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An effective sensor for tool wear monitoring in face milling:
Acoustic emission
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Abstract.  Acoustic Emission (AE) has been widely used for monitoring man-
ufacturing processes particularly those involving metal cutting. Monitoring the
condition of the cutting tool in the machining process is very important since tool
condition will affect the part size, quality and an unexpected tool failure may dam-
age the tool, work-piece and sometimes the machine tool itself. AE can be effec-
tively used for tool condition monitoring applications because the emissions from
process changes like tool wear, chip formation i.e. plastic deformation, etc. can
be directly related to the mechanics of the process. Also AE can very effectively
respond to changes like tool fracture, tool chipping, etc. when compared to cutting
force and since the frequency range is much higher than that of machine vibrations
and environmental noises, a relatively uncontaminated signal can be obtained.

AE signal analysis was applied for sensing tool wear in face milling operations.
Cutting tests were carried out on a vertical milling machine. Tests were carried out
for a given cutting condition, using single insert, two inserts (adjacent and opposite)
and three inserts in the cutter. AE signal parameters like ring down count and rms
voltage were measured and were correlated with flank wear values (VB max). The
results of this investigation indicate that AE can be effectively used for monitoring
tool wear in face milling operations.

Keywords. Tool wear monitoring; acoustic emission; inserts.

1. Introduction

Monitoring of tool wear is an important requirement for realizing automated manufacturing.
Tool wear is a very complex phenomenon which can lead to machine down time, product
rejects and can also cause problems to personnel (Dimla et al 1997). In-process sensing of
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tool wear is an important function for the adaptive control of machine tools. Tool condition
monitoring is a critical area for the success of any machining process where the tool is in
constant or intermittent contact with the work-piece and can be subjected to either continuous
wear or catastrophic failure like chipping, fracture, etc. This problem is currently being
addressed by many metal cutting researchers through the development of improved sensors.
Sensors function to collect information for the evaluation of the condition of the tool. Various
types of sensors are available which could be effectively used for tool wear monitoring and
include acoustic emission (AE), vibration, temperature, force, etc. (Pai & Rao 1998).

Research has shown that AE, which refers to stress waves generated by the sudden release
of energy in deforming or fracturing materials, could be successfully used for detecting tool
wear and fracture in single point turning operations. Further studies have also indicated that
the use of AE for monitoring the condition of the tool in multi-point cutting tool operations
like drilling and milling.

During metal cutting, AE generated is mainly from plastic deformation and fracture. Other
sources of AE signals are shown in figure 1. The analysis of acoustic emission signals gener-
ated during machining has been proposed as a technique for studying both the fundamentals
of the cutting process and tool wear, and also as a methodology for detecting tool wear and
failure on-line (Lister & Barrow 1986).

The goal of present investigation is to detect AE signals from insert-milling operation and
to correlate the various signal parameters with the status of the tool.

2. Experimental details

The schematic diagram of the experimental set-up used for the investigation is shown in
figure 2. Tests were carried out on a Bharat Fritz Werner Vertical milling machine. The work-
piece material was En-8 (medium carbon steel) with dimension 63 x 140 x 63 mm and tests
were carried out with single, two and three inserts (uncoated carbide insert, SEKN 12 03 AFN
TTMS, WIDIA Hard Metal Grade) in the cutter. Table 1 explains the experimental conditions
employed in the test. The various combinations of cutting speed and feed were chosen such
that the tool was subjected to progressive wear. However, results for only three experiments
are reported here. The depth of cut was kept constant. The experiments were carried out
beyond the specified width of flank wear land (VB max), till the insert failed. Also for the
selected cutting conditions, crater wear was not formed on the tool and hence it has not been
considered in the investigation.

The AE signals were sensed using a AC 750 2425 piezoelectric transducer, mounted on the
machine vice as shown in the figure 2. The signals were suitably amplified using a preamplifier
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(60 dB gain) and filtered using a wide band filter (30 KHz-2 MHz) and was recorded using
AET 5500 AE Signal Analyzer. The necessary threshold settings were made and the system
software was used to collect the data, so that it could be analysed. At the end of every two
cutting passes, the tool(s) was removed from the cutter and the width of the flank wear land
was measured using a Tool Maker’s Microscope. In case of experiments involving two and
three inserts, for the sake of analysis and investigation, the average flank wear values have
been considered. The critical wear value for the experiments in this investigation has been
taken as 0-4 mm.

3. Results and discussion

The analysis of the experimental results is carried out as follows: initially the results obtained
with single insert in the cutter is discussed, then a comparison of the results obtained with
two and three inserts in the cutter is made with that of results obtained using single insert.
The observations are made based on the fact that the surface area of the work piece is less
than that of the cutter diameter (100 mm).

3.1 Single insert experiments

Figure 3 shows the variation of flank wear with cutting time. The behaviour shows rapid
increases initially, followed by wear progressing at a uniform rate and again wear increasing
rapidly.

Table 1. Experimental conditions.

Exp. Depth speed Feed Max wear No. of
No of cut mm/min mm/tooth (mm) inserts
1 0-5 176 0-22 0-59 1
2
(adjacent
and
2 0-5 176 0-11 0-76 opposite)
3 0-5 176 0-11 0-65 3
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The variation of ring down count (RDC) and rms voltage with flank wear are shown in the
figure 4. Initially, ring down count value increases rapidly and then drops down and then again
increases. The initial increase is because of the micro-fracturing taking place when the insert
comes in contact with the work-piece, producing more of burst emissions. Then as machining
continues, there will be normal metal removal in the form of chips, which will give rise to
more of continuous emissions. But as machining continues, the flank face of the insert comes
in contact with the work piece surface leading to rubbing and friction, giving rise to flank
wear. As cutting time increases, there will be more and more rubbing on the flank face giving
rise to more of burst emissions. Also tool entry and exit generates burst emissions along with
the variation of chip thickness throughout each cutting cycle. This causes an overall increase
in the ring down count. Similar behaviour can be seen with respect to rms voltage. Also as
the speed and feed increases, the wear increases.

3.2 Two inserts experiments

Figure 5 shows the variation of average flank wear with cutting time for two arrangements
of inserts in the cutter, namely adjacent and opposite. The behaviour is similar to that for a
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single insert. Since the wear undergone by both the inserts is similar in both cases, for the
sake of analysis the average flank wear value has been considered.

Figures 6 and 7 show the variation of ring down count and rms voltage with average flank
wear. For higher speed and feed, rms voltage is very clear in distinguishing the normal state
from the abnormal state of tool wear.

3.3 Three inserts experiments

Figure 8 shows the variation of RDC and RMS voltage with average flank wear. RDC shows
a similar behaviour to that of a single insert. However, there are fluctuations, as three inserts
are cutting simultaneously, thereby affecting the AE generation. The RMS voltage shows a
decreasing trend with an increase in flank wear.

3.4 Comparisons

The values of the AE parameters for different cutting conditions and different number of
inserts in the cutter are different, higher in two and three insert experiments, when compared
to single insert experiment.
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Some interesting observations were found from the experiments with two inserts placed
opposite to each other and adjacent to each other in the cutter. Inserts placed adjacent to
each other undergo wear faster, when compared with inserts placed opposite to each other.
The values of RDC and RMS voltage corresponding to critical wear value for the adjacent
arrangement are greater than that of opposite arrangement.

Further, the present investigation aimed at analysing the behaviour exhibited by various
AE parameters, for different cutting conditions and different number of inserts in the cutter.
The results presented are limited to three experiments. Though extensive experiments have
been carried out using single inserts experiments, limited number of experiments has been
carried out using two and three inserts.

4. Conclusions

This experimental investigation were carried out to find the suitability of using acoustic
emission for tool condition monitoring in face milling operation. Experiments were carried
out using single/two inserts (adjacent and opposite) and three inserts in the cutter for different
cutting conditions.
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e Ring down count (RDC) and RMS voltage can be effectively used as indicators for tool
wear monitoring in face milling.

e RMS voltage is very clear in distinguishing the normal state from the abnormal state.

e Milling being an intermittent cutting process, offers lot of difficulties for tool condition
monitoring.

e Thus, there is a need for more sophisticated and advanced signal processing instru-
mentation systems and also signal processing algorithms, which can help in using AE
effectively as a sensor.

Authors gratefully acknowledge the financial support from the Department of Science and
Technology (DST), Government of India and FCT, Portugal, through the individual grant
SFRH/BPD/20344/2004. Authors thank the Department of Mechanical Engineering, S J Col-
lege of Engineering, Mysore, India for providing facilities to conduct the tests.

References

Dimla D E Jr, Lister P M, Leighton N J 1997 Neural Network Solutions to the Tool Condition
Monitoring problem in Metal Cutting—A Critical Review of Methods. Int. J. Mach. Tools Manufact.
37(9): 1219-1241

Lister P M, Barrow G 1986 Tool condition monitoring systems. Proc. of the 26th Int. Machine Tool
Design and Res. Conf. pp 271-288

Pai P S, Rao P K R 1998 In-process detection of tool wear in face milling using acoustic emission.
Second International Tribology Conference, Toronto, Canada, Oct 25-28




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


