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AFM Study on Crack Initiation and Growth Behavior
in an Extruded Aluminum Alloy 2024-T3
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In the present study, rotating bending fatigue tests were performed on an extruded aluminum
alloy 2024-T3 to study a crack initiation and growth behavior on the smooth un-notched specimen. -
Effect of microstructure of the material on the crack initiation and growth behavior was also studied
using an atomic force microscope, AFM. Small crack with a length of 1-2 pm initiates at grain
boundary in the very early stage of fatigue life, N/N,=6-10%. So the fatigue life is almost
considered as a crack propagation life. The initiated crack propagated very slowly along the grain
boundary especially at the lower stress amplitude region. The S-IV curve can be estimated from an

integration of the relation da/dN vs. M, the parameter proposed by authors.
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Fig. 1 Dimension of the fatigue specimen
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(a) AFM images of microstructure

(b) Typical appearance of the microstructure

Fig2 Typical appearance of the microstructure of 2024'T3 aluminum alloy
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Fig.3 S-Ncurve for the 2024-T3 alloy
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Fig5 Interaction between crack and microstructure at 6a=200MPa

— 106 —

NI -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

FEFBAEMERIC L 27 v S =y LGS 2024-T3 DY SWURE L #EEHOBRE 483

10-2 'If:s-'=3-O1HZ
' "] O :300MPa ' '
A :250MPa ]
103 M :200MPa
Calculated
———:300MPa
—_~ 104_ ----- e
E .
] ) A A AA
g1 R o
'
T i
10-7 . ! , | . I , | X
0 20 40 60 80 100
N/N; (%)

Fig.6 Relation between crack length, 2a and fatigue life ratio, N/N¢
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Fig9 The relationship between da/dN and M parameter

proposed by authors.

(D AFM #5821 Y, [EHiRIEc—250MPa (2B T,
L NINe2S 6%DBF, 1.37um DEZRAL,
[T 1HEIEe=200MPa (23U TlE, NINeAS 10%0DRE

T 188um BREOXERRA L. WPNOBAbLE

AT F T TR T o 7.
@ FERIR F PRI HRAE LT 2 Z0 3
ERLEAHEERZRL, FadhTh>Tw-<n &
HEEL.
@ EHE X 2a & NINeDBRII AR HRIER T
PEAERS bz, (RS HIREBEIZ S, FmoOREDN
10um LA F D & ZLERBIHC LD 5.
@ TV = ARG 2024T3 (281} 5 &%
@@E{tf VAL TONES Rl B O 62 N Y
7o, EZSEREE dadN % M /3T A—Z ([T L DE
ﬁ‘ré &, TSR 2 72, WX S 7
R 2 OfEE LTREND. ZOBIREEST
B L& -oT SN HRNEH SN, FEREREE
BRICRL —E LT
BiE
ARFEORTIZHT= > T, FEAX Tiams V=72V Ve

KERF B v FRF A J McBEvily S5 At
BAEkTD.

BE X

(1) Halliday, M. D., Cooper, C., Poole, P., and Bowen,
P., On predicting small fatigue crack growth and fatigue

— 108 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

@

€))

@

Engi neers

FETHAOBEBEC & 5703 =0 2GSRI 2024-T3 OFEH SHRYE L EEETHOBE 485

life from long crack data in 2024 aluminium alloy, Int.
Journal of Fatigue 25(2003),709 - 718

Zhang, J. Z., Zhang, J. Z., and Meng, Z. X, Direct high
resolution in situ SEM observations of very small fatigue
crack growth in the ultra-fine grain aluminium alloy IN
905, Scripta Materialia 50(2004), 825-828

Donnelly, E., and Nelson, D., A study of small crack
growth in aluminum alloy 7075-T6, Int. Journal of
Fatigue 24(2002),1175-1189

Ishihara, S., and McEvily, A. J., Analysis of short fatigue

crack growth in cast aluminum alloys, Int. Journal of

Fatigue 24 (2002),1169-1174

®)

©

™

)

Caton, M. J,, Jones, J. W, and Allison, J. E., In:
Ravichandran, K., Ritchie, R., and Murakami, Y., editors.
Small fatigue cracks, Elsevier, (1999),155-66
McEvily, A. J,, Ishihara, S., and Endo, M., An Analysis
of Multiple Two-Step Fatigue Loading, Proc. of
Cumulative Fatigue Damage Conference, Seville,
May 2729, (2003),20-25
Minakawa, K., Nakamura, H., and McEvily, A. J., On the
Development of Crack Closure with Crack Advance ina
Ferritic Steel, Scripta Metall 18 (1984), 1371-1374
McEvily, A. J., Ishihara, S., On the dependence of the rate
of fatigue crack growth on the G,'(2a) parameter, Int.
Joural of Fatigue 23 (2001),115-120

—109—

NI | -El ectronic Library Service



