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Abstract: The endurance reliability assessment of a highly complex mechanism is generally predicted by the fatigue
life based on simple stress analysis. This study discusses various fatigue life assessment techniques for an automobile
clutch snap ring. Finite element analyses were conducted to determine the structural stress on the snap ring. Structural
stress that is insensitive in regards to the mesh size and type definition is presented in this study. The structural stress
definition is consistent with elementary structural mechanics theory and provides an effective measure of a stress state
that pertains to fatigue behavior of welded joints in the form of both membrane and bending components. Numerical
procedures for both solid models and shell or plate element models are presented to demonstrate the mesh-size
insensitivity when extracting the structural stress parameters. Conventional finite element models can be used with the
structural stress calculations as a post-processing procedure. The two major implications from this research were: (a)
structural stresses pertaining to fatigue behavior can be consistently calculated in a mesh-insensitive manner regardless
of the types of finite element models; and (b) by comparing with the clutch snap-ring fatigue test data, we should
predict the fatigue fractures of an automobile clutch snap ring using this method.
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Fig. 7 Structural stress SCF of 2D sensitivity analysis;
(a) rectangular element, (b) Triangular element
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Flg 8 3D Element size and type for sensitivity analysis
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Fig. 9 Structural stress SCF of 3D sensitivity analysis;
(a) hexahedral element, (b) Tetrahedral element
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Fig. 10 Geometry of clutch drum and FE model
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Table 1 Material properties of clutch
Elastic Poisson's Yield Tensile
Material Modulus Ratio Strength Strength Applied Component
(GPa) (MPa) (MPa) (MPa)
S45C 210 0.29 510 709 Piston
Inner-drum
SCR420H 210 0.29 850 1048 Mid-drum
SAPH440 210 0.29 474 474 Outer-drum
STEEL 210 0.29 The others

90)(b)
Fig. 11 Boundary conditions of the clutch drum
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Table 2 Load values of the clutch drum

Classification Value
Apply Pressure 16 bar
Force of Piston (Fp) 21,2432 N
Reaction Force of Spring (Fsp) 1667 N
Centrifugal Force of Rotation (Fcp) 3,400 N
Centrifugal Force of Balance Piston (Fep') 2,851 N
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Table 3 Change of analysis conditions according to model

simplification
Main Detail Condition of Analysis
component
Mid drum Contact, Axi-symm
Drum part Outer drum Fp
Piston Fgsp
. Disk 1~5
Disk & :’late Plate 1~5 Contact
par Reaction Plate
Snap ring part Snap ring Contact

Simplification of Geometry &
Boundary Condition

Main Detail Condition of Analysis
component
Drum part Outer drum Pressure-of snap ring
Axi-symm

Fig. 13 FE results of full and unit model
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Table 4 Final analysis conditions of simple model
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Main Detail Condition of Analysis
component
Drum part Outer drum PreSAS“?e of Disk
xi-symm
Snap ring part Snap ring Contact
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7 | Unitmodel 1
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Fig. 14 Comparison of Structural stress distributions of
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Fig. 15 Simplifying Procedure of the clutch snap-ring FE
model
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Fig. 16 Comparison of Structural stress distributions of
full and simple model
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Fig. 20 Fracture of clutch snap-ring
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