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Orthogonal Test of Laser Shocked 6082 Aluminum Alloy
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Abstract We studied a kind of common aerial aluminum alloy material, 6082 aluminum alloy, by laser shock
processing (LSP) in this paper. This research forced on the effect of technology parameters on the micro—hardness
peened by laser, including laser pulse width, signal pulse energy, the number of laser shocks, and the thickness of
ablative layer. We designed an orthogonal experiment of process parameters of LSP, and the best technological
parameters are obtained. On this basis, the best performance of the SLP of 6082 aluminum alloy is analyzed: Laser
pulse width is 16 ns, and energy is 6 J when 6082 aluminum alloy is peened only once with the 0.2-mm thickness
of absorption layer. According to the test results, we conclude that due to the low yield strength of 6082 aluminium
alloy, the highest elastic level is also lower, thus the optimal value of the strengthen effect is low. When the power
density is too large, it will influence the effect of LSP. The surface microhardness will also decrease.

Key words laser shock processing; aluminum alloy; orthogonal experiment; micro—hardness

OCIS codes 140.3390; 220.4610; 160.3900

1 5 5

A DU FCE /I 5 3 e AR A RAPR RE B 12 TR TRUS ALK U 40 & A URE AT ROt i 227K
BLAS KA AF B L 3T T A PERE , i W LATE W 52 2% ) BRI, AT B0t (0 T g b M BB 4 A D i 2 RL R B PIL B 2
B BB R AR o ER A A A ER A IR AT Y S R v, 2 ) B™ R A ST S 4 s R 55 REL . DR I R
B0 A A 2 T R AL T2, DASR R e 1 (R 0 S W 40 40 1) R T AR 5 T

WO b o 5 A A HOLTE S B m AR A R R R RE A A A e o e, 2w el e e D 0
I bR B0 Bl 2 R 5 R I e TR AR R R K AR R B BB R Y | T Y R R B DL SR A TR N ) B JE X
fitt A7 R B et DX, DAL AR B2 B30 Al 2 T JE B 17 O ) 2 B, A RO 2 g R PN TS ) 6 R A
T S A iR A, TCRE R ST T AL SR AL DR IO i R A T2 AT A R B v A B JSE AT 5 T
i, ok B H U 07 A B AR AR . HAT, C 4 A AR DG SCRR AR IE B A RO bl SR A T 20
fii s W BR S B EAT TS

TE A I R — ML HE L GO B T7 5 o BRI — MU AL A8 A, BRIV IE 52 ok s T 86 J7 58 Aoy B

%5 H #3: 2015-03-25; W 218 2 F5 B H5: 2015-04-12; %% H AR B #3: 2015-07-16
TEE BN B A2 (1987—), L& i+ 5T 55 2 B, EEN RS &0 AR 7 i i 5Y . E-mail: luying@sia.cn

081404-1



52, 081404(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

IR A5 BEE 1 AR 22 A9 100 2% 1R o, 8t A0 B LA AR SR 58 ) U8 4% 1F 93 2 1 L a6 19 B , 4R %)
BOF B LR A R O B9 AR T 5

S A i AT L A5 O rh il R R B B 2 (A5G A T R R A A ML
SRIG A AE S8 75 1 0O vh il i B vh BB B K O L i ol OB WOSUR TR R DU A T A S 4t 1 UK F Y
PR (LAY IE S iR, )P S Rl 2 o L R AT PE BB SR A, 74 81 1 e A AR & 0t rh il s ALl 8 7 56

2RI AR KTk

TR R Y 2 f b R 22 B v BE A 3 A 5 BT R REOG oh i A B S B A R MK 91 P Nd: YAG
M RRIOE R HOEOR I OINEE T NS AN DL KGR K RGA N . BOGE RGO 1064 nm, ik vl 58 B A
14~17 ns, F kB VT O 2~7 J, A OGEE H A8 2 mm, Kb 45058 8 0~2 Hz, YG5E 1) #4545 K 1 30%.

WIS AT AR A 4 2 mm JE 9 FL I ARCAE i TR 156 mm x 300 mm (13X #F , F 10043 800#11) SiC #>
AT AR5 R = 84 88 (CroOn) Wi vV W HEAT IO B 2 3R M JC R o Ry 17 18 58 60 SO0 B o 1 W i, 1
TG M A Ok A S AR wp s B, O AR R 3R TS B R BB O AR K 7, 56 P R R RS VE R B0 v
SR AR Y W WS )2 5 TR ERE S 1 B b e 8 T AR, O S e BB R IR 1D TR SR RS A S KB K 2 A
b B RZE KRR 2 2 mm.,

FEWF G A [0 vh i T2 S 800 g A AR 1 s B2 v, S iR WL F R R A M T2 S8, H
B MREARR K, TESEBGTINE LR,

#£1 EXIRBN T LS5

Table 1 Process parameters of orthogonal experiment

A (pulse width /ns) B (laser energy /J) C (shock number) D (ablator /mm)
1 14 4 1 0.15
2 15 5 2 0.20
3 16 6 3 0.25
4 17 7 4 0.50
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Table 2 Orthogonal experiment design of laser shock peening

Pulse width /ns Laser energy/J Number Ablator /mm
1 Al1B1C1D1 14 4 1 0.15
2 A1B2C2D2 14 5 2 0.20
3 A1B3C3D3 14 6 3 0.25
4 A1B4C4D4 14 7 4 0.50
5 A2B1C2D3 15 4 2 0.25
6 A2B2C1D4 15 5 1 0.50
7 A2B3C4D1 15 6 4 0.15
8 A2B4C3D2 15 7 3 0.20
9 A3B1C3D4 16 4 3 0.50
10 A3B2C4D3 16 5 4 0.25
11 A3B3C1D2 16 6 1 0.20
12 A3B4C2D1 16 7 2 0.15
13 A4B1C4D2 17 4 4 0.20
14 A4B2C3D1 17 5 3 0.15
15 A4B3C2D4 17 6 2 0.50
16 A4B4C1D3 17 7 1 0.25
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Table 3 Process parameters design of laser pulse width

Pulse width /ns Energy /J No. Ablator /mm
Parameters 14,15,16,17 5 1 0.25
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Table 4 Micro—hardness test results under different laser pulse widths

Laser pulse width /ns Average /HV Amplification /%
Unpeened 110.5 0.0
14 130.86 18.43
15 133.53 20.8
16 135.65 22.7
17 128.23 16.0
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Fig.1 Influence of Laser pulse width on material micro—hardness
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Table 5 Process parameters design of laser single pulse energy

Pulse width /ns Energy /J No. Ablator /mm
Parameters 15 4,5,6,7 1 0.25
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Table 6 Micro—hardness test results under different laser single pulse energies

Laser single pulse energy /J Average /HV Amplification /%
Unpeened 110.50 0.0
4 124.00 12.21
5 133.53 17.19
6 137.28 24.23
7 134.10 18.98
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Fig.2 Influence of single pulse energy on material micro—hardness
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Table 7 Process parameters design of shock number
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Table 8 Micro—hardness test results under different shock numbers

Parameters 15 5

Shock number Average /HV Amplification /%
Unpeened 110.5 0.0
1 133.53 17.19
2 133.71 21.00
3 133.80 21.10
4 133.10 20.10
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Fig.3 Influence of shock number on material micro—hardness
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Table 9 Process parameters design of absorption layer thickness

Pulse width /ns Energy /J No. Ablator /mm
Parameters 15 5 1 0.15, 0.2, 0.25, 0.5
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Table 10 Micro—hardness test results under different absorption layer thicknesses

Absorption layer thickness Average /HV Amplification /%
Unpeened 110.50 0.0
0.15 133.84 21.12
0.20 137.63 24.55
0.25 133.53 20.84
0.50 129.60 17.28
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Fig.4 Influence of absorption layer thickness on material micro—hardness
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Table 11 Orthogonal experiment results

Average /HV Amplification
0 Unpeened 110.50 0.0
1 A1B1C1D1 128.65 144
2 A1B2C2D2 134.90 22.1
3 A1B3C3D3 130.563 18.1
4 A1B4C4D4 128.70 16.5
5 A2B1C2D3 125.60 13.7
6 A2B2C1D4 126.25 14.3
7 A2B3C4D1 133.60 21.0
8 A2B4C3D2 130.00 17.6
9 A3B1C3D4 130.03 17.6
10 A3B2C4D3 135.53 22.7
11 A3B3C1D2 138.10 25.0
12 A3B4C2D1 127.10 15.0
13 A4B1C4D2 125.77 14.2
14 A4B2C3D1 130.45 18.1
15 A4B3C2D4 132.70 20.1
16 A4B4C1D3 135.83 23.0
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Table 12 Average conversion rate of the laser pulse width under different levels

Micro—hardness /HV
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Fig.5 Conversion rate curve of laser pulse width under different levels
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Table 13 Average conversion rate of the laser energy under different levels

Micro-hardness /HV

T 510.50
T 527.13
Ts 534.93
T, 521.63
my 127.51
ms 131.78
ms 133.73
My 130.40
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Table 14 Average conversion rate of different shock numbers under different levels

Micro-hardness /HV

T, 519.60
T, 520.30
Ts 521.01
T, 522.78
my 129.85
ms 130.10
ms 130.25
My 130.70
}gg_ —=—orthogonal test
135 o simple variable
134r . e e
2 133F .
S 132f
g 131}
Z0f w
o 129
2128t
= 127F
126}
e 2 3 1

Shock number
&7 SO RE I AR AN ] KCOF TR e Ak B il 4R
Fig.7 Conversion rate curve of different shock number under different levels
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Table 15 Average conversion rate of different absorption layer thicknesses under different levels

Micro-hardness/HV

Ty 519.80
T, 528.80
Ts 527.50
T, 517.70
m 129.95
ms 132.20
ms 131.90
My 129.40
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Table 16 Best process of laser shock processing on micro—hardness

Pulse width /ns Laser energy /J No. Ablator /mm

Parameters 16 6 1 2
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