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Abstract :

Finite element analysis along with DOE scheme has been performed to obtain robust design of connecting

rod assembly. An analysis was conducted with five loading steps. Fatigue analysis was done using commercial software
FEMFAT and fatigue safety factors at the interested regions such as shank area of small end and big end were

calculated. 27 design cases using 3 factors with 3 levels are constructed by design of experiment. Each case is simulated

to find the most influential factors. Response for this study, maximum Von-Mises stress, has been used to determine
main factors of connecting rod assembly. Among the 3 factors, compression load affected the response greatly.
However, bolt assembly load and width of shank flat area showed a little influence to the response. Interaction effects
among factors considered did not occur. Connecting rod assembly considered in this study showed its sensitivity to the
noise factor such as compression load rather than design factor such as width of flat shank area.
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- A A (shank) 28 #d = Table 2 Material properties used in the model
) Part Material E (GPa) | Poisson's ratio
Fgani = (M, + Mgp) " R(cos + Acos26) “4) Connecting rod | CS706S 207 0.27
Bearing shell Babbit 41 0.27
Fogp= ]LIPOUZR(COSO+)\COSQO) (5)
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Table 1 Mass properties of reciprocating and rotating parts —
Component Value
Piston Assy (Mp) Piston+Ring+Pin 0.313(kg)
Crank pin 0.193(kg)
Mass of rotating Big End + Pin 0.505(kg)
Mass of reciprocating | Small End + Piston 0.421(kg) Fig. 3 Contour plot of Von Mises stress at bolt assembly
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Fig. 4 Contour plot of Von Mises stress at compression load
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Fig. 5 Contour plot of fatigue safety factor
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Table 3 Design range of control factor and noise factor

Control factor Design range
L Lower | Upper Base line
Parameter description bound | bound Level value
Bolt load (A) 0.9 1.1 3 10300 (N)
Shank flat area
width (B) 0.9 1.1 3 6.433 (mm)
Compression load (C) | 0.9 1.1 3 35000 (N)
Table 4 Factors and levels used in analysis
Level
Factor
-1 0 1
A (N) 9270 10300 11330
B (mm) 5.790 6.433 7.077
C(N) 31500 35000 38500
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Table 5 CDOE matrix for simulation runs

Table 7 Analysis of variance of Von Mises stress after pooling

A B C Von-Mises Stress (MPa)
1 1 -1 1 602.1
2 0 1 0 554.2
3 1 -1 0 547.6
4 0 -1 -1 493.0
5 -1 -1 0 554.6
6 1 0 1 603.0
7 0 0 1 602.9
8 1 1 603.6
9 -1 1 -1 519.3
10 1 0 -1 493.8
11 -1 1 0 549.2
12 0 1 -1 4943
13 1 -1 -1 493.0
14 -1 -1 -1 518.5
15 0 -1 1 602.1
16 -1 0 554.5
17 1 1 0 549.0
18 -1 0 -1 498.8
19 -1 0 1 602.2
20 1 -1 4943
21 0 0 -1 493.7
22 -1 1 1 519.3
23 -1 0 0 576.6
24 1 1 1 609.8
25 0 0 0 548.0
26 0 0 548.4
27 -1 -1 1 614.1
Table 6 Analysis of variance of Von Mises stress
V[a)rei;gl‘;s DF Seq.SS Adj.SS AdjMS F P
A 2 95.5 95.5 47.8 02 0.825
B 2 439.6 439.6 219.8 0.9 0443
C 2 415555 415555 207778 85.49 0.000
AxB 4 428.2 428.2 107 044 0.777
AxC 4 1151 1151 287.7 1.18  0.387
BxC 4 901.2 901.2 2253 093 0.494
Error 8 1944.4 19444 243.0
Total | 26 465153
T3 WS A AxB, AXC, BXxCE 12814 &
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Design

DF . Adj. AdjM F P
variables Seq. 85 Ad).SS AdjMS
B 2 4396  439.6 2198 1.09  0.356
C 2 415555 415555 20777.8 103.34 0.000

BxC 4 901.2 901.2 2253 .12 0.378
Error 18 3619 3619 201.1
Total 26 465153

Main Effects Plot (data means) for VM
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Fig. 6 Main effect plot of max. Von Mises stress in the
model for each design variable

Interaction Plot (data means) for VM
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Fig. 7 Interaction effect plot of max. Von Mises stress in the
model for each design variable
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