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ABSTRACT

In this paper the author proposed a model for computer simulation of earthmoving
machine passing over the roughness roads. It's important to know the dynamic
overloads into the bucket rotation system which is frecvently out of action. The
results of this study putting into prominance the behaviour of earthmoving machine
at the apparition of the resonance phenomenon.

1. Introduction

Investigations of vehicle dynamics nowadays
mostly were done by computer simulation. When
driving off the road, it is necessary to take into
account the important influences of the soil surface
on the dynamic behavior of the earthmoving machine.
On the whole, due to the vehicles oscillations, caused
by the roughness of terrain, frecvently appears
defections at the bucket rotation system.

It’s important to find out what parameters rule
the behaviour the most, what ones that make little
difference and which ones that are the most difficult
to estimate. This determines the type of models that
need to be done.

2. Physical model for computer simulation

The real model which was modeled in this study
is the MMT 45 frontal loader, maded in PROMEX
S.A. factory by Romania.

The objective of this simulation consist of the
quantification the dynamic overloads and putting into
prominance the factors which influences the
behaviour earthmoving machine in the moment of
pass over innapropiate terrains.

For computer simulation, the author propose a
dynamic model which have three degree of freedom
(one wvertical translation and two movements
consisted by angular oscilation's machine).

A vehicle suspension is required to give a good
ride comfort and road handling accompanied by small
motion of the vehicle body in a limited working
space.
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Figure 1. Physcal model for the frontal loader
passing over roughness road

The mathematical model of the system presented
in figure 1, writed by matriceal form, is

M+ Cg+ Kq= Bz+ Dz (1)

where ¢ is the displacement vector for degree of
freedom; z denote the excitation vector because of the
inappropriate terrain; M denote the matrix of inertia;
C is the dissipation matrix; K denote the stiffness
matrix; B, D denote the vectors of excitations matrix.

{ots ) ={Gys ) z,(s)4+{Ga(s ) Zo(s) @

where{Q(s ) = {Y(s)  0,(5) 0,(s)"
[Gl (s )],{G2 (s )] are the associates vectors of the

transfer functions for the external excitations of the
system.
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The quantification of the dynamic overloads into
the drive moving system of the bucket is maded with
expresion

=]+ k¢ ¢max
g = YA (2)

where M, denote the moment of forces which action
to the bucket joint, ks denote the stiffness of the
bucket moving drive system.

3. Analysis of the earthmoving machine to
pass over the road with
roughness by the sinusoidal form

The author was considered that the excitation
signal, which come across the earthmoving machine
wheel, have the shape representated in Figure 2, with
the next expression

z,(¢)= 4sin(ot)

l
z,(t)= Asinfw(t- =)]
v 3)
where A denote the roughness amplitude, / denote the

machine ampatament, @ denote the roughness
frequency, v is the speed of the earthmoving machine.
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Figure 2. The excitation signals applied to the wheel.

The dynamic overloads simulation into the
equipment structure of the frontal loader was maded
with MATLAB/Simulink” software.

In Figures 3, 4, 5 are shows the results of
simulations, when the earthmoving machine (MMT
45) are over passing an obstacle with v=1,7 m/s,
amplitude 4=0./m and different pulsations.

Based on this model (figurel) the author was
analysis the influence of the frequency roughness p,
about the deplacement @#), and was observed that at
the same time of the po growing and equalized the
eigen frequency for angular deplacement of frontal
loader's bucket, that appear the resonance
phenomenon.
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Figure 5. Results of computer simulation for the
angular deplacement of the loader's bucket
po=30.9 rad/sec
a. Temporal evolution; b. Frequency spectrum

4. Analysis of the earthmoving machine
to pass over the road with
the singular roughness
In this case, the author was considered that the
excitation signal, which come across the earthmoving
machine wheel, have the form representated in Figure
6, with the next expresion
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Figure 6. The excitation signals applied to the wheel.

In Figure 7 are show the results of the computer
simulation, when the eartmoving machine (MMT 45)
over pass an obstacle with v=1,7 m/s, with amplitude
A=0.1m and p,= = 30.9 rad/sec.
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Figure 7. Results of computer simulation
a. Angular deplacement for the bucket ¢2)
b. Temporal evolution of the vertical acceleration
c. Frequency spectrum for @)

5. Conclusions
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The disturbing actions on the vehicle suspension
system includes road irregularities, braking forces,
acceleration forces, inertial forces on a curved track,
and payload changes. Among them, road roughness is
the most important disturbance, to the either of the
rider or the vehicle structure itself. Many roads
surface profiles have been measured, and several road
models have been discussed in the literature.

Analysing the figure 7, it could be said that, in
case of resonance phenomenon apparition, the
dynamic overloads growing over the ten value (¥ >
10).

The consequences of this phenomenon involve
to the dynamic overloads apparition, at the working
equipment of the earthmoving machine, and leads to
the functional parameters modifications.

An important factor which produce the
discomfort to the human operator is the acceleration
on vertical direction of the base machine, at the over
passing the roughness, both of these with the singular
distribution, and, especially, of these with the lowest
apparition frequency.
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