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Measurement of Tool Wear using Machine Vision in Flat End-mill

Tae-Young Kim*, Eung-Nam Kim', Min-Ho Kim""

Abstract

End milling is available for machining the various shape of products and has been widely applied in many manufacturing
industries. The quality of products depends on a machine tool performance and machining conditions. Recognition
characteristics of the cutting condition is becoming a critical requirement for improving the utilization and flexibility of
present-day CNC machine tools. The measurement of tool wear would be performed by coordinate-measuring machine(CMM).
However, the usage of CMM requires much time and cost. In order to overcome the difficulties, on-line measurement(OLM)
system was applied for a tool wear measurement. This study shows a reliable technique for the reduction of machining
error components by developing a system using a CCD camera and machine vision to be able to precisely measure the
size of tool wear in flat end milling for CNC machining. The CCD camera and machine vision attached to a CNC machine
can determine tool wear quickly and easily.
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Fig. 1 The Major types of cutting tool damage

Fig. 2 The shape of the tool and wear measuring positions
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T AR EAL AR EES| K] Vol.20 Not 2011, 2.

Table 1 Experimental apparatus CNC Controler
ooo
Experimental apparatus Model §§§
CNC milling machine HWACHEON Hi SUPER-4 o 2890
Tool dynamometer KISTLER 9257A NC b
Charge amplifier KISTLER 5001 Endmil
A/D converter NI PCI-6110 Workpiee
Computer Intel P-4 2.4GHz, Window XP p
e
Frame Grabber NI PCI-1405 ool
CCD Camera Hitachi KP-M20 Dynamometet
Table 2 Composition ranges for STS304(6) T

¢ Mn Si P S Cr Ni N (a) System configuration

min. - - - 180 | 8.0 -
max. | 0.08 | 2.0 | 0.75 | 0.045 0.030 | 20.0 | 10.5 | 0.10

Table 3 Mechanical properties of STS304(6)

Tensile strength (MPa) min 515
Yield strength 0.2% Proof (MPa) min 205
Elongation (% in 50mm) min 40
Rockwell B (HR B) max 92

Hardness
Brinell (HB) max 201

Table 4 Machining conditions

Feed speed 400, 500, 600mm/min (b) System setup

Spindle speed 2000rpm Fig. 5 Tool wear measuring system
Axial depth of cut 1.0mm
Pick feed 5.0mm
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Table 5 The Specifications of machine vision apparatus

Machine vision apparatus Model
CCD camera Hitachi KP-M20
Frame grabber ' NI PCI-1405

Table 6 The position error and backlash of CNC machine

CNC Position error Backlash
Machine X(@my | Y(m) | X(m) | Y(m)

HWACHEON Hi | Max. Max. Max. Max
SUPER-4 +1 + 2 77 365

'7 Acquisition of vernier calipers image [
J

‘ Correction for diameter ‘
g

" Acquisition of standard position l
&

'7 Acquisition of tool wear image |
&

Measurement of tool wear ‘

Fig. 7 Flow chart of measuring system

{a) Acquisition of vemier calipers image

(e) Tool wear measuring

Fig. 8 Tool wear measuring process
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Fig. 9 The Evolution of flank wear
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Fig. 10 The Relationship between flank wear and feed speed
in end milling
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