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Effects of Tool Wear on Surface Integrity of Aluminum Alloy Machined in Ultra-Precision Cutting Process (1% Report)
—Effects of Wear of Single Crystal Diamond Tool with Large Nose Radius on Work Hardening and Residual Stress—

Eiji KONDO, Ryuichi IWAMOTO, Ippei TANAKA and Norio KAWAGOI SHI

Geometrical quality like surface roughness and accuracy of form has been very important in ultra-precision machining.
However, because of improvement of quality of finished surface with progress of ultra-precision machining technology,
quality of subsurface material like affected layer also becomes important lately. Workpieces are actually machined with a
worn diamond tool in machining shops whereas ultra-precision cutting with a single crystal diamond tool iswell known as a
machining method owing high quality finished surface to a sharp cutting edge of the tool. The purpose of this study is to
find out the relation between the tool wear and the work hardened layer and residual stress of a surface machined with a
worn tool in ultra-precision cutting process. Wear of cutting edge with large nose radius was observed by a scanning
electromicroscope at intervals of afixed cutting distance. The surface hardness, depth of hardened layer, and residual stress
of the machined surface were also measured at the intervals. As aresult of experiments and considerations, it was concluded
that depth of hardened layer, Vickers hardness, and residual stress increased with increase in tool flank wear and they could
be generalized by undeformed chip thickness and width of flank wear at part of cutting edge generating finished surface.
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Tablel Experimentd conditions

Material Single crystal diamond
Corner radius  ~ mm 2
Rake angle deg. 0
Tool Clearance angle deg. 4
Rake face (110)
Crystal face Flank face (100) d
Material JS A5056
’ Diameter mm 197 (, 30)
Workpiece |- et treatment Annedled
Hardness Hv 63
Feed rate f um/rev 40 40 10 80
Depth of cut d um 30
Cutting distance L km 0 2415
Spindle speed rpm
Cutting fluid
Single crystal diamond tip
Bed plate
Screw
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(@) Cutting tool (b) Workpiece for measurement

Fig.1 Cutting tool and workpiece used for measurement
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Fig.3 Viewdirection

Rake wear

(b) Figure of cross section

(&) Electron micrograph
Fig.4 Cutting tool edge wear
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