¥38% %3
2011 4= 3 H

Hi
CHINESE JOURNAL OF LASERS

Vol. 38, No. 3
March, 2011

Wt

AN G5 0l i e o

%' XEW

18K

A TOIE i 3P

RXE ARR

( VRS T RN TR, LT K% 116024 )
P ORKH E S KPR BE R G 2FER, HA BKH 015-0055

FE R JKI002 B Nd: YAG BG4 [R5 80 R G0 E BB ALK HPMT75 ik I, 58 316L AWM K. 5
B2 Y O AR L BIF T % R 1 A B LA RS R S B SR RS AR RAS T i i 5 Ok Th S 4L A 0 s T
WY, S5RFN] R 1. 5~2.5 g/min, FRK75 1 2 O E AT T AT RS SR A SO 0 S O B 3400 W
Bt 2.0 g/min 1 G 3R B A B8 21 BTt 9 A 1 358 . >R ] CAD-Mastercam 344, 94 45 2 JE IR Sl
TELE A OE R BUE B8 A2 R IR S50 & 31T 2 206 B OE S5 50 . R 1 B0 LR 2 580 HV Y 4t s 35
B 25 SRS BRI B B O L B S 0.1 mm, BE 0. 3 mm (446 B TE W6 R VR B R R M R B R

fE 1 R E SRR 60~75 min,

KR WORHOAR s WOLK B UTE s WUR TE B E. 178 B B 5 i ME R

hESEE TG665 XEkARIRES A

doi: 10.3788/CJL201138.0303001

Laser Cladding Fabrication of Micro-Fluidic Channel Mold of Stainless Steel

Wang Xuyue' Guo Huiru'

Wu Yongbo?

Xu Wenji' Guo Dongming®

' School of Mechanical and Engineering, Dalian University of Technology, Dalian , Liaoning 116024, China

* Department of Machine Intelligence and Systems Engineering, Akita Prefectural University,

Akita 015-0055, Japan

Abstract Laser cladding on JK1002 Nd: YAG laser and the synchronous powder feeder are performed to fabricate

micro-fluidic channels mold. Substrate material is HPM75 steel and clad powder is 316L stainless steel. Influences of

the powder feed rate on clad layer geometrical dimensions and the combination of laser power and powder feed rate

with stable state of powder feeding on clad quality are investigated. Results show that the range of 1.5~2.5 g/min of

powder feed rate obtains micro clad layers which meet geometrical dimensions’ requirement of micro-fluidic channel

mold and combination parameters of laser power of 400 W and powder feed rate of 2.0 g/min make micro clad layer

with good clad quality. Scanning paths of micro-fluidic channel mold with specific shape are planned by CAD-

Mastercam software. Using optimum parameters combination, multilayer laser cladding experiment is carried out and

a sample of micro-fluidic channels mold is fabricated with dense structure and hardness of 580 HV. A little milling and

polishing makes the sample meet the requirement of mold. Sizes of the final sample are 0. 1 mm in height and

0.3 mm in width. The mold fabricating time is 60~75 min totally.
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Table 1 Chemical composition of HPM75 plastic mould steel %

C Si Mn P S Cr Mo w A% Al
0.65~0.75 0.80 14.5~16.0 0.04 0.03 2.0~2.5 0.5~0.8 0.5~0.8 1.5~2.0 2.7~3.3
# 2 316L ANEMM A WA

Table 2 Chemical composition of 316L stainless steel powder %

C Si Mn P S Cr Ni Mo Fe
0.03 1.0 2.0 0. 045 0.03 16.0~18.0 12.0~15.0 2.0~3.0 Balance
2.2 XHWHE

PE1 A T AR PR

Fig. 1 Drawing of micro-fluidic channels mold
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Fig. 2 Surface appearance of clad layers with different powder feed rates (25X)
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Table 3 Geometrical dimensions of clad layers with different powder feed rates

Fig. 2 (a) (b) (¢) (d) (e)
Powder feed rate /(g/min) 1.5 2.0 2.5 3.0 3.5
Height /mm 0.18 0.21 0.42 0.46 0. 54
Width /mm 0.73 0.74 0.75 0.79 0. 84
Height-width ratio 0. 260 0. 287 0. 560 0.582 0. 643
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Fig. 3 Surface appearance of clad layers with different combinations of laser power and powder feed rate (50 X)
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Table 4 Experiments with combination of laser power and

powder feed rate and results

Fig. 3 (a) (b) (o) (d)
Laser power /W 400 400 450 500
Powder feed
1.5 2.0 2.0 3.0
rate /(g/min)
Height /mm 0.18 0.21 0. 34 0. 50
Width /mm 0.73 0.74 0.79 0. 85
Height-width ratio 0. 260 0. 287 0.430 0.588
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Fig. 4 Photos showing a sample of micro-fluidic channel mold. (a) direct fabricated by laser cladding forming,

(b) after milling
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Fig. 5 Hardness distribution of the sample direct fabricated by laser cladding. (a) perpendicular (Y-axis) ,

(b) parallel (X-axis) to scanning speed direction
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