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Abstract: One of the most important parameters that are influencing the vibrating plate operation is
represented by the ground pressure. The determination of this parameter from the design phase is an
important objective for any designer. This paper came with a mathematical model, based on which the

value of the ground pressure can be easily determined.

1. INTRODUCTION

The plate compactors are equipments used to
compact the soil, broken stones (non-cohesive
materials), concrete or asphalt coatings, as well
as residuum at the ecological ramps.

Fig.1. Plate Compactor

From constructive point of view the plate
compactor (Figure 1) consists of: base plate (1),
vibrations generator (2) (fitted on the base
plate) driven by a combustion engine (4) by
means of V-belt gearing (3), the equipment
being oriented by a handle (5).

The plate compactors use a mechanism
(driven by motor oil or a diesel one) which
creates a descending force added to the
equipment’s static weight. One or two
eccentrically weights turning around usually

form the vibrating generator. The resulted
vibrations generate the equipment’s advancing
movement.

In order to get compaction it is
necessary to reach a certain mode of operation
mainly characterized by the frequency and
amplitude of vibrations due by the vibration
generator.

2. MATHEMATICAL MODEL

In the Figure 2 and 3 is represented the
mechanical model and the forces that act upon
the components of the compacting plate.

The forces which act on the plate compactor
are represented in figure 3. Starting from this, a
mathematical model was developed the study
proposed in this work.

In the mechanical system, subjected to
study, one of the components, rather the bed
plate, performs a translational motion, along the
surface of the ground, on which it acts with a
force, normal on the ground, denoted with N
and whose value can be determined.

The supporting plate and the driving engine
are involved in a plane-parallel motion, the
entire system is characterized by 3 degrees of
freedom (two translations along horizontal and
vertical directions and a rotation around the
horizontal axis).
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Fig. 3. Forces on the components of the plate

In order to develop the mathematical model
that implies the write-in of the equations of
motion, have been taken into account the
following reference frames (figure 2):

O:1xyy1 — a fixed reference frame, attached to
the ground. The differential equations that
characterize the motion of the two analyzed
bodies are written relative to this system;
0,x,y; — represents a mobile reference system,
attached to the bed plate, which performs
translation motion along the horizontal axis. To
simplify the equations, it was considered that
the O,y; axis is passing through the center of
the rotation axis of the inertial vibration
generator.

03x3y3 — a mobile reference system, connected
to the frame, involved in a plane-parallel
motion.

On the basis of the mechanical model a
mathematical model it was developed
composed of four non-linear differential

equations corresponding to the movements
performed by each component part of the
mechanical system, as follows:

- an equation corresponding to the plate’s
movement along the horizontal direction;

- three equations corresponding to the rotation
of the frame around horizontal and vertical
directions;

The generalized coordinates that
characterize the mechanical system subjected to
study, are:

- Xo2 1 — the displacement along the horizontal
direction of the origin of the system referring to
the vibrating plate;

- X03 1, respectively yo3 1 — the displacements
along the horizontal respectively the vertical
direction, of the Os origin of the mobile system
referring to the frame;

- ¢, turning angle of the frame (in
trigonometrically sense) due to the horizontal
line;

The quantities used by the mathematical
system have the following significance: my —
eccentric mass; m; — plate mass; m3 — mass of
the frame and motor; k; — stiffness; k, — axial
factor of rigidity; xa B, respectively yap —
distances on the axis O;x;, respectively Oy,
between points A and B. In order to solve the
mathematical model previously presented it
was written a program in C language.
Resolution on the system of differential
equations is found with the help of Runge-
Kutta fourth order method.

The study conducted on the proposed
mechanical model relieved the fact that the
plate is subjected to the following forces:
(figure 3): the sole weight m,g; normal reaction
N; the friction force uN, which acts
counterwise to the displacement of the bed
plate; the rotational inertia caused by the
inertial vibration generator; the stress exerted
on one strand of the transmission belt, whose
position (along the upper or lower strand)
depends on the direction of rotation of the
driving motor; the elastic forces that appear in
the rubber elements;

The differential equations are established
based on the momentum theorem, projected on
the horizontal and vertical axes, as presented
bellow:

- horizontal projection:
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From equation (2) can be determined the
normal reaction N, as it results from the
following expression:
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The expression (3) is used to determine the
values for the ground pressure (force)
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From equation (1) can be determined the
expression for horizontal component of the
acceleration that characterize the motion of the
bed plate along the horizontal direction.
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The equations that describe the motion of
the bed plate are determined based on the
theorem of the mass point motion (5).
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By projecting these equations on O;x; and
O,y directions, are obtained two differential
equations of second order. Another
fundamental theorem that can be applied for the
same purpose is the theorem of relative angular
momentum; the result is also a differential
equation of second order.

The forces that are acting upon the
supporting plate are graphically represented in
the figure 4.

The differential equations that define the
motion of the supporting plate, based on the
equation of the mass point movement are
represented in (5), where the right term of the
equation represents the horizontal and vertical
projections of all forces exerted on the chassis.
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Figure 4. The forces exerted on the supporting
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The generalized coordinates in this case, are
represented by: Xo31 §1 yos1 — the
displacement along the horizontal and vertical
direction of the origin Os of the mobile system
attached to the supporting plate, respectively ¢
— the rotation angle of the supporting plate.

After replacing the expressions for both, the
second degree derivative and bounding forces,
the differential equations defined with (5)
became (6) and (7).

It can be noticed that the fourth of the
differential equations, above written, 1is
obtained by applying the theorem of the angular
momentum, relative to the mass center C;
whose final expression is given by (8).

The system of four differential equations (4),
(6), (7) and (8), presented above, characterizes
the motion of all the elements contained by the
vibrating plate.

4F (yosi1 + 1, -siny -sin @+ (h, — 1, -cos y )-cos ¢ — yCU)-cos 7

3. NUMERICAL EXAMPLE

The study was conducted for the case of a
compacting plate having the following
characteristics: the engine speed: 3600
[rot/min], the vibration generator speed: 5400
[rot/min], the mass of the bed plate: m; = 70
[kg], the mass of the frame and driving engine:
my = 55 [kg], the mass of the eccentric: my =
3,465 [kg], the eccentricity r = 0,0134, the
constant of elasticity k; = 58110*2 [N/m], the
constant of elasticity k, = 608250 [N/m], the
friction coefficient between the ground and the
base plate: p=0,35.

All these elements resulted from designing a
variant of compacting plate, using the
application Solid Edge, in this way, were
obtained values for masses, displacements,
mass centers, inertia moments, etc.
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Fig. 5. The diagram of variation in time for the normal ground pressure
20000 1--
— 4200
15000 1--1fr--4-bk- - 480D
— 5000
10000 +-- —— 5400
5800
5000 - —— 6200
0 4=l A !
n 002 n.04 0.06 0.0% 0.1 0.12 014 0.lé
Time [s]

Fig. 6. Diagram of variation for the ground pressure for different values of the vibration generator speed

The solving the differential system, allows
to deduce the variations in time for the plate
(linear) and for the frame (linear and angular),
as well as the time variation for the ground
pressure (force).

In figure 5 is illustrated the time variation
for the ground pressure exerted by the
compacting plate, the maximum value is of
18.213 N.

This force is responsible for the process of
ground compacting and this is the reason for
knowing the way different process parameters
are influencing its variation.

One important parameter that affects the
ground pressure is represented by the speed of
the vibration generator.

For the considered vibration generator, the
following values were taken into study: 4200,
4600, 5000, 5400, 5800, 6200 [rot/min].

Due to the fact that the rotation speed of the
driving engines take different values, in order
to attain the imposed values is necessary to

select the transmission ratio corresponding to
the V-belt cord drive.

In the figure 6 is represented the variation in
time of the ground pressure, for different values
of the vibration generator speed.

It is noticed that increasing the value of the
ground pressure causes an increase in the speed
of the vibration generator. A possible
explanation for this can be the mathematical
expression used for determining the value of
the ground pressure.

4. CONCLUSIONS

The increase in speed of the vibration
generator has a positive effect on the ground
pressure in the way of increasing, but it can
also have a bad influence on other parameters
(for example: the displacement speed) or even
on the functioning of the compacting plate.
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The value for the ground pressure
depends on a lot of factors that also influence
directly the well functioning of the equipment.

The mathematical model developed in this
paper represents a very useful instrument in
determining the values of the parameters that
affect the functioning of the equipment as well
as of the ground pressure exerted by the
compacting plate.

Thereby, are obtained the values for the
functioning parameters that correspond to a
high value of the ground pressure, high speeds
and reduced frame vibrations.
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DETERMINAREA VALORII FORTEI DE APASARE NORMALE DEZVOLTATA DE PLACILE
COMPACTOARE UNIDIRECTIONALE

Rezumat: Unul din parametri cei mai importanti in functionarea placilor compactoare il reprezintd forta de apasare
asupra solului. Determinarea acesteia inca din etapa de proiectare constituie un obiectiv pentru fiecare proiectant de
plici compactoare. In lucrare este prezentat un model matematic pe baza ciruia se poate determina valoarea fortei de
apasare asupra solului functie de caracteristicile constructive ale placii compactoare.
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