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The Application of Forman Equation for Fatigue Crack
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Abstract

Fatigue Fracture behaviors of the TIG-welded alumium alloys, such as Al 2024-T4, Al 5050-0 and
Al 7075-T7 were investigated when a crack propagated from tensile residual stress region and compr-
essive residual stress region. The experimental values were compared with the values expected by the
Forman equation.

The experimental results are summarized as the following:

(1) In case of fatigue crack propagation from residual stress region, the values predicted by Forman

equation were Found to exactly corresponded to the experimental values.

(2) When the stress intensity factors affected by compressive residual stress, Kres, were greater
than the stress intensity factors by minimum applied stresses. Kmin, the Forman equation was
found to be improper to be applied directly, but the equation appeared to be proper, if the stress
ratio was modified to zero.

(3) The experimental results confirmed that residual stress was relaxed by repeated tensile loading
and the relaxing trend was greater in case of compressive residual stress than that of tensile

residual stress.
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Fig.1 Configuration of Fatigue Test Specimens
(a) Center Cracked Tension Specimen.
(b) Single Edge Notched Specimen
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Table. 1 Experimental Conditions

. Stress  Stress range  Test Frequency
Specimen  patig (MP,) (H)
C.C.T 0.05 26-1.27 15
S.E.N 0.05 33-1.67 15
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Photo. 1 Measuring Apparatus for Residual
Stresses
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Universal Testing Machine (Instron Co. Model 1332)
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Table. 2 Chemical Compositions of Aluminum Alloys (Wt. %)

Composition

Cu Si Fe Mg Mn Cr Zn Ti Al
Material

Al12024-T4 4.03 0.17 0.21 1.54 0.54 0.01 0.01 — remainder
Al51052-0 0.02 0.14 0.21 2.46 0.01 0.21 0.01 — remainder
Al7075-T6 141 0.21 0.61 2.46 0.01 0.22 5.42 0.01 remainder
Table. 3 Mechanical Properties of Aluminum Alloys

Material a, (MPa) oy (MPa) Elongation (%)

A12024-T4 460 353 16

Al15052-0 216 88 22

Al17075-T6 573 539 8.5

Table.4 Chemical Compositions of Filler Metals (Wt. %)

Filler Metal Si Fe Cu Mn Mg Zn Ti Cr Al
ER 4043 4.50 0.80 0.30 0.05 0.05 0.10 0.20 - Remainder
ER 5356 0.20 0.30 0.10 0.05 4.50 0.10 0.06 0.05 Remainder
Table.5 Conditions for TIG Butt Welding
Electrode Filler Metal Argon Flow Current Voltage Speed Number of
Dia. (mm) Dia. (mm) (cm3/min) (A) (v) (mm/min) Passes

4 3.2 12-14 320-350 30 120-150 5

Journal of KWS Vol.5, No.1, Mar., 1987
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