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ABSTRACT

With the automotive air-conditioning industry aiming at higher levels of quality, cost effectiveness and a short time to market, the need for simulation is at an
all time high. In the present work, the use of dynamics analysis technique is proposed in the simulation of the automobile compressor mounting bracket for
the vibration loads. The mounting bracket has been analyzed using the standard testing conditions. The results revealed that the compressor mounting bracket
may fail due to resonance in dynamic analysis, but in the static analysis, resonance cannot be predicted under the same magnitude of load. Therefore,
dynamic analysis gives a realistic method for its design validation.
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1. Introduction

Compressor is the main functional component in the refrigeration cycle. Compressor is assembled on the compressor mounting plate. This subassembly is
then assembled on the refrigerator body in the rear bottom side of refrigerator. In the existing design compressor mounting plate is assembled on the
refrigerator body using two fastener locations. Compressor being the dynamic component generates vibration and noise. Vibration is transferred to
refrigerator body through mounting plate. During the operating cycle, compressor will also exert harmonic pulsating forces on the mounting plate.
Frequency of these forces is the operating frequency of compressor (1500 RPM to 4500 RPM).

AIC
Compressor

Compressor
bracket

Fig 1.Compressor
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1.1 Introduction to Vibration

Vibration is the motion of a particle or a body or system of connected bodies displaced from a position of equilibrium. Most vibrations are undesirable in
machines and structures because they produce increased stresses, energy losses, cause added wear, increase bearing loads, induce fatigue, create passenger
discomfort in vehicles, and absorb energy from the system. Rotating machine parts need careful balancing in order to prevent damage from vibrations.

Fig — 2 Swinging of simple pendulum

In this way, vibratory motion is repeated indefinitely and exchange of energy takes place. Thus, any motion which repeats itself after an interval of time is
called vibration or oscillation. The swinging of simple pendulum as shown in Fig. 2 is an example of vibration or oscillation as the motion of ball is to
and fro from its mean position repeatedly.

The main reasons of vibration are as follows:

a) Unbalanced centrifugal force in the system. This is caused because of non-uniform material distribution in a rotating machine element.
b) Elastic nature of the system.

¢ ) External excitation applied on the system.

d) Winds may cause vibrations of certain systems such as electricity and telephone lines, etc.

1.2 Importance of Vibration study in Engineering

The structures designed to support the high speed engines and turbines are subjected to vibration. Due to faulty design and poor manufacture there is
unbalance in the engines which causes excessive stresses in the rotating system because of vibration. The vibration causes rapid wear of machine parts
such as bearings and gears.

2. Literature Review

The compressor plays a very important role in the automotive air conditioning system. The unbalanced forces produced from the engine and compressor
causes the structure vibrations. To reduce these vibratory forces, the compressor is supported by the engine mounting called compressor mounting bracket.
A review of the literature related to the design and analysis with a focus on vibration analysis of these mounting brackets is presented here. G.
PhaniSowjanyaet al [1] performed a study on vibration parameters to test the avionic equipment. Vibration is the most important mode of failure in
avionic equipment. The avionic equipment fitted into the aircraft has to withstand high vibrations.

3. Introduction to CAD/CAM/CAE

The Modern world of design, development, manufacturing so on, in which we have stepped can’t be imagined without interference of computer. The
usage of computer is such that, they have become an integral part of these fields. In the world market now the competition in not only cost factor but also
quality, consistency, availability, packing, stocking, delivery etc. So are the requirements forcing industries to adopt modern technique rather than local
forcing the industries to adapt better techniques like CAD / CAM / CAE, etc.

This penetration of technique concern has helped the manufacturers to

a) Increase productivity

b)  Shortening the lead-time

¢)  Minimizing the prototyping expenses
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d)  Improving Quality
e)  Designing better products

What is CATIA - CATIA is mechanical design software. It is a feature-based, parametric solid modeling design tool that takes advantage of the easy-to-
learn Windows graphical user interface. You can create fully associative 3-D solid models with or without constraints while utilizing automatic or user-

defined relations to capture design intent.
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4. Objective and Problem Statement

Objective
The objectives of the project are as follows
e To develop structural modeling of Mounting Bracketusing CATIA
o To perform finite element analysis of Mounting Bracketby using Ansys 15 for structural steel material
o Investigate the maximum stress of Mounting Bracketusing ANSYS 15 software
o Results description in terms of factor of safety, stiffens, deformation and stress.

Problem Statement

During Gantry Hoist, engineers have to manually evaluate various tools such as CAD and CAE tools. This process takes considerable amount of time and
effort. Furthermore, the process of FEM simulations such as meshing and post processing is very iterative and time consuming. In this work, an alternative
way to perform FEA will be presented. The main objective of this approach is to relief engineers from time consuming and iterative work.

5. Design and Analysis
5.1 The following objectives are laid in order to achieve the best solutions possible.

1. Creation of structure. To be able to analyse in a fast way, different geometries of the same model, it is necessary to be able to modify its dimension.
However, the mass properties of this model should be similar to the real model in order to obtain similar results when performing a structural analysis.

2. FE Process. In order to dimension the structure it is necessary to know the stress distribution, this operation is time consuming and it depends on the
complexity of the design. When similar models are evaluated, it is required to create a FE-model for each design, increasing the overall time of the design
process. The main objective of this thesis is to automate the Finite Element Analysis.

3. Creation of a Graphical User Interface (GUI). A GUI is required to control the different stages of the design process, by integrating design tools. A
framework which facilitates the user to modify the different parameters which have an impact in the FE-simulation has to be established.

4. Methods comparison. An important objective is the comparison of the automatic methodology with the manual, in order to establish the benefits from
the proposed automatic methodology.

5. Validation
The results from the FEM simulations performed on the Gantry Hoist CAD model needs to be validated by comparing with material strength. Stresses and
deformation are the main criteria for the comparison.

5.2 Simulation of Compressor Mounting Bracket

This section discusses the methodology of analysis of the compressor mounting bracket.

Following steps were performed for the simulation of the bracket:
» CAD model was generated with the help of reverse engineering of the compressor mounting bracket (physical part).
» Mesh was generated for the analysis.
» Dynamic analysis (normal modes and modal frequency response) was performed.
5.3 Reverse Engineering
As computer-aided design (CAD) has become more popular, reverse engineering has become a viable method to create a 3D virtual model of an existing

physical part for use in 3D CAD, CAM, CAE or other software. The reverse-engineering process involves measuring an object and then reconstructing it
as a 3D model.
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Figure 6 - Material mechanical properties

The following steps are time consuming and iterative and require constant supervision from the user, hence the reason to automate them.

5.2.3. Meshing.

One of the most relevant steps in the Finite Element Analysis is the meshing. The speed and the accuracy of the results have a direct connection in how
this part is done. The higher the numbers of nodes are the higher the accuracy of the results, however the speed of the simulation decreases. Figure 7
shows how the mesh looks in ANSYS Mechanical.

Mesh diagram should be placed.

Tetrahedrons second order mesh is used for the structure. Body sizing of 5mm used for the structure.

Total No of Nodes: 62372

Total No of Elements: 41582

Fig.7 Mesh of the structure

5.2.4. Pre-processing.
After meshing the structure, the Boundary Conditions have to be applied in the model. For obtaining the stress the algorithm first calculates the
displacements, hence the necessity to fix the model. Furthermore, after fixing the model the load conditions that influence the structure are given as inputs

to the analysis. In Figure 9 it is possible to observe how these boundary conditions are placed in the structure.
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5.2.5. Loads
Compressor weight of 100kg considered and is applied as point mass in the structure. Modal analysis will be ran to calculate the frequencies of the

structure.

Fig. 8 Load applied in casel

5.2.6 . Boundary conditions

Remote displacement with all translations and rotations fixed at the highlighted surfaces in the figure

Fig. 9 Boundary condition applied in the structure

5.2.7 . Post processing.

The final step is to run the simulations, but before it has to be specified which results are required by the user. In order to determine if the model can resist
the loads applied to it, it is necessary to know, e. g. the Maximum Von Mises stress and the displacement. Knowing these results the user can compare
with the data from the material used and applying the safety factor it can be determined if the structure is stiff enough. Another use is being able to extract

the results automatically for the possibility to optimize the structure.
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6. Results and Discussions

This section is intended for presenting the results obtained after learning the theories and applying the method described in the two previous chapters.
The frequencies for the 8 modes are calculated from the FEA results and is given below
1st Mode:
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7. Conclusion

The frequency results of actual geometry and modified geometries are as expected and below the limits. The operating frequency range for the mounting

bracket is 25Hz-75Hz. The first fundamental frequency calculated through dynamic analysisfor the designed mounting bracket is 281 Hz and for

optimized model is 255Hz which are above the operating frequency range and hence the design is safe.the material removed from the actual geometry also

getting almost same results of actual geometry because of removal of material from the model the manufacturing cost will be reduce without strength

effect on the original geometry.
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