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Surface Generation in End Milling considering Tool Deflection
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ABSTRACT

End milling operation is very important in machining precision components. Deterioration of surface roughness and
surface geometry will cause more process for surface finishing. According to the feed rate and the cutting edge
geometry, the cusp which is geometrically uncut surface is determined. To reduce the cost for finishing operation
after end milling, the cusp must be remained in small size as possible. Due to the cylindrical type of the end mill,
tool deflection is one of the main problems in surface generation. The cutting resistance and the rigidity of the end
mill will determine the size of tool deflection. One more important factor which deteriorate surface quality comes
from the error in manufacturing end mills. Run-out of end mill which is the difference of the radius of each cutting
edges will produce the difference of the cusp size in every rotation of end mill. These three major factors to the
surface quality will be analized and the result will be compared with experimental result.
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Fig 1. Approximate Shape of Plain-milling Chip
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Fig 3. Representation of End Milling Experiment
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Tool Design & FEM analysis
- measure end mill geometry
- determine K Kz - tool deflection analysis
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Cutting Force Model Tool Stiffness Model
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Fig 5. Flow Chart for Surface Generation Simulation
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Table 3. Comparison of Mean Cutting Resistance
between Experiment and Prediction

No. Fx Fy Fusimt | Fysima |errorx(96)| errory(%)
1 59.46 110.88 | 6245 12062 5 8.78

2 93.93 19053 | 93.65 180.86 -53 -5.12

4 | 18322 | 31658 | 187.24 | 36143 219 14.2

5 1789 | 381.18 | 187.24 | 36143 47 52

6 6426 | 11838 | 63.73 12583 -0.8 6.3
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Fig 7. Mesh Generation in FEM Analysis
and Representation of Tool Deflection
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