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Stress Measurement of Aluminum Alloy Using Fourier Analysis of X-ray Diffraction
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Abstract

** and Toshihiko SAS
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In this study, X-ray stress measurement of aluminum alloy A2017 using the Fourier analysis proposed by Miyazaki et al. was carried
out. The validity of measured stresses was verified by a four point bending test. Coarsening grains existed in the specimen and spotty
diffraction rings were obtained, nevertheless the Fourier analysis is applicable for such material. The stresses measured by Fourier
analysis were in good agreement with both mechanical ones and the value obtained by the cosa method. For the single X-ray incident,
the measured stress obtained from the 311 diffraction plane particularly showed such correspondence to applied stress as compared
with the 222 diffraction plane. The reliability of stress measurement was improved by using the in-plane averaging, and it was
effective for every diffraction plane. The effect of enlargement of the X-ray irradiation area saturates, thus the areas to average should

be selected appropriately in order to measure the stresses efficiently.
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Fig.2 Schematic drawing of ¢, —cosa diagram
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Table 1 X-ray measurement condition

Characteristic X-ray Cr Ka
Diffraction line, hkl Al 311 & 222
Tube condition 30kV, ImA
X-ray irradiation diameter, mm 2
Incident angle vy, deg. 35
Exposure time, s 40

Table 2 Stiffnesses of single crystal of Aluminum

Ci Ciz Cyy
106.78 60.74 28.21
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3.3 MsmehiFEER

ERoRRER TS OB RICRE L, Bt 5 A1k
2o X ala Lz, iIMBOEAX % Figd IR, Sl 2
28 ORI 120mm, W23 ORI 60mm Td 5.
WEPRORNC DT 2 NI Z Sy 2 AL, BRI
HF BRI A 2 HEE Th 5, KighL Tuaiey A2017 D 0.2%
i 131349 70MPa'® 7243, 70MPa DT Afi £ M A % & Z /%
VOB T AT AL C RS S 50T, Al
KT45MPa & L7z, &, IDJIEHREHCHOW WYY > o
I3 71.6GPa" & L7z,
3.4 AEREDNE

Miyazaki 57 12 & % &, BEAUROEHTEIZ 7 — Y b
Wt L 7z e 20 IIERSE 1T In-plane averaging IZ X >
CTWF#ETHETH 5, Inplane averaging &1, X D MRS E
ERELTCHENEL, WREMIHEBAEL KT S ZETID
TTHEREEZR EXE5TET, TLIASIZEEDTH S
P EMERL 72, T LB Syl e H T & o % #H
L 7z, In-plane averaging % 3# 9 % D X Mg B 5 %

Outer span Specimen » 56 -
Inner span 1 - —
u - I 1
T 21| |
U @IS g | |3 o
120 -
| —Load screw
Y
- 140 Ok 70 _
(Unit : mm)

Fig.4 Schematic drawing of four point bending
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Fig.5 Measurement points for in-plane averaging
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Fig.6 Diffraction rings of unloaded specimen
Inner ring is 222 diffraction and outer one is 311 diffraction
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Fig.10 Relationship between stress applied by four point bending
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Fig.12 Measured stresses of each X-ray incident area used for in-
plane averaging (Ogqui.) Where the horizontal axis is the number of
X-ray irradiation point on Fig.5
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