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A Study on the Static Rigidity of the End Mill
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ABSTRACT

The deflection of an end mill is very important in machining process and cutting simulation because it affects
directly workpiece accuracy, cutting force, and chattering. In this study, the deflection of the end mill was studied
both experimentally and by using finite element analysis.
the helical end mill is calculated for the determination of the relation between cross section and rigidity of the

tools.

the rigidity of the end mull.
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Using the Bernoulli-Euler beam theory and the concept of equivalent diameter, a deflection model is
established, which includes most influence from tool geomety parameters.

It was found that helix angle attenuates

End Mill(Q1=%), Rigidity("34), Equivalent Tool Diameter(+& &7 27%), Center of Force(39] 2t

£4), FEM(+3 824 &)4)), Deflection Model(3142]), Moment of Inertia(H¥ 23} ZHIE)
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Fig.1 Discrete Calculation of Moment of Inertia
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Fig.2 Summation of Moment of Inertia in Each Element
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Table 1. Geometry Parameter of End Mills
No Diameter | Helix of | No. of |Total Length
‘| (mm) Angle |cutter(mm){ tooth (mm)
1 8 30 35 2 (5]
2 8 0’ 35 4 (5
3 10 30 45 2 90
4 10 30° 45 4 90
5 12 30° 55 2 105
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Fig.3 Representation of Cross Sections in End Mill No.3
and No.4
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Fig.4 Comparison of Moment of Inertia
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Fig.5 FEM Mesh Generation
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Fig.6 Relation of Helix Angle and Deflection by Finite

Element Analysis
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Fig.7 Model of Endmill Defiection
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Table 2. Equivalent Diameter in 0°Helix Angle End Mill
by Cross Section Analysis

No. 1 2 3 4 5
Inscribed Dia.(mm) | 512 | 497 | 644 | 624 | 744
Ratio( D,.,/D) | 064 | 062 | 064 | 062 | 062
Equivalent Diamm)| 5% | 622 | 783 | 79 | 946
Ratio{ (De,)o/D) | 074 | 078 | 078 | 080 | 07
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Fig.8 Variation of Equivalent Diameter according to the
change of Helix Angle
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