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Abstract— The compressor plays a 

very important role in the automotive 

air conditioning system. The 

compressor is supported by the engine 

mounting called compressor 

mounting bracket. A lot of vibrations 

resulting from the engine transfer to 

the compressor through a bracket. A 

compressor mounting bracket faces a 

high level of static load and 

vibrations. The existing mounting 

brackets are heavier than the 

required. There are no failures in 

current brackets, but one can reduce 

the material use and weight of the 

bracket which also reduces cost and 

other expenses. In this work bracket 

was designed in CATIA V5 and 

analyzed with ANSYS Workbench. A 

Static structural analysis and topology 

optimization have been done using 

ANSYS workbench. There are two 

types of models first is Baseline model 

which is an Original version of 

compressor mounting bracket and the 

second model is an Optimize model of 

compressor mounting bracket. The 

original structure of the Baseline 

model was modified by using topology 

optimization technique which helps to 

detect stressed and less stressed zone. 

The material was removed from less 

stress zone and this elimination of 

material reduced the weight by 

26.42% without compromising its 

strength and functionality of bracket 

in the modified model. Analysis and 

calculations have been done for both 

the cases which were validated with 

experimental data. 
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1. INTRODUCTION 
The design and development of an 

automobile is a complex task for a 

company. The continual development, 

improvement in quality and 

incorporation of additional features 

without much variation in the market  

price have proved to be very effective in 

the highly competitive field of 

automobiles. To reduce the cost, the 

designer always tries to minimize 

labour, raw material and other expenses 

that are required to manufacture an 

automobile. Computer aided engineering 

(CAE) comes to the rescue of the 

designer for cost-effective and timely 

solutions. There are a number of 

components in an automobile that can be 

designed to reduce cost and time. 

Compressor mounting brackets are one 

of the components that is required to be 

designed by an Indian passenger car 

manufacturing company. The location of 

a compressor bracket on an engine can 

be visualized from Fig. 1.1. 

 
Fig. 1.1 Location of a compressor on 

engine 

The bracket mounted with the 

compressor is directly attached to the 

engine. A lot of vibrations resulting 

from the engine transfer to the 

compressor through a bracket. A 

compressor mounting bracket faces a 

high level of static load and vibrations. 
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Due to these static load and vibrations, it 

becomes challenging to reduce the mass 

and change the design of compressor 

mounting bracket, taking into 

considerations the material properties, 

boundary conditions and static 

properties of the bracket. A number of 

researchers have worked on the analysis 

and optimization of different automobile 

components using CAE tools. 

1.2 TOPOLOGY OPTIMIZATION 

Topology optimization is a 

mathematical method that optimizes 

materials, layout within a given design 

space, for a given set of loads, boundary 

conditions and constraints with the goal 

of maximizing the performance of the 

system. The topology optimization in 

industries is dependent upon the purpose 

and the kind of work. Depending upon 

the purpose and the kind of work 

concept and design of the existing 

product is modified and its topology is 

evaluated and inspected with necessary 

boundary conditions. If the optimized 

product satisfies the boundary 

conditions, the product design is 

preceded for the manufacturing process. 

1.3 PROBLEM FORMULATION  

Developed and developing nations are 

introducing new rules and policies 

which are aimed to increase the mileage 

of automobiles which will help in 

reducing the dependence of the nation 

on foreign oil and crude. As there is a 

shortage of petroleum in the world, we 

need to protect Earth from pollution and 

global warming so we have to reduce 

the consumption of fuel and this can be 

achieved in case of automobiles by 

reducing their weight. Moreover, a 

product design and development is a 

tough task in this new competitive 

market of the automobile industry. 

There is a need of continual 

development and improvement in 

quality and to add more features with 

cost effectiveness is a challenge to the 

organization. To reduce the cost, the 

design engineer always tries to minimize 

the usage of raw material, labour, 

machine and other costs that are 

essentially required to manufacture an 

automobile. 

The following are the gaps that were 

found during the literature review. 

The existing mounting brackets are 

heavier than the required. There are no 

failures in current brackets, but one can 

reduce the material use and weight of 

the bracket using FEA. This work 

should be performed without affecting 

the strength of the mounting bracket. It 

is proposed to perform the static analysis 

on the mounting bracket. Limited work 

has been reported on the mounting 

brackets. 

1.4 OBJECTIVE OF PROPOSED 

WORK 

There are no failures in current brackets, 

but one can reduced the material use and 

weight of the bracket by using FEA. 

This work should be performed without 

affecting the strength of the mounting 

bracket. It is proposed to perform the 

static analysis on compressor mounting 

bracket. 

The main objective of this work is to 

perform the Finite Element Analysis on 

different Brackets designs by using 

ANSYS workbench and optimize the 

parameters. 

(i) Analysis of the existing design of 

brackets with the objective of decreasing 

mass of brackets. 

(ii) To perform the static analysis on the 

compressor mounting bracket at 

different load condition. 

(iii) Mass optimization of the 

compressor mounting bracket by using 

Topology optimization technique to 

obtain better design. 

2. METHODOLOGY AND 

ANALYSIS 

In this work, the model of Brackets are 

designed in CATIA V5 software and 

imported into ANSYS workbench. FEA 

is technique used for obtaining 

approximate solutions to a variety of 
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simple and complex engineering 

problems. The process is mainly carried 

out in three main steps as follows: 

Discritization: Fluid domain created 

using CAD software is imported in the 

pre-processor for discritization process. 

Meshing is carried out to find out the 

small changes in the system.  

Processing: In this stage, solver setup 

preparation carried out in ANSYS 

workbench. Typically constraints or 

load value would be given at inlet side 

for solving purpose. 

Post-processing: ANSYS workbench is 

used to study the results. Results are 

shown in the form of interactive colour 

graphics or vector format. 

Pre-Processing: The first step in Pre-

Processing is to prepare a CAD model 

of compressor mounting bracket from 

original compressor mounting bracket 

by Reverse Engineering. The model of 

bracket is designed in CATIA V5 

software and saved in .CATPart format.  

 

Fig. 2.1 Original compressor mounting 

bracket 

There are following stepwise 

methodology for static structural 

analysis 

Stage 1: Assign material properties for 

static structural analysis.  

Stage 2: Import CAD model from 

CATIA V5 into ANSYS Workbench. 

Stage 3: Generate mesh for static 

structural analysis.  

Stage 4: Define boundary conditions 

like load, pressure etc. 

Stage 5: Select solution required like 

stress, strain etc.  

Stage 6: Analysis model in interactive 

colour graphics. 

 

Fig. 2.2 Flow of static structural analysis 

  

Fig. 2.3 CAD model of mounting 

Bracket 

 

Table 1.1 Mechanical Properties  

 
 

 

 

Fig. 2.4 Meshed baseline model of 

Bracket in ANSYS 

 

2.1 BOUNDARY CONDITIONS  

 Boundary Condition is a very important 

step. This was applied to the meshed 

model. The first condition was fixed 

cylindrical support as shown in blue tag 
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and the bearing load was applied on 

another end of bracket in two direction 

only x and y which is shown in red tag. 

Consider this simulation at different 

loads conditions. 

The force acting on the compressor 

mounting bracket of a car will be 

determined by the weight of the 

Compressor assembly. Weight of car 

AC Compressor = WComp = 8 kg 

Hence, force acting on the Compressor 

Mounting Bracket. 

F = WComp × g 

F = 8 × 9.81 = 78.48 N     

 

 
 Fig. 2.5 Boundary conditions of   

baseline model 

 

3  RESULT AND DISCUSSION 

This is one of the important parts of 

post-processor. In this, interactive colour 

graphics was used for displaying the 

results in wide-ranging of plotting 

features with the help of FEA. Results 

can easily analys in the form of picture 

which is also known as visual form and 

can understand problem in seconds. 

 

 
 

Fig. 3.1 Total Deformation of Baseline 

Model 

 

 
 

Fig. 3.2 Equivalent (von-Mises) Stress 

of Baseline Model of Bracket 

 

Fig. 3.3 Equivalent Elastic Strain of 

Baseline Model of Bracket 

 

3.1 OPTIMIZATION OF 

COMPRESSOR MOUNTING 

BRACKET 

The concept of rigid body element 

(RBE) was used to define the 

compressor mass and bolt locations that 

act as the boundary conditions for the 

problem. The topology optimization was 

performed using the density method 

which is also known as SIMP (solid 

isotropic material with penalisation) 

method.  

 

Fig. 3.4 Flow of Topology Optimization 
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Fig. 3.5 Model transfer into topology 

optimization 

Red colour represents the maximum 

values for stress and deformation, 

whereas, blue colour represents the 

minimum value for stress and 

deformation in the respective Figures. 

This blue colour zone can be removed to 

obtain optimize bracket design, hence 

material used in bracket get reduce 

without affecting the strength.  

The result obtain from original bracket 

was optimize by importing into 

Topology Optimization tool and  

controlled by  response constraint of 

mass as a result we obtain topology 

density tracker model, by removing 

material from original model we obtain 

optimize model of mounting bracket. 

 
Fig. 3.6 Topology density tracker 

 

 
Fig. 3.7 Total Deformation of 

Optimized Bracket 

 

 
 

Fig. 3.8 Equivalent (von-Mises) Stress 

of Optimized Bracket 

 
 

Fig. 3.9 Equivalent Elastic Strain of 

Optimized Bracket 

 
Fig. 3.10 Factor of Safety in baseline 

model of Bracket 

 

Fig. 3.11 Factor of Safety in optimized 

model of Bracket 
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4. COMPARISON OF FEA 

RESULTS 

The FEA results are within the limit and 

are expectable. The values of total 

deformation, equivalent (von-mises) 

stress, equivalent elastic strain and 

factor of safety are much below the 

yield limit and present design is safe. 

The weight of the compressor mounting 

bracket is reduced from 0.36458 kg to 

0.26824 kg. 

The mass of the compressor mounting 

bracket is reduced by 26.42% without 

compromising its strength and 

functionality. 

Table 4.1 Result Comparisons of Static 

Structure Analysis 

 
 

Table 4.2 Comparative study of 

topology of Compressor mounting 

Bracket 

 

 

4.1 CONCLUSION 

The following conclusions are drawn 

from the present work of static structural 

analysis of compressor mounting 

bracket: 

i. The mass of the compressor 

mounting bracket is reduced by 

26.42% without compromising its 

strength and functionality. 

 
ii. It can be seen from the Table. 4.1 

that the von mises stress is 21.611 

MPa which is less than the ultimate 

stress. 

 
iii. There is a very small change in 

Factor of safety that is 3.43 which 

do not affect the strength of the 

material. 

 
iv. The Equivalent elastic strain is 

2.6341e-007 mm/mm. 

 
v. On the basis of the current work, it 

is concluded that the design 

parameters of the compressor 

mounting bracket with topology 

optimisation give sufficient 

improvement in the original model 

results. 

 

4.2 SCOPE FOR FUTURE 

WORK 

i. Vibration analysis can also be 

performed to find out the failure 

condition due to vibration in the 

compressor mounting bracket. 

 
ii. Dynamic and fatigue failure analysis 

can also be carried out to find the 

fatigue life of the compressor 

mounting bracket. 

 
iii. We can also use other mathematical 

methods to optimize the compressor 

mounting bracket. 
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