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An Estimation on Failure Boundary Condition of Rocker Arm Shaft
for 4-Cylinder SOHC Engine Using Orthogonal Amay
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Abstract

As a result of vehicle maintenance of rocker arm shaft for 4-cylinder SOHC engine, failure analysis
of rocker arm shaft is needed. Because more than 30% of vehicles investigated have been fractured.
Failure analysis is classified into an naked eyes, microscope and X-ray fractography etc. It can predict
applied load as well as load type. These methods are applicable to components with simple boundary
condition but aren't applicable to components with complex boundary condition. The existing fractography
don't catch hold of failure boundary condition quantitatively. Especially, in case that the components
isn't fractured at same position. We must determine the most dangerous failure boundary condition to
evaluate their operation mechanism. The effect of various factors on response should be estimated to
solve this statical problem. This study presents the most dangerous failure boundary condition of rocker
arm shaft using orthogonal array and ANOVA in order to assure its robustness.
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(b) Load mechanism of rocker arm shaft
Fig. 2 Load types applied to rocker arm shaft

Fig. 3 Failure of rocker arm shaft at 4-
Cylinder SOHC engine



Fig. 4 Actually fractured surface of
rocker arm shaft
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Fig. 5 SEM photographs of fatigue crack
growth stage at rocker arm shaft
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Table 1 Tightening condition of rocker arm shaft
under actual failure boundary condition

Level of factor
Load
L M N K
D 1 2 1
(548.8N) 1 3 1 3

Fig. 6 Geometry and dimension of tensile specimen

Table 2 Material properties of rocker arm shaft

Tensile Strength, g ‘ (MPa) 769 + 22.8
Yield Strength, o, (MPa) 710
Young's modulus (GPa) 205
Poisson's ratio 0.29
Elongation (%) 6.27

—Y

Fig. 7 Geometry of fatigue specimen
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Table 3 Orthogonal array

Responses
Omax (MPa)
Load | Load
B C

112.32}109.98
29.33 | 47.88
-3.37 | 889
26.8 | 40.58
1362 | 1757
1229113713
1019 | -3.24
127.05|113.55
7835 | 15.76

Factors
Exp.

Load Load

=

M

z
~

1175
585
139

1619
-59
156.3
-53

221.2
1272

113.44
23.20
13.06
17.45

2.67
77.66
6.74

187.10

150.56
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Fig. 9 Stress measurement equipment

of rocker arm shaft
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a : attachment position of strain gage
b : failure area
Fig. 10 Position of strain gage and failure arca

Table 4 ANOVA Table for load A

Factor | DOF g;f;r;’i S“:ﬁ;;‘e F 3
L | 2 |112695 ] 56347 | 589 | 0145
N | 2 |211091 |105546| 11.03 | 0.083+
K | 2 | 44236 | 22118 | 231 | 0302
Error | 2 | 44236 | 9567

Total 8 | 387156

Table 5 ANOVA Table for load B

Factor | DOF S’::;ri sl\gSZ?e F P
L | 2 | 10622 | 5311 | 269 | 0271
N | 2 |203038 |10151.9] 54.40 | 0.019+
K | 2 | 5199 | 2599 | 1.32 | 0432
Error | 2 | 3950 | 1975

Total | 8 | 222808
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Table 6 ANOVA Table for load C
Factor | DOF Sum of | Mean F P
Squares | Square
L 2 806.5 4033 | 481 | 0172
N 2 | 20687.6 | 10343.8 | 123.37 | 0.008+
K 2 246.6 1233 | 147 | 0405
Error | 2 167.7 83.8
Total | 8 | 219084
Table 7 ANOVA Table for load D
Factor | DOF | Sum of | Mean | ¢ P
Squares | Square
L 2 43776 | 2188.8 | 35.65 | 0.027+
N 2 | 42563.6 | 21281.8 | 346.59 | 0.003*
K 2 6776.7 | 3388.3 | 55.18 | 0.015%
Error | 2 122.8 61.4
Total | 8 | 53840.8
(* : 5% Level of significance)
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Fig. 11 Main effects of response
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Table 8 The most dangerous failure boundary
condition of rocker arm shaft

Level of factor
Load
L M N K
A 3 2 1 1
B 3 2 1 1
C 2 2 1 2
D 3 2 1 3
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Fig. 12 Maximum principal stress by experiments
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