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Experimental study of quality and efficiency of CFRP processed
by water-jet guided laser

ZHANG Yu-ting' >, QIAO Hong-chao'”>, WANG Shun-shan'" | LIANG Jin-sheng'**,ZHAO Ji-bin"’
(1. Shenyang Institute of Automation,Chinese Academy of Sciences,Shenyang 110016, China;
2. Institute of Robotics and Intelligent Manufacturing Innovation, Chinese Academy of Sciences,Shenyang 110169, China;
3. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract: In order to achieve high-quality and high-efficiency cutting of carbon fiber reinforced composites , water-jet
guided laser processing is used for the CFRP microgroove processing. The influence of the laser power,scanning speed
and scanning path overlap rate on the width of the heat-affected zone and the material removal rate are investigated by
the orthogonal and one-factor experimental methods and optimized with this goal in mind. The results show that the la-
ser power and the overlap rate of the scanning path have a significant effect on the width of the heat-affected zone and
the material removal rate. When the laser power is 35 W, the scanning speed is 4 mm/s and the scanning path overlap
rate is 40 % ,the width of the heat-affected zone is 184.484 pm,and the material removal rate is 0. 068 mm’ /s, which
can obtain smaller width of the heat-affected zone and higher processing efficiency.

Keywords : water-jet guided laser;carbon fiber reinforced polymer;orthogonal experiment;process optimization
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Fig. 1 Schematic of water jet guided laser processing
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Fig. 2 Schematic structure of 3. 5 mm thick CFRP used

for the experiment
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Tab. 1 CFRP thermodynamic parameter

Iy TERE TR LT 4t IEAM B
B/ (kg - m ™) 1800 1200
AR /K 3573 698
MG/ (W - m™ - K) | S0CKRE) ,5(4&m) 0.1
e/ (T - kg™ - KT 710 1884

2.2 ZEWGTFE
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G A DX 98 BE AL RE A R R 5w B A, R T
Lys (4°) IEAZSEIAE CFRP # B AT S mm K f5m 8,
PR Z 5K R MIES LI g 2 fs 3 fr
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F DRI RN TS5 SRR U | 8 1 W 22 0 15 51145
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Tab. 2 Design factors and levels

K%
A woeshRs | EEE g AR
W (mm-s™") %
1 25 2 100
2 30 3 80
3 35 4 60
4 40 5 40

®3 EXERFTE
Tab. 3 Orthogonal experiment scheme

I i%fl#ﬁg]%/ PN | iR A

(mm - s7") %
1 25 2 100
2 25 3 80
3 25 4 60
4 25 5 40
5 30 2 80
6 30 3 100
7 30 4 40
8 30 5 60
9 35 2 60
10 35 3 40
11 35 4 100
12 35 5 80
13 40 2 40
14 40 3 60
15 40 4 80
16 40 5 100
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Fig. 3 Micro groove machining scheme
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Fig. 4 Typical microgroove cross-section
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Fig 5 Main effect diagram
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Tab. 4 Mean response table of heat affected zone width Tab.5 Mean response table of material remove rate
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Fig. 6 Interaction diagram
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Fig. 7 Effect of laser power on HAZ and MRR
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Fig. 8 Cross-section and sidewall morphology of microgrooves
in the heat-affected zone width optimal group and

the comprehensive optimal group
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