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Tool Breakage Detection using Pattern Characteristics
of Feed Motor Current in Milling Operations
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ABSTRACT

This paper is concerned with effective and reliable tool breakage detection method using
pattern characteristics of feed motor current in milling operations, Correlation coefficient is
derived from the feature vector of signal for two consecutive which are extracted feed motor
current over three spindle revolutions, The changing pattern of correlation coefficient is con-
tinuously compared to detect tool breakage and monitor cutting conditions. This proposed
monitoring scheme is not affected by different tools, friction of motion, and varying cutting
conditions and material shapes, Experimental results are presented to support the proposed

monitoring scheme,
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Table 1 Specification of Experimental Apparatus

- Daewoo FZ25
Vertical » Controller:FANUC 11IMA
Machining - Capa. of Spindle Motor:7.5Kw
Center - Capa. of Xand Y axis Motor:1.1Kw

- Capa. of Z axes Motor:1.8Kw
Workpiece - ANSI 1045+

- 2 Flute Endmill
Tool - Holder: Sumitomo CME 2015

- Tip: P30(Sumitomo MDMM52R)

- Tool Dynamometer: Kistler 9265
Sensors - Accelerometer: B&K4383

- Current Motor: Hall Type

+ Encoder: S00PPR(Autonics)
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@® : Entering Point (ENP )

® : Exiting Point (EXP)
hmax : Max. Chip Thickness
Ed : Insert Clamping Error
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Fig. 2 Geometry of the Tool and Ideal Chip Generation Mechanism
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Fig. 3 Comparison Between Feed Directional Cutting Force and Feed Motor Current
(780rpm, Rd:6mm, Ad:6mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 4 Patterns of Feed Motor Current with Varia-
tions of Tip Clamping Error
(780rpm, Rd:6mm, Ad:fmm, Feedrate:100
mm/min, Sampling Rate: 1300Hz)
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Fig. 5 Patterns of Feed Motor Current with Variations of Cutting Conditions
(780rpm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 6 Patterns of Feed Motor Current with Variations of Feedrate
(780rpm, Rd:6mm, Ad:7mm, Sampling Rate:1300Hz)
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Fig. 7 Patterns of Feed Motor Current with Variations of Tool Breakage Land
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Fig. 9 Change of Feed Motor Current and Correlation Coefficient at the Enterence into the Workpiece
(780rpr, Ad:6mm, Rd:6mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 10 Change of Feed Motor Current and Correlation Coefficient with Changing Depth of Cut(Rd).
(780rpm, Ad:4mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 11 Change of Feed Motor Current and Correlation Coefficient with Changing Width of Cut(Ad)
(780rpm, Rd:10mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 12 Change of Feed Motor Current and Correlation Coefficient with Changing Feedrate
(780rpm, Ad:6mm, Rd:5mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 13 Change of Feed Motor Current and Correlation Coefficient at the Exit the Workpiece
(780rpm, Ad:6mm,Rd:9mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig 15, Detailed Pattern of Feed Motor Current before and after Tool Breakage
(780rpm, Rd:5mm, Ad:8mm, Feedrate:100mm/min, Sampling Rate:1300Hz)
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Fig. 16 Correlation Coefficient Patterns for Tool Breakage with Different Cutting Conditions,
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Fig. 17 Change of Feed Motor Current and Correlation Coefficient with Micro Tool Breakage
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