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Laser peening (LLP) is conducted on aeronautical 2024-T351 aluminum alloy under different temperatures
with the increment of peening temperature
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the strengthening mechanism of 2024-T351 aluminum alloy treated by warm laser peening
(WLP) is revealed. The results indicate that the micro-hardness of aeronautical 2024-T351 aluminum alloy increases
compressive stress induced by 120 “C-WLP much higher than that by room-temperature LLP

The dispersion strengthening effect makes the amplitude of residua
laser technique; warm laser peening; micro-hardness; residual compressive stress
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2 SEETTE
2.1 MBI
SR A RHE IR EE N 2 mm (9 2024-T351 fii 25 876 @ bt - HoAk 2% iU o) LA S e B LA MR e UL 3% 1.2,
LV EIHLE 2024 855 SR V1B AL 20 mm X 20 mm B9 5 TE R4, 2R J5 31 8 Ol 2= 2 T fLRS )& /N T 4%
F 0.05 pm,
# 1 2024-T351 FRG & B9 L (BT 70430 0

Table 1 Chemical compositions of 2024-T351 aluminum alloy(mass fraction, %)

Element Cu Si Fe Mn Mg Zn Cr Ti Al
Content 3.5~4.5 0.5 0.5 0.3~0.9 0.2~1.8 0.25 0.10 0.15 Bal.

# 2 2024-T351 454 4 0y S R HL AR M: AE

Table 2 Representative mechanical properties of 2024-T351 aluminum alloy

Mechanical property Yield strength /MPa Tensile strength /MPa Elongation /% Shear strength /MPa
Value 470 325 20 285

2.2 HAWEALIE

PO TR T L 52 56 1 S BN 1 1 Rt JE i AT R A S S A A N AR R B AT W LU
R 4 R B A A A RE I SO0 20 20, 1E T 2R A4S BN f R M HLAR 1 F M BE . SR Nd: YAG 94 0 0% #8 X
2024-T351 54 4 R R AT HOEWALRAL . WOEBIILL R T2 S8 0 B R % E 5 GW/em” Ol
BEELAR 3 mm, BEALIX I 12 mm X 12 mm, #5335 50 %, N T HFIE IR EEXTHOBWE L 2024-T351 it =S A 4N
2 B B S O IS AL S I 4 I AE R IR (25 °C) .80 C A Mz 120 °C R 4T, W1 T /K i 5 A AIG . BRI ISR
TR SRR AR S OB AL SIS i 20 R RS KOO R ISR 3. WROR)ZE R R 120 pm MOERTE . WO
TR WAL 50 oy, A i U BE DA M 3R 3R IR RE A R R A% S g I O OE o A L IR
+0.1 °C, Zid = E#EOEMAL(RT-LP) 5#OERBIIL(WLP) J& 2024-T351 fii 25 454 4 1 2% i 18 551 43 50 4 &)
2 i,
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Fig. 1 Schematic diagram of warm laser peening”
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# 3 PMX-200 — B 3k i 4% 1k
Table 3 Characteristics of PMX-200 dimethicone

El Kinematic Density /  Surface tension /  Closed-cup Open-cup Thermal conductivity /
ement
viscosity /(m”+s ') (geem ) (mN+M ') flash point /°C flash point /°C (Wem '+K™1)
Content 107° 0.96 20.8 =>100 =>250 0.134
(a) laser peening (b) RT-LP (¢) 120 ‘C-WLP_

l

2024-T351 aluminum alloy

B2 (a)2024-T351 A A &l 4d (D RT-LP Al () 120 ‘C-WLP &b 8 J5 A W HLIX I 51
Fig. 2 Peening morphologies of (a) 2024-T351 aluminum alloy specimen by (b) RT-LP and (c¢) 120 C-WLP
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KM E K Proto 24 ) 4 77 (9 iXRD 54 B 7 2 AUHEOGBEALHT 5 2024-T351 FA A & il FE IR B2 7 [n]
(R 3% 4% 07 AT ARG IR Ty 58 5 Wl AR G SR AR W) o T BE T ) ) R A I g N SR T R O 1k 8
JZ 3 B A kL L RO R S 10 V. R R AV (H,SO,) : V (H,PO,) : V(CrO,) : V(H,0) =
1:1:0.12:0.82#f1 #& 5B [V« ) FHEB, Kb H,SO, % E R 1.7 g/cm’ ,H; PO, &r“jy 1.84 g/cm’,
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Fig. 3 Micro-hardness distribution of 2024-T351 aluminum alloy treated by laser peening at different temperatures
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At B 4 B ET LA OB L S 0 5 A N R CRIVBR A R RN 7 448 6 (DD I R R 1) 8 i AL
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Fig. 4 Residual stress distribution of 2024-T351 aluminum alloy treated by laser peening at different temperatures
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Fig. 5 (a) Dispersed dislocations and (b) subgrain boundaries induced by plastic strain**
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HARBOLBOLE 120 CHROCIERMIALIE 2024-T351 3-8 G R T A ALHIE S0 B E 6 ) L (b) s,
PO T A e R e o D T A A R 3R T AR g B R R A SRR . AR T AR AR R K2 R
RAR BT 6 Ca) BT 7 B SR BOAL B LA AR I . dhi 8 5 7R APV IE AL L 120 “CBOLIR ML 2 e dE 07 55 57 , %
B0 S 5 TR AE R T R 5 A T e T 4 TR IS i L AT ET 6 (o) ST 7+ 25 57 6 0k 4k 5 R 32 BB AR T) I 22 7 2R

6 2024-T351 FRGE&RMMAEEL . () RT-LP; (b) 120 'C-WLP
Fig. 6 Dislocation patterns on the surface of 2024-T351 aluminum alloy. (a) RT-LP; (b) 120 ‘C-WLP

AL BERE | H IR OE ML LA K& 120 °C #OE IR Mt LI RE 2 1 0 AR AR A IR 7 B . A Image
pro plus BRI A% 5oL RF 2847 20 A7, T DA AS BI85 AL L/ T 380 8 L LA &2 120 °C 306 1R W8 AL 5
2024-T351 844 32100 0924 S0k AR 23 9 85.6,62.8,43.2 pm, L5 F W, BOEMIILE 2024-T351 844
G B AR ST AN AR R IR OGS UK 1 X R BLAR B R WL EE R R T 26.6 20,120 °C IOL IR w5 L
TRE Y - 25 R 1 A8 B TR O W LR TR T 31,296, I B BA i BE AR 1 T ki 404k . AR 9% Hall-Petch 2%
f(:UGJ
H,=H., +kd ", (D
Kb H, MR B, H o O 5 SR RSEJE G I A RHRE B2 L & S A REE B0, d S ki AR . AN(D) AT LU
MOBHRERE H , 5 80R BAR d MU M. PR OGO AT DU 502 1 oA 48 Ak 328 1T R A1 Ador R ST, BRI ]
PLARAS B = b REAE B L X 55 8] 3 145 R — 3L
e R

7 2024-T351 $AE & RWNBA MRS, (@) Non-LP; (b) RT-LP; (¢) 120 C-WLP

Fig. 7 Grain distributions on the surface of 2024-T351 aluminum alloy. (a)Non-LP ; (b) RT-LP; (¢) 120 ‘C-WLP

AL 5 TR B AR T AL AT 0, 20 25 P 45 o R T B S M L A A B . WO M ILAE AR R THN S 5 1Y
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120 “CHOCIRMALTE ST . B T8R0T W 0 B0, ARk P38 00 67 48 25 B I 3 15 0, 31X 25 7 A= s 2
BIAT R AL RN . AT W R LT B A 2 AE TR S IR 8 Ca) B L AT B W EDS RE % & 8 (b) i, Hi A 20
RS A, AR EDS GBS AT LW AE L 120 °C 3O IR W8 AL L B2 o A2 B9 AT W) S A oK 9 AL, CuMig it i A,
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Fig. 8 Nano-scaled precipitates and dislocations induced by 120 ‘C-WLP. (a) TEM image; (b) EDS image
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