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A Study on the Prediction of Fatigue Life
in 2024-T3 Aluminium using X-ray Half-Value Breadth

Seok Swoo Cho', Soon Ho Kim", Won Sik Joo

ABSTRACT
X-ray diffraction method detects change of crystal lattice distance under material surface using diffraction
angle 2. This technique can be applied to the behavior on slip band and micro crack due to material
degradation. The relation between half-value breadth and number of cycle has three stages which constitute rapid
decrease in initial number of cycles, slight decrease in middle number of cycles and rapid decrease in final number
of cycles. The ratio of half-value breadth takes a constant value on B/B,-N diagram with loading condition except
early part of fatigue life. The ratio of half-value breadth B/B, with respect to number of cycle to failure Ny has
linear behavior on B/B,-log Ny diagram. Therefore, in this paper the estimation of fatigue life by average gradient
method has much less estimated mean error than the estimation of fatigue life by log B/B.-log N/Nj relation.
Key Words : X-ray diffraction (X1 #|#), Half-value breadth (¥t7}%), Diffraction angle (3] 2 Z}%), Average

gradient (%3 71&7]), Individual gradient (2 7]& 7)), Cycle ratio (¥ E5H])
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Table 1 Chemical compositions of 2024-T3
aluminium (wt.%)

Mg|Mn| Fe | Si

1.67

Material | Cu Cr|Zn|Ti| Al

2024-13|4.82 0.580.18|0.07}0.02(0.06(0.15( Bal

Table 2 Mechanical properties of 2024-T3 aluminium

Yielding
strength
0,5 (MPa)

Tensile
strength
0 s (MPa)

Young's
modulus
E (GPa)

Elongation
er(%)

Material

£

2024-T3 380 507 21.6 77.02
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(b) Fatigue test specimen

Fig. 1 Geometry and dimension of test specimen (unit
: mm)
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“ig. 2 Schematic illustration of fatigue test machine
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Fig. 3 Schematic illustration of X-ray diffraction in
crystal lattice structure
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Table 3 X-ray diffraction condition of Al 2024-T3

aluminium
Test condition Parallel-beam method
Diffraction angle 137.44°
Characteristic X-ray Cu-K.,
Diffraction plane (422)
Filter Ni
Tube voltage 3BkV
Tube current 30mA
Irradiated area 1X7mm
Soller slit 1°
Scanning speed 2°/min
Chart speed 40 mm/min
Time constant 2 sec

(422)
1/2
1/2
| 1 1 1 | ¥l 1 1 1 1 |
140 139 138 137.64 137 136 135

Diffraction angle 20

Fig. 4 Determination of diffraction angle 26 at X-ray
diffraction profile for Al 2024-T3 aluminium
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