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ABSTRACT 
A Backhoe machine is used to lift tones and tones of 

load, thus some amount of pressure is to be developed 

for providing the necessary force by the cylinder to lift 

this load.  FEA consists of a computer model of a 

material or design that is stressed and analyzed for 

specific results. It is used in new product design, and 

existing product refinement. Finite element Analysis 

of the boom is made followed by the results of 

Dynamic study of the Boom of the machine. In this 

paper researcher provides the platform to understand 

the Modelling and FEA of Boom of Backhoe Loader, 

which was already carried out by other researchers 

for their related applications and it can be helpful for 

the development of boom of backhoe loader. 
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1. INTRODUCTION 
Backhoe-Loader  is  most  preferred  for  excavation  and  

earth moving  due  its  versatility.  Many construction 

companies consider the backhoe to be the workhorse of 

earthmovers. The backhoe is used to dig up hard material, 

handle cohesive soil and pieces of rocks generated by 

blasting. It is attached to the back of the tractor. It easily 
lifts heavy loads. The backhoe gets its name from the 

placement of the scooper bucket assembly on the back of 

the tractor. The backhoe consists of three pieces – the 

boom, the stick or dipper, and the bucket. The boom is the 

upper arm piece. The stick is the lower arm piece. The 

bucket is the digging and lifting tool at the end. 

 
Figure 1 Backhoe Loader 

 

2. DISCRIPTION OF FINITE ELEMENT 

ANALYSIS  
Finite element analysis is a word used in recent language 

of Mechanical Engineer in which the problems are solved 

with the use of software using Finite element method to 

solve the difficult problems where the direct implication 

of the problem is not always ready in the formula’s 

provided in the standards or the books. The Finite element 

method is a numerical procedure which can be used to 

solve numerical problems in Engineering. 

An unsophisticated description of the FE method is that it 

involves cutting a structure into several elements (pieces 

of the structure), describing the behaviour of each 

element in a simple way, than reconnecting elements at 

“nodes” as if nodes were pins or drops of glue that holds 

together the elements. 

This process results in the set of simultaneous algebraic 
equations which can be solved with mathematical 

formulations for solving the problem for deflection which 

can be further solved to get the results of strains and 

stresses. There may be several and thousands of such 

equations formed which means the computer implication 

is mandatory. 

A more sophisticated description of the FE method 

regards it as piecewise polynomial interpolation. That is 

over an element a field quantity such as displacement is 

interpolated from values of the field quantity at nodes. 

Working of FEA 

FEA uses a complex system of points called nodes which 

make a grid called a mesh Figure 2 .This mesh is 

programmed to contain the material and structural 

properties which define how the structure will react to 

certain loading conditions. Nodes are assigned at a certain 

density throughout the material depending on the 

anticipated stress levels of a particular area. Regions 

which will receive large amounts of stress usually have a 
higher node density than those which experience little or 

no stress. Points of interest may consist of: fracture point 

of previously tested material, fillets, corners, complex 

detail, and high stress areas. The mesh acts like a spider 

web in that from each node, there extends a mesh element 

to each of the adjacent nodes. This web of vectors is what 

carries the material properties to the object, creating many 

elements. 

 

http://www.sv.vt.edu/classes/MSE2094_NoteBook/97ClassProj/glossary.html#node
http://www.sv.vt.edu/classes/MSE2094_NoteBook/97ClassProj/glossary.html#mesh
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Figure 2 Tetrahedral Mesh 
 

3. RESEARCH  METHODOLOGY & 

EXPERIMENTAL WORK 
Finite element modelling is one of the major subjects of 

Computer Aided Engineering where the importance of 

Finite element method is sub-divided in following rules of 

problem solving methodologies. 
3.1 Preprocessing: The user constructs a model of 

the part to be analyzed in which the geometry is 

divided into a number of discrete sub-regions, or 

elements, "connected at discrete points called 

nodes."   

3.2 Analysis: The dataset prepared by the 

preprocessor is used as input to the finite 

element code itself, which constructs and solves 

a system of linear or nonlinear algebraic 

equations  

 
where u and f are the displacements and 

externally applied forces at the nodal points 

The formation of the K matrix is dependent on 

the type of problem being attacked, and this 

module will outline the approach for truss and 

linear elastic stress analyses.  Commercial codes 

may have very large element libraries, with 

elements appropriate to a wide range of problem 

types. 
3.3 Post-processing: In the earlier days of finite 

element analysis, the user would pore through 

reams of numbers generated by the code, listing 

displacements and stresses at discrete positions 

within the model.  It is easy to miss important 

trends and hot spots this way, and modern codes 

use graphical displays to assist in visualizing the 

results 

The use of Finite element is the second step considered in 
the Finite element analysis which falls after modeling of 

the part/assembly to be analyzed. It is important to take 

decision before starting the Finite element modeling to 

ensure the results are correct and your model behaves 

properly as thought based on engineering principles. The 

Few types of modeling used are illustrated below: 

3.4 Shell Modeling:-Shell element is used where the 

modeling style is very critical and the models 

cannot be modeled in the form of a surface, or 

say the joining of the intersecting surfaces 
cannot be used for producing the thickness.  

 

 
Figure 3 Shell Modeling 

 

3.5 Solid Modeling:-Here the modeling done for the 
boom is solid modeling, because of the critical 

welding geometries involved. When the 

modeling is performed of solid type the most 

common used mesh types are Tetrahedral Mesh 

Elements and Hexahedral Mesh/Brick Elements. 

 

 
 

Figure 4 Solid Modeling 

 

3.6 Beam Modeling: - A beam is a one-dimensional 

idealization that, in three dimensions, represents 

a structure whose length is much greater than its 

other two dimensions. You create a beam by 

specifying the cross-section shape and position, 

the degrees of freedom at the beam ends, and the 

location of the beam with respect to the axis 

where Mechanica applies the beam load. 
Mechanica sees beams slightly differently in 

native mode and FEM mode. 

 

3D Modeling of Boom of Backhoe Loader 

 
 

Figure 5 Cad model of Boom 
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Meshed 3D model of Boom of Backhoe Loader 

 
 

Figure 6 Tetrahedral Meshed Model of Boom 

 

 

 

 
Figure 7 Max Principal Stresses for Mechanism Load 

The Maximum Principal Stresses are shown fig.7 where 
the stress limits in the green zone is of 30-32 MPa while 

that in the red zone is of 45-48 MPa. 

 

 

 

 

 
 

Figure 7 Results of Displacement for Total force 

 

The Maximum Displacement seen in the structure is only 

4.9E-04, thus the structure can be considered to be very 

stiff under this type of loading condition 

 

4. RESULT 
With the results obtained from the Finite Element 

Analyse by Pro-e Mechanica software is are very safe 
as per the stress values and the deflections. 

 

5. CONCLUSION 
As Inertia plays a big effect while performing a dynamic 

analysis which is completely dependent upon the time in 

our case which can only be assumed for the cycle to 

complete. The max effect of inertia can be plotted on the 

graph especially for new shapes of boom, to get the safe 

results of stresses resulting in the safe life of the boom. 
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