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An Optoelectronical Flank Wear Monitoring Technique
of Cutting Tools

Jong—Up Jeon, Seung—Woo Kim

Abstract

An optoelectronical method for in process monitoring of flank wear of cutting tools
is presented. The method is based upon real-time vision technology in which the tool
is illuminated by a beam of laser and then the image of wear zone is taken by a
vidicon camera. The image is converted to a series of digital pixel data and processed
through an algorithm specially developed for measurement of the wear land width.

Detailed aspects of the prototype measurement system built for experiment are
described, and test results are discussed. As conclusions, it is proved that the methods
are effective especially for-in situ application with a measuring accuracy of 0.0lmm.
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Fig. 1 Crater wear and flank wear of a

cutting tool
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Fig. 2 Detailed description of crater wear
and flank wear
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Fig. 3 Robust iliumination for flank wear
monitoring
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Fig. 5 Schematic diagram of optical
wear monitoring system
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Fig. 7 Original view of flank wear seen through an optical microscope (x80)
- } specimen #1, | specimen #2
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Fig. 8 Raw image data sampled by opto-electronical monitoring system
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Fig. 10 Flank wear image profile processed Fig. 11 Flank wear image profile by moving
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66

averaging procedeure
- 4specimen #1, §specimen #2



RFAAFEIx] AH4dW HN3FE 1987.9

3714 k=1,2,..... »h
H=wighting function
X:q H
Y & 9

o) £z Eso] A4 A3} hebd S 1 114
L

5. AdgAs 2 4

279 vebd £ AR 1, 20 sHE A FHA
AA A FEA) LG o) F35td JAAEE
oYL o] & AA A4 L smEo]Z Mo
# olrme) A PEobrEg S5 AYE
Sastgot, Agola 88 37 & (Tool tip)->
A4FA] AREE £ QA E (Insert) & 12 AFof2 o
3 o),

QM E A4 P20(1SO)

34 SMMG 120404 (R & F4)
&3 A wva#o]# (Groove—type chip
breaker)

2 AYel AHEE AHe AS Hd vt A
Aol AR2E <+ e 2839 Brge] He] defl &
Fae npege] dole A HHL, #2747l thsl oF
70mm A Solrk, 1} Ahe] Hof e} #ojA FAd
o] 27, CCTV %) A+(2/37), £33 2
7150 Ao AANE L3709 T L
(Frame)etell §o1Z = & vh2f-o ZHol= of
15mm B Eojc}, L3 Aol ebd S Y7
of =A® AJH ohEape] CHHol ot Aol
o] H.go} AA BF vprE-2 AlH #1, #2747l
thsl 0, 3mm, 0, 147mme]ch, Al#H #1o] =] 2
4], W F, o] FH T2 S AL Fo
Zpzholl ot 8t 3HAte] 239, 2310, 28119 9
Fof| B4 Hojgla Azl cisi A4 B =t
F&9] Zhe (,304mm, 0, 301mm, 0, 301mm ¢]
ok, AJE 200 sl TS AE S R A Zel
& Aol 189, 1310, 23 119 ofe ol
=A5e Qu A4k B npRE-2 27 0,135
mm, 0,137mm, 0, 137mm o]c}t, 5 Aj# ol i)
AAE B ohEEe] ghak AAe] ahwFe ot
227 E1ol vEbY AT

67

®1, AN SAE BFE FTTEEEE
Ald #1 Alg #2
Htoleeimm) | 23H%) | Hdok22Hm) | 3K %)
9 gl Al 0.304 1.33 0.135 —8.16
17 0.301 0.33 0.137 —6.80
ol5#E|  0.301 0.33 0.137 —6.80

Za 4 A b F4HE FAFE Q4
T Fo o] AAREESH AEE T AAA AL
o} B Fgholl thsted BAMEo] 2ok WA= A
2 o2 A o] Fo AHY Myge A
= "o, 138 A#flY FE mol=
(Noise) p <t q+ 2 #14] F9 A BFgk
o tiate] A5 YAl EAHFY F & el
o5 A& A4 Eo} ohr o] Hgghe] A F3FE
ol z)=] ekl 189 AlH|H2e] A5 qFol
wol EAsh} ok AAMe Pk FTol #4b
glo] gloj o1& QA% AT s of uprE g
of & #-&e] gigich pii-& vhEo] AAZGE
o} 2A AEEEE stod AA2] nhrZo] (, 3mm
7} 5)7] o] Ao FTug AZE & A2 &
getn g 7o ot AR WA E 4 et
B] AA|Hql 24o|t}, q -2 vhEES AA Y
ot A AbEsle] AA opRE9 (, 3mm-E EHE
Fof E7a% AEE ¥l AR FEsluE A
Az fuislo] AF A EE Hojzel= &
Lo}, webd A Ee AP q S Fol®
2 g okgtct, AAAAY uFu LS A A 59
8 o] FH - whyo] HEE s E APolM e 2
o4} o) utm Eo| Zroll tfsled o]-EHF ¥ ut
2Ee] grel wHE(AHM #1:0,86%, AlH#2:1,
33%) A9 YN A FEute] F=A HIA

. & oukeEe] Bk A2 oA Ay A
AE Qo 2 o] Fel AT EH ] A Z FALFo
F-= 3 A (Smoothing) =l ¢l t}h, A elel sl
ol whzmel YA zHE ZhAH okrZo] g
A A olE 2ol ezt AJM#LY] ¢ 0, 0lmm
(3.33%), A##22] 3% 0,01mm(6,80%)% =
B2zt 10%)HE 4338 A4 0w F3 8ol

=



P YUAFA= M43 M32E 1987.9

AFEEH ST AR #Le] B ol2F A4 Ao

o3 o FEI Fhol AREEIl e A dE 20l B9

q9 AFE AA vhrE3 okt 2o|F RFATH

6. 2 &

71E&%F v =4 8 =& 4~ (Inter— Process)
T E 788]~: S Ee] ATMEE &
22, FAARE 7EE =95 A 42 0
B ukeshdE A4 e ALRE F5 o
g3 22 A7t Fa R o},

1) B #lojx #< (Laser beam)& =32 o}
2ol F3hsbe] QJabAFaL A FAZE o] &af wb
AHEA S CCTV4 gl AN F AL

f

o Pﬂ

]m

He) 71eg Bo) 232 4o 22 opre) s
o) HEHFES slglon) AW A £ue) Qe
A =)k,

2) 23R4 =AH ok FAke] A S
A 214, FEF, o] F HF5 2T EN
7t H-gxo] ZF gtA A Hejo} HF ohEEo]
ArEd o g F7 At RE WA= APFS
7} A A =) 3dc},

3) AF7A AA AAE AP AAE o] &3] 7]
ZAYE 3 A3 34 e (Image processing)7)
Foll 9§ F-Fokr FH A LR 0] A HU= (B3
24 10%01 ) FTr% TAALH g 22y
A A 5 1 e,

. Klette, R,,

. Boothroyd, G,

kil

Hd

3 314

. “FMS ¢} Sensing 7|7, 84%4 FMS 7)< 4|

o)1}, II1-3 -7 A4 7+4 NC Center, PP,
1—-15,
. Micheletti, G.F. and Koenig, W. “In-

Process Tool Wear Sensors for Cutting
Operations”, Annals of the CIRP., Vol.25,
No. 2, pp.483-496, 1976.

. Matsushima, K., Kawabata, T. and Sata, t.,

“Recognition and Control of the Morph-
ology of Tool Failures”, Annals of the
CIRP., Vol.28, No.1, pp.43-47, 1979.

. Moriwaki, T., “Detection for Cutting Tool

Failure by Acoustic Emission Measure-
ment”, Annals of the CIRP., Vol.29, No.]l,
pp.35-40, 1980.

“Parallel Operations on Binary
Images”, COMPUTER GRAPHICS AND
IMAGE PROCESSING 14, pp.145-158, 1980.

. Rosenfeld, A. and Kak, A.C., “Digital Pict-

ure Processing”, Vol.2, 1982.

“Fundamentals of Metal
Machining and Machine tools”, McGraw-

Hill, 1975.

. Venkatesh, V.C. and Satchithanandam, M.,

“A Discussion on Tool Life Criteria and
Total failure Causes”, Annals of the CIRP,
Vol.29, No.l, pp.19-22, 1980.

. Grob, B. “Basic Television principles and

servicing”, McGraw Hill, 1975

68



