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Electrochemical micromachining with fiber laser masking
on the surface of stainless steel
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(1. School of Mechanical Engineering, Jiamusi University , Jiamusi 154002, China;

2. School of Material Science and Engineering, Jiamusi University, Jiamusi 154002, China)

Abstract;In order to fabricate microstructure of stainless steel ,the electrochemical micromachining (EMM) with la-
ser masking surface modification for 304 stainless steel was proposed. A device of EMM with laser surface modification
was developed,and the corresponding experiments were carried out. Firstly, fiber laser was used to mark the pattern on
the surface of 304 stainless steel. The marking pattern was analyzed by X ray photoelectron spectroscopy ( XPS). It is
found that there are the iron oxide and chromium oxide on the surface of stainless steel,and the marking pattern has
corrosion resistance. Secondly, the complex micro structures can be fabricated by EMM with laser surface modifica-
tion, since the marking patterns on the surface of stainless steel play a protective role in the subsequent EMM under
the appropriate machining parameters. At last,the shape and the roughness of the samples were measured by scanning
electron microscope (SEM) and optical profilometer. The results show that the rapid fabrication of microstructures on
the surface of 304 stainless steel can be achieved by EMM with laser masking, which has a good prospect in the field
of micro machining.

Key words :laser machining; electrochemical machining;micro machining;surface modification ;stainless steel

E£UTH: HXKAREAEETH (No. 51375208 ) ; LEAR B K 2= B 6% F AT H (No. Cxtdpy-2016-04) ¥t Hlj .
BB : 22/ (1970-) , 55 18, Bz, EZEWFST 7 10 R 06N T, S04 e i i T, HLA — &b %, E-mail; Li-xh@ jm-
su. edu. cn

I %5 HE#E:2017-07-10;1&1T H #9 :2017-08-18



% 5 41 4 No.4 2018

PN AR EDCLEOC IR R E A T 459

1 5 §

M TR S A ERE R, EL R
i T A R R R . HAT, b T R
SN P 2 UG Tt 6 PR B2 38 o B A e i o T 2
FESIZ IRFSE . W M. Kock'" | 94 2512 % F gh #b
SR Ik b e I Sl 2 R R I TN G R A, TR
BRI SR s AR W 3 3ok 8 N 3 16 A7 A2
Ff N T, A R T o TR R | S R 1A T A R
TN i PR A 4l K R AT 15 4 e i, SR
PH 5 - A 40 JES A2 20 7 4 7 fie 25, 7 s L A o T L 9
W TEANER AN TN TAL s 4 21T SR DGR
o, BRI b, R A SR AR T N TR M
GERL  BICH BE 450 7 O R AR AR TR in T,
JH S H3 375 B A S8 AL R 85 1TO 3 55847 hy v i FA A , O
L HOEH R I BRI T A 4R AR e AR
AL, 2k H i, SCEGZm N T PAJAK 250 %
FHPSE A B A e i v 5 O 2 A I AU, BB HR
PREUT i T35

SR T A 2% HEE ek, SR R AR I T, AR SR
LR Ot R TR, 76 304 NENKRMEHS
HHEFTAR 20 IR 22, 047 2 a0 e , A8 g B T J ok
PR P B, 25 & ToAn B g n 1, AR AR 2R T
25
2 MIHE
2.1 HfEHEIEE R

T 5 B G AT S0 G P 2 v A 2 B '
21O T AR 5 R A FE A I T AR R e e A ]
—rHERN 0.4 um 1 ZRIPES T & L, RO
SR HEL i 55 I e A2 m) R, an el 1 s

Electrolyte tank
BT SGERBOCHE RN F g i ke
Fig. 1 The developed EMM device with fiber laser masking
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Fig. 2 Laser scanning path planning as laser filling pattern
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Fig. 3 Principle of electrochemical micromachining
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(a) The surface of stainless steel without laser masking
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ZBkyU X186, 868 10m

(©)Micro cracks
B4 BOEHERHTS K 1E SEM [&
Fig. 4 SEM images of 304 stainless steel treated by laser masking
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(a)Stainless steel without laser masking
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Fig. 5 Cr 2p spectra with change of sputtering time
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Fig. 6 Fe 2p spectra with change of sputtering time
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machining with laser masking

3 e HARRIAE R AR AN TikIe

TEJCET OGRS A i L2 8 b A7 L
RO, H BN GIE M BOCSEOT 304 AN
TAFHATHERREAL AL B, IR 1 s, B 2 R AL AL
BRIE R VA A PN AT A P A i e, AN
B R AR AE o B AR T2 AR, © 29 SO HE I
SO PRI AR AR B, B R T A
WRAEAEE W AT b5 A S A H R 47 v i n L, e
ISR AR (% o S TSR 1| I ) | M [
TREFAE . A RN T2 8003 2 R, R
SRHI 1.8 mol/ L i R A ¥ W, ) FH PR i LTI 24 R 56
TP R SR R B AR AR 50 T, DA/ A 8 S 1 v 3 O
Sl HL VR, R RO A 320 mL/min, PR phoE
HL A 400, A PR I IR 267 o

® 1 BotHBErs A mHim T 55k

Tab. 1 Laser processing parameters

Laser machining parameter Value
Average power /W 5
Frequency /kHz 80
Laser scaning speed /(mm « s~!) 20
Beam diameter /pum 50
Line spacing /pum 10




462 5 RS AN

HA8E

K2 PR e T TS H

Tab. 2 Electrochemical processing parameters

Electrochemical machining parameter Value
Pulse width /s 50

Pulse interval /s 750
Machining voltage /V 9.5

NaNO; electrolyte concentrations /(mol + L™") 1.80
Interelectrode gap /pm 220
Sheet electrode scaning speed /(pum + s~ ") 200
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Fig. 9 Measurement of microstructure by optical profilometer
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Fig. 10 Surface morphology after EMM
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