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Experimental study on the preparation of microholes
in stainless steel using femtosecond laser

DAI Hai-long,XIAO Qiang,ZHANG Yong-jie
(School of Mechatronic Engineering, Xi’an Technological University,Xi'an 710021, China)

Abstract : Compared with traditional processing methods , femtosecond laser has a 'cold’ processing effect,resulting in
high processing quality. However, there is a limitation in processing depth when creating micropores with a diameter of
less than 200 pwm. To address the difficulties in machining deep micropores,a comprehensive study is conducted using
the single-factor variable control method. The effects of femtosecond laser power, fill spacing, repetition frequency, sin-
gle-layer feed amount,and scanning speed on the quality of stainless steel micropores with a target diameter of 100 wm
and depth of 1 mm are systematically investigated. A comparative analysis is performed on the entrance diameter, exit
diameter, and taper of micro-holes processed via two techniques; laser annular processing and annular-spiral combined
processing, leading to the optimal processing technique. The results show that the highest micro-hole qualityis achieved
under the combined processing methodwith parameters set as follows: a repetition frequency of 75 kHz, a scanning
speed of 30 mm/s,a single-layer feed amount of 10 pwm,a fill spacing of 8 wm,and a laser power of 24 W. The en-
trance diameter of the micropore is 158. 38 wm,the exit diameter is 69. 75 wm,and the taper is 0. 04°.

Keywords : femtosecond laser ; ring machining;spiral machining

H LKL KE S B L E KT 6 ifLin e h
WAL T . BAR7E 0.3 ~0.5 mm 2 i {8 515

EEWA 75 LR H (No. 24GXFW0032) BEH)

PEZ A7 AU (2000 — ), 53 LT A, FZFETT T RN L E-mail :1196967892@ qq. com
BIEE 1 31976 —) 53 WL, 208, P55 I e Aiin 1. E-mail : 175230206@ qq. com
%5 H 89 :2025-05-12



WOt 5 44 No.2 2026

Qe sy CRROLHT & AL A SRR 5T 221

TSR IO S T2, PR ot s L L
— B HARAE R AL GRS L K BT
FL AR AT ALARMEE T LR /N T 0.5 mm (17
LN TRENHOE A ko 2 i) () A | 04 2)
Werm R i, S AR Ge i L5 UMt REPBOE R A
RRE )| IS YAy | I i =TI ) [ B 2 <) P2
IAER C U AR 22 B T T AR

P25 R o A5 B D AL T e e
FLEARTE Inconel 718 5L mift A 4 R 1 i LA
FILAE 0 631. 8 wm i L4224 602. 3 wm HYFHAL,
A T REE WO S LR b &I RS
HERE RN KM T B AL, Mk R IE 28900
EITEE T VOGN A B2 AR R[] R0 45 B
Xf FiAE 400 wm B R il 48 UL FL Y B R e R
B R T RS HALR B i T2 8 G
TFARAE S AT A 5 s AR B RS TR
[FOESHOT BAR 390 pum fLFL N BE L 2L () 52
SERFI]EPBOE ] H 5 T E )2 G XN
AL VLI REAT = M2 N FE 4R & 4 R 1w %t H
P EAZ 200 wm GALiHEAT TIN5 0EY, K B0 H
HTRYIHAN LA AL AR HE B R, FL DB S 22 1Y
B BEE FLER AN, KRR RS AR b2 R
A BRI AR S |, X Se A AR MR, FR ) T IAL
DREETT ] By — 250 T

AP I AE VI HAAE I o A rha] K BR
AL INFR AT RL, 12 18 12 J2 1 I 07 =X i R
HOHR AR AL TRk as (E] . ASBFST I PR R A ) A
HIERISE VHOCI A ST A PR S AR R
2y s Al 3 X L o B 1 S e R AR LU 33
T HOEHIE I TR G —SR T 41 A T W Fh T
ST AL A T EAR AR R BRE T
T/NVHEEE LI B LI T2 B G M T2
2 LWEE MBE5FRE

B A SEaeAd F ) CEMBO G B0 i L&
Gililes TR EE R @K Yb  KGW CEM%
Jeds , i A 30 WOLBEE AR 13 um, H
BAFE K 50 ~ 1000 kHz, YEHR P4 1030 nm, 3%
il R GERY N LA SCA ARG B (1) 1 & T 2 2 B0
HWOCHREE

SEEMABHERE 06CrIONIL0, RS KA S 30 mm x
70 mm x 1 mm, 06Cr19Nil0 & {b2F It R SR iNE

1 iR . SEBRTHE A 1000 H B4R TR 1R g
J5i 12000 HEVAUHS S , Z Jef TAFCEAE S oK &
BEAYBERR L, R R B VAL UE 5 min, 5 BRI
AR TR DR B PE AR AT o 3 Pt iy T AF
BT RS AN A R S g
TBCELAE & 0K SRR HERR L, FE P B8 DE LI Ut
5 min, KBRMEALA B DB I E Y. E
BT =R TRE L,

B e
Fig. 1 Femtosecond laser equipment
%1 06CrI9Nil0 Wyt ¥ T &4 &
Tab. 1 Chemical element content of 06Cr19Nil0

JLER I/ % JLER /%
C <0.08 S <0.03
Si <I Cr 18 ~20
Mn <2 Ni 8~11
P <0.045 N <0.1
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Fig. 3 Morphology of the entrance and exit of

micropores at different repetition frequencies
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Fig. 4 Relationship between micropore quality and repetition frequency
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Fig. 5 The morphology of the inlet and outlet of

micropores at different scanning speeds
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Fig. 10 Relationship between micropore quality and filling spacing
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