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Surface mechanical properties of 2024-T351 aluminum alloy
strengthened by cryogenic laser peening

Xu Yangyang®, Zhou Jianzhong', Tan Wensheng? Meng Xiankai!, Sheng Jie', Huang Shu®, Sun Yunjie!

(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Changzhou Key Laboratory of Large Plastic Parts Intelligence Manufacturing, Changzhou College of Information

Technology, Changzhou 213146, China)

Abstract: In order to investigate the effects of cryogenic laser peening (CLP) on the surface mechanical
properties of 2024 -T351 aluminum alloy, the Nd: YAG nanosecond pulsed laser was used to carry out
the laser peening on 2024-T351 aluminum alloy at room temperature(25 C) and cryogenic temperature
(-100 C), respectively. The micro-hardness, residual stress and microstructure of the samples were tested
and analyzed, and the strengthening mechanism of CLP was discussed by the laser induced microstructure
at room temperature and cryogenic temperature. The results show that, the dislocation density of CLP -
treated samples is higher and the grain size on the surface is smaller than that of LPed after dynamic
recrystallization due to the effect of cryogenic temperature on the sliding and annihilation of the
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dislocation. The surface micro —hardness and residual compressive stress of CLP -treated samples are

respectively increased by about 20.3% and 21.6% ,

compared with LP samples, and the surface

mechanical properties of 2024-T351 aluminum alloy are improved.

Key words: cryogenic laser peening(CLP);
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1.1 KRIGM BRI

STRERLR ] 2024-T351 S84 4, H ARk
B SHMEREANZE 1 R . KRN Tk 20 mmx
20 mmx2 mm {75 HalRE | (o R P 0 Ve AL R
FHMTGIF R T, AR5 MR8 ] 8004#~2 0004 SiC
W AR R I HEATITS | feJa i e R o 2
HLREE R,<0.05, fRIUFIAFERMBEN 5242 K%
WG .

&1 2024-T351 SREEUFER T SV ERE
Tab.1l Chemical composition and mechanical
properties of 2024-T351

Component Mass fraction ~ Mechanical property Value
cu 3.8%-4.9% 05./MPa 340
Mg 1.2%-1.8%
Mn 0.3%-0.9% o/MPa 450
Si <0.50%
Fe <0.50% E/GPa 72
Zn <0.25%
Ti <0.15% HV 131
Cr <0.10%
Al Bal. v 7.2%

1.2 EemIALE

CLP L R A A e 1 s, T
SCHRS FR G0 5 I FFl AE -110~20 €, LP 5250 43
SRR (25 C)FITR Y IR B2 ((-100+3)C) T i#k 47, H
THB S TR TOKARZTTEME, Sohigit
T LA TR AL T 38, &K H 4 mm
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M, YRR AR E 7E (-100+3) CE Bl #E 17
CLP 5256, #OE#% K F {5 E INNOLAS 2 7 4= 7= )
SpitLight2000 & Nd:YAG 44 #b i o %% , H ok K
1064 nm, kv 7 ns, EE M 10 Hz,, SR IE LS5
T, VAR IZERA N 1 R AE A Ak B s, 4521 LP Ak
AL RO E T 3% By 4.9 GW/em?, RO
i E 1 29 MR HEL 1Y 2.4 7%, 88 1% 0 5%
FEJG LP 5 SR SR N ) IR A T RAIR, X — a3
HE AR —8, HEBIRS ST T A EHY 1S
fRas B & AR, T ASE LG 158 CLP ik
FAEBOE IR N 5.8 GW/em?, O Ik E /)
23R H AR HEL 19 2.9 f%, LP 5CLP HAlHOEZ
BOHE], BARUNT OB EAR 2 mm, #53F 50%,
W% LA AL H0 X 10 mmx10 mm, 8] 2 S 2024-
T351 fiit 5 48 A A WOEMEILHET S /Y 208 36 .
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Fig.1 Experimental schematic diagram of CLP

(a) Untreated

(c) CLES

Pl 2 A o T AL HE

Fig.2 Peening morphologies of specimen surface
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TR0 ) B 8 0 e 3RO M R R A T S R T R B
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CLP(4.9.5.8 GW/cm?) i FE 45 2 3, Fp il FE AR [a] —
TRBEAL PRI 3 AN, AR B M W] — VR 6 4
D) e 3000 75 1) B AR S5, IBORE DX 358 B A o7 e n ] 3
7R b Ak B e 24O BT 200 gf , 2k far e 2L
4] 10 s,

20 mm

Detection
position

(a) WOBHIALX B (b) HUREAN (c) H i g for
(a) LP area (b) Sampling (c) Detection
position position

Pl 3 OGB4 B M REAS I L ¥ s TR 1A
Fig.3 Diagram of LP path and detection position

of subsequent properties

B ATV 7 BRI R X -350A AU X 5 2k i1 4t
A, WM ZHON 1 A (311), W AR 43 il 00
24.2° 35.3° 45° I J1H B -162 MPal(°),260 Hil
FhA K 211 FA 43 91k 143°F1 138°,20 FA4 A2 #E0.1°,
THECETE] 0.5 s, JEAF HLIR 6 mA, A HLE 20 kV, ifE
HEHR L mm, AT RGO MG A R 5
RN ST R AR 7 08 2 R B R Z AR,
fif IR XF-1 dL AL, MOBHE 12 Vi
Wi 0.1 AL HBOGTIE 2 min, B AR S W2 2 TR
R ATV A I 5 5 b AR A I O AR ), LA
457 B AN & 3 FioR

K O 2 81985 (OM, AxioCam MRc5) 5 i% 5
L, F i 8 (TEM, JEM -2100) X 380 1% AL AL BE T IS
TR I SO A 2R AT IR EE SR R DR 77 5K, DA
L KT E 5 mmx5 mm JyHoR R AR
JH 1 000#~2 000# SiC R 46HE i AE (1 W8 AL 2% 1 47 B
FIBIL TS HB L 75 OM R WL G RE 1 45 < Bl ke
FOE ML E R, <0.02, JE M R H HF (2 ml),
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HNO,(6 ml)5 H,0(92 ml)iE & 1 Wk , & bl i i)
15 s, >R Image pro plus BG4 43 A1 4 AH 41 21
A AR R ST 7E TEM TR UL URE i 45« K R T IR
JE 7 1) U1 ) AR B 24 500 wm (R R, AR R
800#~2 000# SiC /KW ¥ AL Il v 2= 50 wm A 47,
AU Y R N R S AT L DU D, XU
65 vol.% C,HsOH 5 35 vol.% HNO, IR& W, HIE
12~20 V, Hi 7 80~110 mA, i & -30 C,
% 2 2024-T351 SR S BB R FEK 5
(&R 5%, %)
Tab.2 Chemical composition of 2024-T351
aluminum alloy electrolytic polishing
solution (Vol. %)

Composition Percent
H,S0,(p=1.7 g/cm?) 34%
HsPO,(p=1.84 g/cm®) 34%
CrO; 4%
H0 28%
2 BRESH

21 BRWEE

Mok & A e IR PR AR Y, SR A i TR AL R
N, BTSN TRV IR AN, CLP AR5 A T A
RN 5 LP A BEA BT 22 55 o ] 4 43 SR A [R)0E T
2 A3 2024 -T351 fR G 4 J5 TR J7 1) L Y S Tk fifl
FEor A, BB 4 AT OB R 4.8 GW/em?
ff,LP 5 CLP &b 35 , il 3R 2 b S bt B2 43 1) 3k %)
T 158,181 HV, HRAHIXFEH LB T4
20.6% 5 38.1%., Fifif5 TR EE A3, WP T2 25 b #E
FE 1 o ol R 4 2 R e R e, (R CLP 5
LP &b 3 A Y £ 4k 2 78 B2 43 0l 0.52,0.59 mm,
XU WY 7E A R 8 0) 32 9% B 451N, B4R CLP b3k
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T AR R SH N AT S 08 2 CLP gb B Y T SR 9%
JE 3 #) 5.8 GW/em? i}, FE 2 2 1 foRl B ik 3]
T 190 HV, 5 LPiA#MHLIL, DM ERA TH
20.3%, [FIATIA AT LR B, 2 2GR EEHG N E) 0.61 mm
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Fig.4 Micro-hardness in deep direction of 2024-T351

Er

aluminum alloy by different LP
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N IR AE S FWHM 23 5142 T+ T 25 21.6% 5 25.3%.,
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A AL SO o R B CLP AL B AT AR A5 5 )
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Fig.5 Residual stress in deep direction of 2024-T351

aluminum alloy by different LP
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Fig.6 FWHM in deep direction of 2024-T351

aluminum alloy by different LP
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Fig.7 Microstructure on the surface of 2024-T351

aluminum alloy
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Fig.8 Dislocation patterns on the surface of 2024-T351

aluminum alloy
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Fig.9 Schematic illustration showing microstructural evolution process of 2024-T351 aluminum alloy induced by CLP
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