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ABSTRACT:

In this research work design and simulation of the boom of a backhoe excavator has been carried out. The boom of the back
hoe excavator is a key element and is loaded from both sides. The research work includes design or modeling of the boom of
back hoe excavator with appropriate shape and dimensions. Then the finite element analysis method is used to do the static
structural analysis and transient dynamic analysis of the Boom of the excavator. This analysis was done with the help of
commercial Finite Element analysis package ANSYS. The modeling of the boom of the excavator will be done with the help of

The results of the finite element analysis will be used to find the stress distribution of the boom and also the critical areas
where maximum chances of failure occurs. The factor of safety of the boom will be analyzed at various locations. These results
will act as a basis for the shape optimization of the boom, so that the stresses in the critical areas are reduced and the boom

element is Erevented from the failure.

EXCAVATOR BOOM, FINITE ELEMENT ANALYSIS, ANSYS, PRO-E.

INTRODUCTION
INTRODUCTION OF BACKHOE EXCAVATOR

The construction of highway, digging of trenches, holes,
and foundation requires rapid removal of the soil
Typically digging machines such as backhoe loaders or
known as backhoe excavators and hydraulic excavators
are used to dig the earth for these applications and to load
the material into the dump trucks, or trolleys. Backhoe
excavators are used primarily to excavate below the
natural surface of the ground on which the machine rests.
According to Forestry, Earthmoving and Excavator
Statistics Program (FEE Statistics Committee, 2010), a
backhoe excavator is defined as “A ride-on dual purpose
self-propelled wheeled machine for on and off road
operation”. One end with loader arms that can support a
full width bucket or attachment and the other end
incorporating a boom and arm combination capable of
swinging half circle for the purpose of digging or
attachment manipulation.” In other words, a backhoe
excavator is actually three pieces of construction
equipment combined into one unit. These three pieces are
a tractor, a loader, and a backhoe. The third piece of the
equipment a backhoe also known as a backhoe excavator
attachment, is the area of research reported in this thesis.
A backhoe is the main tool of the backhoe excavator. It
consists of a digging bucket on the end of a two part
articulated arm.

Backhoe excavator attachment is four degrees of freedom
system, because each of the four links (swing link, boom
link, arm link and bucket link) are allowed to be rotated
with their respective joint axes only. Backhoe consist four
different mechanisms each of which can be controlled
independently. The first mechanism is for the swing
motion of the swing link relative to the fixed or base link,
and can be actuated by swing cylinders. The second
mechanism is for the rotation of the boom, which is
actuated by boom cylinder thus forming an inverted
slider-crank mechanism relative to the frame. The third 3
mechanism is for the rotational motion of an arm, which is
actuated by arm cylinder, and is also an inverted
slider-crank mechanism. The fourth mechanism is for the
rotational motion of the bucket. Since a large bucket
oscillation is required, the mechanism used is a series
combination of a four bar mechanism, and an inverted
slider-crank mechanism, which forms a six link mechanism
relative to the arm.

Apart from this, the boom assists only in positioning the
bucket and the arm for the digging operation; it does not
directly contribute in digging operation. On the other hand,
the arm and the bucket directly contribute in the digging
operation by generating the required digging forces with
the help of the hydraulic actuators. The bucket cylinder
generates the bucket curl force, and the arm cylinder
generates the arm crowd force to excavate the ground.
Maximum crowd force is developed when the arm cylinder
operates perpendicular to the arm. The ability to break the
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material is the best at the bottom of the arc because of the
geometry of the boom, arm, and bucket and the fact that at
that point, the hydraulic cylinders exert the maximum
force drawing the arm in and curling the bucket.

Backhoe Tractor

FIG 1: A BACKHOE EXCAVATOR JCB

BACKHOE EXCAVATOR APPLICATIONS IN
CONTEXT OF LIGHT DUTY CONSTRUCTION WORK

The compact backhoe excavators can be used for the
following applications:

e Construction of highways

e To construct foundations of buildings
Gardening work

Forestry work

To dig holes

Material handling

Light duty demolition work

Urban works

River dredging

Out of all earthmoving machines (loaders, dozers,
hydraulic excavators, backhoe loaders or backhoe
excavators, motor graders, haulers, scrapers) or
construction machines, hydraulic excavators or backhoe
loaders have attained the most attention due to their ease
of operation, adaptability to automation, higher excavating
capacities by generating higher digging forces to excavate,
lesser digging time per cycle thus increasing the
productivity of an excavation operation, a greater mobility
in compact spaces thus increasing excavating capacities in
compact regions as well, widespread availability of the
after sales support, etc. This indicates that the backhoe
excavators need an attention, as these machines are yet to
be developed for the light duty construction work.
Moreover in the scenarios of unfriendly environments like
the dark, severe weather, hazardous or unhealthy
environments, the earthmoving machines could be used
effectively, if their operations are controlled automatically.
Now a day excavation machines or vehicles are widely
used in the earth moving excavation industries,
infrastructure development industries, construction
industries, and used by civil engineering contractors those
are concerned with construction work. These excavation
machines are of big size and used for heavy duty
construction work, but they are costlier and complex in
nature. Sometimes that much heavy duty machines are not
required to carry out the digging operation efficiently
particularly for light duty construction work and not
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economical. So there is a scope to develop a mini hydraulic
backhoe excavator for light duty construction work. The
excavation machines used in construction work are
normally operated by human being and their operations
controlled manually. In manual digging operation a human
operator, plans and executes the bucket motion through
the soil with bucket loading and interaction forces
between the bucket and soil. During the digging operation,
excavator operator cannot know about the terrain
condition. As well as in hazardous or toxic environment it
is very difficult to operate machine by human operator.
Therefore, there is a scope to develop an autonomous
excavation machine. The extensive amounts of forces are
executed during the digging operation. These forces
sometimes adversely affected on the mechanical
components of the excavator backhoe and may be
damaged during the digging operation. So it is very
essential to know the resistive forces developed during the
soil-tool interaction. These forces can be predicted by
studying the soil-tool interaction models.

Backhoe excavator working under the cyclic motion during
the digging operation. The cyclic motion of backhoe link
mechanism executes digging forces through actuators.
Therefore, it is very important to know the magnitudes of
the digging forces and also these forces should be enough
to perform the excavation task in soil using bucket teeth as
cutting tool. It is necessary that all the parts of backhoe
must be robust in design, so that they can withstand
against the unknown forces executed during digging
operation.

Design of the backhoe mechanism is very crucial because
sometime over design of the mechanism will create
controlling problems during digging task and not
economical. Therefore, structural optimization is required
for better controlling of backhoe attachment in
autonomous application and for economical operation.
Structural weight optimization reduces the initial cost of
the backhoe mechanism without affecting its strength. The
solution of all above problems can be achieved through
understanding and developing the kinematics and
dynamics mathematical models of the backhoe
mechanism, solid modeling of backhoe attachment,
resistive force calculations by applying soil-tool
interaction models, digging force -calculations, Finite
Element Analysis without and with consideration of
welding strength and finally by carrying out structural
weight optimization of backhoe attachment.

LITERATURE REVIEW

There are a lot of studies in literature and also in
Hidromek R&D department about the design of excavator
booms as well as other welded structures. Yener [35]
parameterized the boom geometry and developed
Delphi® based computer program (OptiBOOM) that is
competent of automatically creating FEM of the excavator
boom by using parametric geometry information and
running the Msc. Marc® analysis program to solve the
created model. OptiBOOM shortens the FEM creation and
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analysis time, and assists the designer in improving the
structure’s weight as well as strength. Yener created more
than hundred alternative boom designs and compared
with every other in terms of mass as well as stress.The
boom design that has been chosen as final design has
weighed 3.6 % more than Initial design but maximum the
Von Mises stress of the final design has decreased by
21.5% according to the initial design. Usually butt in
addition to fillet welds are used in construction of the
excavator booms. Fillet welding comprise approximately
80 % of the total welding operation in the excavator boom
construction. Mostly welding type in addition to quality
determines the life span of excavator boom due to the
fatigue.

Ficic1 [10] modelled 3 dimensional surface cracks in fillet
welds to be able to predict the fatigue life of such type of
welded connections. Figic1 calculated the stress intensity
factors about the crack front for the test specimens that
are subjected to bending as well as axial loads. Karagoz
also modeled three dimensional surface cracks in the fillet
welds. ] integral values have been calculated for these
cracks in T welded joints of the construction machinery.
Karagoz used sub modeling technique in the finite element
method.

It should be noted that all the welds entail initial flaws in
the form of root gaps and may also include other initial
flaws potentially depending on the production quality.
Stress intensity factor calculation done by Figic1 and ]
integral calculation done by Karagoz are necessary to
make successful predictions for the fatigue life of welded
structures. One more design study on construction
machineries has been completed by Volvo Excavators AB
and Alfgam Optimizing. Carlgren et al. has intended to
improve fatigue durability of middle boss of the excavator
boom. Geometrical modifications are applied to the
structure in order to reduce stress intensity factor in weld
root gap. They constructed a finite element model FEM as
the parent boom model and also a verification model
comprising arm and bucket models with lower order shell,
bar as well as beam elements.

METHODOLOGY

The methodology of the work will include designing the
model in 3D CAD software and then doing the static
analysis with the help of ANSYS software. Step wise
methodology is listed below.

1) Modelling the boom element with the help of PRO
E Software.

2) Converting the PRO E .prt file to IGES file.
3) Importing the IGES model to the ANSYS domain.

4) Applying the loads and Boundary Conditions to
the model

5) Finding the solution through simulation on the
ANSYS

6) Analysing the results in the ANSYS Postprocessor

RESULTS AND DISCUSSION
Models of Excavator Boom

Different models of the Excavator booms are designed in
the Pro E software. The models were designed with the
exact dimensions and the best excavator design was
selected for analysis on Ansys. The models designed on Pro
E are shown below:

FIGURE 4.MODEL 1(EXCAVATOR BOOM)
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FIGURE 6 APPLIED BOUNDARY CONDITIONS

After the application of load the static structural analysis
was carried out on Ansys work bench. The results of the
simulation and analysis are shown in the figure below:

FIGURE 5.MODEL 1(EXCAVATOR BOOM)
STATIC STRUCTURAL ANALYSIS ON ANSYS % B os8gis e

Time
258-0

A static structural analysis on one of the design was
carried on Ansys. The design model from the Pro E was
imported in Ansys and the static structural analysis was
performed. The following loads boundary conditions were
applied to the excavator boom during the analysis:

Load: —

Fx: 20000 N FIGURE 7 STRESS RATIO DISTRIBUTION IN
Fy: 5000 N MODEL 1

Fz: 5000 N

Total force F=21213 N
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The loads applied to the boom are shown in the figures 5300
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FIGURE 9 STRESS RATIO DISTRIBUTIONS IN
MODEL 2
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FIGURE 11 STRESS RATIO DISTRIBUTION IN
MODEL 3

The figures showing the results are shown. The areas
having the maximum stress and deformations are
identified. The areas shown in red in the stress and
deformation figures are the critical areas. These critical
areas are the areas which are subjected to the maximum
stress and maximum deformation. Thus the design of the
excavator should be modified in such a way that the failure
at these critical areas is prevented.

Some of the changes that can be made in the critical areas
are increase of the thickness of material at the critical
areas. The design at the critical ends can also be modified,
like the provision of curve to reduce the stress and
deformation at the critical areas.

CONCLUSIONS & FUTURE SCOPE

The static structural analysis gives the stress distribution
in the steady state phase. These results can be used to find
the critical areas of the boom element to find the critical
areas which are more likely to fail.

The areas shown in red in the stress and deformation
figures are the critical areas. These critical areas are the
areas which are subjected to the maximum stress and
maximum deformation. Thus the design of the excavator
should be modified in such a way that the failure at these
critical areas is prevented.

Thus these simulations in the CAE software can be used as
the basis to change the shape and size of the boom so that
a better stress distribution is attained.

The future scope of work includes the transient analysis of
the boom of the excavator. Also dynamic analysis of the

complete excavator assembly can be considered to
determine the optimum performance. The software like
ADAMS etc can be used to perform the complete kinematic
and dynamic analysis of the back hoe excavator assembly.
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