[#4¥}] (Journal of the Society of Materials Science, Japan), Vol. 56, No. 12, pp. 1156-1162, Dec. 2007
=N
] X

TV T 4 VIR RIS
B Hk 7 LI IR FE & IR i S

oo Bzt AfRH th BT
LT I - S TR - e

Effect of Stress Relief Groove Shape on Fretting Fatigue Strength
and Index for the Selection of Groove Shape
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Yoshiyuki Konpo *, Masanobu Kusora*, Shunsuke Karaoka™* and Chu Saxat *

Stress relief groove has been used to improve the fretting fatigue strength of fitted part between mechanical
components. However, the effect of groove has not been fully understood and there are not enough investigations to
determine the optimal groove shape. In this study, the evaluation of fretting fatigue strength of specimens which have
various shapes of stress relief groove was conducted by fretting fatigue tests and FEM analyses in order to find an
index for the selection of groove shape. The groove shape was changed systematically with parameters of groove
radius R and tangential angle 6. In the fretting fatigue test, fatigue limit of grooved specimen had a peak with increase
of 6. The maximum improvement of fatigue limit was achieved at the transition point of the failure mode from the
fretting fatigue at contact part to the fatigue at groove root. It was experimentally shown that fatigue limit had a good
correlation with the parameter 6d, where d is the groove depth. FEM analyses were done to understand the effect of
stress relief groove. It was found that the fretting fatigue limit of grooved specimen could be evaluated using the peak
axial stress near the contact edge. The estimation of fretting fatigue limit using a relationship between Ki/Kiy and 6d
gave a good correlation with the experimental results and it would be a useful method to select the optimal groove
shape.
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Fig. 1 Fretting fatigue test method.
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Fig. 2 Details of fretting fatigue test specimen.
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Table 3 Improvement of fretting fatigue strength by
stress-relief groove.
R 6 d oy | Improvement Crack
(mm) | (deg) | (mm) |(MPa) |0y /Gy, nongroove| _ LOCation*
Non-groove 153 1.00 Contact edge
0.75 50 0.27 | 162 1.06 Groove root
Contact surface
20 0.12 | 157 1.03
0.10mm
Contact surface
30 027 | 188 1.23
) 0.15mm
Contact surface
40 0.47 | 224 1.46
0.20mm
60 1.00 | 219 1.43 Groove root
90 2.00 192 1.25 Groove root
Contact surface
20 0.18 | 164 1.07
0.07mm
3 Contact surface
324 | 047 | 218 1.42
0.10mm
40 0.70 | 236 1.54 Groove root
Contact surface
25 047 | 177 1.16
5 0.11lmm
Contact surface
31.8 | 0.75 | 240 1.57
0.11mm

*Distance from the

contact edge to the crack location

measured in the specimen tested at approximately 10MPa

above the fretting fatigue limit of each groove shape.
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Fig. 3 S-N curves of grooved specimen of R = 2mm.
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Fig. 4 Effect of groove depth on fretting fatigue strength.
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Fig. 6 Effect of contact pressure on stress distributions
at groove root (R = 0.75mm).
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Fig. 7 Estimation of fatigue strength of groove by
using modified Goodman diagram (R = 0.75mm).
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Fig. 8 Effect of contact pressure on stress amplitude
of groove root calculated by FEM.
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Fig. 9 Experimental evaluation of effect of stress relief
groove on fretting fatigue limit by using parameter
related groove shape 4.
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Table 4 Material properties applied to the FEM model.

Young’s | Poisson’s Yield Hardening curve
modulus ratio stress c £
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Fig. 13 Contact pressure distributions near contact edge.
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Fig. 14 Distributions of the axial stress exerted on
specimen surface near contact edge.
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elasto-plastic FEM analysis.

2000

R=2mm, 6=40deg, G, yom = 224MPa

Contact
———— Tension 1
x .
————— Compression
y

1000F 7 e,

Contact pressure, p (MPa)

Distance from contact edge, X (mm)

Fig. 17 Elastic contact pressure distributions considering
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Fig. 18 Distributions of axial stress considering plastic
deformation of contact edge.
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Fig. 19 The maximum axial stress near contact edge.
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Fig. 20 Stress reduction by the introduction of groove.
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Fig. 21 Estimation of fretting fatigue limit by using
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