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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 components is 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 residual 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 residual 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.%
Si  Fe Cu Mn Mg Ni Zn Ti Al
0.5 0.5 3.8~49 03~09 1.2~1.8 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

Laser Outside Inside Laser scanning
" power/W diameter/mm diameter/mm speed/(mm-s ')

67 4 2.6 1.25
2 95 4 2.6 1.25

WO RIBR AR 5 A b (AR S mm ), &
TR EERG LS P, SR HOIKIT LR 50 SR 4 A3 W
WO R AR P R A 2 1w R BE Y A AR I o

R TR HC OGRS 5% A N 14 AR B AR Ak 1R
B, FEBURE N2k B LT PR R T A5 R H S AN s AE A N
MR (gl 3 Fras, 18 3a A ke i (LA
TFR a ), B 3b Sl iR A (LN FR b ) Do
AR R A 5 mm, HA s 3 A8 5N a
T b T Y G a5, AL 22 A I 1 S,
SR B P R EOEIE T2, W g T R SHRIN T 452
MR PAREE (4030 1R 28808 ) SR
X-350A Y X S 2k o 77 K60 430000 A 98 ' Ak BRI S
TR S i 7 0 ) (L 2 HalkE B4 i Sk TR
y I ) WERTEARA N 71, ME ) ikS 0 GB/T 7704—
2017 { TCAARTI X SFLRIN e Tk ), TR
A o 20 R AN 143°, 20 FIZIEAN
134°, 20 AREEE N 0.10°, FHHEUNEI R 0.5 s, XA
R 20 KV, G LT 5.0 mA, fi R TE R AL311),

. TS i diuesS .

a ke

b AT
K3 I s A

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
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Tab.3 Initial residual stress measurement o, of bending sample
MPa
Test point number 1 2 3 4 5 6 7 8 9 10
Sample 1 49.4+2  453+5 61.6£5  65.844 61.6£20 -149.849 —126.6+3 —100.7+3 —102.5£6 —117.6+7
Sample 2 33.1£3  40.8+12 64.3+3  67.3+7  73.5%11 -—121.745 —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

sample 1 ! 2 3 4

5 6 7 8 9 10

Initial residual stress
o,/MPa

Residual stress after
laser treatment o,/MPa

49.4+2 45.3+£5 61.6+5

11.8+2

Percentage of residual
stress reduction/%

-10.2£13  6.3+6 -15.1#6 —6.4£9

76.1 100 100 100

65.8+4 61.6£20 -149.849 -126.6£3 -100.7£3 -102.5+6 —117.6+7

-116.7+4  -98.4+9 73243 74147 48347

100 22.1 22.27 27.31 27.71 58.93
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Tab.5 Distribution of residual stresson 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

Ln;;ﬁ;es‘dual SUCSS 33143 40812 6433 6737 735411 —121.7+45 —122.3+7 —136.7+4 —100.8+5 —98.9+8

y

Residual stress after 10743 259416 —6.9+11 —3.544 —12.1410 —-58.146 —-36.3+8 49542 —30.8+2 —22.543

laser treatment oy/MPa

Percentage of residual = ¢ ; 100 100 100 100 5226 7032 6379 6944 7725

stress reduction/%
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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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Tab.6 FWHM of various points on sample 1 and 2 after
laser treatment with low power (67 W)

1# 2#
B BJC) ABIC) B BI(O)

ABI(°)

1 1.507 1.490  0.017 1.492 1.450 0.042
2 1.517 1512 0.005 1.530 1.467 0.063
3 1.532 1515 0.017 1.552 1.515 0.037
4 1.560 1.557 0.003 1.592 1.535 0.057
5 1.622 1585 0.037 1.620 1.567 0.053
6 1.575 1.555 0.020 1.602 1.565 0.037
7 1.550 1535 0.015 1.565 1.520 0.045
8 1.535 1.527 0.008 1.532 1.465 0.067
9 1.525 1.482 0.043 1.515 1.460 0.055
10 1492 1472 0.020 1.492 1427 0.065




- 204 - * wm #H R

2021 4F 3 H

30

|:| Untreated
25t 6w

20+

I5H

Dislocation density/(x10' - cm™)

10
1 2 3 4 5 6 7 8 9 10
Test points
a 1#iHE
30
[ Untreated

sk [CJosw

20+

15H

Dislocation density/(x10'- cm™)

10

1 2 3 4 5 6 7 8 9 10
Test points

b 24k
K9 BOGAL RTS8 % B AL

Fig.9 Dislocation density of samples before and after laser
scanning: a) sample 1; b) sample 2

AR, IR T, PR R, (iR
AR EETL; R, AR BTN SO, A RN,
L5 1 SREL 10N, AR T AT /N0 TR A
JE R AR SRR 2, PR BN RBEREK, pR TAk T e
8 fl Ak 4 v R L [ 52 A 7 AR 8 A
W ARy, S S P AR R L4 K

BRAR DL I BR A FURAEA 2 Bl —Fh 28 i it
INAN 7 it B2 SE AN SN 2 Ak T s I AR B
Iri SRR ASIE , BEARAR I ST, IR R A
RIRPENGE; 0 — PR AR LU S RE R, (N
SRR AR I ANREE ST IR BN, [l B
TS5 B R R 14 D/ o A g 22 -5 4 RO, ) A+
K, AR HESN AL A SR 22 5 DR BOUN 1 FB 7041
TR )5 AR SV AR Y 3 58 22 1] 52—
S 14 A 56 2R P DR b T LS ek S T A 14 2 e 5
KA FHOR I, HAAAXIE (2),

GziﬂcotﬂE 2)

K: o AN ST B ATTHTER S5 6
RAGHIAG A5 E R, i ad X 2R AT AR
A 4GS AT & ARk AB, AB BEVREY)
PRI . RIGER 6 vJH, 1EESIREMNT,
Y m T AR IR 0.067°0 B ABma IRALTL (2),

RIVRT 4530t OGRS OO 3 728 A 4 e R {ELAX
N 7.65 MPa, RIS —Fif S I BR AL i 72306 R 714
PSRN & B AR

3 it

1) HFRET G, BOCIIX8 4 & A Rk i
W PRI REAR, BRI I Bl M 1 5 o % XS AR A
7 I — R i R R, 55t 2 (A5 b ) ke A B MR
T, BRATN 1A BB, B0k T 3060 1 s H AR 1)
AT

2) BEAEWOCTZRIG K, AOREERTH A IAAE 3 8
FTER TR, AR IR BR T R IR K, B
ek PN 40 v PN BB T 22 MG A A SR Ty, BR AR R
JIHWE Sy LR IR By, 383 77.25% 2544 6

3) MRS 2A12 WA SRR, 1A E
BOCHHGERE K 1.25 mm/s, YeRIME N 4 mm, N
2.6 mm HETHE T, RAMET 115 W BOGD) 2R
TTERA N SR AL B, RS 2A12 S5 6 & & R
HAAk

4) ECTH IR A I 7 A AR 7 A N, ) TR
SAH R IR WCRE S N, RSN, RSl
K, TR T &b T A AR AR Y 5 i 1 SR [ & B A4
BB, A AR IR, R AL, BEE Y
SCTFEIEIN, AL HE T IR B R

S 3k :

[1]  SIM M W. Challenges of residual stress and part distortion
in the civil airframe industry[J]. International journal of
microstructure and materials properties, 2010, 5(4/5): 446.

[2] LIJ G, WANG S Q. Distortion caused by residual stresses
in machining aeronautical aluminum alloy parts: recent
advances[J]. The international journal of advanced manufactur-
ing technology, 2016, 89(1-4): 997-1012.

[3] MASOUDI S, AMINI S, SAEIDI E, et al. Effect of mach-
ining-induced residual stress on the distortion of thin-walled
parts[J]. The international journal of advanced manufacturing
technology, 2015, 76(1-4): 597-608.

[4] MCCLUNG R C. A literature survey on the stability and
significance of residual stresses during fatigue[J]. Fatigue
and fracture of engineering material and structures, 2007,
30(3): 173-205.

[5] SIM M W. Residual stress engineering in manufacture of
aerospace structural parts[R]. Filton, UK: Airbus SAS,
2009.

[6] KANNAN M B, SRINIVASAN P B, RAJA V S. 8-Stress
corrosion cracking (SCC) of aluminium alloys[J]. Stress
corrosion cracking, 2011, 17(11): 307-340.

[7] ORNER G, KULIN S. Development of stress relief treat-
ments for high strength aluminum alloys[R]. Washington:



$50% 3

FRCAE « AR ARBTG5 SO 1 2 Tl 5 A% L g 114 52 - 205 -

[14]

[17]

NASA, 1965: 11091.

ROBINSON J S, TANNER D A. Residual stress develop-
ment and relief in high strength aluminium alloys using
standard and retrogression thermal treatments[J]. Materials
science and technology, 2003, 19(4): 512-518.

MYER R, KILPATRICK S, BACKUS W. Stress-relief of
aluminium for aircraft[J]. Metal progress, 1959, 3: 112-115.
KLEINT R, JANNEY F. Stress relief in aluminum forgings[J].
Light metal age, 1958, 2: 14-21.

BETTERIDGE W. The relief of internal stresses in alumi-
nium alloys by cold working[J]. Journal of the institute of
metals, 1947, 73(1): 171-177.

KLEIN J. Cold reduction technique puts more forgings in
the air[J]. Precision metal molding, 1967, 25(6): 53-54.
ROBINSON J, TANNER D, TRUMAN C. 50th anniversary
article: The origin and management of residual stress in
heat-treatable aluminium alloys[J]. Strain, 2014, 50(3):
185-207.

B RS EN I EVIFD]. St SN
2£,2017.

LU Bo-wen. Research on the device of eliminating stress
through the composite magnetic field[D]. Guiyang: Guizhou
University, 2007.

AUKEE. BOCRARIE ML R 52 2 i kot e 1.2
MRIWIFE[D]. LI EIEsCilRAE, 2007.

SHI Yong-jun. Research on laser bending mechanism and
forming process plan for 3D curved plates[D]. Shanghai:
Shanghai Jiao Tong University, 2007.

T, Botr, EFER BOCH BTN ) BUE A I
). RO, 2009(5): 239-244.

PENG Qing, CHEN Guang-nan, WANG Xiu-feng. Simi-
larity criterion of laser-assisted pre-stress forming[J]. Chinese
journal of lasers, 2009(5): 239-244.

A, BRtm, RER, % RRBENREOCR B N )
WIE[I]. Mizs 4R, 2009(8): 190-194.

PENG Qing, CHEN Guang-nan, WU Chen-wu, et al. Laser-
assisted pre-stress forming for integral panels[J]. Acta aero-
nautica ET astronautica sinica, 2009(8): 190-194.

XU, ZRRE, T, & MY B s MR AR T
TIPS BB ERAIT]. EEHTEEH, 2013(s2): 441-444.
LIU Cheng-qing, LI Jun-jun, LEI Tuo, et al. Theoretical
calculation and numerical simulation on residual stress
after unloading in the plastic phase[J]. Building structure,
2013(s2): 441-444.

KO M, CULP J, ALTAN T. Prediction of residual stresses
in quenched aluminum blocks and their reduction through
cold working processes [J]. Journal of materials process-
ing technology, 2006, 174(1-3): 342-354.

RAHDARI M, REIHANIAN M, BAGHAL S L. Micro-
structural control and layer continuity in deformation bon-
ding of metallic laminated composites[J]. Materials science

[21]

[22]

[24]

[25]

[27]

[28]

[29]

[30]

and engineering: A, 2018, 738: 98-110.

FONTANARI V, FRENDO F, BORTOLAMEDI T, et al.
Comparison of the hole-drilling and X-ray diffraction methods
for measuring the residual stresses in shot-peened alumi-
nium alloys[J]. The journal of strain analysis for engineer-
ing design, 2005, 40(2): 199-2009.

M. BRI EE R RO M. JERT: B
Jitt, 1983.

HA Kuan-fu. Micro-theory of metal mechanical proper-
ties[M]. Beijing: Science Press, 1983.

SAHU S, MONDAL D P, GOEL M D, et al. Finite ele-
ment analysis of AA1100 elasto-plastic behaviour using
Johnson-Cook model[J].
2018, 5(2): 5349-5353.
FRIEAE. 2A12-T4 BB &FIFENIIAE BT ZH5E0].
23 (| ML THE R, 2009, 6(4): 121-123.

HAN Ting-hua. 2A12-T4 aluminum alloy parts to the stress
of dealing with technology[J]. Space electronic techno-
logy, 2009, 6(4): 121-123.

XU, ks, 2280, & TP ARy shaSHE4As b
F1009]. WiRA @42, 2006(3): 38-41.

LIU You-liang, ZHANG Xin-ming, LI Hui-zhong, et al.
Dynamic recrystallization behaviors of commercial pure

Materials today: Proceedings,

aluminum([J]. Hunan nonferrous metals, 2006(3): 38-41.
PR PRI BRER AR T LSBT SR 5T (D).
BN WHLRA, 2002.

LU Ya-ping. Analysis and experimental research on mec-
hanism of eliminating residual stress by vibration[D]. Hang-
zhou: Zhejiang University, 2002.

CHEN M, JIANG C, XU Z, et al. Experimental study on
macro-and microstress state, microstructural evolution of
austenitic and ferritic steel processed by shot peening[J].
Surface and coatings technology, 2019, 359: 511-519.
DUNN C, KOGH E. Comparison of dislocation densities
of primary and secondary recrystallization grains of Si-Fe[J].
Acta metallurgica, 1957, 5(10): 548-554.

POIRIER J P. Creep of crystals: High-temperature deforma-
tion processes in metals, ceramics and minerals[M]. Cam-
bridge: Cambridge University Press, 1985.

Epeng, R4, FARMS, 5. 40Cr IRATHUE AL
% B AR AR o 5T ). B PLAE CFE, 2013, 24(16):
2248-2252,2256.

WANG Xiao-qiang, CUI Feng-kui, YAN Gen-peng, et al.
Study on dislocation density change during cold roll-beat-
ing of 40Cr[J]. China mechanical engineering, 2013, 24(16):
2248-2252, 2256.

R, BB, FIRE, . RS SR TTBUZM
XRD #FFE[]. RS, 1999(3): 7-8.

LI Feng-ling, YANG Fang-zu, LI Zhen-liang, et al. XRD
study on electrodeposition of Pd-Ni alloy[J]. Materials
protection, 1999(3): 7-8.



