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Feedrate Optimization using CL Surface

S. J. Kim (Mecha. Eng. Dept. KAIST), M. Y. Yang(Mecha. Eng. Dept. KAIST)

ABSTRACT

In mold machining, there are many concave machining regions where chatter and tool deflection occur since MRR
(material removal rate) increases as curvature increases even though cutting speed and depth of cut are constant. Boolean
operation between stock and tool model is widely used to compute MRR in NC milling simulation. In finish cutting, the side
step is reduced to about 0.3mm and tool path length is sometimes over 300m, so Boolean operation takes long computation
time and includes much error if the resolution of stock and tool model is larger than the side step. In this paper, curvature of
CL (cutter location) surface and side step of tool path is used to compute the feedrate for constant MRR machining. The data
structure of CL surface is Z-map generated from NC tool path. The algorithm to get local curvature from discrete data was
developed and applied to compute local curvature of CL surface. The side step of tool path was computed by point density
map which includes cutter location point density at each grid element. The feedrate computed from curvature and side step is
inserted to new tool path to regulate MRR. The resultants were applied to feedrate optimization system which generates new
tool path with feedrate from NC codes for finish cutting. The system was applied to speaker mold machining. The finishing
time was reduced to 12.6%, tool wear was reduced from 2mm to 1.Imm and chatter marks and over cut on corner were
removed.

Key Words : CL surface (CL =), Curvature of surface (FF% 2] &), Material removal rate (24 2] H 7 £ ). Cutting
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Fig. 1 Radius of curvature approximation from discrete

data
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Table 1 Tool path generation parameter

Tool Offset Side step

Roughing ¢ 10 Ball 1.0mm 3mm

Semi-finishing | ¢ 8 Ball 0.5mm 0.5mm

0.0mm 0.3mm

¢ 6 Ball

Finishing
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Fig. 6(2) Finishing tool path, sidestep 0.3mm, tolerance
0.01mm
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Fig. 6(b) CL surface, black color is low feed region; white

color is fast feed region
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Table 2 Input and output NC code

Input NC code Output NC code
Y13.56977.081 F1000 Y13.569 77.081 F2300
Y13.574 26.962 Y13.574 76.962
72.424 Y13.575 7Z3.937 F2000
Y13.822 72.421 72.424 F140
Y36.33 Y13.822 72.421 F1200
Y36.42972.424 Y15.323
Y36.43726.957 Y34.829 F2300

Y36.33 F350
Y36.429 72.424
73.935 F2000
Y36.43 76.957 F2300
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Fig. 7 The machining result, left is conventional, right is
feed optimized finishing
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Fig. 8 Tool wear after finishing, left is conventional, right
is feed optimized finishing, Wear length is 2mm,

I.Imm (Tool diameter is 6mm)
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