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Introduction

Customer demands of quieter vehicles
Regulations concerning noise levels

Sound quality can act as a differentiator

Prediction and control of motorcycle engine noise under combustion load

Engine - Source of noise & vibration

)

Prediction and control of engine NVH performance by %
\a‘

a}
NG
structural and acoustic simulation methods $

Substantial cost saving and development time reduction of

new product / i, \
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Brief procedure Interpolation

Plot [55] Create Plot

COMSOL Model set up _ DDH =

{fhome//comsoluser//E0L_VAVE//EDL_VAVE_resp

Filename:
Browse... | Import |
Data format: [Spreadsheet
MNumber of arguments: 3
Functions
" Function name Position in file
ur 175
ui 176 freq(1)=1400 Surface: Sound pressure level (dB)
wr 177 A105
vi 178 105
wr 179
wi 180 .
103
y 102
f Variables 101
Z X
~ Variables b
99
Surface acceleration tame Earesior o .
acc_x urliy,z)+j uilxy,z) mys’
e = 97
cotouriat Load 17 - F = 8.500000E+02 accy  ilkyaeivitoy) m/s?
Analysis system accz Wr(xr}'rZJ*'J*w'(errz) m/s y el
1.162E-03 A -
[1 033E-03 v332
9.040E-04

——7.74BE-04 * Mormal Acceleration

—6.457E-04

—5.166E-04
3.874E-04 T}rpe:

Ez 533E-04 [Acceleration v I
1.291E-04
0.000E+00

Acceleration:

Ma = 1.162E-03 -
Grids 372056 an [User defined - l
Min = 0.000E +00
Grids 61465 acc x .
¥ accy ¥ mis?
acc_z z

B
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Acoustic Mesh — Cut Section |

Engine skin domain

Engine Skin

Boundary Layer
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'COMSOL Model Setup |
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IPerfectIx matched Iaxer '

* Importing Acoustic mesh

* Assign appropriate PML domains
using Perfectly matched layer

feature
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* Apply nodal acceleration data ta
engine skin boundaries
* Interpolation of nodal acceleration

data

°n (i (Vp)+n-a0)=0

- J

- J

IFar field calculation '

7 £

*p(R) =
1 e ikir=Rl| (1 + ik |k-R])
2z | ol (Vp(r) + p()

» Pressure calculation outside the

computational domain

(r
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Importing surface acceleration data

* Code is developed to convert finite element
software nodal acceleration results to .csv

format

Prediction and control of motorcycle engine noise under combustion load
I

COMSOL model setup

* Generic java file template is developed to

reduce model set up time

Challenges

Computation time

* Increased computation time due to high node count
of acoustic mesh for 500 — 3000 Hz

« Solution is split into four steps
a. 500to 1000 Hz b. 1000 to 1500 Hz
c. 1500 to 2000 Hz d. 2000 to 3000 Hz

« Computation time is reduced due to low node count

of acoustic mesh

Solving for each frequency step (~ 40 steps)

* Process automation is carried out using Java script

» Compiled model files for Java (Class files) are

generated

« COMSOL batch mode is used to solve class files
without GUI
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Interpolation in COMSOL
FE Model COMSOL

Contour Plot

Acceleration(Z) Sub 1 : Load 28 - F = 1.400000E+03
Analysis system ubcase 1 (resp): Los freq(1)=1400 Surface: (m/s?) @
7.75BE+04 —_ A 737
[5.527E+04 ~ \ -
£ 795EH14 70
— 4.054E+04
[2.832E+Uri 60
1 ROOE-+H14
3 BEBE+03 50
0B E+D3 40
-2 0B5E+04
3 ABEH14 30
Wax = 7 7EREHI4 20
Grids B4RES1
Win = -3 32REH14 10
Grids 325500
0
10
¥
20
x_r—z -30
Contour Plot v
Acceleration(Z) Subcase 1 (resp) © Load 15 - F = 7 S00000E-+012 A 175
Analysis system
1 7E1E+14
[a B26E+03
5. 364EHT3
—-2133E+4 (0]
[-3.431 E+04
-4 F2OEH
5.027E+H1 -20
7. 32EEHM
-0.623E+H
9.921E+04 -40
May = 1 FE1EHM
Grids 520774
hin = -8.921E-+14 -60
Grids BOBES0
-80
v
L - v -99.2
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Mesh Convergence

Acoustic Mesh 500 to 1000 Hz Acoustic Mesh 1000 to 1500 Hz

275 mm 200 mm
K i A A
1100 mm 800 mm
a \ 4
K
Maximum Element Size = 58 mm Maximum Element Size = 29 mm
Boundary Layer Thickness = 5.8 mm Boundary Layer Thickness = 2.9 mm
SPL @ 1000 Hz _ SPL @ 1000 Hz
Location [dB] Location [dB]
LH Side 67.20 LH Side 67.19
RH Side 66.04 RH Side 66.04
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Noise Measurement Setup

» Microphone located in front of engine
side cover at a distance of 0.5m
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SPL and sound intensity plots correlation

Test

Analysis

One

-third Octave bands

SPL[dBA]

800 1000 1250 1600 2000
Center band frequency [Hz]

Surface SPL plot at 1250 Hz

* SPL and sound intensity plots match well with test data
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Results of vibration and acoustic analysis

3D Surface SPL Plot

Vibration Analysis

freq(1)=1400 Surface: Sound pressure level (dB)

104
103

95
V¥ 33.2

Acoustic Radiation Location

Surface SPL plot helped to identify the critical

locations on engine responsible for high SPL

c t I Plot Cof t rPlat
M d (M ) Subcase 1 (mOdaI) nnnnnnnnn (Mag)

Mode 32 - F = 1.395422E+03 A”aw em
23505 uw Tonie. Ua

2.089E+01 8.610E-04
1828E 01 Modal Analysis 8409E-04 oDs

——7.207E-04

+01 06E-04

4SE+01
7.835E+00
5.223E+00
2612E+00
nnnnnnnn

Subcase 1 (resp)
Load 28 - F = 1.400000E+03

905E-04
36ME-04

2.402E-04
120E-04

—%FFHLI\FH“

aaaaaaaaaaa

Min= 0.000E+00
Grids 51465

Based on modal analysis and ODS results, structural modifications

are carried out in specific areas of engine structure

Mahindra

Rise.

MAHINDRA 2 WHEELERS




Modifications

* Rib height and wall thickness increased

» Stiffened mounting location

Prediction and control of motorcycle engine noise under combustion load

SPL Comparison — Baseline vs. Modified

One-third Octave bands
T T T T .
5 dBA I I EBase!lne
I _________ A s S 0 Modified |
|
<
o
ol ]
=l
o
v
800 1000 1250 1600 2000
Center band frequency [Hz]

» With modifications, overall SPL is reduced by 3 dBA
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Conclusions

Acoustic analysis of single cylinder motorcycle engine Analysis results show a reasonably good correlation

is carried out using COMSOL with the test data

Analysis

Analysis

One-third Octave bands

Process automation is carried out using Java script » Corrective actions by carrying out structural modifications can
- To interpolate nodal acceleration data on engine skin be implemented based on analysis results in early design stage
- To solve the acoustic model for each frequency step « Reduces time and cost involved in product development
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