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The Characteristics of Fatigue Cracks Emanating from Micro Hole
Defects Located Opposite Position of the Shaft Cross Section

Sam-Hong Songi Jun-Su Bae' and 11-Hyuk Amn””

Key Words: Fatigue Life(™] 2<°%), Surface Crack (%), Internal Crack(tH5-7 %), Fatigue
Crack Propagation Rate(¥] 27 €A 54X da/dN), Stress Intensity Factor Range (-2
AP ATEA, 4K), Cycle Ratio(38 8], N/Np), Aspect Ratio(5H H],a/C)

Abstract

The components with the circular cross section have the symmetric combination parts for rotating
balance and the crack emanates from the symmetric combination parts. The symmetric cracks from
symmetric combination parts make a decrease in the component fatigue life more than single crack. In
this study, to estimate the behavior of symmetric cracks, the fatigue test was performed using rotary
bending tester on the specimen with a symmetric defects in circular cross section. The material used in
this study is Ni-Cr-Mo steel alloy. Under the same stress, the result from the rotary bending fatigue
test turned out that the symmetric cracks made a decrease in the fatigue life by 35% more than single
crack and the relation between log a and cycle ratio N/Ny obtained linearly.
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Table 1 Chemical composition of SNCM220

Composition { Wt% )

Si Mn Ni Cr

029 | 0.23 0.60 0.57 0.66 0.20

Table 2 Mechanical properties of SNCM220

Yield Stress
( MPa )

Hardness
( Hv)

Ultimate Stress
( MPa )

3854 536.4 149
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Fig. 1 Geometry of specimen ( unit : mm )
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Table 3 Material constant of equation (1)

Crack Svmmet -
m
type | Single hole | > ic | symmetric
crack holes holes
Main crack | 2nd crack
Constan
A 1.06 1.06 0.99
B 0.79 1.00 137

B Single Hole - Crack
&  Symmetric Holes - Main Crack
4 ®  Symmetric Holes - 2nd Crack

Single Hole  Symmetric Holes

= = Author, Single Crack
—— Author, Main Crack
Author, 2nd Crack

0.1} ¢ : ! 2
9 A —.-.- Hirose, Nishtani
8 — i 1
4 5 6 7809 0.1 2 3 4 5

Fig. 2 The relation between surface crack length
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—&— Single Hole - Surface Crack (a )
—&— Symmetric Holes - Main Surface Crack ( a )
—&— Symmetric Holes - 2nd Surface Crack (a_ )

|
| T

[ o

e gt
ﬁ/ /. Single Hole  Symmetric Holes
1E-8 } s s

Crack Propagation rate, da/dN ( mm/cycle )

Crack Length, a (mm)

Fig. 3 The relation between surface crack
propagation rate and surface crack length
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Table 4 Material constants of equation (2)

Crack . .

. Symmetric | Symmetric
type |Single hole
holes holes
crack .
Main crack|{ 2nd crack
Constant
a -0.509 -0.568 -0.508
B 1411 1.302 0.968

—— Single Hole - Surface Crack ( a)
—&— Symmetric Holes - Main Surface Crack ( a )

10 ~—&— Symmetric Holes - 2nd Surface Crack ( a)

Single Hole

Symmetric Holes

Crack Length, a (mm)

05 06 07
Cycle Ratio, N/N,

08 09 10

Fig. 4 Relation between surface crack length and

cycle ratio
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Aspect Ratio, a /C

—&— Single Hole - Internal Crack ( a)
—&— Symmetric Holes - Main Internal Crack (a_ )

—&—— Symmetric Holes - 2nd Internal Crack ( a )

3.0

25

Smgl Holes S\mm ctric Hules
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02 03 04 05 06 07 08

Cycle Ratio, N/ N,

Fig. 5 The relation between cycle ratio and
aspect ratio
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Fig. 6 The relation between stress intensity factor

range and internal crack growth rate
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