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ABSTRACT

This study performs structural and vibrational analyses on three models of motorcycle mufflers, A, B, and
C, due to the pressure of exhaust gases. Model A is the common model seen on motorcycles, model B is a
model with a longer outlet, and model C is a model with some curved outlets. This research shows that all
models have sufficient strength at the given loading condition, and model A has the highest durability against
vibration among three models. The appropriate configuration can be determined to be the most efficient by
applying this result to the design of motorcycle muffler.
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the normal water from the combustion of a mixture

1. Introduction

of air and fuel but this type of water contains the
When the exhaust gas does not get out of car strong acidity which causes the muffler to corrode.

the car is out of order. This problem is often due As being noisy when it is shaken by holding the

to the muffler trouble. The main role of the muffler
is to reduce noise. As the exhaust gas passes
through various filters in the muffler, the noise is
reduced"™. Therefore, mufflers are sometimes called
in the

muffler's performance to increase power results in a
[5-7]

by main silences but a significant drop

roaring sound in the racing car The water drips

from the muffler end of a driving vehicle. This is
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muffler, the corrosion can happen as well as the

holes in its appearance. Recently, the tuning

mufflers made of aluminum or titanium are also
used. By wusing these mufflers, the exhaust gas
maintains the good flow at high speed rotating area
in the engine. Basically, the muffler is a good one,
effectively reducing noise and allowing exhaust gas
to get out™. The mufflers with good conditions for
cars  and have  been

motorcycles already

commercialized, but this research will have to

continue to produce better results. In this paper, the

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http:/creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- 72 —



Moonsik Han, Jaeung Cho : $+=37]AI7}&-38t3] 2] #1194, Al1&

motorcycle mufflers are designed as three kinds of
models. The structural

frequency analyses!'™'!]

analyses and natural
are carried out. Through the
result of this study, the appropriate configuration
can be determined to be the most efficient by
applying this result to the design of motorcycle

muffler.

2. Study Models and Constraint
Conditions

2.1 Study models

In this study, three types of mufflers were
designed for each motorcycle by CATIA program.
Fig. 1 shows models A, B and C for the analysis.
The dimensions of models A, B and C are within
200mm in length and 63mm in diameter. Model A

(a) Model A

4

(b) Model B

(c) Model C
Fig. 1 Muffler shapes

Table 1 Material properties

Items Values
Compressive yield strength 250 MPa
Poisson's ratio 0.3
Young's modules 2x10° MPa
Tensile Ultimate strength 460 MPa
Density 7850 kg/m”
Tensile yield strength 250 MPa

Table 2 Numbers of elements and nodes at models

Model Nodes Elements
A 59244 32043
B 63229 32059
C 60198 33833

which is the typical model shape of a motorcycle.
Model B has longer outlets in a conventional model
and model C has the angles in the shape of the

[12-17]

long-drawn outlet. The structural analyses were

used with ANSYS program.

Table 1 shows the material properties of structural
steel and Table 2 shows the numbers of elements
and nodes on all models.

2.2 Constraint conditions of models

The fixed part is supposed as the side of muffler
at the actual motorcycle. As shown in Fig. 2, the
part is in contact with the inlet of the muffler.
Since the direction in which vibration and shock are
transmitted usually rises from the ground when the
motorbike is in operation, the same force on all
three models is applied in the lower direction that
comes from the ground. The boundary conditions of
fixed supports and loads are established as shown
by Fig. 2 and Fig. 3.

3. Analysis Result

3.1 Structural analysis
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A: Static Structural
Fixed Support
Time: 1. 5

[ Fixed Suppert

(a) Model A
A: Static Structural
Fixed Support
Tirme: 1. 5

[ Fixed Support

(b) Model B

A: Static Structural
Fixed Support
Time: 1. s

[ Fixed Support

A: Static Structural
Force
Time: 1. 5

[ Force: 2000. M
Components: 0, O, 2000. N

(a) Model A

A: Static Structural
Force
Tirne: 1. =

[ Forcer 2000 N
Cornpenents: 0,0,2000. M

(b) Model B

A: Static Structural
Farce
Time: 1. 5

[ Force: 2000 M

(c) Model C
Fig. 2 Fixed supports at each model

By the structural analysis, Fig. 4 and Fig. 5 show
the contours of total deformations and equivalent
stresses at each model.

As shown by Fig. 4, the maximum total
deformations on models A, B and C show
0.089119mm, 0.40585mm and 0.024503mm
respectively. Model C was shown to have the least

(c) Model C
Fig. 3 Forces applied at each model
value as compared with the maximum total
deformations of models A, B and C. As shown by
Fig. 5, the maximum equivalent stresses on models
A, B and C show 101.6 MPa, 139.12 MPa and
46.409 MPa respectively. Model C was shown to
have the least value as compared with the maximum
equivalent stresses of models A, B and C. The
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A: Static Structural
Total Deformation
Type: Total Deforrnation
Unit: mm

Time: 1

0.085119 Max
0.079217
0.069315
0.059413
0049511
0.029609
0.029706
0.019804
00099021
0 Min

(a) Model A

A: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Tirne: 1

0.40585 Max
0.36075
0.31566
027056
022547
018038
013528
0.090188
0045004

0 Min

(b) Model B

A: Static Structural
Total Deformation

Type: Total Deformation
unit: mm

Time: 1

0.024503 Max
0.021781
0.019058
0.016235
0.013613
0.01089
0.0081677
0.0054452
00027226
0 Min

(c) Model C
Fig. 4 Contours of total deformations at each model

maximum equivalent stress of model C is higher
than model A or model B. But, as the maximum
equivalent stresses of models A, B and C are lower
than the yield stress of this material, all models are
thought to have the sufficient strength at this

loading condition.

3.2 Natural frequency analysis

A Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

1016 Max
00311

4.6007e-5 Min

(a) Model A

A: Static Structural

Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa

Timne: 1

130.12 Max
12366

1082

92745

77287

81.83

46372

20015

15457
6.1297e-6 Min

(b) Model B

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirme: 1

46409 Max
11252
36.096
30039

25.783
20626

1547

10813
51566
5.0064e-7 Min

(c) Model C
Fig. 5 Contours of equivalent stresses at each model

At the muffler models, the natural frequencies on
high probability of fracture due to resonance are
investigated. The constraint conditions are identical
with the fixed supports as shown by Fig. 2. These
analyses are carried out with modes 1 to 6 at
models A, B and C. Figs. 6, 7 and 8 show the
contours of total deformations due to natural
frequencies at modes 1 to 6 of models A, B and C
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B: Modal B: Modal

Total Deforrnation Total Deformation 4
Type: Total Deformation Type: Total Deformation
Frequency: 1126.7 Hz Frequency: 5267.0 Hz
Unit: mm Unit: mm

108.74 Max

78.797 Max

70042 96,662
s
seaa 60413
4718 48331
and 36.248
56286 24165
hal 12.083
87552

0 Min

0 Min

(d) Mode 4
(a) Mode 1 o
Total Deformation 5
B: Modal n
Total Deformation 2 Type: Total Deformation

Type: Total Deformation Frequency: 5268.1 Hz

Unit: mm
Frequency: 1126.8 Hz
Unit: e 106.75 Max
96,665
78,707 Max e
0l 72400
61.287 e
JE 18.333
42776 biae
35.021 i
26.266 Tihas
17.511 i

87553
0 Min

(e) Mode 5
(b) Mode 2 B: Modal
Total Deformation &
B: Modal Type: Total Deformation
Total Deformation 3 Eﬁu;nr? 61453 Hz
Type: Total Deforration -
Frequency: 5105.9 Hz o

Unit: mm

54.078
47.318
12567 Max 40558
ks 33.799
56441 27.029
48378 20279
40315 12519
32.252 87597
24189 0 Min
16126
8.0629
0 Min

(f) Mode 6
Fig. 6 Total deformation at natural frequencies of
(c) Mode 3 model A
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B: Modal

Total Deformation

Type: Total Deformation
Frequency: 422 54 Hz
Unit: mm

71.209 Max
6863
60051
51472
42804
34315
25.736
17.157
85787

0 Min

(a) Mode 1

B: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 428 14 Hz
Unit: mm

78.123 Max
60.442
60.762
52.082
43401
34321
26.041
17.361
88803
0 Min

(b) Mode 2

B: Modal

Total Deformation 3
Type: Total Deformation
Frequency 18124 Hz
Unit: mm

170.04 Max
15115
132.26
11336
94469
75,575
56681
37788
18.894
0 Min

(c) Mode 3

B: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 1930.3 Hz
Unit: mm

140.48 Max
124 88
10027
93,656
TB.047
62438
46828
31219
15.609
0 Min

(d) Mode 4

B: Modal

Total Deformation 5
Type: Total Deformation
Frequency. 1968.7 Hz
Unit: mm

£2.300 Max.
7423
64951
55.672
46304
37115

27 836
18,557
02787

0 Min

(e) Mode 5

B: Modal

Total Deformation &
Type: Total Deformation
Frequency: 1980.7 Hz
Unit: mm

84.16 Max
74809
65458
56.106
48,755
37404
28053
18702
93511
0 Min

(f) Mode 6
Fig. 7 Total deformation at natural frequencies of
model B
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B: Modal

Total Deforration
Type: Total Deformation
Frequency: 437.02 Hz
Unit: ram

65.292 Max
56038
50.783
43528
36.274
20.019
21784
14500
7.25347
0 Min

(a) Mode 1

B: Modal

Total Deformation 2
Type: Total Deforrmation
Frequency: 44971 Hz
Unit: mm

65.936 Max
5881

51.284
43.938
36.631
— 20.205
21.973
14853
73263
0 Min

(b) Mode 2

B: Modal

Total Deforration 3
Type: Total Deformation
Frequency: 19127 Hz
Unit: mrm

74.486 Max
65,21

57.933
49,857
41381
- 33105
- 24.820
16552
8.2762
0 Min

(c) Mode 3

B: Modal

Total Deformation 4
Type: Total Deforrmation
Frequency: 2004.7 Hz
Unit: mm

106.95 Max
95.066
83.183
71.209
1 50416
47533
3585

23.766
11.883
0 Min

(d) Mode 4

B: Modal

Total Deformation 5
Type: Total Deformation
Frequency: 2232.7 Hz
Unit: rm

80,325 Max
794
£80.475
50.55
49525
8 397
29.775
1085
9.925
0 Min

(e) Mode 5

B: Modal

Total Deformation &
Type: Total Deforrmation
Frequency 50291 Hz
Unit: rrm

50.277 Max
44 69

20104
33518
27921
22,345
16759
11173
5.5883
0 Min

(f) Mode 6
Fig. 8 Total deformation at natural frequencies of
model C
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respectively. The maximum total deformations of all
modes are 108.75mm, 170.04mm, and 106.95mm at
models A, B and C. Model A and model C have
nearly the same values and these values of the
maximum total deformations are lower than model
B. Also, the minimum frequencies of all modes are
1126.7 Hz, 422.54 Hz, and 437.02 Hz at models A,
B and C. Model A has the highest value as
compared with the minimum natural frequencies of
models A, B and C. So, it is thought that model A
has the highest durability against vibration as 1
compared with the maximum total deformations of
models A, B and C.

4. Conclusion

In this paper, the motorcycle muftlers are
designed as three kinds of models. The structural
analyses and natural frequency analyses are carried
out. The following results are derived;

1. At the structural analysis, the maximum 3.

equivalent stress of model C is higher than
model A or model B. But, as the maximum

equivalent stresses of models A, B and C are

lower than the yield stress of this material, all 4.

models are thought to have the sufficient strength
at this loading condition.

2. The natural frequencies on high probability of
fracture due to resonance are investigated. The

maximum total deformations of all modes are 5.

108.75mm, 170.04mm, and 106.95mm at models
A, B and C. Model A and model C have nearly
the same values and these wvalues of the
maximum total deformations are lower than
model B.

3. The minimum frequencies of all modes are 6.

1126.7 Hz, 422.54 Hz, and 437.02 Hz at models
A, B and C. Model A has the highest value as
compared with the minimum natural frequencies
of models A, B and C. So, it is thought that

- 79 —

model A has the highest durability against
vibration as compared with the maximum total
deformations of models A, B and C. Through the
result of this study, the appropriate configuration
can be determined to be the most efficient by
applying this result to the design of motorcycle
muffler.
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