Vol-12 Issue-3 2026 [JARIIE-ISSN(O)-2395-4396

Reduction of the Weight of Air Conditioning
by Static and Model Analysis

Aditya Pawar!, Kathale S.S.?

! ME Student, Mechanical Engineering, DGOIFOE, Maharashtra, India
2 Assistant Professor, Mechanical Engineering, DGOIFOE, Maharashtra, India

ABSTRACT

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.
Vibration occurs when a system is displaced from a position of stable equilibrium. The system tends to
return to this equilibrium position under the action of restoring forces (such as the elastic forces, as for a
mass attached to a spring, or gravitational forces, as for a simple pendulum). The system keeps moving
back and forth across its position of equilibrium. A system is a combination of elements intended to act
together to accomplish an objective. For example, an automobile is a system whose elements are the
wheels, suspension, car body, and so forth. In the same way we also speak of static and dynamic systems.
A static system contains all elements while a dynamic system contains at least one dynamic element.
A physical system undergoing a time-varying interchange or dissipation of energy among or within its
elementary storage or dissipative devices is said to be in a dynamic system. All of the elements in general
are called passive, i.e., they are incapable of generating net energy. A dynamic system composed of a
finite number of storage elements is said to be lumped & discrete, while a system containing elements,
which are dense in physical space, is called continuous system. The analytical formation of a dynamic
system depends upon the kinematic or geometric constraints and the physical laws governing the
behavior of the system.

With the discovery of musical instruments like drums, vibration became a point of interest for
scientists and since then there has been much investigation in the field of vibration. The mass is inherent
of the body and elasticity causes relative motion among its parts.
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1.INTRODUCTION:

Consider air conditioning and cooling as unit. Though the air conditioning system and the engine cooling
system are two separate systems, they influence one another. Air conditioning system operation places
additional load onto the engine cooling system and the coolant temperature rises.

The additives contained in the coolant not only protect against frost, but also against engine overheating.
The proper composition of the coolant increases the boiling point of the medium to above 120 °C. An
enormous performance reserve is particularly important in the summer, when air conditioning system and
cooling system are heavily burdened by ambient temperatures and long trips. The best approach is to
check the coolant during air conditioning service as well.

2. LITERATURE REVIEW:

R. P. Kumar, Dr. K Rambabu presented their work on “Study of Design and Analysis of Air Conditioner
Compressor Mounting Bracket.” In this work the authors said that parameters like cost of vehicle and fuel efficiency
are mostly influenced by the weight of the vehicle in the automotive industries. As per the safety standards this is
very important to design the light weight component. This paper describes the study of the optimized design of the
Air-Conditioner compressor mounting bracket. The study of topology optimization is done as per the requirement of
the bracket design. This study also highlights the factors for the failure of the mounting bracket and the effect of the
optimization by various analysis.

Harshal Bankar and P. Baskar submitted their study on “Dynamic Analysis of Air Conditioner Compressor
Mounting Bracket.” In this study the researchers have said that simulation plays very important role in the
automotive industries for the higher levels of quality, better cost effectiveness and quick market response. In this
paper, the use of dynamics analysis technique is used for the simulation of the compressor mounting bracket for
various vibration loads. The standard testing conditions were used for the testing of the compressor mounting
bracket. The results showed that resonance in the dynamic analysis is the major cause for the failure of the
compressor mounting bracket, under static analysis, under the same magnitude of load resonance cannot be
predicted. Thus, dynamic analysis gives best results for design validation of the compressor mounting bracket.

M. Singh, D. Singh and J. S. Saini presented their study on “Dynamic Analysis of Condenser Assembly of
Automobile Air Conditioning System Using CAE Tools.” In this study it is said that 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 this work, the use of dynamics analysis is proposed in the simulation of the
automobile air conditioning condenser assembly for the vibration loads. The condenser assembly has been analyzed
using the standard testing conditions. The results revealed that the components of condenser assembly may fail due
to resonance in dynamic analysis. Thereafter, the condenser assembly was optimized, resulting in a 2 % reduction in

mass.

3. RESULT AND DISCUSSION:
3.1: Calculation of thickness for Steel Bracket:

Compressor will be installed on the bracket with the help of bolts, which allows us to change the width of the
bracket which can be less or more than the width of the compressor. Bolts and base of the compressor may have
shape which will help us bolting the compressor to the plate.

This leads to shape of side closed L bracket, Dimension of the bracket will be 450 mm in length and W mm in width
which is variable in the design table. All the formulae below are submitted in the design table and best suited width
of 100 mm is selected from that design table. Stress calculations for the 100 mm width SS 403 steel plate bracket
design is given below.
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Fig-1 AC Compressor Bracket Final

Following stresses needs to be checked
Shear Stress, Direct and Bending Stress

Let us consider 17.4kg weight on the bracket. Material for manufacturing of bracket is selected as steel. Forces
acting on the component installed on automobile are as follows 3g loading in all three directions independently
acting on the component when applied on the compressor. Area of the plate under compressor is 450mm by 100mm
So area of plate under the compressor:-

A = 450 x 100 = 45000mm?

Load acting = 17.4kg % 3 % gravetational acce
Load acting = 17.4 x 3 x 9.81

Load acting L = 512.08 N

512.08
45000

Direct Stress =

Tairece = 0.0114 Mpa
So direct stress is negligible.
Design thickness of plate according to shear limit.
Small area under shear is width wise which is

A =Wxt

shear

Achaar = 100 % £
Force =512.08 N

F
T =
Ashgar
512.08
T=——
100 x ¢t
5.1208
Tanl = "
05%S,,
Tall = T FoS -
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Factor of safety selected as 2
0.5 x 205

2
Top = 51.25 Mpa

Hence
5.1208

© 51.25

Tann =

= 0.099 mm

38 gauge sheet should be selected which is approx 0.152 mm thick. Also we must check thickness according to
bending stress. Bending forces acting on base plate are on the centre of compressor or acting downwards. 512 N
downward causes couple with distance of 50 mm frame support at cross-section B just near the support bending
stress will be caused by 512 N as follows

W
M=FXx—
2

100
M =512 x —
2
M = 25600 N.mm

According to bending we know that
M Ra B

I R

@ 1s maximum when Y = max

Where
Y = distance of stress from neutral axis

t
Y =-
2

bd?
12

. 100 x t3
!

M.Y 25600 X 6
I 100 x t2

Oanl =
g, X t2 = 1536
205
Tl = T 102.5 Mpa

t? = 14.985
t=3.87 mm
Nearest gauge for the mounting is 8
Thickness of the sheet will be 4.176 mm
Weight of the Bracket can be given by the following formulae
Total area of the developed sheet metal will be 2 width and length rectangular areas and 2 end covers with square
areas
At =2x Al +2 x AD
At=2xbxl+2xbxb

At = 2 x 100 x 450 + 2 x 100 x 100
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At = 110000 mm?
volume = At x t
V =110000 x 4.176
V = 459360mm*
welght =V xp

Where p — Density of SS 403 material which is 8E-06 kg/mm?

weight = 459360 x 8E — 06
Weight = 3.675 kg

Weight of the designed bracket is 3.67 kg. Natural frequencies of the bracket will be evaluated and mode shapes will
be observed in the FEA analysis. Equivalent design with composite material will be done and same FEA will be
done on that design to optimize the weight without losing the frequency characteristics of the component.

We also need to verify the vibrational frequencies of the mounting bracket of the AC compressor. First natural
frequency of the bracket can be found using the following formulae.

Thickness of AC compressor bracket for GFRP:-

Compressor will be installed on the bracket with the help of bolts, which allows us to change the width of
the bracket which can be less or more than the width of the compressor. Bolts and base of the compressor may have
shape which will help us bolting the compressor to the plate.

This leads to shape of side closed L bracket, Dimension of the bracket will be 450 mm in length and W 100 mm in
width which is variable in the design table. All the formulae below are submitted in the design table and best suited
width of 100 mm is selected from that design table. Stress calculations for the 100 mm width GFRP plate bracket
design is given below.

Following stress needs to be checked

»  Shear Stress.
» Direct and Bending Stress

Let us consider 17.4kg weight on the bracket.

Material for manufacturing of bracket is selected as GFRP.

Forces acting on the component installed on automobile are as follows

3g loading in all three directions independently acting on the component when applied on the compressor. Area of
the plate under compressor is 450 mm by 100 mm So area of plate under the compressor:-

A =450 x 100 = 45000mm?

Load acting = 17.4kg % 3 x gravetational acce
Load acting = 17.4 X 3 x 9.81

Load acting L = 512.08 N

512.08
45000

Direct Stress =

O girect = 0.0117 Mpa
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So direct stress is negligible.

Design thickness of plate according to shear limit.
Small area under shear is width wise, which is

"qshsar =Wxt
Achaar = 100 x £
Force =512.08 N

F
r p—
Ashgar
512.08
T=———
100 x ¢t
5.1208
Tall = .
05x5,;
r _— e
all FOS
Factor of safety selected as 2
0.5 x 100
Talt = T
T.n = 25 Mpa
Hence
5.1208
= = 0.2048 mm
25

Also we must check thickness according to bending stress.

Bending forces acting on base plate are on the centre of compressor or acting downwards.

512 N downward causes couple with distance of 50 mm frame support at cross-section B just near the support
bending stress will be caused by 512 N as follows

W
M=Fx—
2

100
M= 512)(7

M = 25600 N.mm
According to bending we know that
M

I R
gis maximum when Y = max

Where
Y = distance of stress from neutral axis

t
Y =-
2

_ bd?
12
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, 100 x t3
12

M.Y 25600 6
J = =
all = 100 x t2

o, X t2 = 1536

100
T = - 50 Mpa

t? =30.72

t=15.54 mm

Thickness of the sheet will be 6 mm

Weight of the Bracket can be given by the following formulae

Total area of the developed sheet metal will be 2 width and length rectangular areas and 2 end covers with square
areas

At =2x Al +2 x Ab

At=2XbX1+2Xbxb

At = 2 x 100 % 450 + 2 x 100 x 100

At = 110000 mm?

volume = At x t

V =110000 x 6

V = 660000 mm?3

weight =V % p

Where p — Density of GFRP material which is 2.660 E-6 kg/mm?
weight = 660000 x 2.660 E — 6

Weight = 1.76 kg

Weight of the designed bracket is 1.76 kg. Natural frequencies of the bracket will be evaluated and mode shapes will
be observed in the FEA analysis. Equivalent design with composite material will be done and same FEA will be
done on that design too to optimize the weight without losing the frequency characteristics of the component.

According to these calculations different materials are selected and DOE is performed to select the best alternative
for the design for the compressor support system links.

» Percentage weight reduction if we use GFRP instead of steel

weight of steel bracket — weight of GFRP bracket
welght of steel bracket

% weight reduction =

3.67 — 1.76
- 3.67

=52%
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3.2 FEA (Finite Element Analysis)

According to analytical solutions, it has been calculated that the safe operating load on the given design of Steel
AC mounting bracket model is 512.08 Newton. Same loading is applied to the bracket bolt holes where
compressor is bolted remotely at approximate location of the compressor C.G.

Fig-2 Steel AC mounting bracket

Fig-3 Von Mises Stress plot for Steel AC mounting bracket 1
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Fig-4 Total deformation plot for Steel AC mounting bracket 1

While building FEA model of GFRP bracket has been modeled using shell with Element type 181 is
used for meshing them. Figure below shows the meshed model for the assembly. Standard element
size of 1 mm is used for the good results in the analysis. Total of 110783 nodes and 111435 elements

are used for the meshing of the model. This small element size selection assures the accuracy of the
results.

E: Static Structus al
Squralent Stress
Type: Equaaient {von-Mises) S
Uniti MNPy
Tirme: 1

40200 Max
B0

N2

2087

234

17032

13428

4560

4502
0040383 Min

Fig-5 Von Mises Stress plot for GFRP AC mounting bracket1

3 Static Stractured
Tetsl Dufarmason
Type: Totd Deformation
Yot mm

Tore 1

29354 Max
2.60%
2280
1943
1,636
1.3046
09ty
0652
01615

0 Min

Fig-6 Total deformation plot for GFRP AC mounting bracket 1

28387 ijariie.com 74



Vol-12 Issue-3 2026 1JARIIE-ISSN(0O)-2395-4396

Fi Modsl
Total Deformation

48778
10,648
3518
4330
16359
216
0 Min

Fig-7 Mode shape plot at 1 natural frequency of steel bracket 98.1 Hz

Plot above shows the mode shape plot for the first natural frequency of the GFRP bracket. That means shape of
the deformation is to be studied for the first modal frequency and not the deformation values from the plot do
not signify anything.

3.3 Results

Mode No Natural Frequency (Hz) GFRP bracket Natural Frequency (Hz) Steel Bracket
1 98.099 183.19
2 137.25 251.86
3 231.51 357.44
4 284.87 473.89
5 289.46 494.23
6 319.84 523.22

Table-1 Natural frequencies of GFRP and steel AC Mounting bracket

Comparison of the GFRP and steel natural frequencies shows that steel bracket has higher natural frequency when
compared with the AC compressor mounting bracket designed for the same application.
FFT Analyzer is used to perform practical testing on the GFRP bracket and results are shown below graphs.

4. CONCLUSIONS

We can replace the design of steel compressor mounting bracket with GFRP material with weight saving of 52 %.
First natural frequency of the AC compressor mounting bracket reduced from 183 to 98 Hz, considering maximum
RPM of the compressor motor to have frequency less than 50 Hz i.e. 3000 RPM , 98 Hz is a acceptable result for the
first natural frequency of the compressor mounting bracket.

FFT analyzer test is performed on the component and results are close to the simulation results with the error of 5 %.
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