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ABSTRACT: Aluminum alloy is widely applied in the field of acronautics and astronautics because of its light weight, high
specific strength and excellent corrosion resistance. The parts made of aluminum alloy are usually processed by milling, and the

surface quality after milling is closely associated with the service performance of these parts. Therefore, finishing process is
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necessary to reduce the roughness and strengthen the mechanical property of milled surface. Laser shock finishing is a novel
flexible manufacturing method in which the laser shock wave pressure is employed to cause plastic deformation on the surface
and further improve the surface quality. Compared with the traditional finishing process, laser shock finishing takes advantages
of superb flexibility, good repeatability, high efficiency and high precision. However, few attempts have been made to study the
effect of laser shock finishing on the surface quality of aluminum alloy after milling.

In this work, the effect of laser shock parameters on the finishing quality of 2024-T351 aluminum alloy with milled plane
was experimentally investigated. The planar milled specimens with three different initial roughness were manufactured through
CNC machining center, and the initial Ra was 1.439, 0.614, and 0.220 pum respectively. A laser system with ultrashort pulse and
high laser power density was employed to finish the milled plane. After that, a laser scanning confocal microscope was used to
observe the surface morphology of specimens after laser shock finishing. Both the surface profile and roughness were measured
by a roughmeter. Based on the measurement, the effect of overlapping rate and laser energy on the surface quality of 2024-T351
aluminum alloy with milled plane was evaluated.

It was found that the surface morphology of planar milled specimens could be reshaped by the laser in case of pulse width
of 12 ns, wavelength of 1 064 nm, working frequency of 1 Hz, spot diameter of 2 mm and flat-topped beam. While the
overlapping rate was 30%, 50%, and 70%, for the specimens with Ra of 1.439 pm, the changing amplitude of surface profile
after laser shock finishing was 6.88, 6.71, and 6.20 pm, and the changing rate of roughness was —70.8%, —72.9%, and —73.2%
respectively. For the specimens with Ra of 0.614 pm the changing rate of roughness after laser shock was —58.0%, —58.8%, and
—66.1%. While the laser energy was 1.5, 2.5, 3.5, and 4.5 J, for the specimens with Ra of 1.439 um the changing amplitude of
surface profile after laser shock finishing was 6.92, 6.71, 5.22, and 6.18 um, and the changing rate of roughness was —68.1%,
—72.9%, —74.6%, and —73.8% respectively. For the specimens with Ra of 0.614 pm the changing rate of roughness after laser
shock was —49.2%, —58.8%, —54.4%, and —58.1%. It is revealed that both increasing overlapping rate and strengthening laser
energy reasonably can effectively remove the milled mark on the surface and improve the uniformity of surface morphology. In
addition, the effect of overlapping rate and laser energy on roughness strongly is related to the initial roughness of planar milled
specimens. For the specimens with Ra of 1.439 and 0.614 um, both increasing overlapping rate and strengthening laser energy
can significantly reduce the roughness after laser shock. However, for the specimens with initial Ra of 0.220 pm, the surface
quality can not be improved under the given laser shock conditions.

KEY WORDS: laser shock; 2024 aluminum alloy; surface morphology; surface roughness; overlapping rate; laser energy
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Tab.1 Milling parametersfor planar specimenswith different initial roughness

Surface No. Ra range/pm Average Ra/ym  Line spacing/mm Spindle speed/(r-min") Feed speed/(mm-min ")
Ra 14 1.307-1.543 1.439 1 000
Ra 0.6 0.522-0.713 0.614 0.4 1 000 200
Ra 0.2 0.215-0.259 0.220 3 000
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Fig.1 Initial surface morphology of planar milled specimens
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Fig.4 3D morphology of specimens under different initial roughness after laser shock finishing

10FRa 1.4 ~—— Finished

sk — Original
0
_5 -
_10 -

10F Rz 0.6
5_

—— Finished
—— Original

Finished
— Original

x/mm
&5 AS[FA) a6 2R DRDRS B R Ot rp b Ol
IR 2D T 4

Fig.5 2D profiles of specimens under different
initial roughness after laser shock finishing

Ra 1.4 A R B AR 43 & o i Fle R i
KA TIREARTE, whafim s R R A gEH) T1IRTE G,
R LS T V2%, X A WO vp xR R A
EWERN IR AEH; Z b AR BT,
AR 20 10 pm, BB shis IR &2 T R IR G,
XFF Ra 0.6 il Ra 0.2 iXFE, whifi 5 BEHI IR FAEN
e, PR A B AN AL T IR UG 5 B AR A s s pihy
SRRt B T HAR T, S ARZ R 10 um, X5
Ra 1.4 10RE bl 5 28 48 B 1 fe R IR BE ARG . Aok
B, e a3 PR 0 2R v 4 5 4 2 B — e 1
PRSI AR AL, 8 SRR ) A M A Ak S O bl S
Ko BIRGERULIA , X ELAA AN R0 b 2 T KRS JEE 1)
R AL R NE Y SN Z B U R ) L i ot 9 =N EA B S T
FEAE A9 2R R BEHDIN T 2808 ot S50

(=3 S I NGe e ]

212 RWEBEENIIN

PEM Ra 1.4 I FERFSECBEIE L340 6 4 Bt H|
T 2R O S 52, SR ERROGRE RN 2.5 0, 7E
AFPDEBREE R T, S0t e IR 3D 3%
B ANE 6 i, M 6a Al 1, 4 »=30%Ht, M
TR R 32 s R ES 3 8 T R ZH] 1 Wil
A E S X, MO B R B EDm TIR 9, St
BAEFHABHIE. WIE 6b Al %, 24 y=70%F}, EE
e A2 vy DX B ) TARAE AT 2%, RPN
BISTHERCAT s MR Z o KSR ER AR, SRz
AP DI L, TR A R S L X B BRERE
Hz 3 5 57 ey DX TR B RN 3 1T TR B 1Y) 341 5 1 2% 1)
FHOG o BESROCTEIEHZ R, BEORAE B0 T8 AR N G BE (1 4L
WIZ, 2 opd KA T 2425 2 e 2 K
DL Woe by, PR R 2R 1A 9 M AR Y R
K, IR SCRBEWMIE, SRS MABEEY, XA
I 3 1 7 oo DX 9 R B s T — B (EAR R
IR, 3 RGBS 42 2 25 i A2 oy IX Bt B 50
K&, DTS e 22 RSP A B

EARFDERIE R, 280t b 6% 5 iR 1)
2D FREFREEAE 7 i, WLUER, A% R
BGRNEE, BY x 8 1~6 mm I}, FEESCHEERR
AR, U SR AR 30 0 AR AL IR BT PR si/y, HH 7=30%
AF Y 6.88 um I E =70% 19 6.20 um; 24 #=70%FHF,
2 wpil Je R 2R T A B B MR AR AN e, X
— 25U DG B3 1 RO i 5 R Y R TR A
HABEZW, HAERNR, BRI R Em
FLAREFENS R . BUBRCRIRL, 7TEB OG-t

b 70% 0

Kl 6 AFEDEHERE R T Ot sh R R R 3D RmE

Fig.6 3D morphology of specimens under different overlapping rates after laser shock finishing



52k oM

ZEVETE, 2. BOEh SRR RT 2024 584 4 B0 - 2 v R B A R - 393 -

or 7: 30%
-5 M\/\\/

L L L L L L

of 7: 50%

| | L 1 1 L
3 n: 710%
-5t /:/‘\/
S e J/
Slof %
1 1 1 1 1

2 3 4 5 6

I
0 1

7

x/mm
K7 ARREDEHEE R ROt s
IXHERY 2D R IEFE R
Fig.7 2D profiles of specimens under different spot
overlapping rates after laser shock finishing

BT TULEHIE, EXTHTLRANLT,
n=50%If BRI RT U
2.1.3 HAEEERNFIN

TEARRIGER T, SE0Erhidi e 5 RE 3D %
HIESHME 8 Fizn, B n=50%. & 8a r%l, 24
E=1.5 J i, AR 32 o K IR BN S), H
BXWBIERTRESX ., I T EOERERE %
N, SRR AR BAE R B vh o R R, R
R IB A TEFEEE RN, XTBEHI TR 2w A R . Bl
HROCRER R, e X 5 RES KNI HRE K Z
SAFBE, WA 8. ¢ i,

EBEWARZ K. BB ERT, MEETF
AR TR R T 52 1 0 s e M (AR R, e B [ A
K, A5 GPa AT, RO
TR B A AT T IO RE S S b
R RN R 0 BB AR TR B DI A OG, A AL B
1.5~4.5 J Bt X6F g ) ik 9% FE 77 o Fabbro 2844 —
—YE AR R R DAY | e B A R A B v D
VEME R TT ponax, BRTRE 2 A8 H, R (1),
9 o
pan=10° | 525 ) 21 0

K o WG R, WHEE0.1;5 1 N0t
DI s Z a2 R A 75 BT

BA AR Z =t (2) HE

b 3.57J

2

2 1 1
.0
zZ 7, Z,
Krf: Zy WARZFBT; Z, I BT,
WOLTR% R o= (3) 15
4E
0 (3)
A E NHOGRER; D NBEOOCKER; © N
BOERK e TERE . X BLEL D=2 mm, =12 ns,
XKL RZ . T SS 5 mdE;
WG, 5 2, F1 Z, 5351 /KA1 60Si2CrVA. 5
BRI BB, HAE S50 1.65%10°, 4x107 kg/(m*-s)*%,
TEROGRER N 1.5~4.5 TR, X (1) ITEEE pra
A 2.0~3.4 GPa, i 2024 574 4 10 sh 2 A B 29 R
385 MPal®’!, R 7E X LAY HOERE A T, AR
Y KA T AR T, HOS PR AR T 72 B B O RE B
F14) JE SR T 186 K
TEARRRER T, LErhd e EiEEr 2D %
T ACER AN &l 9 7R o FEAN % BEARFE I B N I, Bl
WOLRE S 38R, XRE 2 T A8 B Y AR Ak (43 51 A
6.92(1.57).6.71(257),522(3.5J).6.18 um(4.57),
ATVE R, fE—EOotRE R FN , AR bR (a1 i
A, 17T B d A AR s o e 2 S 3 K AR R . R 8K
LRI R B, TC6 £k A 4 7r 52 3 WOk vh i B
BASE B P ) 2% T AR A W L B 2 O BB 1 3 5
MFRFLRIE K fE 2B o vh i i rp, kSR
1132 2 )5 ZeHOCVE RS, AOCEREE 35 X380 N 19 41k}
SRR, ARSI WA B UM R, AT
B Z IO b BB A AR AR A R 2 e A SRR T, A
17 5 A 6 T 48 B P AH N AR Ak, S S B ME AR T 2o 7 D
SRS RE (RPJCHE ) s et BB AR
2.2 FEMAEETLME
221 XWEERMEIN
HEARFRDERHIER T, &R0t i e R
FETHLRE BE ANl 10 PR, BOBRE R RN 2.5 7, WL
B, JGBERE H2 30 3 RDHURE 1 52 i 5 1R 1 0 i
FMTHLRE A e, X T Ra 1.4 5800, 78 whis J5 il RE ()
2 THRLRE B Bifi 25 6 BEF4 52 55 (0 1 0 B S N R
B, TE S0%F TO%M AR XUt X T

I, =

um pm
20 20
s . »
o 29 20 0

e%ll.o 03 ;§$ 5
0 0 0

c45]

K8 IFIRER T oL LR S KRR 3D R P

Fig.8 3D morphology of specimens under different laser energies after laser shock finishing



-394 - * wm #H R

2023 9 H

-5+
-10

0 1 2 3 4 5 6 7
X/mm
K9 AlfEE T ROLE LR 2D KR
Fig.9 2D profiles of specimens under different
laser energies after laser shock finishing

045

0.40 -

020

0.15

30 50 70
Overlapping rate/%

K10 AREDERERE R ROt
i R Y 2 TR
Fig.10 Ra under different spot overlapping
rates after laser shock finishing

Ra 1.4 30K, PRI RCBERS R AR RE RS2 R 6 1
HUREE . XAV 5E0Erh A TC4 B84
FERE B (078 AR s AR 27 Sl a0 Mr A, 20 hh 3
TADHELRE P 50K, e 28 T BRI TR & B 22 Ak, i
SR ) e A R - o R R T T KR L ol R
J1o a0 (1) AIEN, 3G ROCRERE R AN Re 1 s vhis
W TR AEL, PR % 3 2 T I i R 8 e SR A
PR o B 25 SCBEHE 2 3 wil J5 UK 1) °F- 1 3% TRDHDRE B2
il il FE - E S RS R (R 1) T,
AT LB ) R LR B AR L . X Ra 1.4 K
FE, H SR T MRS B2 AR AR 253 3128 —70.8% (130% ).
=72.9% (50% ). —73.2% (70% ), 1A ¥ pdi L
MR E . Ot S, Ra 0.6 XY FREH
B 3 I A GRS 2 32 03 R S B, (RGBS 42
HIER T0%H], Ra 0.6 IFE AR TR FEAKRSR B B T
R, FRMHLRE B LRl 30% EBEH R T
~58.0%, ZEH S0%ICBEFEHR T 1)-58.8%, HAEN
T0%CHEFE 3R T AY—66.1%. X 136 I 24 4] 14 2% TR HLBE
BEAL FHBACBUERT , YeBERE 2R 0 1 K Re e it — 20
PR B R IR A, & A (R SRR AR TE X T R 3 T HL
BEFEAISR A AL, P e R SR AR RO . X T

Ra 0.2 3 0FF, MOUBEIE 3N 30%. 50%), whii s
TRRE R 2 2 TR B 5 ol A AR HE S TG R TE
T0%CEERE R, SRR IR B R R, (HARfE%R
LR—-91%, JEERCRIFAHE . X UL TR in %
TR S 3 1 AR, R4 MO S B 8 R I AN RE A L
PRI,
2.2.2 HrEEEMF

EAFBER T, ZR0E B35 U Y R
BEREQNE 11 s, JCBEREHE 3L 50%., AT AR H,
P i T 2 THDREL RS B2 1) 52 i 5 X 1) ) 4R 2% TR
BEBEA Ko Ra 1.4 80RF I 3R THDHELRE B2 Bl B VRO BRI 1)
TR SR N G BRI, FE 3.5 T BRI R /ME,
Bl IS AT PTG R, (A3 IRAR /N o vl B & O e
fERZMB A T it EIEEARTE , SO ME LK 22 AR
RIMAAE R, 2 oo RmHES M . 1Lk,
Rt O RE I 093 98, WO'L 5 WIOZ 9 A BAE IR E
sEAl, WOSZ AR B R R TR, SRR 4 R R
i B A e Tl I S22 TR AR/, XA 2 T R DGR ORI
FEAK e X T Ra 1.4 3800, HFRTHDHDRE B2 AR 1L 353 51 Ry
—68.1% (1.57). =72.9% (2.5J), —74.6% (3.57),
—73.8% (4.571), VEIABOE P AL RO+ .
ZE LRI, A PR O RE X TR TG REACR T
HE, Ra 1.4AFFEROGRER R 3.5 T B AR RCR
e hf o Ra 0.6 IFEAE vl 5 B9 2R TADHDRS B2 Bl & oG g
o Y0 BN R A, 7E 2.5 T IS
/ME, BEEA TS, (HIREEAK; SPinRmmLL, H
TR 2SR h—49.2% (15T ), —58.8%(2.5T ).
—54.4% (3.5 7)., —58.1% (4.5 J), HILAI WL, XfF
Ra 0.6 10FE, WOLHE B FIFEAFIERIEAE, 22 DHLRS B2
P de/MEAE 2.5 T B34S o SR, IZM(HS Ra 1.4 ik
ANTRL, BB AN [0 G MRS BE 3, I A X
M BEOtRE SR, LIRS RAL BRI . X T Ra 0.2
WA, ZE3Ch Irit R BB RE B, bk )5 a0k
1) 2 THVRELRS B2 298 T 00 0A M8, HL R WOGRE R A 5
MW R, e LA, BT Ra 0.2 iFERIIR R T

045
0.390 0.377
0.40 I ’
0.312
0.35F
g
3
So030r- 0.330
0.25
0.253 *—Ra02 (557
0.20 —*—Ra 0.6
0.237 —+—Ral4
0.15E 1 1 1 1
1.5 2.5 35 4.5
Laser energy/J

P11 AR RE ST OGO 5 1R Y 2 LS 2
Fig.11 Ra of specimens under different laser energies after
laser shock finishing



52k oM

ZEVETE, 2. BOEh SRR RT 2024 584 4 B0 - 2 v R B A R - 395 -

C R EILHT, N I T 3 ROEBERE 1R a5 30
REHEAY 7 YA R — 2 A RER T AR W
VAR B AR, N R R A IR JRRE L SRR
REFE, TTREA Bh TR Ra 0.2 IR R IHDHEE AR,
BORFAE SR SEIFTE T ASRTE

(EAFERE AR, SCP BT AR 1 T 0L RE
R FIEBERE A AR A BRI 10 3 i Jo o (Y R
AKX A R PR 2R 22 [ (8 SRV AT 0 BT o 76 SR SRR 5E
TR, BLEFR AR N R A IE(E, R
IRZ RSB 7k (ANESS SER Bt I ) X 4%
AT PN 2R 2 18] B2 AR AT 70 B, LS 4 1
PIBOG il OB I 251 PR O R T o A A TR

3 #it

1) 884 LBl 2ead Sos o e AL PR S
BRI VRIS, RETEH L AT, H 43R0 TR
& BEEDIN T 28078 ot bS50

2) BERICBERE R RE i i R R T S 1Y 34
A1, RN T 32 whds DX A TR BBE , 36k ol 2 T B A
B O RE B AR S AT A R BR BRI VIR, o s I
OB RE I AR 080 N RE 2 18 48 86 1) AR fh R A

3 ) JCBERS 1RO B 2 X 2 T KR 2 119 52 i
Y1 5 55URE 19 ) 4 2 TRDRLRE 245 5% o X100 i 3 LR
FERARAIRAE (B Ra=0.220 pm ), 3 34 KOGREHE
PR BRI CRE AR REE— A R R T T

4) XFTHG R AL Ra=1.439 um Ml Ra=
0.614 pm iUHE | 3 FOEBE RS £ R G s WOt AR 1 1 B
2 AT RS B, A BRI PRI il 2 8BS 3R
15 A R T EE R

S E 3k

(11 ECHE, 57, W, & maeme O RIK, #
FJREN]. T EIIERE, 2020, 22(5): 68-75.
GUAN Ren-guo, LOU Hua-fen, HUANG Hui, et al.
Development of Aluminum Alloy Materials: Current
Status, Trend, and Prospects[J]. Strategic Study of CAE,
2020, 22(5): 68-75.

2]  skETS, PhiE BIRM. BOCRLIIRER G 4 RS
L3 PEREN). R RUE TR, 2022, 14(10): 133-138.
ZHANG lJian-qiao, SUN Xuan, LUO Zhao-wei. Microst-
ructure and Mechanical Properties of Aluminum Alloy
Deposited by Laser Melting[J]. Journal of Netshape
Forming Engineering, 2022, 14(10): 133-138.

[3] LIAO Zhi-rong, MONACA A, MURRAY J, et al. Surface
Integrity in Metal Machining-Part I: Fundamentals of
Surface Characteristics and Formation Mechanisms[J].
International Journal of Machine Tools and Manufacture,
2021, 162: 103687.

[4] HAN Wei, FANG Feng-zhou. Fundamental Aspects and
Recent Developments in Electropolishing[J]. International

[12]

[13]

[14]

[15]

[16]

[17]

Journal of Machine Tools and Manufacture, 2019, 139:
1-23.

ZHU Wu-le, BEAUCAMP A. Compliant Grinding and
Polishing: A Review[J]. International Journal of Machine
Tools and Manufacture, 2020, 158: 103634.

KRISHNAN A, FANG Feng-zhou. Review on Mecha-
nism and Process of Surface Polishing Using Lasers[J].
Frontiers of Mechanical Engineering, 2019, 14(3): 299-
319.

BN Hotml R IS S EORM]. dEat: Blasil
JikE, 2013: 6-21.

LI Ying-hong. Theory and Technology of Laser Shock
Processing[M]. Beijing: Science Press, 2013: 6-21.
ZHANG Chao-yi, DONG Ya-lin, YE Chang. Recent
Developments and Novel Applications of Laser Shock
Peening: A Review[J]. Advanced Engineering Materials,
2021, 23(7): 2001216.

Treli, WigEst, B e, . ot iR fersgm S
RS RJENII]. RIHAR, 2019, 48(12): 1-9.

QIAO Hong-chao, HU Xian-liang, ZHAO lJi-bin, et al.
Influence Parameters and Development Application of
Laser Shock Processing[J]. Surface Technology, 2019,
48(12): 1-9.

ZHENG Chao, PAN Chang-dong, WANG Ji-lai, et al.
Mechanical Joining Behavior of Cu-Fe Dissimilar
Metallic Foils in Laser Shock Clinching[J]. International
Journal of Advanced Manufacturing Technology, 2020,
110(3/4): 1001-1014.

SEAEAR, AENILL, (TR, A S R EHLER RO
iy SR AL O T R 5 R R 0], LA TR A% 4k, 2021,
57(16): 293-305.

NIE Xiang-fan, LI Ying-hong, HE Wei-feng, et al.
Research Progress and Prospect of Laser Shock Peening
Technology in Aero-Engine Components[J]. Journal of
Mechanical Engineering, 2021, 57(16): 293-305.
SALIMIANRIZI A, FOROOZMEHR E, BADROSSAM-
AY M, et al. Effect of Laser Shock Peening on Surface
Properties and Residual Stress of Al6061-T6[J]. Optics
and Lasers in Engineering, 2016, 77: 112-117.

FAER. BOCHES il AR AISI304 AEENEE
BEEBIMEREDIST[D]. BT VLI R, 2020: 26-27.
WANG lJia-bo. Study on Friction and Wear Properties of
AISI304 Stainless Steel Strengthened by Laser and
Ultrasonic Impact[D]. Zhenjiang: Jiangsu University,
2020: 26-27.

WEI Bo-xin, XU Jin, CHENG Y, et al. Microstructural
Response and Improving Surface Mechanical Properties
of Pure Copper Subjected to Laser Shock Peening[J].
Applied Surface Science, 2021, 564: 150336.

YANG Hai-feng, XIONG Fei, WANG Yan, et al.
Manufacturing Profile-Free Copper Foil Using Laser
Shock Flattening[J]. International Journal of Machine
Tools and Manufacture, 2020, 152: 103542.

DAI Feng-ze, ZHANG Yong-kang, LU Jin-zhong, et al.
A Method to Decrease Surface Roughness in Laser Shock
Processing[J]. Surface and Coatings Technology, 2015,
261: 35-40.

DAI Feng-ze, ZHOU lJian-zhong, LU Jin-zhong, et al. A



© 396 -

EN TR NN

2023 9 H

(18]

[20]

Technique to Decrease Surface Roughness in Overlapping
Laser Shock Peening[J]. Applied Surface Science, 2016,
370: 501-507.

DAI Feng-ze, GENG Jie, REN Xu-dong, et al. Dynamic
Response of Surface Micro-Features Subjected to a Laser
Shock Wave Planishing Technique[J]. Journal of Alloys
and Compounds, 2018, 742: 54-65.

DAI Feng-ze, GENG Jie, REN Xu-dong, et al. Surface
Roughness Control of LY2 Aluminum Alloy Milled
Surface Subjected to Laser Shock Wave Planishing
Processing[J]. Applied Surface Science, 2019, 486:
121-127.

DAI Feng-ze, PEI Zhi-peng, REN Xu-dong, et al. Effects
of Different Contact Film Thicknesses on the Surface
Roughness Evolution of LY2 Aluminum Alloy Milled
Surface Subjected to Laser Shock Wave Planishing[J].
Surface and Coatings Technology, 2020, 403: 126391.
DAI Feng-ze, PEI Zhi-peng, REN Xu-dong, et al. Surface
Dynamic Deformation of LY2 Aluminum Alloy
Subjected to a Laser Shock Wave Planishing Technique
with Different Kinds of Contacting Foils[J]. Optics &
Laser Technology, 2020, 126: 106074.

GB/T 1031—2009, i JLHEARBIE(GPS) izt
feER: RIS B HAE]S].

GB/T 1031-2009, Geometrical Product Specifications
(GPS)-Surface Texture: Profile Method-Surface Roughness
Parameters[S].

[23]

[24]

[25]

[26]

[27]

GAO Huang, HU Yao-wu, XUAN Yi, et al. Large-Scale
Nanoshaping of Ultrasmooth 3D Crystalline Metallic
Structures[J]. Science, 2014, 346(6215): 1352-1356.
FABBRO R, FOURNIER J, BALLARD P, et al. Physical
Study of Laser-Produced Plasma in Confined Geometry
[J]. Journal of Applied Physics, 1990, 68(2): 775-784.
NGIEJUNBWEN L A, SHANGGUAN lJian-feng, ASA-
MOAH E, et al. Experimental Investigation of Sheet
Metal Forming of Aluminum 2024 Using Nanosecond
Pulsed Nd: YAG Laser[J]. Optics & Laser Technology,
2021, 133: 106528.

AR, WTHORE, ADIOL, 4F. @R Nd: YLF “FIUE0OL
i TC6 PRGN J1 MBS IE R[], 48
HFAbHE, 2022, 47(3): 204-210.

ZHU Ran, XIE Di-hui, ZHU Shuai-guang, et al. Effect of
High Frequency Nd: YLF Flat-Top Laser Shock on
Surface Stress and Micro-Deformation of TC6 Titanium
Alloy[J]. Heat Treatment of Metals, 2022, 47(3): 204- 210.
WA, JRIK, AEEISR, G5 HothdisR Xt TC4 805
SR TIN WRJZ2F A S PERERYZm[T]. R,
2022, 51(3): 315-325.

XU Shuo, SU Bo-yong, HUA Guo-ran, et al. Effect of
Laser Shock Peening on the Interfacial Bonding
Properties of TiN Coatings on TC4 Titanium Alloy[J].
Surface Technology, 2022, 51(3): 315-325.

TULG A 2

( F4E5E 387 )

[35]

[37]

[39]

BOETTINGER W J, AZIZ M J. Theory for the Trapping
of Disorder and Solute in Intermetallic Phases by Rapid
Solidification[J]. Acta Metallurgica, 1989, 37(12): 3379-
3391.

ZHANG Du-yao, QIU Dong, GIBSON M A, et al.
Additive Manufacturing of Ultrafine-Grained High-
Strength Titanium Alloys[J]. Nature, 2019, 576(7785):
91-95.

VIMEDK, WHTE, XL, 55 WOLEXIEIL Inconel
718 H&1E NaOH I F B IMAT M) &JEr i,
2022, 58(3): 324-333.

TANG Yan-bing, SHEN Xin-wang, LIU Zhi-hong, et al.
Corrosion Behaviors of Selective Laser Melted Inconel
718Alloy in NaOH Solution[J]. Acta Metallurgica Sinica,
2022, 58(3): 324-333.

GAO Ming-hao, ZHANG Suo-de, YANG Bai-jun, et al.
Influence of Yttrium on Surface Chemistry and Stability
of Passive Film in Al-Based Binary Metallic Glasses[J].
Applied Surface Science, 2018, 457: 536-547.

UL, 2. SIS SRR D]. &8,
2022, 58(1): 17-27.

CUI Hong-zhi, JIANG Di. Research Progress of High-
Entropy Alloy Coatings[J].
2022, 58(1): 17-27.

SHU F, WANG B, ZHAO H, et al. Effects of Line Energy
on Microstructure

Acta Metallurgica Sinica,

and Mechanical Properties of

[41]

[42]

[43]

[44]

[45]

CoCrFeNiBSi Cladding
Coatings[J]. Journal of Thermal Spray Technology, 2020,
29(4): 789-797.

WAN Hong-xia, SONG Dong-dong, SHI Xiao-lei, et al.
Corrosion Behavior of Alg4CoCuggNiSig,Tig,s High-
Entropy Alloy Coating via 3D Printing Laser Cladding in
a Sulphur Environment[J]. Journal of Materials Science &
Technology, 2021, 60: 197-205.

IZADI M, SOLTANIEH M, ALAMOLHODA 8, et al.
Microstructural Characterization and Corrosion Behavior
of Al,CoCrFeNi High Entropy Alloys[J]. Materials
Chemistry and Physics, 2021, 273: 124937.

CHENG Pei-ze, ZHONG Ning, DAI Nian-wei, et al.
Intergranular Corrosion Behavior and Mechanism of the
Stabilized Ultra-Pure 430LX Ferritic Stainless Steel[J].
Journal of Materials Science & Technology, 2019, 35(8):
1787-1796.

PRATSKOVA S, SAMOILOVA O, AGEENKO E, et al.
Corrosion Resistance of Al,CoCrFeNiM (M = Ti, V, Si,
Mn, Cu) High Entropy Alloys in NaCl and H,SO,4
Solutions[J]. Metals, 2022, 12(2): 352.

DAI Chun-duo, ZHAO Tian-liang, DU Cui-wei, et al.
Effect of Molybdenum Content on the Microstructure and
Corrosion Behavior of FeCoCrNiMo, High-Entropy
Alloys[J]. Journal of Materials Science & Technology,
2020, 46: 64-73.

High-entropy Alloy Laser

LG XL



