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Monitoring of Tool Wear of Single Crystal Diamond Tool in Ultra-Precision Cutting of Aluminum Alloy (1* Report)
- Consideration of Effective Parameters in Indirect Method for Monitoring of Tool Wear -

Ryuichi IWAMOTO, Eiji KONDO, Suguya YOSHIDOME, Koichi ICHIKI and Norio KAWAGOISHI

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. In ultra-precision cutting tool wear is

serious problem since tool wear fairly affects surface integrity of machined part. However it is difficult to directly detect

tool wear on machine since the tool wear affecting surface integrity is extremely small. Therefore the purpose of this study

is to find out effective parameters obtained during cutting to detect single crystal diamond tool wear in ultra-precision

cutting of aluminum alloy. Wear of cutting edge with large nose radius was observed by a scanning electromicroscope.

Cutting forces and AE signals during cutting were also measured to calculate values of the parameters from them. As a

result of cutting tests and considerations, it was concluded that area of flank wear land can be related with static and

dynamic components of cutting forces and area of rake wear land can be related with RMS values of AE signals.

Key words: single crystal diamond tool, tool wear, ultra-precision cutting, aluminum alloy, monitoring, cutting forces,

acoustic emission
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Table1 Experimental conditions d : depth of cut

758

[ | Workpiece for measurement
Material Single crystal diamond kp [ feed rate ———
Comnerradius ~ mm 5 | 0.8 Cutting tool
Tool  |Rake angle deg. 0 /\ ‘ F, Cutting edge
Clearance angle deg. 4 v - h
Rake face (110) [ ), | 7, s .
Crystal face D P
v Flank face (100) = d ..h' g
Material IS AS5056 F, Dynamometer
i 0 _— AE

Workpiece Diameter mm 197(,30) sensor

Heat treatment As rolled Fig.2 Experimental apparatus Fig.3  Conceptual figure of cutting process

Hardness Hv 920
Feed rate f um/rev 50 30 100

m
Cutting distance 2 _km 0~700 | 0~500 RS L=700km B
Depth of cut d pm 30
Spindle speed pm 1000
Cutting fluid Kerosene
Single crystal diamond tip
Bed plate i {}
60° Screw machined
surface
L N
e o arwoad

¢30

(b) Workpiece for measurement

(b) Flank face

() Cutting tool Fig.4  Electron micrograph of cutting edge
Fig. 1 Cutting tool and workpiece used for measurement
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Fig. 5 Width of rake wear land along with cutting edge
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Fig. 6 Width of flank wear land along with cutting edge
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Fig.7 Area of wear land of cutting edge
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Fig. 8 Typical cutting forces on cutting test
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Fig.9 Cutting forces with cutting distance

12
10_ FxO FyO FzO
z e A = ROB sl
8 o A o RS
8
8 6
o
%‘) 41 /A/A/k
=1 ’
=]
O 2r A—A
0‘ o T e e

0 2000 8000 12000

Area of flank wear land Awf pm’

Fig. 10 Cutting forces with area of flank wear land
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