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Effect of curvature attribute of free-form surface on CNC milling process
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Abstract: A method was presented to analyze the computer-numerical-control (CNC)
milling process based on characteristics of the curvature of curved surface. It applied differ-
ential geometry theory to CNC milling process. This method was employed to analyze the
effects of the curvature attributes of isoparametric curves on the interference and cutting
width during the process through planning the cutting path on the constructed free-form sur-
face and establishing cutting path isoparametric curve. At the same time, according to the
research on the relationship among the cutting path, the scallop height and the attributes of
curvature of curve, some laws affecting the machining efficiency, accuracy and interference
were obtained. In addition, the research shows that the cutting width can be improved effec-
tively by optimizing the anastomosis curve of the cutting tool radius, the scallop height and
machined surface’s curvature. The experimental results show the effectiveness of the method
in analyzing CNC milling process based on the attributes of the curvature of curves, the ma-

chining efficiency can be increased 5% ~8%.
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Fig. 1 Ball-end cutter interference surface
[7-10] [10-13]
[14] 2 )
’ ( ),
Gauss , , Gauss ,
b b 2
’ ’ 2.1 Gauss
Gauss
1 L+« N—M
- 2
E.G—F* (2)
’ L,N.M E,G,F
’ s (3)
E=vr. F=r,or, G=1
L=ner, M=ner, N=n-er,
’ o, X,
’ T X )
s b, b
. 1
« Dee ’ R — Edu* + 2Fdudv + Gdv? 5
Pa s R . " Ldu’ + 2mdudv + Ndo*
@) 2 , b
(I, — 1) «n* <O @)
l, O 2 ; ky, = kicos’B+ kysin®B
l(jp lop ’nk P* kl kg 9/31 :l/R’

ky, = 1/Rcosa.



ry = 1/ky Gauss s
Gauss . C.

N 4(3)\ 4(b) )

Fig. 2 Geometric relations diagram of

ball-end cutter processing surface
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Table 1 Comparison of tool path length of different

calculation methods of ball-end cutter

5% ~8%.
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