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Temperature Field Simulation of Single Layer Carbon Fiber

Reinforced Plastics in Parallel Laser Cutting
Abstract
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In order to reveal the mechanism of energy absorption and transfer of materials in laser cutting of carbon

1

fiber reinforced plastics (CFRP), a three dimensional finite element model for parallel laser cutting of single-fiber

Bl

— .

arranged CERP, a three dimensional fiber-spot diameter ratio model and a three dimensional fiber-resin double phase
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140.3390; 350.3390; 140.3538

model are established, respectively. Numerical simulation results show that, with the decline of fiber-spot diameter
=]

errors for the kerf width and the HAZ width are 5.97% and 1.13%, respectively.

ratio, the kerf width decreases from 229.45 pm to 95.60 pm, while the width of the heat affected zone (HAZ)
decreases from 172.08 pm to 156.79 pm. The experimental results agree well with the simulation results, and the
diameter ratio; fiber-resin double phase model
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Table 1 Parameters of single-layer CFRP

Fiber Resin Composite
Density /(gecm ™ *) 1.76 1.30 1.60
Thermal conductivity /(Wem ™' +K) 84 (axial) , 8.4(radial) 0.2 55" (axial), 5.5" (radial)
Specific heat /(Jekg ' +K) 795 1200 1058~
Coefficient of thermal expansion /(10" ° m®+s™ ') —0.41 57 0.26 (axial), 33.7(radial)
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Fig. 1 Relationship between single-layer CFRP and single-fiber arranged CFRP
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Fig. 2 Aluminum made slit diaphragm. (a) Front view; (b) back view

FMRBRET AE 1Y B — AR 5~8 pom YU, BRI b i OAR G BE EAR AT LA HEAT AN [R) 223 5 4% L) R 0O
[ 5 V) B L2 CFRP AR50 . 38 3 1 48 4 B 6 B ok sl A8 B0 AE BT CFRP (G BE ELAR , T HE A7 AN [] 22-
REAARWHIT S, #4950 pm BEEHI SN SRR, WA 2 PR, HHE TEOCS 5z
(), i S PR ADGEE HARI/NE 50 pm A A7, AT 45 BAUL A 1Y 22 o AR LU ) i vME S 1B L AN T 3
W 28-S HAR W] b Ry 7250, 30010 127350 5 B AL S5 Rl T — ﬁl

HEAT HCAEASE DL, 75 2 37 Bk OGRS s BAGUR 10 RE B 40 A 2 38 0T e 3 SR 1F . B bk IO Y BE
A A

I(x,y)=Al,f(x,y)g (), (D

Xrf A Sy CFRP XHEOGH W R T, OO AT Z3E R, (s y) R EOGIK i 25 8] 53 4, g ()
IR 8] 734

041401-3



54, 041401(2017) BHSNBEIZHE www.opticsjournal.net

jet nozzle
briquetting

= aperture
spacer

spacer block =28

il <o
B N

B3 e
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Fig. 4 Schematic diagram of geometry model for single-fiber arranged CFRP and its partial enlargement (1:5)
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Fig. 5 Geometry model of carbon fiber-resin double phase CFRP
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Fig. 6 Temperature fields of laser cutting of single-fiber arranged CFRPs with different f{iber-spot ratios
at the same time. (a) k=1:1; (b) k=1:2; (c¢) k=1:5
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(b) right view of entire model; (c) front view of fiber; (d) right view of fiber
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Fig. 8 Enlarged photos of slit diaphragm before and after laser cutting process.

(a) Front view before cutting; (b) front view after cutting
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Fig. 9 Enlarged photos of workpiece after laser cutting. (a) Front view of workpiece; (b) back view of workpiece
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Fig. 10 Relationship between fiber-spot ratio and (a) kerf width and (b) HAZ width
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