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Effect of Low-power Laser Irradiation on the Surface
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ABSTRACT: Aiming at the problem of the residual tensile stress of aeronautical aluminum alloy parts after repair and
processing, which affects the service life of components, a method based on low-energy input laser irradiation to reduce the
surface residual stress of componentsis studied. The laser beam irradiates the concentration area of the residual stress,converting
the elastic internal energy into plastic work by laser heating, resulting in the residual stress reduced. In order to verify the
feasibility of this approach, four-point bending test was conducted on the 2A12 aluminum alloy sample, the residua stress was
caused by the non-uniform plastic deformation during the bending. The laser radiating relieved the residual stress by scanning
the stress concentration region. The surface residual stress of the sample was measured via X-ray diffraction. The results showed
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that the residual stress decreased significantly after laser scanning, and the tensile residua stress was completely eliminated.

When the laser power was increased to 95 W, the compressive residual stress could be eliminated by around 77%. Through

theoretical analysis and microscopic morphology comparison, it was found that no phase transformation occured before and
after laser scanning. By analyzing the variation of the full width at half maximum for the diffraction peak of Al (311) crystalline
plane, it was found that the laser heating decreased the dislocation density. With the increase of laser power, the decrease of

dislocation density increases, which was one of the reasons for residual stress relaxation. Without changing the microstructure of

the material, low-power laser irradiation could significantly reduce the surface residual stress distribution of the material.
KEY WORDS: laser irradiation; residual stress; X-ray diffraction method; microstructure; dislocation density
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Tab.1 Composition of 2A12 aluminum alloy
wt.%

S Fe Cu Mn Mg Ni  zZn Ti Al
05 05 38-49 03~09 1.2~18 0.1 0.3 0.15 Bal.
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Fig.1 Sketch of four-point bending test
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Tab.2 Laser processing parameters for residual stress
relaxing

o Laser Outside Inside Laser scanning
" power/W diameter/mm diameter/mm  speed/(mm-s™)
67 4 2.6 1.25
95 4 2.6 1.25
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Fig.3 Distribution of stress test points: a) surface a, b) surface b
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Fig.4 Formation of residual stress: a) positive moment loading; b) reverse moment unloading; c) residual stress distribution after

unloading
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Tab.3 Initial residual stress measurement oy of bending sample
MPa
Test point number 1 2 3 4 5 6 7 8 9 10
Sample 1 49.4+2 45.3+5 61.6+5 65.8+4 61.6+20 -149.8+9 -126.6+3 -100.7+3 -102.5+6 —117.6+7
Sample 2 33.1+3 40.8+12 64.3t3 67.3t7 73.5x11 -121.7+5 -122.3+7 -136.7+4 -100.8+5 -98.9+8
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Tab.4 Distribution of residual stresson points of sample 1 after laser scanning with low power ( 67 W )

Test point number of

1 2 3 4 5 6 7 8 9 10
sample 1
gjnﬁéfﬂd“alﬁres 49442  453+5 61.6+5 658+4 616420 —149.8+9 —126.6+3 —100.7+3 —1025+6 —117.6+7
y’
Residual stress after 11842 -102+13 63%6 -151+6 —6.4+9 -1167+4 -98.4+9 73243 -741+7 —483+7
laser treatment o,/MPa
Percentage of residual ¢ 4 100 100 100 100 21 2227 2731 2771 5893

stress reduction/%
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Tab.5 Distribution of residual stress on points of sample 2 after laser scanning with high power ( 95W )

Test point number of

1 2 3 4 5 6 7 8 9 10
sample 2

Initial residual stress
a,/MPa

Residual stress after
laser treatment o,/MPa

33.1+3 40.8+12 64.3+t3 67.3+7 73511 -121.745 -122.3+7 -136.7+4 —100.8+5 -98.9+8

10.743 -25.9+16 -6.9+11 -3.5+4 -12.1+10 -58.1+6 -36.3+8 —49.5+2 -30.8+2 -22.5+3

Percentage of residual

stress reduction/% 67.7 100 100 100 100 52.26 70.32 63.79 69.44 77.25
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Fig.5 Residual stress distribution of two samples after laser scanning: a) sample 1; b) sample 2
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Fig.6 Temperature vs. time for samples during laser scanning: a) sample 1; b) sample 2
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Tab.6 FWHM of various points on sample 1 and 2 after
laser treatment with low power (67 W)

1# 2#
BilC)  BJC)  ABIC)  BIC) ()

ABI()

1 1507 1490 0.017 1.492 1450 0.042
2 1517 1512 0.005 1530 1.467 0.063
3 1532 1515 0.017 1552 1515 0.037
4 1560 1557 0.003 1592 1535 0.057
5 1622 158 0.037 1620 1567 0.053
6 1575 1555 0020 1602 1565 0.037
7 1550 1535 0.015 1565 1520 0.045
8 1535 1527 0.008 1532 1465 0.067
9 1525 1482 0.043 1515 1460 0.055
10 1492 1472 0020 1492 1427 0.065
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Fig.9 Dislocation density of samples before and after laser
scanning: a) sample 1; b) sample 2
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