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System Development for Automatic Tool Wear Measurement

YOUNG-IL KIM*

ABSTRACT

This study has been performed to present a new automatic tool wear measurement by digi-
tal image processing. The purpose of this paper is to develop an automatic tool wear measur-
ing system based on the image processing which can be applied to the quasi-real time mea-
surement of the characteristics of Ingert tip in turning.

Tool wear monitoring is one of the key-problems, for the development of control systems of
modern unmanned factory which are not completely solved now, In other words at present
complete qualitative and quantitative information on tool wear morphology is required, at
least on the following aspects @ flank wear, its dimensions and distribution on the maximum
and mean values of VB parameter in the various zones of the wearland. crater wear, its main
dimensions and values of KT parameters. ’

This research has been performed to this technique made possible by designing a proper
lighting system to the worn tool with following features:The flank wear is measured by
observing the active cutting part from a proper direction and by lighting the wearland by a
diffuser optic system. The crater wear is visualized by lighting the tool by a He-Ne gas laser
system developed in this study. By means of this system it is research to evaluate classical
parameters of tool wear and to have complete information about tool wear morphology.

Key Words : Digital Image Processing, KT Values, VB Values, Optical Set-Up, Inter Process,
Automatic Tool Wear Measurement, CNC lathe, Carbide Tool, Ceramic Tool,
Measurement Design and Manufacture,

v REZYAZUE A

185



A9

[. M E

AA7LE Jlge] nwde nE 2YEE] 27%
of wat 232 FANAL] Fert A HUoH, o
#E TA7AY FEE BA 2 5A2 HAdMe 3
&97¢d d¥® FAFe] Hu dvh Zdd HstE
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Fig. 1-1 Congpectus of this study procedure
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$ w3t} A7 S R 28 (vision system) 2] A
ojde A+ Fed YA ARVE HE(film) & A
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740]1'4'. HHA 2 ] gl FEARG AHE F8F
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J 98947 (depth of field location)& T340
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Depth of field = 2-1

2a'f"(m+1)
mz
o714 a’e pixel Z70lx, & A2FH A7]9
o, m< Lot

2,3 CIX|& H4t(Digital Image)

HHA 28] (vision system)S 737 HajMe
WA AANTE olZolm EF o|AEE Aste
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He 2E o8l E A&ed $495 numerical) 91 8
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Fig. 2-39] A 493& =A% AA"
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old 2} 34 (picture element)EL FA H4A
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(image) < NxNg 239 32 EAHH olnf z
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L At e 2 b=Bbit I 0~255(2-1)9 ol F2
g 02 A M, 2558 AL ehdr)

=3 N9 gho] S7tges 949 4 E (resolu-
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M= 2oe A=2est Badd S N=256, b=8¢]
W 1709 AR L 1=8 4 (frame) ©] 2t F-21 256
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A/D(analog/digital) Wgko| g B2+
AA F3e

Fig. 2-3 A typical digital image procossing sequence
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3§ axe AULddel 2HY vivEe] Hard

£ B ok FFe EES Hezm s AN
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Faaln g9y MYedE: 24 4 e Wie=
AFENAE 71HE 28T AF TR AZF A&
&+ #stn, o dnEEE AL

B oAy Adgd Nade] 28 FAHL sl
(CNC lathe), £3¥ (flank and crater wear), A
oA 2" HHEXA e (digitizer, motor controller,
micro-computer) E¥% (image moniter, control
monitor, laser printer) & A= it

A% FTRER ASFFX L ARL Fig 3-13% 2o
AA) Axd TARE Fig, 3-29 2o & 4794 )
el 2 FFEAS AXNE FFA Yo LXE
F Q=S AA, Ao, 7FA 1A A AF
og2xe 48 44 €2 5 7] AT HgeE 94
oA FTUEF FHR nddtHor, dA 7HEA
welrt doivAl 9% 2HW 2H (stepping motor)
Aolg & F Y 722 44 AZsAn

UAEGd AzAA e dAddd P49 JF 284
4dE #HS3 ¥de A52 AfS CCD cam-
eras} ¥t Q. A 3E YA 94z Agst= A/DE
A% F4)% frame grabber, BAE 94 XAE
A3 dube AFH L o1& 4357 9 zEaYA
Ae dog 7158 AZZANE FHEd B 7oA
t AAGdAR FXY sl 71 AdsE 7

Flg. 3-1 Photograph of automatic tool wear measur-
ment set-up
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Flg. 3-2 Schematic diagram of automatic tool wear
measurement
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Flg. 3-3 Front lighting method for flank wear mea-
surement
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Fig. 3-4 Schematic diagram of optical crater image
processing system
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BE 22 dolg 9 & glod mGaAR dole
BXHo] JEHER HAE Byd gF = A3}
(quasi-real time)AZel 7158 8L sz
=Ygt

e sz 249e A % EARE 93
3 A= ALy 2R g =ostaat S}

=
-

Table 4-1 Experiment-1

Items Types

Tocl CNMA. Throwaway Sintered Carbide
Insert Tip(no coating)

Nose Radius 0.8 mm

Holder PCLNR 2525 M12

Workpiece SM 45C

Cutting Speed 180 m/min

Feed Rate 0.2 mm/rev

Depth of Cut 15 mm

Total Cutting Titne | 50 min

Table 4-2 Experiment-2

Ttems Types

Tool CNMA Throwaway Sintered Carbide
Insert Tip(no coating)

Nose Radius 0.8 mm

Holder PCLNR 2525 M12

Workpiece SM45C

Cutting Speed 230 m/min

Feed Rate 0.22 mm/rev

Depth of Cut 15 mm

Total Cutting Time | 30 min

Table 4-3 Experiment-3

lterns Types

Tool SNGA Throwaway Ceramic Tool
Nose Radius 0.8 mm

Holder PSDNN 2525 M12

Workpiece SCM 440

Cutting Speed 300 m/min

Feed Rate 0.32 mm/rev

Depth of Cut 0.5 mm

Total Cutting Time | 50 min
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4,4 MY Zzt ¥ D@

441 27 IMEH

FE I ATF Bo] AMRItE FUd 23 AME
e oidez B dFdA Add 2gAxde) Y
T BrME AAsigeh B ddxde ¢ HdA aF
@ Table 4-13 Table 4-29] BAZAOR FAEE
g 180m/min® 230m/minc g WIHE Fol a4t
4g Palgen, A4L4d 27 AMEY IS05F P16~
P30ALEN ZHE KT30022LEAN FA71ed 599
V714 JNE "o TUAA7E o ZUAYVE
3.580]8k0]1, EUAE (surface hardness)=
HRA0A=Hch = W&l 8444 7% 8ol A}
&3t JAFEE B4 (SM45C) & AHS-3i T

geta B GPeiA e FaAdE FreiRE &
AA7H(quasi-real time) 2.2 AZAAEd, & I
9] EPan® (flank wear:VB)S ZdoH w=
(crater wear: KTV A2 AR 7tg3d vdz &
FHH 7129 off-line 4% A FFYPo2 YF9
F3s9o B Aa4ddd AH8E Avte NdFEd
A2 TNL-5359& AR,

4.4.2 A% 37

B dtolde & ddaA dFe Wedt 2ol F4E
oz /A T A JMEFY dadE 23
4¥E P F44E 242 Table 4-3% 2ol
APz 2 Ut ALEY HAAE ZEEugnt
(SCM 440)¢1z, BAEZE 300m/minez 4% 8}
of & A9 27 AMEYS 2L Pz A4S
A8

2 Aol AR A2y IMEFR 4E NTKY

Table 4-4 Comparison of each measurement methods

Items

Methods Charateristics
i ]
Dial Gauge OnlyCrater Wear Measurement
Method (low accuracy, experiential)
Oid Microscope Only Flank Wear Meastirement
Method Method (skilled, expetiential)
Roughness Only Crater Wear Measurement
Method (difficulty in measure)
ol Image Available Measurement in Flank
Method Processing and Crater Wear
Method (non-contact, high accuracy)
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HC2 2924 A4EY ZHAHA7] (roughness) &
il BRAAS geR 0.58013 & tas] kag e
A1, A% (hardness)= HV 23003 =A2™ ALO,

“TICA Aetggte H2d Fe3d FToith
4.4.3 F4antE 4

g2t AZMiE S12d 2EY 37T
9 92 #9% v3 ZEsAD. FPAUAY <R
2gYe 9929 2P 2 A9 A
SEA} oRIE A%E RS A2 U HF g

H Szl r AEE 9dE du ok E &£¥
A FA T A FTANEE AW 44 f2
7b 282 &3Ae FHe AsHch FF @vA

o3 248 dolelE BFr ddMe 3+ EriF.
d FaE R AG YA es S48 BF
sjof St B Az @z aydd,

daba B dFoA Adg v@E SFuges &
A A2 Jehid Fig, 4-1% 23, 23dog £4
& FAFE} Aoz Addezn £4 2L A
d&n rgdAse 340 shgeity, 273 YMEH
F A glol 44 AT deletE vehiiE
Table 4-5, Table 4-6 2 Table 4-7% 23, S84

IR FHA 37 HuAd vy £4% 2= Fig
4-9, Fig. 4-3 ¥ Fig. 4-4% Z2d 29 F2s4
o g

@ 27 INE 99 doj7 9% AxAQ A4
% v=180m/mincll Al HheA7}t 2. 5% 2 F £
9ol A& og By

v

Table 4-5 Flank wear values for the tool microscope
vs. newly developed method(cutting con-
dition of experiment-1, v:180m/min,
£:0.22mm/rev, t:1.5mm, tool:CNMA car-

bide, workpiece:SM45C)
Cutting Time(min) PARAMETER(VE: /ax) Differences (%)
Tool Microscope [Newly Developed
0 0 0 0
5 bl 89 22
10 9 100 1.0
20 104 105 1.0
30 122 119 25
40 130 133 23
50 148 151 20
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(a) Worn Image alter Cutting

(b} Detected Baseline Image

{c) Image before Noise Filtering

VEOO = 0,000
VBl = 0000
'vBoZ=0.019
VB0 = 0019
VBD4 = 0058
VBOE = 0033

VBmeax = (196

VEOE = 0,059
VBO? =D 078
VEB0B = 0.098
vBoa=0.137
Vel e 0,137
VBT = 0137

(d) Enhancement Image after Detected Edage and
Noise Filtering

vB12= 0157
VB13 = 0187
VB14= 0,186
VB1E= 0177
VB16 = 0098
VB17 =8337

{unit: mm)

VB18 = 0.053
VB19 = 0.032
VEB20 = 0,000
VEZ1 =D 088

-, VB22 = 0.058

VB2I & 0019

VBmean = 0081 Weearend Area« 8,731 mm?

(e) Calculated Flank Wear

Fig. 4-1 Process of flank wear measurement by image processing
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Table 4-6 Flank wear values for the tool microscope ~ 35@
vs. newly developed method{cutting con- g o ' ! '
dition of experiment-2, v:230m/min, ~ 388 F U = 189 m/min O t New Method
£:0,22mm/rev, t:1.5mm, tool:CNMA car- a £ = B.22 nmrev @ I Microscope
bide, workpiece:3M45C) R N P
e
Cufting Time(min), PARAMETER(VE: fm) Differences (%) =;. 288 -
. o
Tool Microscope (Newly Developed) £ 1sel Q ?
0 0 0 0 % 1em | e © 8
5 103 110 64 ™ 8
58 -
10 127 134 52 8 L . . .
15 %1 754 12 a 5 18 z8 38 48 58
20 332 338 1.8 Cutting Time (min)

Fig. 4-2 VB values comparison of the tool micro-
scope vs, newly developed method. (cutting
condition of experiment 1, v:180m/mim,

Table 4-7 Flank wear values for the tO(()l microscope £:0.22mm/rev, 1:15mm. tool:CNMA car-
ve. newly developed method(cubting con- . i 5
dition of experiment-3, v: :300m/min, bide, workpiece:SM45C)
[:0.32mm/rev, t:0.5mm, tool=SNGA
ceramic tool, workpiece=3CM440)
T 784
. E T T T T
Cutting Time(min) PARAMETER(VE: am) Differences (%) 3 U = Z3@w min ) iNew Methad
Tool Microscope (Newly Developed| : 588 - . o 8.2Znmrrev @ Microscape
0 0 0 0 5 s t = 1.5m *
10 189 186 16 5 el
3 ®
20 193 19 10 3 s0e
20 368 370 05 2 =
S z88 | Q
40 418 421 07 ™
- 188 - Q
50 454 457 0.7
rare— a L ] 1 1
8 5 14 15 28 25
Cutting Time (min)
27 AHE Ho A% Fo2A e . : o ' .
@ v 274 ANE " B dazdEg o Fig. 4-3 VB values comparison of the tool micro-

A9 Aax v=230m/mindiA e Ht 237} 6.4%
T EAW Aleldl & eXed /Mg Hgou e
3%’“ AzA g 2948 QAR ge B
AZ A Y mrgert deld Aot

@ = AFA AEEe ARHT e F4E A48T
7 Mg dME g daidE g Awd 4
-39 FMzAoz AGAEL G 1 A%
ﬂtﬂii}ﬂ L6%0)8t2 B 27 Yol 2 AP

l-r‘d

T % 3tk

4.4.4 SAHAR 2

adolHHe AZAAE & 24 BT H8F
Jz28 25U BelgAA I Y @ FAA
A7)0 8o % wus vn, Azsdch

ol AlolAlol & EHHE EAAL SUEA Ja

195

scope vs, newly developed method. (cutting
condition of experiment-2, v:230m/min,
£:0,22mm/rev, t:1.5mm, tool:CNMA car-
bide, workpiece:SM45C)
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T 798 T T T T Table 4-8 Crater wear values for the cutting condi-
3 tion(cutting condition of experiment-3,
" 68a I U =388 n/min O : Hew Method v:300m/min, f:0.32mm/rev, t:0,5mm,
$ ol f = 8.32 an/rev @ @ Microscope tool = SNGA ceramic tool, workpiece = SCM
;.,' + = B.5 mm ~ ? 440)
4ee | .
5 @ Cutting Time(min) PARAMETER(KT: sam) Differences (%)
= 388 [ Dial Gauge  [Newly Developed
aly
5 200 [ ® ™ 0 0 0 0
. 153( 10 15 16 63
a . , . . 20 2 23 43
48 58
8 e 20 ® 30 31 2 31
Cutting Time (min)
. . . 40 55 54 19
Fig. 4-4 VB values comparison of the tool micro-
scope vs. newly developed method. (cutting L 50 65 67 30

condition of experiment-3, v:300m/min,
£:0.32mm/rev, t:0.5mm, tool:SNGA
ceramic, workpiece:SCM440)

et

& e sdxs
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Table 4-9 Crater wear values for the cutting condi-
tion(cutting condition of experiment-3,
v:300m/min, [:0,32mm/rev, t:0.5mm,
tool)= SNGA ceramic tool, workpiece = SCM
440

PARAMETER(KT: pm)
Roughness Tester |Newly Developed

0 0 0 0
10 13 16 188
20 23 23 0
30 33 32 3.1
40 54 54 0
50 66 67 15

Cutting Time(min) Differences (%)
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(a) Crater original image

(e) 8hift 1 amsking image {{) Binary image
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(i) Half-size linking image

(k) Caleulated crater wear

Fig. 4-5 Process of craler wear measurement by image processing

7 148 7 T T T
£l
w 128 + y =389 m/min () i New Methad
g 199 | f = 8.32 mmsrev @ ! Dial Gauge
- +t =8.5nm
3 & |
H ¢
2 68 e
§ a0
3 ¢
8 =zl - (™

A 1 ) - 1 b1

2] 14 28 38 48 5a

Cutting Time (min)

Fig. 4-6 KT values comparison of the dial gauge vs,
newly developed method. (cutting condition
of experiment-3, v:300m/min, f:0.32mm
/rev, t:0.5mm, tool:SNGA ceramic, work-
plece:SCM440)
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148
128
108

ea

68

Crater Wear Valuss (pm)

¥ T L} T
Ly =388 nnin ©. t Neu Method
£f = 8.32 ma/rev @ © Roughnes=
£ = 8.5 nn Teztier
®
®
g e ®
L 1 1

i
10 28 38 44 -
Cutting Time (min)

Fig. 4-7 KT values comparison of the surface

roughness tester vs, newly developed
method. (cutting condition of experiment-
3, v:300m/min, [:0.32mm /rev, t:0,5mm,
tool:SNGA ceramic, workpiece:SCM440)
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