Behaviour Response of Earthmoving Machine in a Loading Process
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Abstract: - This paper present a conclusive remarks about the dynamic analysis and simulations,
regarding the behaviour of an earthmoving machine in direct evolution under the basic technological
process. Thus, one of the major phenomenon that involve overload into drive system machine is
represented by the bucket - soil interaction. It was supposed a loader bucket, but it was supplied a very
large area of damage and unbalanced charging situations. A computer program performed by software
MATLAB/Simulink 7 has been developed for simulation of earthmoving behaviour.
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1. INTRODUCTION

The operation of an earthmoving machine involves
the correlation between many factors, such as: the
productivity (material loaded per time), fuel
efficiency (fuel consumed per loaded unit), and
operability.

During the loading process of the loader, each phase
of the working cycle is influenced by the diversified
parameters (because of the internal and/or external
actions), which increase overall performances by
generated dynamical actions into equipment
structure and hydraulic system [1] [7].

2. EQUATIONS OF MOTION

The drive system on many earthmoving vehicles
is a hydraulic transmission using wheel-mounted
hydraulic motors. A simple mass representing the
loader mass is used in conjunction with the tire
model, as can be seen in figure 1.
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Figure 1. Vehicle dynamics and wheel/motor model

The dynamic equation for the machine translation
motion is [2], [4]:

mX=F — F — Fiql 1)

where m is the mass of machine, x is the machine
displacement, Fr is the rolling resistance force, and
Ftool is the tool resistance force in loading process.

The driving mechanism of the hydraulic loader,
as a real system consisting of a Diesel engine, elastic
couplings, and hydraulic motors for each wheel.

Figure 2 represents its equivalent elastic-kinetic
model with two revolving masses and one elastic
constraint.
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Figure 2. Reduced elastic-kinetic model
of the driving mechanism of the hydraulic loader

Taking into account by the scheme represented in
figure 1, the mathematical model of reduced elastic-
kinetic model presented in figure 2 is [8]:

J191 + k((Pl —¢2)+ M f4 sgn(q')l): M,
32y —K(@y — )+ M 15 sgn(gp, ) + (2)
+M, sgn(g,) =M, =—Fr

where: J; - Diesel engine moment of inertia; J, -
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hydraulic engine moment of inertia; ¢; - angular
deformation of the Diesel engine-hydraulic engine
coupling; ¢, -angular deformation of the hydraulic
engine-wheel coupling; My - driving torque of the
hydraulic engine; M, - driving torque applied to the
wheel; M; - rolling resistance moment; Mg, - friction
resistance torque; F, - tractive force; k - coupling
stiffness; r - wheel rolling radius; sgn — signum
function.

The drive load consists of the inertial torque
associated with the tire, wheel, and motor as well as
the torque generated by the longitudinal and
frictional forces present between the tire and ground.

The rolling resistance is modelled as a constant
and is dependent on machine weight and a slip factor
based on the operating surface of the vehicle.

3. THE TRACTION FORCE MODELLING

The traction force model must include dynamics
for a better accuracy in describing friction process
between the wheel and soil, on the during of the
machine displacement. Bowden and Tabor [3] were
introduced for the first time the stick-slip term which
describes the relative motion of two surfaces in
contact. They noted that the motion is governed by a
kinematics friction law while the surfaces are
slipping and by a static law when there is no relative
motion, sticking.

In the stick phase, the applied force F is balanced
by the frictional force F;. That is, the greater the
applied force the greater the force due to static
friction, up to a limiting value which is

|Fe| < FM® = usN, @3)

where ug is the coefficient of static friction;

N — normal contact reaction of the contact area.

For the case of slip, the effect of friction is to
produce a force which opposes the direction of
motion. The Coulomb friction model states that the
frictional force is independent of the magnitude of
the velocity:

F =—uNsgn(vy) @)

where g is the coefficient of kinetic friction; v, -

relative velocity.

Based on relations (3) and (4) and experimental
researches [11], the following expression, models
the behaviour of the traction force [10]:

alv
Fo=-m(ause sy )
where g is the adherence coefficient; a = -1.

4. MODELLING OF THE LOADING
MATERIAL

In the loading phase with an earthmoving machine,
the tool mass is variable and for simulation, a law of
variation it’s established, see figure 3.
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Figure 3: Schematic diagram of the bucket movement
into loading process [9]

@ - repaos angle of soil;

@ [ -angle of bucket;

x — displacement for loading bucket.

For example, in the penetration phase of loader,
the instantaneous mass of tool is expressed by the
next equation:

Men (X) = K, %7 A(x) ©)
tgp-t9f 2
=—=r ZF x (7)
2(tgp+193)
m(x)=k, 22 92,2 g

29 tgp+tgp

where b represents the length of bucket, A(x) is the
lateral bucket area, y is the volume weight material
and k, is filling index.

The mass variation law of loader during loading
process is:

m(x)=m+mp(x) (9)

where m represents the loader mass with empty
bucket.

Particular case: m=5000 kg; b=2 m; ¢=50°;
B =60°% »=21500 N/m®; k, =1.3.
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The equation (9) becomes:

m(x) = 5000+ 2000x° (10)

A model for the resistance force on the bucket
during digging has been developed in previous
research [5], [6], [7]. These forces include payload
weight, penetration resistance, compaction force
under the bucket, force from internal earth pressure,
and the frictional force between the bucket and soil.
These can be resolved into generalized horizontal
and vertical digging forces.

The equation (11) describes the horizontal force
model:

x<L

Alx3 + A2x2 + Agx,
Frool :{ (11)

A3 + Apx? 4+ Agx+ Ay (x— L)%, x> L

where A;...A, are influence coefficients (A;=1220
N/m?; A,=18516 N/m* A;=15600 N/m; A,=1886
N/m?) and L is the bucket width.

5. SIMULATION RESULTS

For the beginning, the author describes the
hypothesis needed for simulation the penetration
bucket operation with a loader:

machine going from start with bucket in low
position;

the engine speed is developing by operator’s without
shocks;

its displacement makes in alignment;

after 3 seconds the bucket penetrates into pile;

after 1.5 seconds, the bucket is unloaded and the
loading bucket operation is finished.

Table 1. Drive load parameter values

Parameter Values
m 5000 kg
Ji 0.17 kgm?
J 1 kgm®
M, 2000 N
Mu =M, 4N
Fr 3500 N
r 0.5m
K 20000 N/m
L 1m
» 1.2-3.2 rad/s
Xmax 1.6 m/s
mmax 1250 kg

Figures 4 - 10 show an example of
simulation results for the load dynamics of a typical
4WD wheel loader. Parameter values that are used to
produce these simulation results are presented in
Table 1.

A computer program performed by software
MATLAB/Simulink 7 has been developed for
simulation of earthmoving behaviour [12].

4. CONCLUSIONS

Real-time simulation of loading bucket
process with an wheel loader has been presented in
this paper. The result of simulation illustrates the
interaction between the powertrain system and
medium (characteristics of the material that will be
loading).

In these particular case (only penetration
phase), the loading on the powertrain system is
caused by the inertial effects due to the transmission,
payload mass and by the forces encountered during a
penetration bucket into the soil.

After 1.3 seconds at penetration pile, the
resistance force of soil increase and the slip
phenomenon appears. In this moment, the machine
velocity decreases from maximal value (1.6 m/s),
when the simulation is stopped.

The figures 4 — 9 show stable behaviour of
throughout the simulation of the main parameters
analysed (driving torque, traction force, wheel
velocity, engine speed).

The simulation was developed for an loader
in this working phase, because the most engine
power is required during bucket filling.

The human operator plays an active role in
keeping of the stabile behaviour of powertrain drive
parameters described above in order to perform the
assigned working task.

Future work will study the presence of
oscillations in power like a reflection of the
operator’s bucket filling technique and the place
conditions.
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