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Abstract In this study, the configurations of the two engine exhaust manifolds were designed. And the
strengths and durabilities were analyzed through the structural analysis and natural frequency analyses
of these models. As the result of structural analysis, the strength of model A is much better than that
of model B because the maximum stress and deformation of model B are considerably greater than
those of model A by more than 9 and 39 times, respectively. It can also be confirmed that model A
has the durability better than model B because the maximum frequency of model A is greater than the
natural frequency of model B and its maximum deformation is smaller than model B. The result of this
study can be used to investigate the durability due to the exhaust manifold shape of medium-sized car

without actual test. It also seems to be helpful in the aesthetic convergent design of small car muffler.
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Table 1. Material property

Young's Modulus 200GPa
Poisson's Ratio 0.3
Density 7850 kg/m®
Tensile Yield Strength 250 MPa
Compressive Yield Strength 250 MPa
Tensile Ultimate Strength 460 MPa

(@) Model A (b) Model B

Fig. 1. Fixed support conditions

(a) Model A

(b) Model B

Fig. 2. Pressure conditions
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A: Static Structural

Equivalent Stress

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

Tirne: 1

12609 Max
11208
2806.8
84058
7004.9
5603.9

4203

2802

14011
0.12981 Min

(a) Model A
D: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirne: 1

118748 Max
105555
92361.4
79168.3
65975.2
52782

395889
26395.7
13202.6
9.47208 Min

(b) Model B

Fig. 3. Equivalent stresses at structural analysis

A: Static Structural
Total Deformation

Type: Total Deforrnation
Unit: mrm

Tirne: 1

7.0807 Max
6.2939
5.5072
4.7204
3.9337
3.147
2.3602
1.5735
0.78674

O Min

(a) Model A

D: Static Structural
Total Deformation

Type: Total Deformation
Unit: rrm

Tirne: 1

277.24 Max
24643
21563
184.83
154.02
12322
92413
61.609
30804
0 Min

(b) Model B

Fig. 4. Total deformations at structural analysis
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B: Modal
Total Deformation

Type: Total Deformation
Frequency: 2542.8 Hz
Unit: rm

20.295 Max
18.04
15.785
13.53
11.275
9.0201
6.7651
45101
2.255

0 Min

(a) 1'st mode
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B: Modal
Total Deformation 2

Type: Total Deformation
Frequency: 2670.2 Hz
Unit: mrm

45.846 Max
40.752
35.658
30.564
2547
20,376
15.282
10.188
5.094

0 Min

(b) 2'nd mode
B: Modal
Total Deformation 3
Type: Total Deformation
Frequency: 2787. Hz
Unit: mm

32.5 Max
28889
25.278
21.667
18.056
14.445
10.833 <
1.2223 :‘!'?'\f" W
36112
0 Min

(c) 3'rd mode

Fig. 5. Total deformations at natural frequencies of
model A

E: Modal

Tota Deformation

Type: Total Deformation
Frequency: 1208, Hz
Unit: mm

64.766 Max
5757

50373
43177
35981
28785
21589
14392
7.1962
0 Min

(a) 1'st mode

E: Modal

Total Deformation 2
Type: Total Deformation
Frequency. 1844 Hz
Unit: mm

103.97 Max
922418
80.866
69.313
57.761
46.209
34.657
23104
11.552
0 Min

(b) 2'nd mode

E: Modal
Total Deformation 3
Type: Total Deformation
Frequency: 21448 Hz
Unit: mm

97.6 Max
86.756
75011
65.067
54.222
43.378
32.533
21.689
10.844
0 Min

(c) 3'rd mode

Fig. 6. Total deformations at natural frequencies of
model B
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