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Abstract : Expansion joint has been utilized in many areas including automotive bellows for exhaust system. Usage of
expansion joint has been increased due to its inherent flexibility and excellent anti-vibration property. Simple shape of
expansion joint is modeled to understand the behavior of joint system. 27 design cases using 3 design factors with 3
levels are constructed by design of experiment. Each case is simulated to find the most influential design factors.
Response for this study, maximum stress in the expansion joint, has been used to determine main design factors of joint.
Among the 3 design factors, factor B has affected greatly a response in the formation of optimum shape of joint. Also,
interaction factor, AxB, has also showed its influence to the response of joint. This study showed that design of
experiment combined with finite element analysis could be used in the design decision process effectively in the design

of expansion joint.
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Fig. 1 Model for analysis

Table 1 Material properties used in the model

Silicon rubber Stainless steel
Young's modulus (E) 27.5 (MPa) 193 (GPa)
Poisson's ratio (v) 0.3 0.27
Thermal expansion 7.7e-05 1.17e-05
coefficient(a) (mm/mm°C) (mm/mm°C)
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3.1 X} & ==Fo| AHAH Table 3 Table of design of experiment
Ao AR EE= FQ 2x= Fig. 13} 7o) ulr] A B C Max Von Mises
_ Stress(MPa)

Ho] 2= g aALe AR X Zo

o FRYdS A= AL B, C A el 2ol 1 9 Y 56 139.1

24 AA35FE A, B, C= vlo) {9 25 A} ) 9 22 50 117.9

dolg AAste= T8 Aot AR o 3 9 2747 52 2129

Table 29} Zo] 25 a3E 1833 o2 A3} 4 9 2747 48 116.6

sich. 5 9 2 48 130.0

6 5 22 48 132.4
. . 7 5 22 56 120.0
Table 2 Factors and levels used in analysis

T~ 8 12 2 48 140.0
Factor 1 eove 1 9 5 27 43 1435
- '5 5 = 10 5 27 52 176.8
(mm) 1 5 32 52 200.7

B (mm) 22 27 32
c m 2 < 12 9 27 56 110.0
(mm) 13 12 2 56 168.1
14 12 32 48 113.4
4. SHAM Zot & nF 15 9 32 56 748.8
16 5 2 52 126.5

HA{ al ZdAqplzk

41 24 H Aok 17 9 32 48 553.4

324 4 S E-83lo] T2 AR5 2] Al 18 5 27 56 110.0
w2 15 A S v x| = dkEgko s A 19 12 27 56 118.9
)82 8o Table 3| 2] 8T}, Minitab&- L 32 52 2544
i} 21 12 32 52 123.4
543 EAA v o7 golHE EA59]

di%}(?j = ]—l_ou : ‘Ll 1& &4 }MD_} 5 B = 5 536
NS A7 flste] A Sl vlal w] Al 23 12 27 52 142.8
Al F3 s S FPslP oz 3 2] 391 24 12 27 48 377.6
b 2 914 & (full factorial design)2 & 3}FS3 th 25 12 32 56 145.6

A 3 AR 3FE=3 o7 AAgeda 26 > 32 48 300.0
EA Ao T4} W ALe B e 71 32 % 1202
o} ZF ARLE] AlEEe] HuS-He|| v A= T8 ' ‘ ‘
she} olAE 7he] W EAE-S otobn Tl ZF ol AHE Table 4 Analysis of variance of Von-Mises stress

_ _ ~ o Design . .

o] HH s 78k] el Table 30 AAA 2% variables | DT | 3¢4- 55 | AdJ-SS | AdjMS | F P
£ ueghA] 279 9] {3 A4S AASHATE A 2 | 63668 | 63668 | 31834 | 2.43 [0.150
AFEA (Analysis of variance) S A A|5ko] 7+ Q1 AbE B 2 | 109501 | 109501 | 54751 | 4.18 |0.057

o Go]3hS BAECh Table 49 ZAThE 1123} C 2 | 13809 | 13809 | 6905 | 0.53 |0.609

531 A B, CF BEo] £0]2 (sienif AxB | 4 | 203628 | 203628 | 50907 | 3.89 |0.048

W TR A B, CF 217 E(significance AxC | 4 | 32750 | 32750 | 8187 | 0.63 | 0.658

[e} =) O =~ £3 =

level) 0.0691 A4 2] 95 < 5= AT B3k w o2} BxC | 4 | 39765 | 39765 | 9941 | 0.76 | 0.580

£ AxB, AxC, BxC & AxBWTro] 29242 0.05°0 A Error | 8 | 104703 | 104703 | 13088

80181 oF 2= 9QIT}, BAFEA S 58] T §-9]3] Total | 26 | 567825
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Table 5 Analysis of variance of Von-Mises stress after pooling

Vzeifﬁs DF | Seq. S | Adj. SS |AdjMS| F P
A 2 | 63668 | 63668 | 31834 | 3.00 | 0.075
B 2 | 109501 | 109501 | 54751 | 5.16 | 0.017
AXB | 4 | 203628 | 203628 | 50907 | 4.80 | 0.008
Error 18 | 191027 | 191027 | 10613
Total | 26 | 567825
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Fig. 2 Main effect plot of max Von-Mises stress in the model
for each design variable
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Fig. 3 Interaction effect plot of max Von-Mises stress in the
model for each design variable
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