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Computer numerical control face milling spiral bevel gears by

application of disc cutter with concave end
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Abstract: In order to solve the poor machining efficiency and cutting chatter problem
during computer numerical control (CNC) machining of spiral bevel gears by universal cut-
ter, a machining method of face milling spiral bevel gears by a disc cutter with concave end
was presented. Based on the research of spiral bevel gears geometry structure, a bigger di-
ameter disc cutter with concave end was selected, and the setting order of cutter orientation
angles was changed actively, then the functions of cutter tilt and yaw angle were separated,
so the tooth surfaces machined with big cutting strip width and without bottom land gouge
could be realized. Through the cutter yaw angle determined by cutting contact point posi-
tions in tooth surface machined, the bottom land gouge interference can be avoided effective-
ly. Then through the tilt angles of both side tooth surfaces determined by the theory of
sculptured surfaces machined by flat end cutter respectively, big cutting strip width and high
machining efficiency can be ensured. The results show that with a spiral bevel gear as an ex-
ample, the cutting times of two tooth flanks with a disc cutter with concave end are 7 and 6,
and the maximum machining errors are 0. 0394mm and 0. 0418 mm, respectively. This meth-

od has advantages such as longer cutter life and bigger cutting strip width, fewer cutting
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Fig. 2 Disc cutter with concave end
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Fig.3 Cutter tilt axis
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Table 1 Geometry parameters of spiral bevel gear
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Table 2 Tradition machining parameters of spiral
bevel gear
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Fig. 4 Face machining instant Fig. 5 Machined spiral bevel gear
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Table 3 Convexity error mm

WA — T R B 1

I 4 L 3 4 5 6 7 8 9
1 —0.0326 —0.0251 —0.0172 —0.0090 —0.0004 0.0085  0.0178  0.0275  0.0376
2 —0.0326 —0.0249 —0.0170 —0.0087 —0.0001 0.0090  0.0184  0.0282  0.0384
3 —0.0328 —0.0251 —0.0171 —0.0087 0 0.0091  0.0187  0.0286  0.0390
4 —0.0334 —0.0257 —0.0176 —0.0091 —0.0002 0.0090  0.0187  0.0288  0.0393
5 —0.0344 —0.0266 —0.0183 —0.0097 —0.0008 0.0008  0.0185  0.0287  0.0394

x4 MERE
Table 4 Concavity error mm

7 TH ) % 7 T8 P % 2 1] 45

WIS 1 2 3 4 5 6 7 8 9
5 —0.0101 —0.0129 —0.0162 —0.0198 —0.0238 —0.0280 —0.0324 —0.0370 —0.0418
4 0.0088  0.0043 —0.0005 —0.0053 —0.0104 —0.0155 —0.0208 —0.0262 —0.0316
3 0.0224  0.0169  0.0114  0.0057 0 —0.0058 —0.0116 —0.0175 —0.0234
2 0.0326  0.0266  0.0205  0.0144  0.0082  0.0021 —0.0041 —0.0103 —0.0166

1 0.0404 0.0341 0.0277 0.0213 0.0149 0.0084 0.0020 —0.0044 —0.0109
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times and higher processing precision for machining spiral bevel gears.
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spiral bevel gear; disc cutter with concave end;

computer numerical control (CNC) processing;

active control cutter location; big cutting strip width
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Fig. 1 Cutter orientation angles
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