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Intelligent Rocognition of End Milling Conditions Based
on Cutting Force Model
(Development of Monitoring Method without Any Databases)

Eiji SHAMOTO**, Rei HINO,
Masayuki UMESAKI and Toshimichi MORIWAKI

** Department of Mechanical Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

An intelligent method is proposed to recognize various end milling conditions by comparing
simulated and measured cutting forces. Static stiffness of the mechanical structure is identified by
utilizing the measured cutting forces, and it is shown that the static deformation of the structure can
be taken into account for accurate calculation of uncut chip thickness in the end milling process. A
cutting force equation is developed with considering cutting edge roundness, i.e. tool wear, and a
milling force model is constructed. Various parameters in the model are identified so that the
simulated forces fit best with the measured forces. Edge force component, tool setting angle, specific
cutting force resistance, etc. are identified or recognized as the model parameters, which contain rich
information about the end milling process. End milling experiments are carried out at various stages
of tool wear, and the results show that the proposed index for the tool wear, i. e. the identified edge
force component divided by the specific cutting force resistance, has good correlation with the
measured tool wear. It is expected that the end milling conditions such as the tool wear, the static
stiffness of the structure, the tool setting angle and the specific cutting force resistance can be
recognized intelligently without any data bases by the present method.
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Fig.1 Setup for end milling experiments

Table 1 Machining conditions

No. I I m
Rotational speed
min® 400 600 400
Feed
mm/min™ 40 60 40
Axial depth mm 2
Radial immersion Full slotting

Aluminum alloy

Workpiece Steel (JIS: S45C) (TIS: H4000)
Number of teeth 1
Diameter mm 20
Tool Rake angle deg. 0
Helix angle deg. 0
Material High speed steel
05\?::2 Rotation

ﬁ

o Y
|
Trochoidal loci
of cutting edges x

Actual loci of
cutting edges

Finished surface
_ Workpiece

Fig. 2 Schematic illustration of end milling process
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Fig. 3 Simulated and measured cutting force
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(b) With consideration of static displacement
Fig. 4 Relationship between uncut chip thickness and
tangential cutting force at various feed rates
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Fig. 5 Difference between present and previous uncut chip
thickness in end milling process
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Fig. 6 Modeling of relationship between uncut chip
thickness and cutting force
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Fig.7 Similarity of cutting process
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(b) With consideration of similarity
Fig. 8 Relationship between uncut chip thickness and
tangential cutting force with different cutting edge roundness
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Fig. 9 Relationship between tool wear and edge force
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Fig. 10 Relationship between tool wear and Fet/Kt
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