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Abstract— In Structural Engineering the components produced may be of different types and sizes, from flat plates of very 
simple shape to complex 3 Dimensional solid body. In their operating conditions the components maybe subjected to various 
types of loading and prescribed displacements, with the rising cost of materials, overdesign and resultant material wastage 
maybe extremely costly for high volume production item.  Therefore, Stress Analysis at the design stage is imperative if 
service failures are to be avoided and near optimum design is to be achieved for the specified operating conditions. Here in 
this paper Finite Element Analysis under static load conditions of TATA ACE Chassis in two dimension has been conducted 
using ANSYS APDL. Modeling of chassis was done using the software CATIA V5 after tear down benchmarking. The 
results have been analytically verified by using Macaulay’s method to calculate deflection of the beam due to bending. 
 
Keywords— Finite element analysis, Macaulay’s method, ANSYS, CATIA V5, Analytical validation. 
 
I. INTRODUCTION 
 
Automobile chassis usually refers to the lower body 
of the vehicle including the tires, engine, frame, 
driveline and suspension. Out of these, the frame 
provides necessary support to the vehicle components 
placed on it. Also the frame should be strong enough 
to withstand shock, twist, vibrations and other 
stresses. The chassis frame consists of side members 
attached with a series of cross members. Along with 
the strength, an important consideration in the chassis 
design is to increase the stiffness (bending and 
torsion) characteristics. Adequate torsional stiffness is 
required to have good handling characteristics. 
Normally the chassis are designed on the basis of 
strength and stiffness. In the conventional design 
procedure the design is based on the strength and 
emphasis is then given to increase the stiffness of the 
chassis, with very little consideration to the weight of 
the chassis. One such design procedure involves the 
adding of structural cross member to the existing 
chassis to increase its torsional stiffness. As a result 
weight of the chassis increases. This increase in 
weight reduces the fuel efficiency and increases the 
cost due to extra material. The design of the chassis 
with adequate stiffness and strength is necessary. [1] 
 
II. FINITE ELEMENT ANALYSIS 
 
2.1BasicConceptofFEM 
The finite element method (FEM) is a computational 
technique used to obtain approximate solutions of 
boundary value problems in engineering. Simply 
stated, a boundary value problem is a mathematical 
problem in which one or more dependent variables 
must satisfy a differential equation everywhere with 
in a known domain of independent variables and 

satisfy specific conditions on the boundary of the 
domain. An unsophisticated description of the FE 
method is that it involves cutting a structure into 
several elements (pieces of structure), describing the 
behavior of each element in a simple way, then  
reconnecting  elements at nodes as if nodes were 
pins or drops of glue that hold elements together. 
This process results in a set of simultaneous 
algebraic equations. In stress analysis these equation 
are equilibrium equations of the nodes. There may   
be   several   hundred   or   several   thousand   such 
equations, which mean that computer 
implementation is mandatory. 
 

 
Figure 1: Discretization of model [2] 
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2.2 A General Procedure for FEA 
There   are   three main   steps,   namely:   
preprocessing, solution and post processing. In 
preprocessing (model definition) includes: define the 
geometric domain of the problem, the element 
type(s) to be used, the material properties of the 
elements, the geometric properties of the elements 
(length and area), the element connectivity (mesh 
the model), the physical constraints (boundary 
conditions) and the loadings. In solution includes: 
the governing algebraic equations in matrix form 
and computes the unknown values of the primary 
field variable(s) are assembled.  The computed 
results are then used by back substitution to 
determine additional, derived variables, such as 
reaction forces, element stresses and heat flow. 
Actually the features in this step such as matrix 
manipulation, numerical integration and equation 
solving are carried out automatically by commercial 
software. In post processing, the analysis and 
evaluation of the result is conducted in this step. 
Examples of operations that can be accomplished 
include sort element stresses in order of magnitude, 
check equilibrium, calculate factors of   safety,   plot   
deformed   structural   shape,   animate dynamic 
model behavior and produce color-coded 
temperature plots. The large software has a 
preprocessor and postprocessor to accompany the 
analysis portion and the both processor can 
communicate with the other large programs.   
Specific   procedures   of preprocessing   and   post 
processing   are different dependent upon the 
program. 
 
III. MODELING OF EXISTING CHASSIS 
FRAME 
 
In every analysis problem the primary thing is the cad 
model of the chassis. Once the CAD model is ready, 
it can be imported in analysis software, Meshed and 
then analyzed for required parameter after input of 
appropriate boundary conditions. After studying 
different N1 type vehicle chassis, it was decided to 
Model TATA ACE chassis 
 
3.1 FEA model specifications [3] 
 

Table 1: Modelling parameters of chassis 

 

 
Figure 2: Draft of CAD model of TATA ace chassis 

 

 
Figure 3: Isometric view of draft of CAD model of chassis 

 

 
Figure 4.Cross section of various chassis members 
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3.2 Load determination 
The load cases for this study are standardized cases 
and most of the calculations are carried out with the 
help of design data and other loading conditions. The 
main load acting on the chassis frameconsists of 
engine, transmission, fuel tank, steering gearbox and 
cargo. These are the loads that will be acting at a 
particular point throughout the chassis. The various 
systems mentioned above are mounted on various 
cross members, these members are then analyzed for 
the load acting at a certain point. [4][5] 
 
(Point a corresponds LH side and point b corresponds 
to RH side if the chassis) 
 

Table.2: Weights of components 

 
 

After examining the mounting of the above 
components and their weight distribution across the 
mounting points, final load acting on cross members 
and long members were calculated.  
Loads acting are: 
 

Table.3: Loads oncross members 

 
 

Table.4: Loads onlong members 

 

IV. 2-DIMENSIONAL APDL ANALYSIS FOR 
BEAM DEFLECTION 
 
APDL stands for ANSYS Parametric Design 
Language. The cross members and long members 
were analyzed. [6][7] 
The Steps involved in ANSYS APDL analysis are: 
1. Input Member type and define cross section and 
length 
 

 
Figure 5. Cross section of cross member in APDL 

 
2. Mesh the member into small nodes 
3. Apply boundary conditions. In this case, fix the 
end points 
4. Apply force as per calculation on the discrete 
nodes obtained after meshing 

 
Figure 6. Meshing in APDL 

5. Solve the equation with APDL solver. And plot 
results. 
The above example shows analysis of X6 cross 
member. The maximum deflection in this case comes 
out to be 0.0208mm 

Figure 7. Results of Analysis in APDL 
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In a similar way APDL analysis of both long 
members and cross members was performed 
 
V. ANALYTICAL CALCULATION OF 
BENDING DEFLECTION 
 
Once the loads acting on each mounting points on 
cross-members are known the bending deflection at 
that point can be calculated. Macaulay’s Method [8] 
is a means to find the equation that describes the 
deflected shape of a beam. From this equation, any 
deflection of interest can be found. Macaulay’s 
Method enables us to write a single equation for 
bending moment for thefull length of the beam. When 
coupled with the Euler-Bernoulli theory, we can then 
integrate the expression for bending moment to find 
the equation for deflection.Cross member in chassis 
are fixed supported beams. 
Macaulay’s method can be calculated as follows: 

 
Consider a section X-X at a distance ϰ from A, 

 

 
Using the above method we have calculated the 
bending deflection for all cross members. 
Macaulay’s Method for simply supported beams: 

 

 

 
Similarly calculating for other cross members and 
long members 
 
VI. VALIDATION OF ANALYSIS RESULTS 
1. Cross Members 

 
Table 5: Bending values for cross member 

 
 
2. Long Members 

 
Table 6: Bending values for long member L1 
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Table 7: Bending values for long member L2 

 
 
CONCLUSION 
 
The variation in the results obtained from ANSYS 
APDL and analytical calculations is nominal within 
limits; hence our results are successfully validated 
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