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Study on the Change of Cutting Force Direction in Endmilling

Tae Seong Song’, Tae Jo Ko*, Hee Sool Kim"" and Ji Hyung Lee""*

ABSTRACT

End-milling is intermittent cutting process performed by a tool with a number of teeth. Its cutting forces are
commonly measured by the tool dynamometer which has rectangular coordinates. In this case, the pattern of cutting
forces is different according to cutting conditions. At a certain cutting condition, the sign of cutting force changes from
positive to negative during a revolution of one tooth. The change of force direction excites a cutting tool and severe
vibration arises when radial depth of cut increases. In this study, cutting experiments and simulations were carried out in
order to explain the cause of the change of the cutting force direction. In addition, the effect of the cutting force change
was discussed in terms of chatter vibration in end milling.
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Fig. 2 Undeformed chip thickness, /4 in down end milling
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Fig. 3 Unfolded surface of cut with small axial depth of
cut (a) and relative large one (b)
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Table 1 Cutting Condition

Tool Emi it

Helix angle, £ (°) 30

Number of tooth, z 2

Tool radious, r (mm) 5

Workpiece SM45C

Radial depth of cut, a (mm) (l;gp: 1)

Axial depth of cut, b (mm) 7

Spindle speed, S (rpm) 1200

Feedrate, F' (mm/min) 150

Feed per tooth, S, (mm/tooth) 0.065

Cutting circumstance Dry

Sampling rate for data acquisition 3000 H,
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Table 2 Maximum amplitude and fluctuation angle of
resultant cutting force

Radial depth Maximum Maximum angle
ofcut, a | o plitude (N) ©)
{mm) P
1 666.7 346
2 954.5 513
3 1166.6 63.7
4 1296.3 75.7
5 1455.0 105.8
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