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Research Progress of Laser Polishing Technology for Material Surface
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Abstract: Polishing technology is one of the key technologies in modern manufacturing industry. With the development of modern
manufacturing technology, the requirements for material polishing accuracy have reached micro and nano level. Compared with
traditional polishing technology, laser polishing technology is easier to meet these industrial requirements, and is suitable for a variety
of materials such as metal, ceramics and glass. It has atiracted extensive attention of scholars at home and abroad in the field of
polishing processing. The research progress of laser polishing technology for different materials in recent years is reviewed. Aiming at
the thermal stress generated in the process of laser polishing, the effects of process parameters and temperature changes on the effect of

laser polishing are analyzed, new laser polishing technology is discussed, and the methods and viewpoints of effectively combining laser
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polishing with other polishing technologies are combed. According to different materials, the action mechanism of laser polishing

technology is summarized, and the advantages and disadvantages of laser polishing technology are described. Finally, the future

development of laser polishing technology is prospected. It has guiding significance for the unsolved problems in the research of laser

polishing and the research direction of laser polishing technology of different materials in the future.

Keywords : laser polishing; mechanism of action; polishing quality; surface roughness
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Table 1 Comparison between laser polishing technology and other common polishing technologies

Mechanical Chemical Chemical mechanical
Process/ content lon beam polishing Laser polishing
polishing polishing polishing
) Chemical reaction and Ion beam sputtering Photothermal action and
Principle Mechanical wear Chemical reaction
mechanical wear removal process photochemical action

Processing cost Low Low Low High Medium
Processing

High Low High High High
accuracy
Processing

Low Low relatively high Low High
efficiency
Environmental

Relatively good Poor Medium Good Good

protection

Mechanical parts Polishing of
with simple complex
Application fields

structure and porous metal

regular shape structures

Surface processing of

precision components such semiconductor components,

disks and optical lenses

Processing and optical fields of ~Precision polishing of various

material surfaces, especially

as integrated circuits, hard integrated circuits and for super soft/super hard

precision mechanical parts materials and brittle materials
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Fig. 7 Schematic diagram of underwater femtosecond laser polishing'”

3.2 WEMBEAEHETHR

EZI%#@)“&E’JJ—E‘EWR F (] vz o FsF U 8 355 1
R B 2R, (HEEE R APk & R, —2
ﬂ%%&(#ﬁ%ﬂ%??ﬂun T B K T B R B AR
T S22 7 i BT T i B S i AR T B
AR R IEALRE R i S AL SN AR,
PO Y R T 4y b 31 53R B 38 144 IV 3% e 484405, SF- v
THORLAE B2 | I HIsOL I B s ReoR s
3.2.1  PCHLEEASE

FAEGEHUMIL G 7 2 A L, SO 65 R fig
RORAREHE TG 2T, 7T LA Sk Al o2
SRR R, T BT T AN B A 1R
TR P, S R CO, ot T i, RAE
1983 4, XIAO %5 R 300 W HYZESE CO, oL
I Rl AT B T BB 3 R A T4, 600 5 b 4R 4T
FE T FAHE B, SR 5 BRADE IR B 11 mm /9 CO, 3%
SEHR,UE I T I8N X il S 0 i BB B 4 ' 1 A
ROk, I RIS B T B AR R, M e
IO eI e v K 2 AW H g, e 8 BiR DY kel
AR RO RE B, 2 TR HGE T, I At
AR IEATIAE S, ) 2 AR L A 2R 3
I S 1) MBI

[51]

CO, Laser
Y [

\ Polishing area /I

Dlrectlon of motion

Absorption Evaporation

Natural convection
and rachation

\
N

~ 7’

~_- Heat transfer

‘ Natural convection Natural convection .|

Thermal insulation

Fl 8 HEALAYE CO, BOBMGH 2B FE
Fig. 8 Multiphysical process of CO, laser

polishing fused silica™*”

PEEF OO G RE S U THE A 17
PR R —LE A0/ N TR AR T 5K T AN R
JEF eV FVEEIE JS T R T LE O GHE 5K 1T, DT
R ELREEE . £l R A co, @J‘U‘ﬁ%"%(dfikjﬁ
10. 6 wm ) FEATHIE A7 DB T 20 o i 4 3 0 5
REW, CO, BOLRENE XS Z i 47 Eﬁ%lﬁ’ﬂ#ﬂj“ﬁﬂ‘
HU I B LR 22 pho i W CO, HOE, B
PTG 7 K 1 BT 12 -, e TR
JE2h 16 pum B 20 iR R 22 0O 40 D' I i T 2 1AL



% 6 1]

DRI, 45 A RER RO DL BOR B ST 83

REREIR ) 85 nm, P9 Sy S B 38 2 ok v OGO
RGO b B, B A 55 B 58 DL Ak, 18
WEINGARTEN %7 3 i3 2 56 2% WA 306 ' 38 n]
DA 5 e AT B0 A 1R 3k B8 3 ( BKT ) IR A 3 B85 ( S-
TIHG6 ) (Y F THHLRE B, o0 T bk Go 2807 1 B 3 75
F) 600 °C , (H L 5T OGS TS BT ARG B2
AR DT AGOEE, I, 220wk B %
SEHEFTHE, LIS T2 A I 8L, 1A%
IEeE R,

200} i

(a) Before laser polishing

200 pm

(b) After laser polishing

PO i 3 T 200 ot T MO G i S kT H e
Fig. 9  Microscopic comparison of etched surface of quartz

glass before and after laser polishing"*®

3.2.2 BRI T 2 SHOTOCRCR i 52 e
FEBOGR O EHE B B | BOGIOG R )R % Je
P& AU JURD 2 8D, bR} 35 17 i B8R ¥ 158 B
P, 300 A5 B 3 2 R O B v SR BG4 TN )
2 RN G R AT . T B kO e Bt
BSRHR R E K, BRI, WA RS
PRGBS 10 2 1 5 4V, AT LR P ol it el B
TSR i, A7 BT 3kt i 3 3 R 1T v H 2o P A oK
IR F3 00 KRR A UE 4 Y I B B %) 2 1 S
I, VPR VEGA %V A COo, BOGH 2
Tl Aol P A R R B AT O, DA B K T B2
Fim, P TR K T BOFE |, DR AT R 1 A
B B A SO AR, 2O | e irH
BepE AL 500 nm FE 2 1 am!®, 8 % Hr BOL’
SHEPAEV %'t i ] CO, #OGH Rl bt

BT DARARR ERURE FE o 1 3k SR R B i S 3
PEREFR TR WA R N ) 43 eSO
H, ARSI EZ I 25 78 28 50 1% Fg R B 1)
B IR WL G 3 AR o 7R v R A A R R
FRE GUI' R WIFE O B B, 77 A A L
WK T2 SR R IR, S T BRI Lk Ty
A BTN B IR A T AR i B B R THI A2 R 5
TR B AT B 55 Ak 2 A8 R R

FEBOCH I B i B v, S T A5 B T A A
R B T AT A LIAL , T2 28 s £ Rl R
A BB 3 AR (A AR T S AT
BARAL % CO, WO EHE A & F 2k T A5 11
FH, 7 HILDEBRAND 45" 3 jof i B A 400 Fn Ak
SR G A BB B I 1) S 2 o R B TR R
T HLRE B AL G I 80U | R A B FHOEh =R it
SR UL A T ) R LTI AR RIS 25, 5F
FAEE AR By Tl D6 i, T A O AR IR
S I AR LA SR —2F

25 I, CO, WOtHE F T BE kL AN [
FIBEIE AR, REAEEFH CO, BOLIE TG, X2
T BN e U I B, AR ROBIOGT, B
B B B A T U IR O I B B
TR BB — 2D RE A i G 3% 38 A R 32 33 K34
it .
3.3 HftIELBEMBAEEETAR
3.3.1 &NIAMEOEHCHR

G WA S R T3 o i B R ORJE A
TR AU, T ) A 1 4 I v 3% 1 1M
AN FRTHRLARE 3 A0, Tk W 2 I 223K, ANBE L
B R, SRR E AR R R
ESMINE b W R NN E 7 A ITTER i BN e i A U s
4 WA A AR 11 2 TR A B A [T P 2 2K IR AR
RIHERTZ —

WOGI A m AR, BLRERE UEAT SN X 8Bk
H R TAESE L, R R 38 T30 4 NI
A OGO 4 KA B AL, 2 FOGA
YE RO LRI T . SPER SR 4 NIA
B 5 T I R () 8, (45 4 M Ay 3R T ) 6 ) R A=
A B AL, DI IR B R 2255 s et Ve R
i SR AR O T, S RE O TR T
C-C Z I Byt , B3 LB AR,

FLYE 20 142 80 4E4%, ROTHSCHILD %5197 5if
F& 193 nm K FOBRRNIE & 4 NI A H B,
20 22 90 4E4L, 35 F OZKAN %517V 45 T 2% Nd-



84 2 B X W L B

YAG OGN 532 nm, k5 K 15 ns) FESH4KI
ARSI, SR HLRS AR, B AvE HESr T-HOE (K
4193 nm) FEFTRE 41 TN T4 4 KA R E T
2o TERAL TR, NA-YAG OGS A R Y Fe T
FELBRERE M 25 um FEZE 5 pm , 5> THOEHE— 0K
BEFEREZ 1 wm Zi47, Bt GLOOR %87 Fi] i K
4193 nm ¥ ArF #E57FBOCR AN H G NI
W R AT T O, o SR MRS BE N 3.6 pum [EE
1 pm 2245, 86 2 FHZR . #8[E PRIESKE 457 fff
FHWA R 515 nm 19 B2 FD OGS X 4 NI R 4 7
O, PG5 R TEDRLRE LM 1. 85 pm FEE] 0. 51 pum,
FAES S IS5 /N T 10 ps B, 2 BRBOEHOE S RIA
R PR ST A B

] NI 8 WSO G 4 I A e 3 — 4k
T ADHIR T, RIS TR T — R
ISP 2= AR S A M E SRR ek
FH Nd-YAG Ot & (KR 1.06 pm, ik %8 K
400 ns) XF 4 WA IS R T EA T A, PR FH 4R 2k
MAE NI 4 e, $04 Ja Al T 2 5 7E 750 ~
950 C WYL B A, 73 e LS N b ikt T, 26
P J5 4 I T ) 2% T RELRE B2 A 119 nm R E
100 nm ZE47 , 9 HBEUE A 5082 M flOBRCR it i
B, XU PN T Nd-YAG 306 % 4 K 5
AR | T B fe Ty 3 B O 1 4 WA R
AL G AR 2R R R TR R A A A
OBk b RE R | K 03 R S8 O ik o vE B2
LA T LLARAS R & NA R B i, &
FOREUTIRESE T OB OGO 4 KL TR )2
JET)R T AR T il B X 3 T AR B 1Y) s
Wi, &% SR B, 2 T RELRE B Bt 5 D) 5% 1% 8 1K T sk
I Y IEFEE 100 mW LLT B0 5 122 mHDRS
JE 23 B A g 2 11 168 0K T ek B P 4R o 5 AR AR R
5 A % TR R BB TG B 5 ) 5 3 TR RS BE B
ESETBC Uy NI A N = I 1 8- e ) 2
1.6 mm/s ZJ5 , 2 1 HLRE B2 1 P mE Bt 71
FET) % 100 mW, B & Ml % 1 kHz, 3 #f 5 E
1.6 mm/s WZ5PFT 45 21 i) 2 i RS B e AIC, 200
0. 14 pm, FEA 1l 2 4 NI U )2 A1 BE 482 2 1f 1) 22
MG T R RO A B A WO R
S5 (W AN 800 nm, Pk 5N 104 fs)

25 1 SRR Do X 4 WA T Y
AR A %, Hobh, T A3 800 3@ xHb B3t
RN BT i A A A PR S e A A
Mo T2 SHWm, LR 5 1E W T2 348
WA OC R BR F R IS, Ak OB IOk

S H A AR I AT A R ARt — 4R =
R
3.3.2  EEANEOCIEHIE

R AT AR RE GaN R A LED Hy%)
JEERRE 76— Se B B HOR U FE Y B, T
W A i ELRE M (R S i kAR S T 3L
T RIIE MOERCRAR IR T3 1 2 ) J 7T ik
I AU A R i e T 3 L [m] B

KT W F A AR 0 VE HALER, 0y
A SURESE T 9K 532 nm B2 AP EOEFI % K 355 nm
Fe RO 5 A B VE FIMLER, 2 B 4 45
532 nm HOLLAPAEH A 3,355 nm #O6LOEIL2AE
R ES R A, 532 nm BOGIOE 5 4
FEBVE T B, P A e B s Ak A%
#5355 nm BOBIOEE = A W LG 2EAE N
F A O R AL S ANk, 5 A A A R R
—5,

TEWOCHOEEE 5 A Wt 72 v OG5 R
WO B R O A ST A B K
G T Z2ZEN BT IR A B EEN R,
BTSSR LS A A A O 2 R ST R MO
(BKTE R 25 ps, KN 355 nm) PG F A1, 45
T, B BOEA S A S R R B R A
T RELRS BB AR 2 TR RS B ol o5 O 0 i ok
FGy B8 T 186, 2% A BT 338 F ik o B A 20
ns 1 355 nm LAMNEEIOLE R AKRIIT T LS
B RIE S, SO RE R T 0. 056 m) i %5
WOLRE S IR, Ot iR S b A G I, 3
T AR RE 5 PR IO )5 B 5 A G e T R RS
RS, Bk AE B T 0. 056 m] B, B4R
SRR F AR 38 01 3 S0k i B b A A RE 25 B,
N5 BOK 1 28 S0 RN 3% T AL RS B2 AR 2% 0 BRUL LA
Hb IR W B AR U T 2 B R U 22 X H
TR, A AR/ SO G I 3R A5 1Y) 3% T HLRS
FCAER 5 3 5 A0 s 2 T R R 2 /DN | SR AMBOG I O
2 T HEURE 32 R AIG A0 40 b K, 00 I 4R AN O il
IS AR E IO,

25 b X S i R R B SR AN e g
W54 R A ERCR e e B R L
BRI AR, D T R R A1 i 7 A A
TS T EIE , Oh 7 S 5 3505 Rl '
i, AT LA EA T R BE O 08 4l B kL, AT
ANRE SR BRI . R ZE St B bR
HP T A5 — R s i,



5 6 Y] PRI, 45 AR RO CIDC AR SE 85
FUQ/(S
s 'l'/‘ X o
4 i HEH 42 R

4.1 %it

BOCHDCE AR —FF B TH AR, B4
PO 2 A E AT G,

(1) LBk

FOEIS AR IS EAS R AR e 3 T o
Y AP

B EROCICAE R —Fh AR il X B OB AR
FEA R AN 2 56 B S it Aol e T, g8 SR
e 2 BE AR = PG, 4 ' i %) 2 T RELRES 32 7] SR 44 oK
W E YK,

WO R PR =, I A (GE T
T, W RE RSO #5 At T, BERE 98 HE AT 4 TH Y
o BB R R A S N X IR A T O

BOCHOCR N VG AR, A BE S X 43 8 B4
BEAAT R A, I BB A OGP & B 5
A T4 WA 3 — 28 A 7 ST A e 5 4O B T AR 38
B s T BV AT S TR, BRAE SE I R R
1 Tk A sk T,

(2) TEZH

X LA R 7E AN (A A4 R A OO A R
B AN SR B0 T I R AT A AR e A Y
TSGR R B OCHEE

FEROEDE R, B SRS RO G A
YEHL: TAFRIAOC S8 OGRS 8 52 3 Al
KT ESH, BRI R B RE 2R 1, 38 AH N A
T 1Y TS ERENS e AL M R IR el 3% T HLRE JE
P4 R MR AR BR A 4R R E A 2 e, B
i, BT AR AL A T 5T, R B = i 3
e T 23%0,

(3) ERIMLEE

WOCHEMD M B SR B, VEH 556022 1EH
FeRHAT,

FEANA B Tolk A 7= 28 R o0 PO i S 2
VERTHE 3= VR T, B B R B O G R A E FHZE M
S I sl 1A o o R C A P U N (1] 3
AR R TR B . BAR PV 3= S OB s
TR BRI R ™ A B AN ) 25 3 B0b
ARk I B AL,

AT R e R s R BB Yo A Y i T
HEATIIOGET etk E R £ SAE M. Stk # 1k
PR AR APRER RSO0+ BIR T AR+
)P 2 BRI & A 45 A4, DT S5 3060 L 3R T 11 5B
Ak 2EVE T RE A 8500800 1A ek 2R 1T DRI BN 7 B

HOLMIEHOR I AR SE S TOH, AMAAEH L T 72
H S P AR T SR ATAE B A M AU AR &, i
T e R R A ] AR R i AR R S B B
TE—E R B BRI T HOCHDCHAR I A, % &
ML JLAN T 1T B30 1 Sk T

(1) WXTATR YRR 75 2R H A 18 A0
A REIE N T ZS BT I0L , AR RO B
AARFRBA BRTEFZFSE, T ESHU DL
for (D0 L TR RE A6 foe i 5 S i e e A b AV )
HUE LA

(2) AT BRAR R T % OGS BCR 1 175
Wi | W A E SO GG A v 254 il JELE (A2 Akl aed
1 TP ECE TR AT BEAT O A5 T7 5Ok B 1k A2
FERAGFANT ST o BRIE LA, 3 57 B A A0S 28 %o
JEARAC LA e TR0 T PR T S5 40 4

(3) 5 HAHOEE AR S EOCHOL AT A UE
AL, 45 A HARDCEAR B A RO EROR 1
BT, HEANBOE 2 2 G MOCEOR , L nlR A
YR PR S RO EoAR | gt — 2D R R
R CRCR

(4) XFTHEOEBLE MM TR R HARE
SRR AT 325N IEFE RO R AT IR R A
ARG R, (HBEE WOGE A B WS RN A% Y
FEAR, DLEHEOEHDE T2 AL IR A RIS, X
AP e 31 7 TET 5 0 A, 2% 8 /) ) RO A G
AR A TD PR RE 23 120 B 45 K, X4 Bl R R 8 Tl
KRR R AEH

(1] BAE, b, R, & WeHoRMBUR[T]. R
A, 2000, 29(2): 6-7.
ZHAO Xingke, WANG Zhong, ZHENG Yufeng, et al. Current
situation of polishing technology[ J]. Surface Technology, 2000,
29 (2): 6-7. (in Chinese)

(2] &8, 2rfe. WOCRILA T 2R [I]. HUM TR,
2010(6) : 28-29.
WENG Huiyan, LI Zhenhua. Comparison of several polishing
processes| J ]. Mechanical Engineer, 2010 (6): 28-29. (in
Chinese)

[3] 8T, HlEE, AR, 5 SR r ks - Pt E R b
FERERE[T]. RIHMESE, 2003(5) : 10-14.
HE Hanwei, HU Yuehua, ZHOU Kechao, et al. Research
progress of metal chemical mechanical polishing technology[ J].

Applied Chemistry, 2003 (5): 10-14. (in Chinese)



86

2 B X W L B

2021 4%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

EE, B, ERR, & BT RIEEI L],
WEHARSHLAR, 2019(10) ; 28-31.

WANG Xishe, LI Xinkai, TAN Yuanxun, et al. Research
progress of ion beam polishing [ J]. Manufacturing Technology
and Machine Tools, 2019 (10) ; 28-31. (in Chinese)

WAk, Fokas. BOLHDG[T]. BOE S5t ¥R, 2003
(8): 57-59.

CHEN Lin, YANG Yonggiang. Laser polishing[ J]. Progress in
Laser and Optoelectronics, 2003(8) : 57-59. (in Chinese)
LH, EX55, WIS, BotiothoRr 2R 5IRE1T]. #
JeHiA, 2002(6) : 421-424.

JIANG Chao, WANG Youging, HU shaoliu. Development and
prospect of laser polishing technology [ J]. Laser Technology,
2002 (6): 421-424. (in Chinese)

VEGA F, LUPON N B, CEBRIAN J A, et al. Laser application
for optical glass polishing[ J]. Optical Engineering, 1998, 37
(1) 272-279.

LN, BT, FE, 2. 355 nm ZAMEOLIOE AL O, FE
PERHLAYSCIRRTSE[ 1], HEROE, 2014(12) : 64-69.
HUA Xiangang, WEI Xin, ZHOU Min, et al. Experimental
study on polishing mechanism of Al,O; ceramics by 355 nm UV
laser[ J]. Chinese Journal of Lasers, 2014 (12):. 64-69. (in
Chinese)

K, TS, FiR, 2. OO AR G T 2858 B
A UESHOGLT ] M REEA, 2018, 61(20) : 78-86.
SONG Yang, WANG Haipeng, WANG Qiang, et al. Research
and application of laser fine surface manufacturing technology:
cleaning and polishing[ J]. Aviation Manufacturing Technology,
2018, 61 (20): 78-86. (in Chinese)

UKAR E, LAMIKIZ A, LIEBANA F, et al. An industrial
approach of laser polishing with different laser sources [ J].
Materialwissenschaft Und Werkstofftechnik, 2015, 46 (7).
661-667.

KRISHNAN A, FANG F. Review on mechanism and process of
surface polishing using lasers [ J]. Frontiers of Mechanical
Engineering, 2019, 14(3) . 299-319.

LAMIKIZ A, SANCHEZ J A, LOPEZ DE LACALLE L N, et al.
Surface roughness improvement using laser-polishing techniques
[ C]//Materials science forum. Trans Tech Publications Ltd,
2006, 526 217-222.
RAMOS-GREZ J A, BOURELL D L. Reducing surface
roughness of metallic freeform-fabricated parts using non-tactile
finishing methods [ J ]. International Journal of Materials &
Product Technology, 2003, 21(4) . 297-316.

RAMOS J A, BOURELL D L, BEAMAN J J. Surface over-melt
during laser polishing of indirect-SLS metal parts [ J]. Mrs
Proceedings, 2002, 758 LL1.9. 1-LL1.9.9.

Bk, Bokoi. BOCHOEHLE R R I T]. FmHoR, 2003,
32(5): 49-52.

CHEN Lin, YANG Yonggiang. Mechanism and application of
laser polishing[ J]. Surface Technology, 2003, 32 (5): 49-52.
(in Chinese)

. BOLRURES T AFR I B EOL A e i st [ D], K.

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

PR R, 2012.

LI Cheng. Study on laser micro polishing of laser micro sintered
workpiece surface[ D].
and Technology, 2012. (in Chinese)

Sk ZL. 42 JE AR RD S A K BB ARG S SR AR B
FE[D]. KHE: KHERAE, 2011,

ZHANG Fenglie. Study on theory and technology of nanosecond

Wuhan: Huazhong University of Science

ultraviolet pulse laser micro polishing of metal materials [ D ].
Tianjin: Tianjin University, 2011. (in Chinese)

. REP RO MO IR A RE P AR T2 R A AT
[D]. WA/R¥EE: WARIET RS, 2011

LI Weibo. Study on the process of femtosecond laser polishing
silicon carbide ceramics [ D ]. Harbin: Harbin Institute of
Technology, 2011. (in Chinese)

BASHA S M, BHUYAN M, BASHA M M, et al. Laser polishing
of 3D printed metallic components: A review on surface integrity
[J]. Materials Today: Proceedings, 2020, 26: 2047-2054.
TUCKERMAN D B, WEISBERG A H. Planarization of gold and
aluminum thin films using a pulsed laser [ J]. IEEE Electron
Device Letters, 1986, 7(1): 1-4.

OBEIDI M A, MCCARTHY E, AHAD I U, et al. Improving the
surface finish and other properties of engineering metal parts[ J].
Key Engineering Materials, 2019, 813, 197-202.

ROSA B, MOGNOL P, HASCOET J Y. Laser polishing of
additive laser manufacturing surfaces [ J ]. Journal of Laser
Applications, 2015, 27(S2) : S29102.

BRINKSMEIER E, RIEMER O, GESSENHARTER A, et al.
Polishing of structured molds[ J]. CIRP Annals, 2004, 53(1) .
247-250.

ZHOU H, ZHOU H, ZHAO Z, et al. Numerical simulation and
verification of laser-polishing free surface of S136D die steel[ J].
Metals-Open Access Metallurgy Journal, 2021, 11(3) : 400.
SHAO T M, HUA M, TAM H Y, et al. An approach to
modelling of laser polishing of metals[ J]. Surface and Coatings
Technology, 2005, 197(1) . 77-84.

HOFELE M, ROTH A, SCHANZ J, et al. Laser polishing of
laser powder bed fusion AlSilOMg parts—influence of initial
surface roughness on achievable surface quality [ J]. Materials
Sciences and Applications, 2021, 12(1): 15-41.
LAMIKIZ A, SANCHEZ J A, LACALLE L, et al. Laser
polishing techniques for roughness improvement on metallic
surfaces| J]. International Journal of Nanomanufacturing, 2007,
1(4): 2433-2435.

W, TRE, &5, % MWBEOIOLER S £ TigAlV
ERIPLE B SE B WFSE [ ], 2k AR, 2019, 45(2):
245-250.

YANG Qibiao, WANG Haojun, HUANG Yi, et al. Experimental
study on the mechanism of nanosecond laser polishing titanium
alloy TigAl,V [ J]. Optical Technology, 2019, 45 (2):
245-250. (in Chinese)

ZHANG Z, REN L, ZHOU T, et al. Optimization of laser

processing parameters and their effect on penetration depth and

surface roughness of biomimetic units on the surface of 3Cr2W8V



% 6

WRISC, 2 AR O LD BRI 1 87

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

steel-ScienceDirect[ J]. Journal of Bionic Engineering, 2010, 7
(1): S67-S76.

PFEFFERKORN F E, DUFFIE N A, MORROW J D, et al.
Effect of beam diameter on pulsed laser polishing of S7 tool steel
[J]. CIRP Annals-Manufacturing Technology, 2014, 63 (1)
237-240.

XU J, ZOU P, KANG D, et al. Theoretical and experimental
study of bulge formation in laser polishing of 304 stainless steel
[J]. Journal of Manufacturing Processes, 2021, 66 (2):
39-52.

PURUSHOTHAMAN S, SANKAR M R. State of the art on
atomistic modelling of laser polishing [ J]. Materials Today:
Proceedings, 2021, 44: 689-695.

XU J, ZOU P, WANG W, et al. Study on the mechanism of
surface topography evolution in melting and transition regimes of
laser polishing[ J]. Optics & Laser Technology, 2021, 139(6) :
106947.

ERMERGEN T, TAYLAN F. Review on surface quality
improvement of additively manufactured metals by laser polishing
[J]. Arabian Journal for Science and Engineering, 2021 1-17.
XU Z, OUYANG W, LIU Y, et al. Effects of laser polishing on
surface morphology and mechanical properties of additive
manufactured TiAl components [ J].

Processes, 2021, 65(9) . 51-59.
CHEN L, RICHTER B, ZHANG X, et al.

Journal of Manufacturing

Effect of laser
polishing on the microstructure and mechanical properties of
stainless steel 316L fabricated by laser powder bed fusion[J].
Materials Science and Engineering: A, 2021, 802: 140579.
ZHOU J, HAN X, LI H, et al. In-situ laser polishing additive
manufactured AlSilOMg: effect of laser polishing strategy on
surface  morphology, and microhardness [ J ].
Materials, 2021, 14(2) . 393.

ZHOU J, LIAO C, SHEN H, et al.
characterization of laser polished Ti6AI4V [ ] ].
Coatings Technology, 2019, 380( 1) : 125016.
LEE S, AHMADI Z, PEGUES J W, et al. Laser polishing for

roughness

Surface and property

Surface &

improving fatigue performance of additive manufactured Ti-6Al-
4V parts[ J]. Optics and Lasers in Engineering, 2020, 134.
106639.

NUSSER C, SANDKER H, WILLENBORG E. Pulsed laser
micro polishing of metals using dual-beam technology [ J ].
Physics Procedia, 2013, 41 346-355.

YUNGA K C, XIAOA TY, CHOYA H S, et al. Laser polishing
of additive manufactured CoCr alloy components with complex
geometry [ J ]. Journal of Materials Processing
Technology, 2018, 262: 53-64.

LRI, REAR, U, . B AVRR K O R
s [I]. PLE TR, 2021, 38(5): 617-622.

JIANG Changcheng, YUAN Jiandong, CHENG Haidong, et al.

surface

Experimental study on thermally assisted nanosecond pulse laser
polishing[ J]. Electromechanical Engineering, 2021, 38(5):
617-622. (in Chinese)

BHADURI D, GHARA T, PENCHEV P, et al. Pulsed laser

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

polishing of selective laser melted aluminium alloy parts [ J].
Applied Surface Science, 2021, 558 149887.

KANG D, ZOU P, WU H, et al. Research on ultrasonic
vibration-assisted laser polishing of the 304 stainless steel [ J].
Journal of Manufacturing Processes, 2021, 62. 403-417.
SAMANT A N, DAHOTRE N B. Laser machining of structural
ceramics—A review [ J ]. Journal of the European Ceramic
Society, 2009, 29(6) : 969-993.

FOLWACZNY M, MEHL A, HAFFNER C, et al. Polishing and
coating of dental ceramic materials with 308 nm XeCl excimer
laser radiation. [ J]. Dental Materials, 1998, 14 (3):
186-193.

JAL, BT, /ML, SE. 355 nm AMNEOEIIOE ALO, M
TZMBITE[ 1], WOLHA, 2014(4) : 556-560.

ZHOU Min, WEI Xin, XIE Xiaozhu, et al. Study on polishing
Al, 05 ceramics by 355nm UV laser[ J]. Laser Technology, 2014
(4): 556-560. (in Chinese)

LA FEMEIEOLHUN TH ARSI D], R, #rh
B R, 2014.

KONG Lingrui. Research on laser micromachining technology of
ceramic materials[ D]. Wuhan: Huazhong University of Science
and Technology, 2014. (in Chinese)

ZHANG X, JI L, ZHANG L, et al. Polishing of alumina ceramic
to submicrometer surface roughness by picosecond laser [ J].
Surface and Coatings Technology, 2020, 397, 125962.

KIM M, BANG S, KIM D H, et al. Hybrid CO, laser-polishing
process for improving material removal of silicon carbide [ J].
International Journal of Advanced Manufacturing Technology,
2020, 106(7): 3139-3151.
ZHENG Qingzhen, CUI Jianlei, FAN Zhengjie, et al.
Investigation on the underwater femtosecond laser polishing SiC
ceramic[ J]. Ferroelectrics, 2020, 564(1) : 28-36.

FRIE, BB BRI M. dbat fesr Tl i,
2008.

WANG Chengyu, TAO Ying. Handbook of glass materials| M ].
Beijing: Chemical Industry Press, 2008. (in Chinese)
SIDORENKO S P, FEDOSOVSKY M E, VEIKO V P, et al.
Laser polishing of vidicon’ s glass substrates[ J]. Proceedings of
SPIE-The International Society for Optical Engineering, 2009,
7201 720111-720111-7.

XIAO Y M, BASS M. Thermal stress limitations to laser fire
polishing of glasses [ J]. Applied Optics, 1983, 22 (18):
2933-2936.

ZHAO L, CHENG J, CHEN M, et al. Formation mechanism of a
smooth, defect-free surface of fused-silica optics using rapid CO,
polishing [ J ]. International Journal of Extreme
Manufacturing, 2019, 1(3) . 035001.

Fill. FBOLZMMEATBE T [ D] I PR
HiR, 2012.

WANG Shan. Study on laser etching and polishing of quartz glass

laser

[D]. Wuhan: Huazhong University of Science and Technology,
2012. (in Chinese)
HEIDRICH S, WILLENBORG E, WEINGARTEN C

, et al.



88

2 B X W L B

2021 4%

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Polishing and form correction with laser radiation [ C]//Optical
Fabrication and Testing 2014 Kohala Coast, Hawaii United States
22-26 June 2014. Optical Society of America, 2014; OTulB. 4.
WEINGARTEN C, HEIDRICH S, WU Y, et al. Laser polishing
of glass[ C]//SPIE Optifab 2015, Rochester, New York, United
States. International Society for Optics and Photonics, 2015,
9633 963303.

FoRIE, AL, FHEE, 55 OGRS B IO R
[J]. 335, 2009, 36(10); 33-37.

WANG Chengyu, LI Songji, TAO Ying, et al. New technology of
ultra smooth and ultra precision glass polishing [ J]. Glass,
2009, 36 (10): 33-37. (in Chinese)

OSTENDORF A, KULIK C J, WIECHELL P O, et al
Pyrometer measuringsystem during a laser based polishing process
of glass th surface[ C]//Proc. 20th Inter. Congr Glass, 2004,
Kyoto, Japan, 2004, 3(4) . 11.

VEGA F, LUPON N B, CEBRIAN J A et al. Laser application
for optical glass polishing[ J]. Optical Engineering, 1998, 37
(1). 272-279.

SR WO BIEI e R A [T]. SEHLEFR,
2000, 17(2): 1-7.

JIN You. Application of laser in optical glass polishing [ J].
Optoelectromechanical Information, 2000, 17 (2): 1-7. (in
Chinese)

BOL’ SHEPAEV O Y, KATOMIN N N. Laser polishing of glass
articles[ J]. Glass and Ceramics, 1997, 54(5) . 141-142.

GUI W K. Research on laser polishing of optical glass [ J].
Advanced Materials Research, 2011, 154-155. 1209-1212.
HILDEBRAND J, HECHT K, BLIEDTNER J, et al. Laser beam
polishing of quartz glass surfaces[ J]. Physics Procedia, 2011,
12(1) . 452-461.

HILDEBRAND J, HECHT K, BLIEDTNER ], et al. Advanced
analysis of laser beam polishing of quartz glass surfaces [ J].
Physics Procedia, 2012, 39(9) . 277-285.

FHEEE, Wi SRIA B AR ER [T]. PSS
il TR, 1998(4) : 3-6.

TANG Biyu, JIN Jiucheng. Polishing technology of diamond film
[J]. Mechanical Design and Manufacturing Engineering, 1998
(4): 3-6. (in Chinese)

I, AR CVD S NIa R EORIOFR R (T]. B’
SREESHERAER, 2000(4) ;. 44-47,69.

ZHANG Zheng, HUO Xiao. Research progress of CVD diamond
film polishing technology [ J]. Journal of Vacuum Science and
Technology, 2000(4) : 44-47,69. (in Chinese)
ROTHSCHILD M, ARNONE C, EHRLICH D J. Excimer-laser
etching of diamond and hard carbon films by direct writing and
optical projection[ J]. Journal of Vacuum Science & Technology
B: Microelectronics and Nanometer Structures, 1986, 4 (1):
310-314.

T, HISL, PREIEL G A0 AR I A O S P R R R
[J]. BURE A%, 2003, 24(1): 31-34.

WAN Jing, GOU Li, RAN Junguo. Progress of diamond film
surface polishing and leveling technology[ J]. Modern Technical

[71]

[72]

[73]

[74]

[75]

[77]

[78]

Ceramics, 2003, 24 (1): 31-34. (in Chinese)

OZKAN A M, MALSHE A P, BROWN W D. Sequential
multiple-laser-assisted polishing of free-standing CVD diamond
substrates[ J ]. Diamond & Related Materials, 1997, 6 (12):
1789-1798.

GLOOR S, LUTHY W, WEBER H P, et al. UV laser polishing
of thick diamond films for IR windows [ J]. Applied Surface
Science, 1999, 138 135-139.

PRIESKE M, VOLLERTSEN F. Picosecond-laser polishing of
CVD-diamond coatings without graphite formation[ J]. Materials
Today: Proceedings, 2021, 40. 1-4.

I, B, EARE, . BAMOEN CVD 4RI
ARG 0 S E 5 ()], JEHLM B2 4R, 2006 (2)
499-502.

SU Qingfeng, XIA Yiben, WANG Linjun, et al. Improvement of
surface finish of CVD diamond films by composite polishing[ J].
Journal of Inorganic Materials, 2006 (2): 499-502. (in
Chinese)

XU F, HU H, ZUO D, et al. Numerical analysis of Nd: YAG
pulsed laser polishing CVD self-standing diamond film [ J].
Chinese Journal of Mechanical Engineering, 2013, 26 (1):
121-127.

DX, sKiE, B, 55 CEMEOLIDL CVD &N R E R
HfRI[J]. Je2ARE% TR, 2019(1) ; 164-171.

MA Yuping, ZHANG Yao, WEI Chao, et al. Femtosecond laser
polishing of CVD diamond coating surface[ J]. Optical Precision
Engineering, 2019 (1): 164-171. (in Chinese)

K. T REMEOLRY CVD &R RZEIOEHE AR D].
AR HREEFIR, 2019.

ZHANG Yao. Research on CVD diamond coating polishing
technology based on femtosecond laser [ D ]. Hefei: Anhui
Architecture University, 2019. (in Chinese)

AT, EER. RSO RENE A R L2 BUE R
EFELI]. WOLSYah TR, 2021, 58(5) : 336-342.

LU Kexin, HAN Xuesong. Numerical simulation of ultrafast laser
polishing of hard and brittle optical materials [ J]. Progress in
Laser and Optoelectronics, 2021, 58 (5): 336-342. (in
Chinese)

WOINAR , BRELAE. 355 nm FANSOLIOE T 2B B i E 4%
THLRERE A5 [ 7], WM B B AR 2 B2 i, 2013 (1) .
17-20.

HUANG Jiafu, LIN Hongmei. Effect of 355 nm UV laser
polishing process parameters on sapphire surface roughness[ J].
Journal of Zhangzhou Vocational and Technical College, 2013
(1): 17-20. (in Chinese)

SRIEHE, BT, W A IOCEORMBTIE R[], Pld
TREHEA, 2006, 35(9): 76-78, 94.
GUO Xiaoyan, WEI Xin, XIE Xin. Research progress of
Electromechanical

76-78, 94. (in

sapphire  polishing  technology [ J J.
Engineering Technology, 2006, 35 (9):
Chinese)

BT, R ORI = A SRR D]. M

JTAR TR, 2007.



% 6

WRISC, 2 AR O LD BRI 1 89

[82]

[83]

XIE Xin. Study on the mechanism of short wavelength laser
polishing sapphire crystal [ D ]. Guangzhou; Guangdong
University of technology, 2007. (in Chinese)

LUO Yongan. Study on mechanism of polishing sapphire crystal
by laser[ J]. Advanced Materials Research, 2011, 341-342.
133-137.

WEI X, GUO X, XIE X. Influence of the condition parameters
on UV pulsed laser polishing of sapphire wafer[ C]//Conference
on Lasers and Electro-Optics/Pacific Rim. Optical Society of
America, 2009, Shanghai, 2009 1-4.

[84] WEIX, XIE X Z, HU W, et al. Polishing sapphire substrates
by 355 nm ultraviolet laser[ J]. International Journal of Optics,
2012, 2012, 238367.

PEE R BRIESC, 55,1998 4 A Wi, F B 57 1 BOERE
AT LY I

IV GRAFTER ) , 53,1968 4R A 1+ #5082, T H 0 AL S0,
FEBIETT 8 HOCR a1

E-mail ; shufeng2001@ 163. com



