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Abstract - To meet the firm noise regulations for engines and overall structures noise level, noise reduction has given prime 
concern by many industries like automotive, aerospace, etc. In any component which is driven by the engine considered that 
the engine significantly affects the drive comfort and noise level. There are number of noise sources exist in the engine. 
Reducing engine noise includes exact noise source identification and reduces the noise level as per input excitations. The 
present work focuses on a detailed modal analysis of engine components and assembled engine to obtain their natural 
frequencies and mode shapes which coincides with running frequency of engine and contribute to the overall noise. FEA 
analysis also performed to correlate results of experimental modal analysis with FEA. Identification of maximum noise 
source region is done by performing a sound pressure mapping at gear cover side also a contour plot is obtained by a run-up 
engine test which gives some frequencies bands involved in maximum noise generation. The location of maximum noise 
generation at a particular frequency was identified in gear cover side. 
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I. INTRODUCTION 
 
Diesel engines have many advantages over the 
gasoline powered engines like diesel engines can 
utilize 40-50 percent of fuel energy to power and it is 
25-30 percent in case of gasoline engine another 
major advantage is that diesel engine had high 
compression ratio than gasoline engine, etc. however 
the high radiated noise and vibrations by diesel 
engine take over its advantages which reduces its 
utilization in commercial vehicles in large scale. So it 
is necessary to find the causes of high radiated noise 
in diesel engine and subsequently their solutions. 
Lots of research work has been published related to 
structural optimization, different methods were 
implemented to obtain acoustic radiated noise by 
engine in different conditions. Some of the research 
work related engine noise and vibration is reported 
[1-6]. Jie et al [1] investigated performance of 4 
cylinders diesel engine by simulating and validating 
results by bench-test. To study the vibro-acoustic 
characteristics of cylinder block finite element 
analysis method was used to find natural frequency 
and their respective modes these results are verified 
by performing experimental modal analysis on 
cylinder block. The flexible multi-body dynamic 
model was built with different components and 
applying different boundary conditions with applying 
different forces on block to get results close to actual 
condition. Optimization methods were used to shift 
some natural frequencies and this new cylinder block 
were cast and bench-test results show reduction in 
acoustic level of block. Junhon et al [2] studied a 4-
cylinder inline diesel engine as an example; give 
some idea about using test methods and multi body 
dynamic models to identify exact vibration and noise 
source. To recognize noise near field sound intensity 

and near field acoustic holography methods were 
used to identify hydraulic tensioner as the noise 
radiating component. Ohta et al [3] in this paper a 
theoretical procedure was described to identify noise 
and vibration of engine driving fuel pump. They 
proposed four methods for these techniques like 
FEM, numerical integration technique and some 
averaging methods. They described two situations of 
variation in gear backlash first at working stage and 
second at zero. Their results showed that variation in 
gear backlash affect engine levels. Argen et al. [4] a 
literature review having engine modifications of 
different components were studied including isolated 
oil sump, bearing beam and ladder frame to enhance 
acoustic noise levels of engine. The experimental 
engine was 9-cylinder with rated power of 160kw and 
having deep skirt type cylinder block. The results of 
engine modifications were analyzed by sound 
intensity, running modes, sound pressure and 
mobility methods. Results showed that the noise 
levels were decreased at different frequencies for 
different components, the results of combination use 
also given and best results are obtained by applying 
all the components at a time in an engine. Agren et al 
[5] investigated the sources, the transfer path; 
vibration modes also noise radiation properties that 
can handle the noise radiation from engine front and 
oil sump, timing transmission casing and belt pulley. 
B & K 2-channel system used for data acquisition, 
2031 type transducer and 4165 type microphone were 
used to analyze different parameters. Regular timing 
transmission casing made of cast aluminum with 
stiffness value 12 give maximum noise radiation at 
frequency 630Hz-4 KHz. So it is replaced by an 
plexi-glass plate with stiffness value of 35. Reduction 
of 2-3 dB in noise level was observed. Javed et al [6] 
performed different experiments to find best 
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combination of a biodiesel fuel in combination with 
hydrogen and ZnO particles were used to improve the 
cetane number of fuel. The vibration characteristic of 
engine was analyzed for 100 ppm concentration of 
ZnO particles of size 20 & 40 nm. Best combination 
was suggested as B20 & B30 with ZnO particle size 
of 40nm and hydrogen flow rate of 0.5, 1, and 1.5 
lit/min. Overall efficiency of engine with lower 
resonance peaks was observed. 
 
II. METHODOLOGY 
 
Engine noise source identification can be performed 
by different techniques like sound pressure, sound 
intensity, beamforming, acoustic holography, etc. 
selecting a suitable method for noise source 
identification is based on type of application and kind 
of parameters which we consider during finding the 
noise source. In our current work we consider four 
cylinder inline water cooled diesel engine having four 
stroke cycles with speed of about 2000RPM and 
having a power rating of 70-95hp. Sound pressure 
mapping of engine is performed on gear cover side at 
a distance of 0.5m. To find the correlation of noise 
frequencies at running condition with structures 
characteristics experimental modal analysis of 
individual component and assembled crankcase is 
performed. 
 

 
Flowchart: Engine noise source assessment 

 
A. Experimental modal analysis 
To study the vibration characteristics of a component 
experimental modal analysis is performed. Every 
component has its own frequency at which it vibrates 
after providing initial displacement, this frequency is 

called as natural frequency of that component and the 
vibration pattern is called as mode shape. In this 
project a four cylinder diesel engine components are 
used for experimental modal analysis to find their 
natural frequency and mode shapes. A gear cover, 
crankcase, oil sump and assembled engine also 
considered for experimental modal analysis. Figure 1 
shows an actual view of gear cover held in space at 
free-free condition for modal analysis.  Mode shapes 
of gear cover at their natural frequency 239 & 410 Hz 
as can be seen in fig. 2 & 3 respectively. For 
experimental modal analysis all equipment’s are of B 
& K in NVH laboratory. 
 

 
Figure 1: Actual gear cover hanged at NVH lab 

 
The equation of motion for an undamped system 
expressed in matrix notations is written as: 
 
[M]{푢̈} + [K] {u} = {0}…. . ………… (1) 
 
Where, 
[M] = Structural mass matrix 
[K] = Structural stiffness matrix 
{푢̈} = Nodal acceleration vector 
{u} = Nodal displacement vector 
For a linear system, free vibrations will be harmonic 
of the form: 
 
{u} = {ϕ}icos푤 t 
 
Where: 
{ϕ} i = eigenvector representing the mode shape of 
the ith natural frequency 
wi = ith natural circular frequency (radians per unit 
time) 
t = time 
Thus equation 1 becomes: 
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(-wi
2 [M] + [K]) {ϕ}i = {0}…………….(2) 

 
This equality is satisfied if either {ϕ} i = {0} or if the 
determinant of ([K] – w2 [M]) is zero. The first option 
is the trivial one and, therefore, is not of interest. 
Thus, the second one gives the solution: 
 
|[퐾] −푤  [푀]| = 0 ……………….. (3) 
 
This is an Eigen-value problem which may be solved 
for up to n values of w2 and n eigenvectors {ϕ} i who 
satisfy equation (3) where n is the number of DOF’s. 
Dynamic analysis of the engine components gives the 
fundamental data for the component development 
process. The opening analysis of the engine 
components dynamics is the modal analysis. In modal 
analysis, natural frequencies and mode shapes of the 
engine components are found. 

 
Figure 2: Mode shape of gear cover at 239 Hz 

 

 
Figure 3: Mode shape at gear cover 266 Hz 

 
B. Experimental modal analysis results 
Experimental modal analysis results were identified 
on above mentioned components which are having 
maximum plane surface because according to many 
research papers the primary source of structural noise 
radiation is through components having plane 
surface. To perform experimental modal analysis 
single input and single output (SISO) technique is 
used. B & K impact hammer were used to perform 
hammering on components and a uni-axial 
accelerometer used to receive the impact responses of 
hammer. For data acquisition a 5 channel B & K Fast 
Fourier Transform (FFT) system is used, which is 

connected to computer as a data receiving and display 
unit. The results of FRF can be seen in figure 4 for 
gear cover. Obtained natural frequencies of different 
components are given below table 1: 

 
Figure 4: Frequency response for gear cover 

 

 NATURAL FREQUENCIES (Hz) 
Experimental 

Sr. 
No. 

Gear 
Cover 

Oil 
Sump Crankcase Assembled 

1 239 163 320 420 
2 410 212 480 545 
3 502 396 603 575 
4 616 466 734 587 

Table 1: Natural frequencies of engine components 
 
C. Simulation in ANSYS 
The finite element method (FEM) is the most popular 
simulation method to predict the physical behavior of 
systems and structures. Since analytical solutions are 
in general not available for most daily problems in 
engineering sciences numerical methods have been 
evolved to find a solution for the governing equations 
of the individual problem. Although the finite 
element method was originally developed to find a 
solution for problems of structural mechanics it can 
nowadays be applied to a large number of 
engineering disciplines in which the physical 
description results in a mathematical formulation with 
some typical differential equations that can be solved 
numerically. 
The Modal analysis of the engine components i.e. oil 
sump, gear cover, crankcase, assembled crankcase is 
performed in ANSYS Workbench environment. The 
various mode shapes obtained are then compared 
with those obtained from the modal test in the NVH 
lab. CAD modeling of engine components is done 
using CREO program. 
C.1 Meshing Efficiency 
The final mesh settings have been obtained after 
improving the mesh through a series of mesh size 
trials. As modal analysis in FEA is in free-free 
condition hence there are no constraints and no forces 
involved in this process, so meshing size is not gone 
affect to the final results. Figure 5 shows the 
efficiency of meshing with respect to no. of elements 
for gear cover. 
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Figure 5: Effect of No. elements on natural frequency 

 
From above results of FEA modal analysis for gear 
cover we can say that more the coarse mesh we allow 
to structure we get reduction in percentage error 
comparing to experimental modal analysis results. 
 
D. ANSYS simulation results 
FEA analysis is a time consuming technique, but the 
results can correlate with experimental method. Both 
natural frequencies and mode shapes will have to 
match with both results with an acceptable error. 
Gear cover (thichness = 10mm) is made of Grey cast 
iron having density 7200 kg/mm^3, Young’s modulus 
110000 MPa and Poisson’s ratio 0.28. Oil sump 
(thickness = 2.3mm) is made of structural steel 
having density 7850 kg/mm^3, Young’s modulus 
200000 MPa and Poisson’s ratio 0.3. The results of 
FEA were mentioned in below table, we can compare 
the natural frequencies of experimental and FEA are   
close to each other. 
 

 
Table 2: Natural frequencies in FEA 

 
6.(a)                                             6.(b) 

 
6.(c)                                              6.(d) 

Figure 6: Mode shapes of gear cover at natural frequencies     
(a ) 230, (b) 434, (c) 526, (d) 555 Hz 

 
From above results, natural frequencies of gear cover 
and oil sump are in the range of acceptable limit, so 
both can be comparable to each other. A noise test 
was conducted at a distance of 1m from both oil sump 
and gear cover surfaces to determine the overall noise 
levels at different frequencies. The results as can be 
seen in fig. 7 shows that gear cover had maximum 
noise level at variable frequencies. 
 

 
Figure 7: Noise comparison between gear cover & oil sump 

 
III. GRID NOISE MAPPING AT GEAR COVER 
 
Grid noise mapping consumes lot of time for 
complete experiment, but it is considered as a good 
and reliable technique to identify the noise sources at 
any surfaces. In our case sound pressure mapping 
technique is used to acquire noise data at different 
grid points. A condenser type microphone is used to 
conduct the test with a 5- channel FFT analyzer and a 
computer system for data collection. Overall noise 
level of 99 dB (A) were observed for whole grid 
structure as can be seen in fig. 8. At 1000 Hz the 
noise level will suddenly increase giving a 91 dB (A) 
can be seen in fig. 9  noise level which could be 
considered as point of concern. At frequencies 200 
Hz, 315 Hz, 400 Hz, 630 Hz, 800 Hz the noise levels 
are 70, 77, 79, 84, 87 dB (A) respectively, which are 
quite low as compare to noise level at 1000 Hz. 
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Figure 8: Overall noise 

 

 
Figure 9: Noise level at 1000 Hz 

 

 
Figure 10: Grid structure values for overall noise 

 

 
Figure 10: Grid structure values for 1000 Hz frequency 

 

Above mentioned contour plots as can be seen in fig. 
8 & 9 are taken using MATLAB 17a version software 
which provides a better view towards the noise levels 
radiated by different region on a gear casing. As we 
can see fig. 10 & 11 shows the values of total noise at 
a particular point on grid for overall and 1000 Hz 
frequency respectively. 
As we know engine is running at 2000 rpm and gear 
mesh frequency at this rpm for 4-cylinder diesel 
engine is 933 Hz calculated by using below formula: 
 
Gear mesh frequency =  ∗ .  � 
 
This running frequency is close to the natural 
frequency of gear cover i. e. 929 Hz. The mode 
shapes calculated using experimental modal analysis 
can be seen in figure 11 (a). 
 

 
Figure 11 (a) 

 
Figure 11: (b) 

Figure 11: (a) Mode shape at experimental 929 Hz, (b) ANSYS 
mode shape at 1003 Hz. 

 
For validation of results from experimental modal 
analysis a frequency of 1003 Hz as shown in figure 
11 (b) which is close to the experimental value with a 
percentage error of -7.21%, which is quite acceptable 
as per companies benchmark. As we consider a total 
of 36 points on grid structure which is capable of 
covering all the gear cover area.  A CPB (Constant 
percentage bandwidth) for point 15 which is almost at 
center to gear cover area is shown in figure 12. 
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Figure 12: CPB graph of noise data at point 15 

 
CONCLUSION 
The noise source identification using a structural 
analysis approach is performed using experimental 
and numerical methods. And the final conclusions 
obtained from above from current work will be 
summarized as: 
a) Methodology considered in this work includes both 
experimental and FEA modal analysis along with 
different running engine test which gives a better 
understandings about the vibro-acoustic performance 
in an engine. 
b) As from grid data we can conclude that the overall 
noise level at gear casing side is 99 dB (A). At 1000 
Hz frequency a rise in noise level observed as 
compared to other frequencies. Counter plot gives us 
the high noise region at 1000 Hz frequency. 
c) Engine is running at 2000 RPM with a gear mesh 
frequency of 933 Hz. The radiated noise from gear 
casing at 1000 Hz, due to some of natural frequency 
of gear cover coincides with gear mesh frequency 
which causes resonance. By applying some stiffeners 
at high deflection regions in mode shape or inserting 

a plate in between gear cover and crankcase having 
high stiffness value or providing a bolt in that region 
could shift that natural frequency which is matching 
the running engine frequency. 
d) To sum up, sound quality in a structure is the 
optimal target. The current work proves that acoustic 
performance can be improved by considering sound 
quality as an optimal target. This will reduce the 
overall noise level and maintain a comfort zone. 
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