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Abstract: Engine support bracket play a vital role of reducing the noise, vibration,
and harshness. Engine support bracket is important part of the Engine mount that have
function to absorbing the vibration of the car engine and hinder this vibration from
going into car passenger. Vibration is producing the natural frequency of the moving
part and the speed of the car that produce by car engine. The higher speed of car will
provide more vibration. In order to reduce the natural frequency of the engine support
bracket, the Finite Element Analysis (FEA) has been done using the Abaqus software.
The objective of this research is to investigate about the natural frequency of the car
engine support bracket. Also, another objective is to modify the engine support
bracket by doing design optimization and comparing the design frequency with the
previous study. Based on these two objectives, the model of engine support bracket
has been modified from the previous study model using the design optimization
method by SolidWork 2019 software. The new part has been adding in the engine
support bracket to make the differences between previous study models. The
dimension of the addition part is rectangular par that have length 200 mm, width 20
mm and the thickness 10 mm. For the natural frequency and its deformation, Abaqus
2017 Software was using for the simulation test. The research has provided the natural
frequency and deformation for the engine support bracket model for two materials
which is Magnesium Alloy and ERW-1 material. ERW-1 material is the material that
commonly use in the automation industries. This simulation produce the frequency
result and it also has reducing the frequency for the ERW-1 material from the previous
study. The simulation has shown the ERW-1 material is suitable material for the
modified model of the engine support bracket. The vibration of the engine support
bracket has been reduced because the natural frequency was reduced. To conclude,
this simulation is likely to succeed and can be carried forward to further simulation
for better improvement.
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1. Introduction

Engine mounts are block of rubber mounted on steel brackets that are bolted to protect the engine
and reduce the vibration and noise in the car that is sensed and perceived. If the rubber wears out or
breaks and if the steel brackets snap, more vibration, and noise will be provided by the car engine. If
the mounts are damaged, the engine still can be used, and the car can also travel a few distance more
but it will be affected to the people inside the car because the vibration of the engine will be transferred
to car body. The assembly of the engine support bracket includes support members connected to the
main frame vehicle body. A strong mounting system distinguishes the vibration producing engine from
the vehicle body and suppresses the effect on the vehicle driver of rough ground surface inputs.

Noise, vibration, and harshness are critical aspects of cars and the reduction in these features will
increase the engine performance. Due to reduce the vibration of the car engine, the engine support
bracket is very important. For the finite element analysis (FEA), the finite element model of the engine
support bracket is created using ABAQUS software to find their vibration characteristic and do the
simulation and try new material for engine support bracket to reduce vibration and noise of the car
engine. To find the vibration characteristic need to find two measurable quantities. The quantities are
the amplitude or intensity and the frequency of the vibrating objects. Also, in this research we also find
the vibration response for engine support bracket. In general, the vibration response is a unique concept
in that it can be both a desirable and undesirable form of energy. It can be created by simple motion and
then move on its own until return to its natural, resting state. The resonance condition or mechanical
resonance is the tendency of a mechanical system to respond at amplitude when the frequency of its
oscillation matches the system’s natural frequency of vibration, or can we call it resonance frequency
than it does at other frequency.

2. Literature Review
2.1 Materials

The materials that suitable to be used to be test on the engine support bracket is gray cast iron (GCl),
Aluminium Alloy (Al), Magnesium Alloy (Mg) and Electrical resistance welded (ERW) steel tube.
Electrical resistance welded (ERW) steel tube is commonly used in application of the automobile
because it is low cost, suitable weight, and high strength. (A.S. Adkine P. P., 2017) The lowest
frequency of these material was produced by Gray cast iron when comparing to the initial engine
support bracket. (A.S. Adkine, 2017)

Gray Cast Iron (GCI): These are mixing of alloy that containing more than 2% of carbon, up to 3% of
silicon and less than 1% of alloy element which is chromium, copper, magnesium, molybdenum, nickel,
phosphorous, silicon, titanium, vanadium, and sulphur. This material is used to make heavy machine.
(A.S. Adkine, 2017)

Aluminium Alloy (Al): Soft silvery white metal with low tensile strength. This material is good electric
conductor and anti-corrosion. To improve this strength of this material, need to add some material to be
fix on this such as silicon, zinc, and more other material. (A.S. Adkine, 2017)

Magnesium Alloy (Mg): lightest of all metals that used as basic for constructional alloys. It is used to
mix with another alloy for improving that material. This material good because has high specific
strength, suitable for casting and welding process. (A.S. Adkine, 2017). The mechanical properties of
this material are shown in the table above. (Sahil Naghate, 2012):

Table 1: Mechanical properties of the Mg alloy material. (Sahil Naghate, 2012)

Magnesium Alloy (Mg)

Young’s modulus (N/m?) 4.5e+10 (N/m?)
Poisson’s ratio 0.35
Density (Kg/m3) 1800 (Kg/m3)
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Yield strength (N /m?) 1.93 e+8 (N/m?)

ERW-1: the standard material that be use in the automobile’s product. The mechanical properties of
this material are shown in the table above (A.S. Adkine P. P., 2017):

Table 2: Mechanical properties of the ERW-1 material (A.S. Adkine P. P., 2017)

IS 3074 ERW-1
Young’s modulus (N/m?) 2.1e+10 (N/m?)
Poisson’s ratio 0.29
Density (Kg/m3) 7800 (Kg/m?3)
Yield strength (N /m?) 2.4 e+8 (N/m?)

2.2 Natural frequency

Frequency is the important part in order to reduce the vibration of the vehicle engine. High
frequency will produce the high vibration because these two components were linked. For the engine
support bracket, frequency of the bracket should be more than engine frequency to avoid the resonance
that may lead to failure and will give some damage to the vehicle in some cases. (Tushar P. Kamble,
2016). Table 2.3 above shown the example of the natural frequency from the initial design of the engine
support bracket using ANSYS software. (A.S. Adkine P. P., 2017).

Table 3: Frequency of the Engine support bracket with ERW-1 Material (A.S. Adkine P. P., 2017)

Mode Frequency (Hz)
145.86
164.62
257.83
489.68
607.07
697.86

OO WN P
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3. Methodology
3.1 General Procedure of FEA

Pre-processing phase

- Create the modified design
- Mesh the geometry of the design

Solution phase

- Applying the load
- Solve the modified design

Post processing phase

- Review about the result
- Checking the result of the solution

Figure 1: General Process of FEA

From the figure 1 above, on the pre-processing phase, this study will be created the modified
design and mash the geometry of the design until get the required design. For the solution phase, the
load will be applied on the structure to get the boundary condition of the modified design. The solution
of this will get the natural frequency, and static structural of the modified design. For the post processing
phase, the result of the frequency will be analysed, and the frequency will be compared with the initial

design. The flow chart of the FEA method is shown on figure 2.
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Prepared 3-D model of
modified design.
Imported modified design
in the Abaqus Software.
Mesh the modified design.

Apply boundary
condition load and the
constrain.

NO

YES
Get the Static structural
analysis of modified design.

Get the modal analysis
(frequency) of the modified
design.

Figure 2: Flow chart of the FEA analysis of this study

3.2 Mesh

Mesh was the process of separating the entire object into several elements so that when load was
applied, the load could be divided evenly. To get the better solution, successful mesh is important in
the simulation method. Figure 3.10 shown the mesh of the model of the engine support bracket.

Figure Error! No text of specified style in document.: Model mesh
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Figure 4: Mesh Model for Modified Part

All the elements of this model are 5239. The percentage of the error for this mesh is 0 (0 %) but for the
analysis warning is 901 (17.1979 %). This percentage for the analysis warning is quite higher but this
data is the lowest percentage comparing with all the data that produce after the refine mesh process.

4. Results and Discussion

4.1 Natural Frequency

The Natural frequency and its deformation are shown on the table 4 and table 5. The Natural
frequency results is provided by Abaqus software by doing simulation test on Frequency Step. Two
different materials are being used. First material is Magnesium alloy on table 4 and second material is
ERW-1 material on table 5.

Table Error! No text of specified style in document.: Frequency results for Magnesium Alloy

Mode Image Frequency
(H2)

U, Magnitude
1 — +1.356e+00 i 2.37716e-7
+1.243e+400 \
+1.130e+00 .
+1.017e400
+9.043e-01
+7.912e-01
+6.782e-01
+5.652e-01
+4.521e-01
+3.391e-01
+2.261e-01
— +1.130e-01
—- +0.000e+00

ODB: Bar_Mg.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:35:07 Malay Peninsula Standard Time 2021

23088E-12 Freq = 2,37716E-07 (cycles/time)
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‘ U, Magnitude
2 +1.0272400 N 0.10379
+9.4176-01 /
+8.561e-01
+7.705¢-01
+6.8482-01
+5.9926-01
+5.1368-01
+4.280e-01
| 13.424e-01
+2.568e-01
+1.7126-01
+8.5616-02
LL +0.000e+00

D
RN

ODB: Bar_Mg.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:35:07 Malay Peninsula Standard Time 2021

U, Magnitude
3 £ 10258400 N 0.15252
; +9.400e-01

B +8.546e-01

+7.691e-01
+6.836e-01
+5.982e-01
+5.127e-01
+4.273e-01
+3.418e-01
+2.564e-01
+1.70%-01
+8.546e-02
—- +0.000e+00

ODB: Bar_Mg.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:35:07 Malay Peninsula Standard Time 2021
Step: Step-1
Mode. Vall

U, Magnitude

4 — +1.191e400 N\ 0.19878

+1.091e+00 [ A
+9.921e-01
+8.92%-01
+7.937e-01
+6.945e-01
+5.953e-01
+4.961e-01
+3.968e-01
+2.976e-01
+1.984e-01
—+ 49.921e-02
—- +0.000e+00

ODB: Bar_Mg.odb Abaqus/Standard 3DEXEER'IE'§4CE R2017x  FriJun 18 08:35:07 Malay Peninsula Standard Time 2021

Step: Step-1
Mode Value = 1.5600 freq = 0.19678 (cycles/time)
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—- +0.000e+00

U, Magnitude
T +1.006e+00
g +9.221e°01
+8.383e-01
+7.545¢-01
+6.706e-01
+5.868e-01
+5.030e-01
+4.191e-01
+3.353-01
+2.515¢-01
+1.677e-01
1 46.383-02

L L +0.000e+00

ODB: Bar_Mg.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:35:07 Malay Peninsula Standard Time 2021
Step: Step-1
5

Freq = 0.48386  (cycles/time)

0.48306

U, Magnitude
— +1.193e+00
+1.094e+00
+9.944e-01
+8.950e-01
+7.955¢-01
+6.961e-01
+5.966e-01
+4.972e-01
- +3.978e-01
+2.983e-01
+1.989%-01
+9.944e-02

ODB: Bar_Mg.odb Abaqus/Standard 3DEXPERTENCE R2017x  Fri Jun 18 08:35:07 Malay Peninsula Standard Time 2021
Step: Step-1

0.60708

Table 5: Frequency results for ERW-1

Mode

Image

U, Magnitude
+1.3562400
LT 312432100
+1.1300400
+1.017+00
£9.043e-01
+7.912e-01
+6.782e-01
+5.652e-01
+4.521e-01
+3.391e-01
261e-01
+1.130e-01
L L 40.000e+00

ODB: Bar_ERW.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:38:02 Malay Peninsula Standard Time 2021
Step: Step-1
Mode 1: val

Frequency
(Hz)

1.04553e-7
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U, Magnitude
2 — +1.0282+00 N 3.31290e-2
L 19.420e-01 71\
- +8.566¢-01 ;
+7.709%-01
16.852e-01
+5.996e-01
+5.13%-01
+4.2830-01
+3.426e-01
+2.570e-01
B 4171301
1 18 566e-02
L. +0.000e+00

v

v

ODB: Bar_ERW.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:38:02 Malay Peninsula Standard Time 2021
Step:

U, Magnitude

3 T +1.025e+00 \ 4.89364e-2
+9.398e-01 /£ 18\
+8.544e-01
+7.690e-01
+6.835e-01
+5.981e-01
+5.126e-01
+4.272e-01
+3.418e-01
+2.5632-01
+1.709e-01
+8.544e-02

LL +0.000e+00

ODB: Bar_ERW.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:38:02 Malay Peninsula Standard Time 2021
Step: Step-1
| )

U, Magnitude
4 — +1.184e+00 6.38388e-2
8 +1.086e+00
+9.86%e-01
+8.882e-01
+7.895e-01
+6.908e-01
+5.921e-01
+4.934e-01
+3.947e-01
+2.961e-01
+1.974e-01
- 49.869-02
—- +0.000e+00

ODB: Bar_ERW.odb Abaqus/Standard 3DE3CPERIENCE R2017x  FriJun 18 08:38:02 Malay Peninsula Standard Time 2021

Step: Step-1
4: Value = 0.16089 Freq = 6.38388E-02 (cycles/time)
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U, Magnitude

5 +1.0062+00 N 0.15398

+9.221e-01 i \
+8.383e-01
+7.545e-01
+6.706e-01
+5.868e-01
+5.030e-01
+4.192e-01
+3.353e-01
+2.515e-01
+1.677e-01
+8.383e-02

—~ +0.000e+00

ODB: Bar_ERW.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:38:02 Malay Peninsula Standard Time 2021
Step: Step-1

Freq = 0.1539  (cycles/time)

U, Magnitude

6 [+ 1916400 /N 0.19709
+1.092e+00 [\
+9.92%-01
+8.936e-01
+7.943e-01
+6.950e-01
+5.957e-01
+4.964e-01
+3.972e-01
+2.97%-01
+1.986e-01
+9.92%-02

—- +0.000e+00

ODB: Bar_ERW.odb Abaqus/Standard 3DEXPERIENCE R2017x  Fri Jun 18 08:38:02 Malay Peninsula Standard Time 2021
Step: Step-1
Mode

Value= 15335 Freq= 0.19709 (cyclesftime)

4.2 Graph

The graphs of the Natural frequency are shown on figure 5 and figure 6, This graph shown two
different materials. On figure 5 shown material Magnesium alloy and on figure 6 shown ERW-1
material.
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Figure 5: Frequency graph for Magnesium Alloy
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Figure 6: Frequency graph for ERW-1

4.3 Comparison data

Table 6: Comparison data between previous study

Previous Study design Modified design
Mode Mg Alloy (Hz) ERW-1 (Hz) Mg Alloy (Hz) ERW-1 (Hz)

1 140.06 145.86 2.37716e-7 1.04553e-7

2 158.32 164.62 0.10379 3.31290e-2

3 248.62 257.83 0.15252 4.89364e-2

4 471.68 489.68 0.19878 6.38388e-2

5 585.14 607.07 0.48306 0.15398

6 672.85 697.86 0.60708 0.10709
Frequency ERW-1 > Mg Alloy Mg Alloy > ERW-1
comparison
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To discuss it briefly the data on the table 6, previous study design has produced the frequency
starting from 100 Hz to 700 Hz. This data has shown the higher frequency comparing to the data that
have been produce from modified design. The frequency that produces the frequency between 0 Hz to
0.6 Hz. This is because some different between these two simulations. For the previous study
simulation, they were adding some load on the model which is 820 N load to be consider as the engine
load while for the modified design simulation, the weight of the engine load has been neglected. In
order to get the natural frequency, loading is not important in this simulation part. Abaqus Software
simulation also not require inserting the input for the loading. Also, another different between these two
simulations is using the different simulation software. For the previous study design was using ANSYS
software that require to inserting the load value but for the modified design was using Abaqus software
that do not need the load as their requirement to get the Natural Frequency. for the frequency
comparison for these two results on table 4.3, previous study data has shown that the Magnesium alloy
has the lower natural frequency comparing with the ERW-1 material. For modified design data has
shown that the ERW-1 material has the lower frequency. This result has shown the successful data that
can reduce the natural frequency for ERW-1 material from being higher than Magnesium alloy to being
lower than Magnesium alloy. This data also proves that the suitable material for modified design is
ERW-1 material which can produce lower natural frequency for engine support bracket.

5. Conclusion

Throughout this analysis, the approach of the Finite Element Analysis (FEA) is used to evaluate the
value of the Natural frequency for mode 1 until mode 6 and its graph. The simulation research was
carried out using steady procedure to run the simulation. As in the case of design optimization, a
modified design has been set and been created in the SolidWork software. However, the correct meshing
need to be taken to arching the objective. The mashing quality has been chosen that has the lower
Analysis warning which is 17.1979 %. Also, boundary condition also needs to be chosen in the right
place for get better natural frequency and deformation. The boundary condition has been chosen at the
screw place and be setup as pinned that will make all the axis is zero. The result obtained from the
simulation test was be compared with the previous study. From this comparison, the suitable natural
frequency for the previous study data is produce by Magnesium alloy but for this research study, The
suitable natural frequency is produced by ERW-1 material. This material shown the stable increment
for natural frequency. This research has archived their two objectives. The first objective is the first
objective was to investigate about the natural frequency of the car engine support bracket and last
objective is modify the engine support bracket by doing design optimization and comparing the design
frequency with the previous study. These two objectives are being done successfully with simulation
test using Abaqus Software. However, this simulation analysis had its limitation because it demanded
very high specification of the computer. Therefore, due to this problem, the time limitation of the
duration of the project would take a lot of time to run simulation for one material. These studies are
categorized into two case studies. All case studies are approved base on the key objectives of the
research.
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