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Establishment of Finite Element Model for Milling CFRP and Simulation
Analysis of Cutting Forces
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Abstract In order to explore the mapping relations between cutting force and process parameters during
milling process of carbon fiber reinforced composite (CFRP) , the finite element model of CFRP milling process and
simulation analysis of cutting force were carried out. Based on ABAQUS software, the CFRP milling finite element
model was established by defining material properties, material failure models, fiber layup and fiber orientation, and
the model was verified by cutting experiments. Based on the model, the influence of process parameters such as fiber
orientation angle, milling speed, feed per tooth and rake angle on cutting force is analyzed. The simulation results
show that the cutting forces decrease with the increase of the fiber angle from 0° to 90°, while the cutting force
increase with the increase of the fiber angle from 90° to 180°. The cutting force increases with increasing milling
speed and feed per tooth ,and decreases as the tool rake angle increases.
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Tab.1 Material properties of CFRP

E,/GPa  E,/GPa Vi, Va3,

G, /GPa Gy /GPa  plg-cm™

X,/GPa  XJ/MPa  Y/MPa  YJ/MPa  S/MPa S, /MPa

136.6 9.2 0.29 4 5.2 3.4
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Tab. 2 Fiber failure criteria
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Fig. 1 2D simulation model
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Fig. 3 The result of grid division
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Tab.3 Cutting parameters in test

% v/m min™! f/mm z™! a,/mm
1 62.8 0.1 0.5
2 62.8 0.2 0.5
3 62.8 0.1 1
4 94.42 0.1 1
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Tab.4 Comparison of simulation and experiment values of
cutting forces

iy FgIN Fp/N BRZE% F N F /N RE%
1 123 114 7.3 160 138 13.8
2 135 122 9.6 173 158 8.7
3 161 141 12.4 184 158 14.1
4 120 108 10.0 144 126 12.5
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Fig. 4 Definition of fiber orientation angle

60

VI,=33‘5m/min, fl=0‘2mm/z

50

40

30

PIHI 1IN

20

N WNV”WWWMWWWV&A
0 L L
0.00 0.01 0.02 0.03 0.04
GBS

BI5  6=90°mF YT 7 B Ikl i) 22 A i £&

Fig. 5 The curve of cutting forces over time when 6=90°
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Fig. 6 Effect of fiber orientation angle on cutting force
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Fig. 7 Effect of milling speed on cutting force
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Fig. 8 Effect of feed per tooth on cutting force
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