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Measurement of Residual Stress Distribution in Laser-Shock
Peened Ti-Alloy Using Hard Synchrotron X-Rays

by

Kenji Suzuki ¥, Takahisa Suosu ™" and Keisuke Tanaka ***

A plate of a Ti alloy, Ti-6A1-4V, with a thickness of 9mm was laser-shock peened. The distribution of the residual
stress throughout the plate thickness was nondestructively measured with the transmission and reflection conditions
of the strain scanning method using hard synchrotron X-rays of 70keV energy. The distributions of the in-plane and
out-of-plane strains were measured by using the 004 and 112 diffractions of o—Ti phase. In-plane strains measured in
two perpendicular directions were nearly identical, confirming the equi-biaxial state of residual stresses. The out-of-
plane strain measured for the 112 diffraction agreed with the value calculated from out-of-plane strains based on
isotropic elasticity, while that for the 004 diffraction was higher than the prediction. The discrepancy for the case of
the 004 diffraction was caused by the intergranular strain due to plastic anisotropy. The use of the 112 diffraction was
recommended for the stress measurement. The residual stress on the surface was compression of about ~-500MPa
and the compression zone extended about 1.8mm below the surface. The distribution of the half-value-breadth also
shows a large increase in the subsurface compression zone.
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Fig. 1 Laser-shock peened Ti-alloy sample.
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Table 1 Elastic constans of o~Ti.

Stiffness (GPa)

Ci1 €12 €13 €33 C44
1624 920 69.0 180.7 46.7
X-ray values: E (GPa), v
(001) 1284 0.298
(112) 113.2 0.324
Mechanical values: E,, (GPa), v,

114.7 0.322

(a) specimen on sample stage.
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Fig. 2 Configration of specimen.
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Fig. 3 Optics for stress measurement.
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Table 2 X-ray conditions for strain scanning method.

Material Ti6Al4V
Crystal «-Ti, hexagonal
Surface treatment | Laser-shock peening
Insertion device Undulator
Diffraction 004 112
Wavelength, keV 69.08 69.99
Slit size, mm? 2.0x02 | 1.0x0.2
26, deg 8.818 8.2040
A28, deg/step 0.004 0.003
do, pm 116.598 | 123.8123
Oscillation +2mm
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Fig. 4 Change in diffraction angle measured by
transmission method.
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Fig. 5 Distributions of in-plane residual strain using
004 diffraction.
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Fig. 6 Change in peak height with depth.
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Fig. 7 Comparioson between in-plane strain and out-
of-plane strain.
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Fig. 8 In-plane and out-of-plane strain distributions
measured using 112 diffraction.
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Fig. 10 X-ray diffraction profiles.
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