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Prediction and Experiments of Cutting Forces in End Milling

Sin-Young Lee*, Yong-Mook Im"

J[ Abstract }

A reasonable analysis of cutting force in end milling may give much advantage to improvement of productivity and
cutting tool life. In order to analyze cutting force, the cutting dynamics was modelled mathematically by using chip load,
cutting geometry, and the relationship between cutting forces and the chip load. The specific cutting constants of the cutting
dynamics model were obtained by average cutting forces, tool diameter, cutting speed, feed, axial depth, and radial depth
of cut. The model is verified through comparisons of model predicted cutting forces with measured cutting forces obtained
from machining experiments. The results showed good agreement and from that we could predict reasonably the cutting

forces in end milling,
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Fig. 1 End mill and its axial elements
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Table 1 Specifications of experimental apparatus

Vertical model.: Tongil TNV-40

machining bed size: 900x410 mm '

center feedrate: 1~ 5000 mm/min
spindle speed: 40~ 4000 rpm
model: Kistler 9257B

Tool range: £5 kN

dynamometer resolution: 0.01 N
sensitivity: 7.5 pC/N
model: Kistler 5019A

Smh;igger measuring range: 999000 pC

frequency range: 0~200 kHz

Table 2 Specification of end mill

End mill Specification
diameter(mm) 16 20
flutes 2 2
total length(mm) 95 115
shank length(mm) 53 70
cutting edge length(mm) 30 32
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Table 3 Cutting conditions for tests

End mill diameter(mm) $20 $16
Radial depth of cut(mm) 2,4,6,8 10
Axial depth of cut(mm) 12, 20

Feed rate(mm/min) 67, 85 85, 120
spindle speed(R. P. M.) 480, 600 | 600, 900

Cutting tests

3
| For each test |

[Average cutting forces}

A pair of specific
cutting force constants

3

[Least square method ]
24

Specific cutting force constants
as functions of

cutting conditions

Fig. 2 Flowchart of the program for specific cutting
force constants
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Fig. 3 Average cutting force vs. radial depth of cut(end mill dia. 16, 600rpm, AD 12)
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Fig. 4 Average cutting force vs. radial depth of cut(end mill dia. 16, 600rpm, AD 20)
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Fig. 5 Average cutting force vs. radial depth of cut(end mill dia. 20, 600rpm, feed 67)
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