thesis of mechanical shock-vibration systems. Concerning works
devoted to the study of shock-vibration machines for compaction
concrete mixtures, it is possible to note [7, 8, 9, 10 and others]. In
these works the parameters of motion of such systems are deter-
mined, based on certain assumptions. The most common are the
assumptions about the model of the "vibrating machine - pro-
cessed environment" system, which seems discrete. In work [10]
is proposed the refinement of the model was proposed, where a
method of transition from discrete continuum systems (discrete -
machine, continuum - environment) to purely discrete ones taking
into account wave phenomena in a concrete mixture.

3. Purpose of work

The purpose of the article is to investigate and establish the pa-
rameters of vibratory machines, which will ensure the high effi-
ciency of vibration action on the processed environment and as-
sessment of the energy characteristics for the development of new
progressive machines.

4. Main body

For theoretical researches of the system "vibration rammer - soil"
adopted scheme on fig.1, which includes a compacted environ-
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ment expressed by resistance b, and stiffness c, coefficients,
vibration rammer, which consists of three masses m;,m,,ms,
which are interconnected by elastic elements of rigidity c,,C,,C5,
between masses m; and m, is possible a punch(shock) through
the buffer with the stiffness c; and the coefficient of re-

sistance b .

The vibration rammer is used as a hinged equipment to the exca-
vator, the connection of the vibration rammer to the arrow of the

excavator m, is carried out by the equipment which has the stiff-
ness ¢, and the resistance coefficient b, .

The compaction of the building mixture may be carried out under
the action of two components: the dynamic, which creates oscilla-
tions with a given frequency and amplitude, and static, which
arises as a result of the weight force of the rammer and the hy-

draulic force F,, of the arrow of excavator.

Thus, the adjustment of the compaction process modes can be
accomplished both by changing the dynamic action (frequency
and amplitude of oscillations) and by changing the static pressure
on the compaction environment. As a result of the combination of
such actions, it is expected to obtain optimal modes of operation at
all stages of compaction.

To compile the equations of the system motion, we use the Hamil-
ton principle [2, 3, 10], according to which the motion of masses
of the system can be carried out in two cases:

- motion without impact between masses mz i mo:

MyXy +by (X — X3 ) +Ca(X —X3) =F,;,

M3Xg +Dy(Xg — X5 )+ Co (X3 = X ) + Dy (Xg — X ) + @)
+Cy (X3 =X )+ D, (Rg = X4 ) +C, (X3 = X4 ) =—F5,

myXy +b,(Xg —X3)+C, (%4 —X3)=—F,,.
- motion with impact between masses ma i mz:
m15<'1+b6(>'<1—>'<2)+c6(xl—x2)+
+b1(>'<1—>'<3)+cl(x1—x3)+b2>'(1+cex2 =0,
m2X’2 +b2(>'(2 —)‘<3 )+02(x2 — X3 )+

+b6()'(2 —>'(1)+06(x2 —x1)= Feia’

maXa +b2(>'<3 ) )+02(x3 — X, )+

+b1(>"<3 —>'<l)+(:1(x3 —x1)+b6()'(3 —X4 )+
e = X4 )==F 5,

my X4 +b6(x4 — X3 )+c6(x4 —x3)=—an.
where F,;, = f(t) - force of vibrations; F,,, = f(t) - squeezing

@

force on the arrow of the excavator.
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Fig. 1: The calculation scheme of the system "vibration rammer - the
ground"

The complexity of the processes occurring during the compaction
of building mixtures undoubtedly makes it difficult to solve the
problems of choice and justification of compaction models.

5. Results of research

Let's consider how the disturbing hydraulic force F changes,
considering that the drive of a vibration rammer is carried out
from a hydro system of the base machine and at the same time as a
vibrator a design of a distributor with a rotary spool is used(Fig.2)
and executing mechanism - hydraulic cylinder, which allow us to
consider the system being investigated as a hydraulic operated
mechanism of a pulsator type with a hydraulic inverted coupling.
The hydrosystem of the base machine is characterized by two
values [26, 84]: pu - nominal pressure and Qu - nominal flow of
the working fluid.

A rotary type hydraulic distributor with guaranteed overlapping of
work windows can have two positions:

- windows of the supply and drain are closed,;

- windows of the supply and drain are open.

Fig. 2: Scheme of the hydraulic executing mechanism of the vibration
rammer.

In the first case, the flow of working fluid to the cylinder can be
considered absent, so the distributor can be regarded as a throttle
nozzle-damper (Fig. 3). For such a throttle, ignoring the pressure
of the drainage line, the flow of the working fluid is determined by
the formula [14, 22]:

Q=p-m-d, 2,[2-92, @3
Y
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where 1 — cost factor; ds — diameter of the window; z — gap be-
tween the valve and the housing of the distributor; y — volume
mass of the liquid.

nm

%

Fig. 3: Distributor scheme with closed window

Equation (3) makes possible to determine the losses due to the
flow of the working fluid in the distributor.

Let's consider the case when the windows of the supply and drain
are open (Fig. 4).

The area of the open window will be determined through the area
of the segment of a circle in radius r. Then the flow of liquid on
the distributor:

Q=p-S, Z'QM: “
Y
r? :
Sw =?(\u—smw),

r—I
Y= 2arccos(—j,where Ap,o; - pressure drop on the dis-
r

| = R[(p—gj.

tributor;- the area of the window of the distributor.

Fig. 4: Distributor scheme with open window

It is quite obvious that the opening cycle - the closure of windows
is repeated through the angle ¢ =t/ 2 of the valve, so the value of
I will vary from zero to 2r with a period n/2:

|=R(<p—”—2“j, n=012..k 5)

Since the distributor has a guaranteed window overlap, for some
time the work windows are closed (I = 0) and open (I = 2r). The
character of the area of the window of the distributor is shown in
Fig. 5.
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Fig. 5: The character of changes area of the window of distributor in time

Angle of valve turn @ = w,, -t defines the position of the valve

and has a connection with the frequency w,,,, which is an input

function for controlling the process of the vibration rammer.
The pressure drop on a distributor during an open window can be
determined by the following formula:

ApI’OZ =P, —Ps— Apuuﬂ (6)

To determine Ap,,,, consider the movement of the piston of the
hydraulic cylinder under the action of the forces of the system (Fig.
6). To simplify mathematical equations we assume that one end of
the cylinder is rigidly fixed, and the disturbing force F,;; of the

system operates on the piston (Fig. 6).
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Fig. 6: Scheme to determine the parameters of the motion of the piston

Then the equation of motion of the piston has the form:

mX+bx+cx=F,,, )

where m - mass that is attached to the piston; b, -respectively,
the coefficients of rigidity and resistance; X, X, X - respectively
acceleration, speed and displacement of the piston;

Fon = APy Sy, - hydraulic resistance force acting on the pis-

ton.

For an objective analysis of the mass ratio we use the condition
under which the total mass of the rammer, the weight of the com-
paction plate, the power of the drive remain constant.

The masses mz and ms change according to the linear law: when
mass my increases, the mass ms decreases.

The estimation of the effect of the ratio of the mass of the im-
pactor and the upper mass will be made on the basis of compari-
son of the amplitude of the oscillations of the shock mass at dif-
ferent mass ratios and different frequencies because in the vibra-
tion mode the maximum value of the amplitude of the oscillations
will correspond to the maximum value of the acceleration of this
mass.

Since the weight of the hammer in the vibration shock mode will
strike on the compaction plate, then the criterion for maximum
acceleration (amplitude of oscillation) is well-grounded.

Thus a number of theoretical experiments were carried out using
the above-mentioned conditions. In fig. 7, 8 the dependence of the

yun
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oscillation amplitude of mass mz on the ratio ms/m; at frequencies
5-100 Hz is shown. In this case, the system had a total weight of
150kg with a mass of compaction plate mz 10 kg.

— X2 (m2)(5)
— X2 (m2)(10)
— X2 (m2)(15)’
— X2 (m2)(20)
— X2 (m2)(25)
— X2 (m2)(30)

Fig. 7: The dependence of the oscillation amplitude of the mass m;, on the
mass ratio ms / m, (frequency of oscillations 5-30 Hz)
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Fig. 8: The dependence of the oscillation amplitude of the mass m;, on the
mass ratio ms / m, (frequency of oscillations 25-100 Hz)

6. Discussions and results of research of a
working process of a vibration rammer with a
multi-mode spectrum of oscillations

The choice of physical and mathematical model for the studied
system is substantiated. Proven ability of the investigated system
with the implementation of variable modes of motion.

The significant influence of constructive and technological param-
eters on the dynamics of the considered system is established.

The main influence on the movement of the system is determined
by the ratio of mass and elastic characteristics (Fig. 7 - 8).

The experiments carried out confirmed the working hypothesis
about the possibility of realization of modes, in which the upper
mass of the rammer will transmit energy to the processed envi-
ronment. Obtained dependences of the basic parameters, the use of
which ensures the efficiency of the process of compaction of soils.
Thus, for the researched system, with the ratio of masses mi:mz:ms
- 1:1:3 and the stiffness coefficients (Fig. 9), an antiphaze motion
of masses my and: ms is provided, while the amplitude of the oscil-
lations of the compaction plate in the resonance zone is 2.4-3.0
mm.

7. Conclusions

The influence of higher harmonics was noted on the obtained os-
cillograms when implementing the vibration-shock regime.

So at a frequency of disturbing force intensity equal to 10 Hz, the
oscillations of the compaction plate clearly reveal a frequency of
30 Hz, and at a frequency of the disturbing force equal 30 Hz - 60
Hz, respectively. There are three resonant zones on which the
vibration rammer can works — 10-15 Hz, 28-32 Hz, 42-46
Hz.Made an estimation of the influence of the weight ratio of the
hammer and the upper mass and the choice of this ratio is
grounded. On the basis of theoretical studies, the ratio of the
weight of the hammer and the upper mass should be taken within
3-4. The influence of the coefficients of stiffness on the overall
dynamics of the system is determined. The functional dependence
between the coefficients of rigidity c1 and c2 and the parameters of
motion was obtained, which made it possible to determine the
coefficients of stiffness in the vibration and vibration modes of
motion.

[1]

[2

31

(41

(5]

(6]

[71

(8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

References

Nesterenko M. (2014). Study of vibrations of plate of oscillation
cassette setting as active working organ. Conference reports
materials «Problems of energ and nature use 2013» (Poltava
National Technical Yuri Kondratyuk University, University of
Tuzla, China Universitetyof Petroleum), Budapest, 146 — 151.
Nesterenko M. (2015). Proghresyvnyj rozvytok vibracijnykh
ustanovok z prostorovymy kolyvannjamy dlja formuvannja
zalizobetonnykh.  Zbirnyk  naukovykh  pracj  (ghaluzeve
mashynobuduvannja, budivnyctvo). Poltava: PoltNTU, 44, 177 —
181.

Nguyen D., Pham H., D.Q. Vu, (2016). Nonlinear dynamic and
vibration analysis of piezoelectric eccentrically stiffened FGM
plates in thermal environment, Int. J.Mech. Sci., 115-116, 711-722.
Nguyen N., Bui T., Zhang Ch., Thien T. (2014). Crack growth
modeling in elastic solids by the extended meshfree Galerkin radial
point interpolation method, Analysis with Boundary Elements., 44,
87-97.

Akbarzade M. Kargar A, (2011). Application of the Hamiltonian
approach to nonlinear vibrating equations Mathematical and
Computer Modelling, 54, 2504-2514.

Gonella S., Massimo R., (2008). Homogenization of vibrating
periodic lattice structures. Applied Mathematical Modelling, 32,
459-482.

Sayed M.. Kamel M., (2012). 1:2 and 1:3 internal resonance active
absorber for non-linear vibrating system. Applied Mathematical
Modelling. 36. 310-332.

Michalczyk J. (2012). Inaccuracy in self-synchronisation of
vibrators of two-drive vibratory machines caused by insufficient
stiffness of vibrators mounting. Archives of Metallurgy and
Materials. 57. 3. P. 823 — 828.

Desmoulinsa A., Kochmannb D., (2017). Local and nonlocal
continuum modeling of inelastic periodic networks applied to
stretching-dominated trusses. Computer Methods in Applied
Mechanics and Engineering. 313. P. 85 — 105.

Yuehua C., Guoyong (2014). Flexural and in-plane vibration
analysis of elastically restrained thin rectangular plate with cutout
using Chebyshev-Lagrangian method International Journal of
Mechanical Sciences. International Journal of Mechanical
Sciences,V.89, P. 264 — 278.

Ivo Enjanovi¢, MarkoTomi¢, Nikola Vladimir, Neven Hadzi¢,
(2015) An approximate analytical procedure for natural vibration
analysis of free rectangular plates. Thin-Walled Structures. V.95, P.
101-114.

Pawelczyk M., Wrona S. (2016) Wronalmpact of boundary
conditions on shaping frequency response of a vibrating plate -
modeling, optimization, and simulation. Procedia Computer
Science, V. 80, 1170-1179.

Zhao Yue-min., Zhao Yue-min, Liu Chu-sheng, He Xiao-mei,
Zhang Cheng-yong, Wang Yi-bin, Ren Zi-ting (2009). Dynamic
design theory and application of large vibrating screen. Procedia
Earth and Planetary Science,1, 776-784.

Banerjee M. Banerjee, M. Mazumdara J. (2016). A Review of
Methods for Linear and Nonlinear Vibration Analysis of Plates and
Shells. 12th International Conference on Vibration Problems,
ICOVP 2015. Procedia Engineering, 144, 493 — 503

Nazarenko 1., Sviderski A., Ruchinski N., Dedov, O. (2014).
Research and the creation of energy-efficient vibration machin es
based on the stress-strain state of metal and technological
environments. The VIII International Conference HEAVY
MACHINERY HM 2014, Kraljevo, Serbia, A, 85 — 89.

Nazarenko, 1., Dedov, O., Zalisko, 1. (2017). Research of stress-
strain state of metal constructions for static and dynamic loads
machinery. The IX International Conference HEAVY
MACHINERY HM 2017, Zlatibor, Serbia, B, 13-14.

Korobko, B. (2016). Investigation of energy consumption in the
course of plastering machine's work. EasternEuropean Journal of
Enterprise Technologies, 4(8-82), 4-11.
https://doi.org/10.15587/1729-4061.2016.73336

Nesterenko, M., Nazarenko, I., & Molchanov, P. (2018). Cassette
installation with active working body in the separating partition. In-
ternational Journal of Engineering and Technology (UAE), 7(3),
265-268. https://doi.org/10.14419/ijet.v7i3.2.14417

Pichugin, S., Patenko, I., & Maslova, S. (2018). Comparative anal-
ysis of loads from the travelling cranes of different produc-
ers. International Journal of Engineering and Technolo-
gy(UAE), 7(3), 36-39. https://doi.org/10.14419/ijet.v7i3.2.14372


http://www.sciencedirect.com/science/article/pii/S0020740314003099#!
http://www.sciencedirect.com/science/journal/00207403
http://www.sciencedirect.com/science/journal/00207403
http://www.sciencedirect.com/science/journal/00207403
http://www.sciencedirect.com/science/journal/00207403
https://doi.org/10.15587/1729-4061.2016.73336
https://doi.org/10.14419/ijet.v7i3.2.14417
https://doi.org/10.14419/ijet.v7i3.2.14372

