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Abstract

In the process of static solution assisted laser polishing, laser processing parameters have great
influence on the polishing effect. Optical fiber pulse laser (the wavelength is 1064 nm, pulse width
of 100 ns) was used to polishing the surface of Custom 455 stainless steel. The parameters affect-
ing the polishing effect included average power, scanning interval and scanning speed. The expe-
riment scheme was designed with four parameters of scanning times, and the surface roughness
and morphology of the samples after polishing were compared. The results of variance analysis by
Minitab show that the original surface roughness will affect the polishing effect. Process parame-
ters with the best polishing effect: scanning speed 11 mm/s, 6 times, average power 12 W, scan-
ning interval 0.1 mm. The roughness can be reduced by 80% under this process parameter, and
better polishing effect can be obtained.
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1064 nm, Jk¥ 5 ~100 ns)XfCustom 455 NEENR AT HIE LB A, FHH O IERR LRk,
YRR WS B/ YR, SEREE. BEEE. SHREANSHET R TR, Hxti
SRR REE R R TESHAT . B Minitab# AT Z4H, S&RRINEBREERELSY
MR, EAAERERMREN T Z S8 BEE 11 mm/s, BHFKRECHI6K, FHTHER 12 W,
HH#FEFEH0.1 mm. T ZSHT A EHEREE T #80%, BRFEFHIMABR.
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1. 5|8

BOCHOECAE Ny —FhIEE AN THEE AN THOR, AASIGHER TR MR S, IR 2 1
RIFHTALS . BRITEESUE . BEEROCH AR KRR, REMAFEHEMNFOCE SMOGHEAT T FT, FEEXT
AFERBEOCR S A E . A S TER I T T 1]

H 20 4t 90 FRLSKE WAMNF 2 L X ¥ E DN ENAEE. S0 TREe. WE. 3K o
TSR EHIAT T REWESLEHT7E[2]. Ranoz [3]1%KH NA:YAG 6 CO, WOtKE & @ 2 ok ks &
Ra 1 7.0 pm~9.0 pm B4 1.4 um~2.1 pm. Temmler [4]557% 82 1 32 S0 RNk S5O0 4638 15 A 2h 23 56 4
KR gk > =R, (RS FRIK T 60% At . BN ANEIGH I, £, Rk BN
(RO AR ' 4 JE A RN R 45 21 A AR RPREL A FE AN p ) 3R Th B &, RUASE L A0 23 I 6 R A4 ) A
SRS, REEH THMG[5]. DHeRE, R ESEU BBOCIE 0 7772 0] DL 20O 2830
I AAE L, TR 4 DAL 20 I AL 22 RS AT A NS, ] DAIA B SR 4 3 e k. IRk, AL
PR T AR BEOC IO G IR AN B SEIR R T, 1 P ER AN (A R PR 25 0k FL e AR () 5 i K
B, AT ZHOEATAL, PR E IR R

AR DL JE A R R T 5T AR N B R PEAIR AR, R, RO T2 SR
SIS R H ARG 15 % X H 111 % —(Genichi Taguchi) )37 1 3 1EA2 SEEG 19 “ H 11 /77 (Taguchi methods)”
BB SIS E I T SRS 7T, 51 {5 M Lk(signal to noise ratio, {45 A S/N)FEAKAS AT 2 1) K 2%
XPSRISHIREMAL6] (7] ZAIEEFRIEMD . B k. MU CHRR S A0S 272 R 8]

ASCR IR AS SRR E BT S50 77 58, a0 SR 45 AT 0 AT, I SR R e A T VA Bl ot i
TP ROR I FEER R, I Seie g Rtk Ak .

2. SRARKHHEAFRREER

A VA VU BOE O R R R SO SRR B B e R AR T, AR B SV RS S e AR A -
TIEERNAE MR R T A AR T, I S5 B e SO A 22 D, e R i T 2
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2.1. RN FNSIBL 54

At T EOCE S S RER e RAERMN, WS e RS L, BOsH R DR
P HIE R T AR TR, RO OIS G R A AN, R

[=1,+1, (1)

Hrpe L, A& BRI EOC T3 % BER 4, 1 R O 0 Th 2 25 FE 040 9]

X HOC IR SHA B S MR A IR AT AT 1) TRk Ot 2GS E IR AR, BOEHR
HC A 1 R AL SRR — Y 2) JRKTELL AN B O TE I 1 A5 i 2 Uk 2 ARSI F (2 = 1064
nm), TE53 BT Al e B VAR AR R O S G IS, SRR S AR AR [ 10]. BT RRTE
MEMR TR ERE R A 3 mm, 7] ZBVEBOS ORI REE R0 3) [ A AL T RN 42 J 1D
JERRI[11].

BT HOE e R e 2 0 _E R A, IR B ik, DR Lo s R S 7 AR T A -

OStStunT(z, ) 241 \/7 x/—erfc

—Jt—t, erfc ————=— 2)
A \/ ,Mﬂ@t)
t>gﬂ(&ﬁzzé%iE;Pﬁfﬁ—QJ 3)

Hor: o, NEOERKP R ks A AMRLRIRICE: 1, NERIHTE12].

MR b 2RI 15 30 465 2 TR BE B I ) (AR A R, IR FEAE WO FR FR I g BD ik 9 SURITHIR, 4l
MWRERSE ARG XPOE N, BLEEE TREEZHARE. mTHOMmEREE . SrHRRErE R
MR ik MW/m® B4, IREARML 107 Kus LE), SE0E 4B R MERIRE L, B
SIEFEH I, ORPCEBRS AL 11].

WOGIE L A SR RN A S B R, TR A e R 4aPE, 7RS4 S 2K i 45
BT RSZ BRAARBR G, X &R R WL (0 ppk o 72208, S G AR T AR AT B

2.2. BRUFEBRI T
R TE BRI Z K HoSOL VAR, OB T MR R R I, IO 8 56 BE X 84l

A5 bR, F tH IR AE A A AN B AR I R A A SO, 1T At 52 4 B0 LT £ X 30 7 i £
BRIPEF S A2 R A S RN

3. MFHREWAGE

S SO A S HON I TR RORHAT VA, 5 P R TR B A S B AR . A SR A
5 DSX-510 Olympus GBI B F R B HLEAT WG, FFIERITHLNE, 2T Origin, Minitab 454K
PEREHCHRUEAT AL ER, 53T S MR ) 2 DR 38 LS M«
3.1. KB

SIS R IR AR A B £ 1) Customd55 AEM, 2 BN D IR B AEN, T AR
58 BRI B ik, H M T ERyT S MRAR. RURSEJII, MORMEZER ISR | Bos. ARECT iR R
AEHN NS, IR, HAWEVERES BN 2 s,
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Table 1. Chemical composition of stainless steel custom 455 (wt%)

%% 1. Custom 455 X%ﬁ%ﬂﬂi#ﬁﬁﬁ(ﬁ%ﬁﬁ, %)

C Mn Si Cr Ni P S Cu Mo Ti Nb Fe
<0.05 <0.50 <0.50 11.0~12.5  7.5~9.5 <0.04 <0.03 1.5~2.5 <0.5 0.8~1.4  0.1~0.5 F

Table 2. Thermal physical parameters of custom 455 stainless steel

3% 2. Custom 455 NEENANIES B

S E p/(g.cm’) HERH K/(W.m 'K K F230(107°K) EbHEJ.g K
7.78 18~24.7 10.6~12 0.45

S SR FH O B4 N IPG LT OGRS, A 1. Boslid iR e . Wk e B R E SRR %
[, O PR B E AT I . WOGEEIKTE N 100 ns, KA 1064 nm, “FIT)%E 200 W, EE
BEEN 200 kHz. M TALS0) Nd:YAG BOL#, JABOLSRETh R SRR, Joit &P I 2Ua 2 i
Bk, B EARARRR R E N —. R, Bl s, SR mT T PERe s sR[13].

A
Z axis feed table Q
IPC § 3 )

Z axis
Fiber Laser
Laser scan
head Scan Galvanometer <
Pulse shape
NaNO:;
solution

Operating platform

Workpiece
Figure 1. Static solution assisted laser polishing experimental platform
L BSIRREBAE L L T &
I FARSHE W4 3 7R, HoSOL VIR EE A 8%, WRIMBIA BRI & E 2 mm, N LilfRat T
FERALE, POERSEN 3.0 mm x 3.0 mm.

Table 3. Orthogonal experiments plan
=3 ERTHAR

ZH K1 K2 KF-3
A FREE v/(mm-s™) 5 8 11
B FSHI RS A/mm 0.02 0.06 0.10
C FTE PIW 10 12 14
D FARKET 2 6 10
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RAE 1. BRAF 1 SRER TR LI, 2 5 O s8R R N T, 2 5 BN TR e 7=
JEVE 15 min, KT, BREREMGERT. K2 FrorBosin TE R, K 2a) R Ra
249 °0.513 pm B RTATES, & 2(b) HIREE Ra 4 1.832 um W RIS

(a) Ra=0.513 pm (b) Ra=1.832 um

Figure 2. Surface topography of specimen after laser rough machining; (a) Ra=0.513 pm, (b) Ra=1.832 um
B 2. EeEmIEREREREE; (@) Ra=0.513 um, (b)Ra=1.832 um

3.2. SEWFE

X E B PE AR, SN ROR IR B AT oS Rk P e B, T AL bR DL SR, S ket g
BEMSHRE AR HMEE . BERE. EHOCREE S5k 58 AN, o6 B A E R AR ok
SE I RORLR T B THIAR S IR (R PSR KDG R, SR RCR (6], O IE AT 5 mo/s 1, 3
T e R BAWOCIEM, R R R IR T &, RPN, iR i, LR
AISCRR . WG 2 TR ARBGE i, O A S0 G AR A AN B G B 70 e 4 o

ARSI R IR BRI (K 7 AT 920 9, i LoBHIU R =K TFIERS R, sEi s Rindk 4
FiR. SR R & R IS AR -

Table 4. Lo(3*) Orthogonal experimental arrangements and results
3 4. L3 EXERRHMIIER

e Ra (um) ARa (um) (L7354
FFe
v/(mm-s ") A/mm P/W T 1 I 1 11 I 11
1 5 0.02 10 2 0.222 1.684 0.291 0.148 13.073 —4.526
2 5 0.06 12 6 0.287 1.655 0.226 0.177 10.842 —4.376
3 5 0.10 14 10 0.276 1.288 0.237 0.544 11.182 —2.198
4 8 0.02 12 10 0.261 1.439 0.252 0.393 11.667 —-3.161
5 8 0.06 14 2 0.322 1.409 0.191 0.423 9.843 —2.978
6 8 0.10 10 6 0.315 1.766 0.198 0.066 10.033 —4.940
7 11 0.02 14 6 0.247 0.665 0.266 1.167 12.146 3.544
8 11 0.06 10 10 0.332 0.642 0.181 1.19 9.577 3.849
9 11 0.10 12 2 0.376 0.663 0.137 1.169 8.496 3.570

4. ER5118
4.1. (ELLS5HES T

{1 L (Signal-to-noise ratio) FF 1k BRI H Al 7 N B R . B/INRRIEANEE F KR . AEASEIRRT ST,
REPEN, R R AL, G RORBRGE,  PR et R P B VR, B R EE O
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77=—101g£%2n‘,y3j 4)
KA n NEERE(m=23); y, ALK FIREREE . T2 AR E AR [14]9:
=y (5)

i=1 N

JHI Minitab X 4 4 SEHE5 AT 70 A KB, O I 2 T HEL A P2 435 1 EL (S/N) S5 T B iy iR LT 3, 24 it
Q6 TR RE AT IR (1), 140 ) X 2 T RELRES P2 o 5 W) S5 24 U R T AEL S P88 i S (1), 49 ik PO e
fEME LBy, tH R RE PR PR AR

RERE P2 52 e S5 o AR IS 40 T,

12.5 44
. a4 —=—
— A FEHTh%EP 34 —o— FAHilAkE A
12.0 —w— EfiksT —A— PP
2 —¥— EHRHT
-
-211.54 .2
£ 1
2 2
211.04 A V. 3 04
&
i =
g A / \V é A
s ~ -1
5105 H Y 2 - o « v\/
7] A -
\ ©n =24 “
. °
10.01 o N
9'5 T T T T T T T 1 4 T T T T T T T 1
A B Cc D A B C D
Experimental Parameter Experimental Parameter
(a) Signal-to-noise ratio of each factor level (I) (b) Signal-to-noise ratio of each factor level (II)
0.354 ——— 1.6
—o— A — o7 Hlin
—A—PET)EP A PP
. —w— EHYHT —v— EHYHT
. /
/T A
0.304 y v 1.4
2 A;’ \ v 9 A
g
g s v 2 /
g g *
] . ; Ne—o A v
8 § 1.2
= 0.25- S
°
A v
!
0.20 T T T T T T T 1 0.6 T T T T T T T 1
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Experimental Parameter

(c) Mean response of each factor level (I)

Experimental Parameter

(d) Mean response of each factor level (II)

Figure 3. Signal-to-noise ratio and mean response of different original roughness; (a) Signal-to-noise ratio of each factor
level (I), (b) Signal-to-noise ratio of each factor level (II), (c¢) Mean response of each factor level (I), (d) Mean response of
each factor level (II)

E 3. TERERENEEESERRE; () FERKFERED, (b)) FERKHEBREAD, () SERKTFY
BRI, (d) SFEZRKEHEWRMAD

A EM L, MRIEE 4 15 HA(E B L AP 2w N2 ATk IR 5. 4% 6. 0Tk 1L, #ldaRim
FHREFEARY 0.513 pm,  # A B O RHR R i ' R AEREAR 0.2 nm Ze A7, X s ah R i 32k
WGP ARG > AR > PIDER > JEEL SO RGN BIACsDys X TR 1T 3
i 2R T AE A P2 5 vt B AIR 70% 2 A, RSB 85 SREZMI )  RU i JE > s > ~Fzh® >
FHERE, SACRRELAEN AsD;C3B,-
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Table 5. Signal-to-noise ratio and mean response (I)

= 5. (R SIEImR )

(EL 14 S35 [
K
v/(mm-s™) A/mm P/W T v/(mm-s") A/mm P/W T
1 11.699 12.295 10.895 10.471 0.2617 0.2433 0.2897 0.3067
2 10.515 10.087 10.335 11.007 0.2993 0.3137 0.3080 0.2830
3 10.073 9.010 11.057 10.809 0.3183 0.3223 0.2817 0.2897
A 1.626 2.391 0.722 0.537 0.0567 0.0790 0.0236 0.0237
Hetk 2 1 3 4

Table 6. Signal-to-noise ratio and mean response (II)

% 6. ISR SHEMRD

5L P25 8
KF
v/(mm-s™") A/mm P/W T v/(mm-s™") A/mm P/W T
1 —3.7004 —1.3815 —1.8725 -1.3118 1.5423 1.2627 1.3640 1.2520
2 -3.6931 —1.1683 —1.3225 —1.9241 1.5380 1.2353 1.2523 1.3620
3 3.6542 —1.1895 —0.5443 —0.5034 0.6567 1.2390 1.1207 1.1230
A 7.3546 0.2132 1.3281 1.4207 0.8857 0.0273 0.2433 0.2390
AER 1 4 3 2
4.2. FESH

IRAE B TVEAR AN T35, (HRTE I S8R RAAEZ R IR . BT 5250 5 2
i, FH Minitab 75 2 73 By SEBG 25 SR K sEma e N B R AR R ZE T, PR 1. 1L 7 ZE s RN 7. 36 8.
ERFEMEAF A 0.1 B, P E/ANT 0.1 i, R fEm A B, W7k 7, HPrHRE R, MEE
B ERFEMEAKTR0.01 0, PREANT 0.01 B, FFs BT NA B2, W5 8. S i AL
JEERETEN, S Plid A/ N s FE R RN, O E SR S, REE BEAUTE, WABRRIE
B T A A R R KB BRI KR, WOkRE R B E,  RIM AL SR K.

Table 7. Variance analysis table of surface roughness (I)

7. REMBEHESHR®D

H A Ji 7SS (x107%) BI75 7 MS (x107%) F P Sig.
A 2 4.9909 2.4954 5.59 0.152 -
B 2 11.2629 5.6314 12.60 0.074 J
C 2 1.0936 0.5468 122 0.450 -
R 2 0.8936 0.4468
Bt 8 18.2409
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Table 8. Variance analysis table of surface roughness (II)

= 8. REAMAEEHFENHRAD

H J7 % SS (x107) W7 % MS (x107) F P Sig.
A 2 1.5612 0.7806 1182.11 0.001 J
2 0.0890 0.0445 67.40 0.015
D 2 0.0859 0.0429 65.01 0.015
W 2 0.0013 0.0007
Bt 8 1.7374

4.3. BSHETNSKHIE

AR X A5 e LU (B i RL A0 AT, 24 S AR A THDREDRE FEAICIN S 4 R ARG X T4 11,

n= ﬁ"‘ (ﬁA3_ﬁ)+(ﬁBZ_ﬁ)+(ﬁC3_ﬁ)+(ﬁD3_ﬁ) = ﬁA3+ﬁB2+ﬁC3+ﬁD3_2ﬁ (6)

He, p——®mMMEMETFHERL: 7,——A4 REK3AKFFHERL; 7, —B KR 3 KF FHEE
tes 7., ——C R 3K RHMEMELL: 7, —D IR 3 KT NEMEMELL: 7 —— 430 9 ML
B IME[13] .

AR AR 7 =3.6542-1.1683—0.5443-0.5034+2x1.6619 = 4.762

MR B/ NRFIE, THERA Z(6) TR B A 26 18 IRHLRE 224 0.578 pumee S8 SREREGIE, ANSEE I 46 2R
FLREEE M 1.832 um, 7F A3B,CsDs 264F FIFE 0.510 pmo e f 26 F R 0L AT G RIS LS 4.

(a) PILHTR IS (b) ot/ RmAE

Figure 4. Surface topography before and after polishing under the optimal conditions
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2) JEURAR RGBS I {5 M L i S ANy 22 0 A, 45 H R B R TR R E S ok,
URATTEIHL VIR AR 7] K 5

3) HFEMEEZY 11 mo/s, KBS 6 U, PEIThEIY 12 W, FHEFE Y 0.1 mm i, ATER
FUREFZ IS 0.51 pm, 7532470 TR
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