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Elucidation of Friction Behavior on Rake Surface of Cutting Tool using

Newly-Formed Surface Friction Test

Takeshi Hatta, Fumihiro Itoigawa, Atsushi Sugino, and Toshimitsu Kimura

Synopsis

In an effort to improve thermal efficiency of power plants, the gas turbine engines used in combined cycle systems are much
in demand. Super heat resistant alloys such as Inconel 718 are used in gas turbine disks. These materials are known as difficult-
to-machine materials. Especially, chipping of cutting tools due to adhesion of work material is a serious problem in intermittent
cutting such as milling process. In order to improve adhesion issues, the friction phenomenon at work-tool interface needs to be
clarified. The purpose of this study is to make clear the friction behavior on rake surface of cutting tools using a newly-formed
surface friction test.

Results obtained are as follows.

1. Friction mode changed from coulomb friction to shear friction when adhesion to rake surface of a cutting tool occurred.

2. Adhesion of work material to a cutting tool occurred in a short sliding distance by turning up initial tool temperature from 20 C
to 400 C.

3. As a result of investigating stress and temperature of contact area in work material, yielding of friction surface had caused
adhesion to a cutting tool. And yielding ratio was proposed as a criterion which adhesion occurred.
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Fig.1. Newly-formed surface friction testing machine.
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Fig.2. Dimension of test pieces.
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Table 1. Chemical composition of Inconel 718 (mass%).

Ni Mn Si Cr | Mo | Nb Ti Al Fe
525102 | 02 | 185 ] 30 | 51 | 09 | 0.5 | Bal.
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Table 2. Experimental conditions.

Work piece material

Inconel 718 (HRC 43-45)

Cutting tool material

wWC

Cutting velocity

60 m/min

Roughness (cutting tool)

Ra=0.11 um

Cutting tool temperature

20, 200 and 400 C
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Fig. 3. Example of measurement waveform.

(a)Solution treatment
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720C

Fig.4. Heat treatment pattern.
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Fig.5. Results of newly-formed surface friction test.
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Fig.6. Deformation behavior of work during friction testing (tool temperature 200 °C).
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Fig.7. Heat transfer model of friction test.
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