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Abstract: On the basis of femtosecond laser cutting and micro electric resistance slip welding,a form-
ing process named Micro Double-staged Laminated Object Manufacturing ( Micro-DLOM) was pro-
posed to fabricate a complex 3D micro-structure,and the feasibility of the forming process was demon-

strated by fabrication of a complex 3D micro-cavity mold. Firstly, 0Cr18Ni9 stainless steel foils with
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the thickness of 10 pm were cut by a femtosecond laser to get a 2D microstructure under a femtosec-
ond laser power of 110 mW,a cutting speed of 0. 1 mm/s and the cutting compensation quantity of
0.75 pm. Then, the influence of laser power, cutting speed on cutting precision was analysed,and the
foils were welded together to get the 3D microstructure. For further study, the weld-zone was ana-
lysed by X-ray Diffractometry (XRD) and it was found that the phase of weld zone has not been
changed but the content of phase changed. Compared with UV-LIGA,the Micro-DLOM can fabricate
the 3D micro-structure with a free-form surface and the unrestricted ratio of depth to width. Moreo-
ver,the thinner the stainless steel foils the, the higher the processing accuracy is. Compared with fem-
tosecond laser ablation, the Micro-DLOM only needs to cut every layer’s outline and has a higher
forming efficiency. Compared with micro-EDM, the 3D micro-structure fabricated by Micro-DLOM
has a large surface roughness, but it needs not fabricate different microelectrode faces and can fabri-
cate the 3D micro-structure with unrestricted ratio of depth to width.

Key words: 3D metal micro-structure; Double-staged Laminated Object Manufacturing(DLOM) ; mi-

cro resistance welding; femtosecond laser cutting
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Fig. 3 Schematic diagram of principle error to Micro-DLOM
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Fig. 7 Schematic diagram of stability control weld spots

A TR R fis S AR DX PR PN L AN 5 A G =2 T 17
A R4S 2 AN 55 B9 98 2 (0] S AT 3k A b 2% A7
FE T 52 77 3 e ] B2 3 3R 15 2 19 S B A
T RAEAOR v B 1) b i ROSH R B T Ak
SEARATCE 2() B 2 T LML+ &
J2 (AR o P YR B 2 P BEL AR AN, Ao e L 9 A
{14 77 2T B AS 5 8 9 =2 [ 114 i) B

AR SCRTR R MR T4 5L 5 0 i B T2
TR AR SRS, BE R T2 0 R P WA R B
VA B B30T 22 B 0 A5 v A S 58 B RS B A 11
R o TV R ) R 3 A 4 R A ) 9 Bl e A
TA Rz . AR AR AR v R R I R R
Fe Atk 2Z 0] 2208 UM A% O B 26 9 4% 0 S 1 25 7 A
FE AR T 3N AR T 23 KR Ml s e A5 B A v B
] b ROSERS B, BT B, £ Micro-DLOM T. 2
S T DR UE SRR Jl v B ) b RS B
G A R B R AR AT AR SO SR B R
F2 7 2R AE R A /N B SR R AR T 5 A B
T FL R 14 22 ORI FRL AR L AR IO O 5 R
BRI 2 I e, M AR S0 Y € T IR 1A 8

g

<->
%
I | NN\ EDZE N\ ¢
i | 222

e
Gl
IS
e

ERLGER S

[ 8 S 1 2 T I
Fig. 8 Schematic diagram of slip welding

R T ES WA F IR R R R RS  TUR
I [E) | IR I 8] ¥ 0 RF 5] DA R v vk B, R
S S 45 A 71 3 R v, R R R AR AR R R 22 1] T
Tl O ) L s o AR L A R L UL I AOR L
FINCEERZ Iy SN A kL SRR AN SR S

HAFIZAE BN 0. 21 VUK T 3x — 1 AR METE W 72
I A 420 ) 5 A 2 e B 2 R L A T X Rl TR R I 1Y T
SR 3 /N B AR T DR 2 R e B AR AT KR
A A PR 428 s 5 ) 2 3 BRI I AR T Ll e 52
B AR SR A A2 O 0. 2 MPas JiCHAL B[R] 5 H



1818 b e

K TR

5% 20 &

AR T30 H, — ) IS ) A P P ) K A B I I
W s 38 2k 2B H E ) 10 ms; T B[R] 2 45 M
e P A s B T s ) A v A T s s 8 B TRD T
V2 A0 A [va] DU S A v AR 75 P, ) [ B B[R] X 7 S 2
ORCEC MNP E A IV Ny NN A Sl S
100 ms A1 10 ms; 0L Y BOE #8 HE AR HE 2 — I
BELKE AL o 124y v Jok o 19 > 250, 7E b 3R 2 80RE 1Y
THOLT IR AE X ¥ 7 1 E;ﬂﬁﬂijto HARAS A I Y
JECHL B A SCTE B T A S 500 E T4 T LR
FHKIEJEI’JWEEU\@XTM*”FE# TR, S A

BAanE 9 R,
70

60

sot "0 B B BBm w1

40t

Height of samples

30

20 |

0
40 60 80 100 120 140 160 180 200 220
Number of slipping discharge
P9 Y s v JBE B i 0 s Pl TR B AR Ak
Fig.9 Variation of micro cavity heights with differ-

ent numbers of slip welding discharge

100 —
—A— Ideal height of sample
30t —m— Real height of sample
5
=)
E 60t
%] /.\
bl g —A-—n—2=1" A a—0—p-—n-n 41
i‘) 40 +
Ll
jas)
201
0 1 1 1 1 1 1 1 1 1

1 23456 78 9101112131415
Serial number of samples

10 28 160 YK A AR 422 I 109 AR i v

Fig. 10 Micro cavity heights after 160 slip welding

discharge

T et S 8 R T L R T B R VR Y B
0 R 7R B R R 50 WRAF 1Y) 63. 57 pm 14 AR
9200 YIS EY 47, 34 pm, XF bR S2EG 45 B
N AW IR T i T AR R AN KR BT
PR A /N . EL B R R T AR
P2 T 7 A IR A 2 5% 8 BB OF L i R

PR N B B 9 2 ) o R O A Oy kAT i
Fz AN BT 22 1] A (8] B o bl B T B, HET 9
AT LUGE « R B2 160 IR, AT DLAR S 5
PRI RO B9 R i TR B B (50,41 pm)
R T SRR S B R R R AR SR 14 AR
B J2 IO IR RE HEAT 160 YA T R T 8 3 ) 4
FE 5 0 R TR s v B R AT I A, 0 A A5 R A1 10 B
IR LR AERUEW] L BR 1 £ M7 # AR R IR 22K
Ah A 12 NIRRETE 160 U9 A i OB $4 3k 75
TR B Y i B RE (49, 33~52. 22 pm)

A RE I 2 AL I i 32 202 i L MO 4 211
FE N T 25U KR TN R s fOUR AL 4L 5
XF OCr18Ni9 AN EE 89 T J5t A4 e 17 £ J5 19 2 Ji
TR A0 07 1T 40 ) A XRD K. aniEl 11 () TR
BB R = B AN Ny Cro.; Feo s B G AR FI
Ni-Cr-Fe &4 IR 482 )5 . 08 6 4 X8y 2 22
Yy M KRR IR LT (b)) FE 7R A5 R Nis

20.0 q

15.0 “

Intensity/count
=
(o]

C

x10° - —
| ”i3-094>>N|2v9(‘rﬂv7Fc0v36-Auslcmllc‘slccl
lllllllllll ‘ ., 35-1375>Ni-Cr-Fe-Chromium Iron Nickel
20 30 40 50 60 70
2000
(a) JEUBPRHE) XRD &3
(a) XRD test of original materials
15.0 “
210.0 | ﬂ
8 \
2
8
=30 H W
X 107 sbatisstannt
33-0945>Ni2.9Cr0.7Fe0.36-. Auslenmc steel
] 7>>N1 (‘r Fc (‘hrolmum Iron NleC]
20 30 40 60 70

ze/(°)

() {78 i A2 422 W 1T B9 XIRD &1 3%
(b) XRD test of micro cavity section
B 11 R EIX XRD 73
Fig. 11  XRD test of welded zone
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Cro.7Feg 5 B RAKA Ni-Cr-Fe &4, WRIEEFY)
AREY XOGAT S 5 B AT LA 5 L 0 AR B R X 5 A
TR RME 2 Fron, B3R 2 8RR DLANE ,
SR IS 2% W0 AH B9 AR X & i &R T A2 A Ni
Cro.rFeo s B CHR & 5 B IR BRI W 99. 422048 K
SR G 1 92, 8205 Ni-Cr-Fe & 4 i 2 45 5 (1

0. 580 I RIG 7. 200 0 X T BRI R o
Hrk Dy AR B 22 U HR BT 7 A B B i R BT
FE BN B R A T AR A R A AR
1 DX ST T B W AR 7 A DRI RS LA B < o e 9
i T LAAE DR IR fof 7 Js ML BT RE 19 155 O T AR i
9 77 5SS BRAS T2 AN 85 A 9 22 [ 19 A 2808 4

x2 JEER XRD HESF
Tab. 2 XRD data analysis of welded zone

LIkt PDF k%5 RIR i Bl A B a8/ (00D
o Niz. s Cro. 7 Feo. s #33-0945 8.89 17 458 99, 42
T i
Ni-Cr-Fe #35-1375 10. 76 2 266 0.58
Niz. o Cro. 7 Feo. 1 #33-0945 8.89 8 600 92.8
e e
Ni-Cr-Fe #35-1375 10.76 14 836 7.2
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JEGIE Micro-DLOM T 25 0] 174k . A8 SCi%
T T K- BEE R 7 TE L RS R H T (1 f 8 Js A8
HAE RN T X 4,3 AN RE7E i B 7 1) B H
il T R A o EG R R IR AR DA L L AT s
FeWE 1 A S R P A R BT T A AT

P gy 2 H A AR X A5 T e e/ 12 fr
IR o AR IO RS 5 B 5 e, HOK P RS2
Wy K T AR R i K R 200 pm, T KR
256 pm; RE AR HG 42 R 150 pm, T4 R
166. 5 pem; 2 H JE R I 2 LA TRE iR Jhy Al 25 1k
M, BT A IR T B4R 50 pm,

()
(a)Square

(b RAJE
(b) Circle

(kHIE
(¢) Half moon-shape

12 oA BT

Fig. 12 Design drawing of micro-cavity mould
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BETT AR B i B A AR A 5 Bk 2% Micro-DLOM (1) Ji
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KN +0.5 pm,
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(a) SEM photograph of micro-cavity mold with square
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(b) SEM photograph of micro-cavity mold with circle
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(¢) SEM photograph of micro-cavity mold with half moon-shape (d) 3D scanning image of micro-cavity mold with square
Bl 13 3 id Micro-DLOM k445 (9 i 2 et L (19 SEM A1 3D 141 4]
Fig. 13 SEM photograph and 3D scanning graph of micro-cavity mold

ASCHR T R Micro-DLOM #7 1. 2 3 il
YEELA [ dy i TR A 1 f 2R e S L, O o g Y
JE 8 1 25 S0 IE THZ T 2 B T AT 5 ek pE . 7E K
FREOE TR N 110 mW, Y)#3E BE 4 100 pm/s, ¥
FIAME R 0. 75 pm, IR R 0. 21 V4842
JE5% K 0. 2 MPa, Tl KB [E] 25 100 ms, #5 #2255 8]
9 10 ms, H AR HL B 160 IR L2 S 8T
AT T HA A f il R E 0 SR A . Micro-
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