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A Study on the Precision Machining in Ball End Milling System

Min-Yang Yang* Choong-Gun Sim**

ABSTRACT

Cutter deflections in the ball-end milling process is one of the main causes of the machining
errors on a free-form surface. In order to avoid machining errors in this process, a
methodology avoiding these machining errors on the free-form surfaces has been developed.
In this method, feedrates in the finish cuis are adjusted for the prevenlion of machining
errors. A model for the prediction of machining errors on the free-form surface is analvtically
derived as a function of feed and normal vector at the surface of comtact point by the
cutter. This model is applied to the dertermination of the adjusted feedrates which satisfy
the machining tolerance of the surface, In the finish cuts of a simple curved surface, the
suggested model is examined by the measurements of the generated machining error on this
surface. And also, this surface js machined with the adjusted feedrates for the given machining
tolerance. The measured machining errors on this surface are compared with the given
tolerance. In this comparisons, it is shown that the predicted errors are fairly good agreement
with the test results.

Key Words : Ball-End Milling (2 d=92), Cutter Deflection (279 #A), Machining Errors (7}
£, Machining (B4}, Control(#o}), Free-form Surface (A£2), Machining
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Table 1 Adjusted feedrates and expecied errors for the CL data in the test ball end mill : HSS

workpiece : SM45C machining tolerance Mt=%120um
CL DATA Normal Vector at Feed fr(mm/tooth) Adjusted | Expected
the surface [6., degree) feedrate ft€a| error En

X Y Z Nu Ny Nw Reference  Adjusted | (mm/min) (pm)

0 4.512 -0.791 0 0.333 0. 943 0.475(90)  0.250C 81] 150 119

0 4,625  -0.831 0 0.340  0.940 | 0.482(90) 0.225( 78] 135 119

0 4.851  -0.915 0 0.355  0.935 | 0.490(90) 0.212( 74] 127 115

0 4.084  ~0.958 0 0.362  0.932 | 0.505(901 0.212( 73] 127 115
26.823 -15.492 0 -0.432  0.901 | 0.133(90) 0.250(126) 150 -76
26.895 -15.457 0 -0.432  0.901 | 0.133(80) 0.2500126) 150 -80
26.965 -15.423 0 -0.442  0.896 0 0.250(125] 150 -83

133(90)

0 27.035 -15.389 0 -0.448  0.894 | 0.129090] 0.150(125] 90 -390

0 27.102  -15.354 0 -0.453  0.891 | 0.126090) 0.1500(125) 90 -90

0 27.168 -15.321 0 -0.459  0.888 | 0.126(90) 0.1250124) 75 -107

0 27.231 -15.288 0 -0.464  0.885 | 0.126[80) 0.125(123) 75 -110

0 27.291 -15.256 0 -0.470  0.882 | 0.122(801 0.123(122) 74 -112

0 27.349  -15.226 0 -0.476  0.879 | 0.120090] 0.120(122] 72 -115

0 27.404 -15.195 0 -0.481  0.876 | 0.120090] 0.108(1211 65 -110

0 27.455  -15.167 0 -0.487  0.873 | 0.121(90) 0.102(121) 61 -109

1 27.505 -15.139 0 -0.493  0.869 | 0.117(90) 0.1000120] 60 ~109

0 27.552  -15.112 0 -0.489  0.866 | 0.115(90) 0.098(120) 59 -110

0 27.599  -15.085 0 -0.505  0.863 | 0.115(90] 0.098(120] 59 -110

0 27.647  -15.057 0 -0.511  0.859 | 0.116080) 0.098(119) 59 -111

0 27.695 -15.028 0 -0.517  0.856 | 0.113090) 0.095(119] 57 -112

0 41.193  -3.031 0 -0.566  0.825 | 0.106(90) 0.0900109) 54 -108

0 41. 307 ~2. 953 0 =0. 561 0. 828 0.106090]  0.097(110) 58 -110

0 41,422  -2.876 0 -0.556  0.831 | 0.105(90) 0.105(112) 63 -116

0 41.533  -2.801 0 -0.551  0.834 | 0.108(90) 0.107(113] 64 -117

0 0 0

41.650  -2.756 -0.546  0.838 .110{90)  0.108(113) 85 -118

Machining conditions : RPM=300rev/min, no. of flute=2, ball radius=5mm, radial depth of cut=5Hmm,
axial depth of cut(A) =2mm, length of cutter=50mm & :the rotation angle
of cutting edge in the machining error prediction mode! surface : Z=8cos (2=
Y/50)-8
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