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

Sam Hong Song*, 11 Hyuk Ahn" and Jeong Moo Lee”

ABSTRACT

The shaft with the circular cross section have symmetric structural combination parts to keep the rotating
balance. Hence the crack usually emanate from symmetric combination parts due to the stress concentration of
these parts. In this study to estimate the fatigue behavior of symmetric cracks, the fatigue test was performed by
using rotary bending tester and the specimen with symmetric defects in circular cross section. From the facts the
characteristics of crack initiation and propagation on the symmetric surface cracks in circular cross section was
examined. Also we observed the internal crack using oxidation coloring and investigated the fatigue behavior using
the relationship between surface crack and internal crack. As a result of fatigue life of symmetric cracks was
reduced to 35% compared to single crack's. We examined the characteristics of fatigue behavior in element with
symmetric cracks using internal crack propagation rate and maximum stress intensity factor range obtained from

approximation method.

Key Words : Fatigue Life (3 2%7), Surface Crack (EW %), Internal Crack (V¥ <€), Fatigue Crack
Propagation Rate (27 B A4 %, da/dN), Stress Intensity Factor Range (8- & A4 9,
AK), Cycle Ratio (5~ H], N/Np
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Table 1 Chemical composition of SNCM220

Composition ( Wt.% )

C Si Mn Ni Cr Mo
029 | 0.23 | 0.60 | 0.57 | 0.66 | 0.20
Table 2 Mechanical properties of SNCM220
Yield Stress | Ultimate Strength | Hardness
( MPa ) ( MPa ) ( Hv)
385.4 536.4 149
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Fig. 1 Geometry of specimen (dimensions in mm)
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Fig. 2 The relationship between number of cycles and
surface crack length
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—#— Single Hole - Single Surface Crack ( a)
—&— Symmetric Holes - Main Surface Crack ( a_)
—6— Symmetric Holes - 2nd Surface Crack (a_)
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Crack Length, a (mm )
Fig. 3 The relationship between surface crack length
and surface crack propagation rate
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Small hole Small hole . { __ Fatigue
l t H ~crack
Fatigue
= Stmall crack - crack

(a) N=8x10* (b) N=15x10* (c) N=25x10*

Photo 1 Illustration of fatigue crack initiation from
one small hole

Small hole
1 Final fracture pattern

from fatigue crack

§Final fracture pattern

Final fracture pattern
from fatigue crack

Small hole

Photo 2 Illustration of final fracture from two small

holes
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Fig. 4 The relationship between surface crack length
and internal crack length

Table 3 Material constant A, B of equation

Single Hole|Symmetric Holes|Symmetric Holes
Crack Main Crack 2nd Crack
A 0.69 0.78 1.36
0.71 0.70 1.02
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10 —#— Single Hole - Single Surface Crack ( a)
—&— Symmetric Holes - Main Surface Crack (2, )
—&— Symmetirc Holes - 2nd Surface Crack (3,)
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Fig. 5 The relationship between surface crack length
and cycle ratio

Table 4 Material constant a, § of equation

Single Hole|Symmetric Holes|Symmetric Holes
Crack Main Crack 2nd Crack
a -0.509 -0.568 -0.508
B 1.411 1.302 0.968
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—8— Single Hole - Single Internal Crack (g)
—&O— Symmetric Holes - Main Internal Crack (a,,)
—e— Symmetric Holes - 2nd Internal Crack (a,)

10° F
F
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Single Hole Symmetric Holes

107 ¢
E AK S.LF range at A, A'

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

200 300

Stress Intensity Factor Range, AK (MPa mmm)

Fig. 6 The relationship between maximum stress
intensity factor range and internal crack
propagation rate
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