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Abstract In order to improve the machined surface quality of CFRP parts and the tool life, the tool structure
was optimized.The orthogonal experiment between the tool structure parameters and the machined surface roughness
of CFRP parts and the wear of the tool flank were designed. The influence of the tool structure parameters on the
surface roughness of CFRP and the tool flank wear were analyzed by the extreme difference analysis.The mathematical
models between the tool structure parameters and the surface roughness of CFRP and the tool flank wear were
established by the multiple linear regression method. Based on this model, the tool structure parameters were
optimized by using firefly algorithm and the verification experiment was carried out. The results show that the
influence sequence of the tool structure parameters on the surface roughness of the CFRP workpiece is as follow: the
rear angle, the helix angle, the front angle.Within the range of the test parameters, when the rear angle, the helix angle
and the front angle increase, the surface roughness decrease, but the degree of reduction are different. The influence
sequence of the tool structure parameters on the tool flank wear is in turn: the rear angle, the helix angle, the front
angle. When the rear angle of the tool increases, the tool flank wear increases rapidly, and when the helix angle
increases, the tool flank wear decreases.When the front angle of the tool increases, the tool flank wear decreases firstly

and then increases. The tool structure optimized by firefly algorithm is used to milling the CFRP.The error value
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between the experiment and the prediction is small.The error value of the surface roughness is only 3%, and the error

value of tool flank wear is 7.6%.
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Tab.1 Test schemes and results
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i) () BIC) S/ pm ikt Vy/um
1 8 10 15 1.9548 97.59
2 8 12 20 1.6866 101.48
3 8 14 25 1.4956 105.30
4 8 16 30 1.3513 108.97
5 12 10 20 1.7526 87.10
6 12 12 15 1.7290 102.86
7 12 14 30 1.4743 96.93
8 12 16 25 1.3517 108.77
9 16 10 25 1.6148 91.40
10 16 12 30 1.4278 97.30
11 16 14 15 1.5675 121.84
12 16 16 20 1.3819 123.62
13 20 10 30 1.6121 90.69
14 20 12 25 1.4556 103.96
15 20 14 20 1.4323 118.33
16 20 16 15 1.4438 134.94
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Fig.1 Influence of tool geometric parameters on

surface roughness
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Fig.2 Influence of tool geometric parameters on tool wear
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Fig.3 Flow chart of the firefly algorithm optimization
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Tab.4 Multi-objective optimization results
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