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Effect of Indentation Residual Stresses on the Fatigue Crack Initiation Life

Hwan Woo Rhee”, Tae Il Kang™

ABSTRACT

Up to now, many crack repair techniques have been developed for inhibiting crack growth in structural components.
However, the simplest way for inhibiting crack growth is to apply a indentation at the crack tip or at some distance ahead
of the expected crack growth path so as to produce residual compressive stresses that can reduce the effective stresses
around the crack tip. In spite of its importance to the aerospace industry, little attention has been devoted to evaluation of
the indentation residual stress effect on the fatigue crack initiation life quantitatively. Therefore, in the present work, the
magnitude and distribution of the indentation residual stresses were investigated in order to estimate the beneficial effect
on fatigue crack initiation by using finite element method. Furthermore, to examine the validity of finite element
analysis results, residual stress distribution in the indented specimen was measured by using X-ray diffraction technique,
and fatigue crack behavior at fastener hole in aluminum alloy 7075-T6 before and after indentation processes was
investigated.

Key Words : Indentation( %), Residual stress(Z-5 %), Finite element method(F3+ 8.4 H), X-ray diffraction
technique(X-41 3] Z ¥), Fatigue(3 &), Crack initiation life(Z € ¢ 54)

1. M8 £ v 23 ¥ (Indentation Technique)? & &3

¥ (Hole Expansion Method)® % @€ 3% 3 (Crack

gF7iet Aul FREC dutd oz HLFHI Patching Technique)® 5°] 7N&Ho] &7 H=&
Qe ot EE oSy E B =Yo] &9 AT Yt olF £ ATl FAE JHAR 9
3hiL, Felsge] & FHES 7HANZ gle v, T Y, Adatg oy dEAYE ANA

A Jhed AELLE Fo| Aoz 753 29 A7 719 4LE et 4% FREH
o FxZE J2FEE AsATIE Gl A S FEAHeER, A5 #E-SH(Effective
o mEA olet Ze FEEY AHdearE & Stress)S A3tA7|L TFHoR I2FH P
AANA A2ERE AAdsEe =] o A & EEshE &4-38 MUY dIFo=A,

HE A&Ho] gon, A 233 (Shot-peening)’ 7VEFGo] vadte] @ S84 & FFE 7}
@ 7Y:2003 368 16Y; AANEAL: 20041 3 € 12¢
# “‘Xﬁz} Aguigtn AR

Email thee@kyungnam.ac.kr Tel. (055) 249-2618
, Aadstm AANEHTEY gt



@3 ZHY : #34Y

Fe3)A A2 Y A5z

A ek 2y el ZIA FREY &
31859 de J1Hd + e dTIer A
7] fdlME, gz g IR 3
ZFH<A H7tst olg Ediz & 2T EINY T
ag A7 oo & ez MAFHY,
AF7A ol #G AFdE Agd A¥EA AR} &
EHI g ®7 A7 4d¥E HEY 24
Ao ANFen Aokt ek ddbe 2 a7
qMe A2d4d2d R 4FAT g 49 2

399 9% AEsu wd H39 gYx
[e)

NI

AR Hate, dAHoz dgzdd o
TEENS FRassYst
¥FEH

, 4

=y

of H

2. 9] THREHY RN

21 &AM 2E 3 WY

A 2D Fig. 1 I 2ol FR(FA =6 mm)Y]
FdHFol EAetE B FAA d=5 mm)dl A H
D 9 958 4YAE o] &3 dUTHL =y}
ddon, F32sdMe AL 13 &)
Arde 18 & ANYGEez AFF g,
ARZE M ddGels F 5,000 1] Ab A
A2 28" A¥8aYe dAsdd 53 ¢
A Gl Fo) tFE EAl nlE Ao 2
B2 FAZ A, T FAAE o AE3
ZAY £ UEF 849 YEE DA
A eAE wREHAeH, ddAY BAY HE
W A E Y7 EA2 f3he Ao A
dq oz HELHT Y dA AdulEAs

T

£ do = % o

o ot

0.08 & A}

Fig. 1 Finite element mode! for indentation analysis
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Table 1 Mechanical properties of Al 7075-T6

Yield Young’s .
g;?:ri:;liz?; Strength Modulus Elor(logA)al)tlon
(Mpa) | (GPA)
T-L7 463 72 35

T" : Long transverse of rectangular product forms such as plate
L"":Rolling Direction of rectangular product forms such as plate
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Table 2 Measuring conditions of residual stresses

X-ray diffraction Measuring conditions
Target Cr

X-ray source Voltage 35.0kV
Current 1.5 mA

Effective focus 2.0 mm

Y -15°,0°, 15°

Calculation method 26 - sin®®
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stress distribution in the direction of radius
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