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Development of a Method for Predicting Tool Defects Using a Cutting
Simulation for Difficult-to-Machine Materials

Junichi NAKAGAWA and Shouhei OOE

Synopsis

In recent years, difficult-to-machine materials with high strength and high heat resistance have been widely applied to the
automobile and energy industries. Milling tools used for these materials easily acquire defects because of the combination of
impact force in intermittent machining, high strength at high temperature, low thermal conductivity and so on. However, factory
workers usually optimize the machining conditions based on their past knowledge and trial and error, and they spend a lot of
time on improvement work. On the other hand, with the progress of numerical analysis, simulations have been applied to the
machining process and numerous papers have suggested cutting simulations that utilize finite element methods. Although there
are studies on prediction methods of tool defects at the roots of end mills, there are few studies on tool defects like chipping at
cutting edges.

So, we have developed a method of predicting tool defects that utilizes cutting simulations in order to quickly to select the
optimal tool for the material machining. In this paper, the factors affecting tool defects are identified by a comparison of tool life
tests, cutting simulations and micro-observations of cutting edges.
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N5 ENL. FML, BMEER, FEE ez
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BALETE M ZHE 68 mm X #f 68 mm X F & 100 mm
OB IR~ E T L 72

Table 1. Chemical composition (mass%).

Material C Ni Cr Cu Nb Fe

SUS630 | 0.038 | 4.27 | 15.69 | 3.27 | 0.24 | Bal.
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Fig. 1. Method of the tool life test.

Table 2. Cutting tool and cutting conditions.

Cutting tool

Type of tool Radius endmill
Material Cemented carbide
Coating TiAIN
Diameter 12 mm
Corner R 0.75 mm

Rake angle 7°

Helix angle 30°

Number of teeth 4 teeth

Cutting conditions

Cutting velocity 90 m/min
Cutting feed rate 0.15, 0.20, 0.25 mm/tooth
Axial depth of cut 2.0 mm
Radius depth of cut 4.0 mm
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Table 3. Cutting tool and cutting conditions.

Cutting tool
Type of tool Radius endmill
Material Cemented carbide
Coating TiAIN
Diameter 12 mm
Corner R 0.75 mm
Rake angle 7°
Helix angle 30°
Number of teeth 4 teeth
Chamfer C0.07040. 8030015
Cutting conditions
Cutting velocity 90 m/min
Cutting feed rate 0.15, 0.20, 0.25 mm/tooth
Axial depth of cut 2.0, 3.0, 4.0 mm
Radius depth of cut 4.0 mm

0.5 mm
Polishing

Chipping
= =
(a) Before embedding (b) After embedding

Fig. 2. Procedure of embedding in resin.
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Fig. 3. Method of analyzing the stress of a cutting tool.
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Fig. 4. Relationship between cutting force and feed rate

in experiment and simulation.
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Fig. 5. Effects of chamfer width and cutting condition on

tool life test.
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Fig. 6. Relationship between simulation and tool life test.
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Fig. 7. Optical microscope image and SEM image near

the cutting edge.
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Fig. 8. SEM images near the cutting edge for each

machining distance.
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Fig. 9. Simulations of cutting edge.
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