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A Study on the Development of Measurement Setup for Crater Wear by Diffraction
Grating in Turning

Young-IL Kim*, Se-Jin Kim*, Bong-Hwan Ryu**

ABSTRACT

There is the high interest for sensing of tool wear with the aim of controlling machine
tools productivity from the point of view of quality and quantity. Difficulties in this measurement
are also known,

This study is on the development of measurement setup for crater wear by CCD image
in turning. In this study, the crater wear measurement system consists of the He-Ne gas
laser, diffraction grating, CCD camera, noise filter, slit, microcomputer, diverging lens,
converging lens and so on, He-Ne laser beam passes through a diverging lens and a diffraction
grating is positioned properly, A converging lens focuses so that the interference fringes
can be obtained on the crater wear, .

Performance test revealed that the developed image technique provides precise, absolute
tool-wear quantification and reduces human measurement errors,

The results obtained are as follows

1. The digitizing of one image requires less than 2ses,

9 1t can give detailed information on crater wear with limited times and errors

3. All parameters required by specification are easily obtained for several points of the
cutting edge.
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Fig. 1 Regions of tool wear in metal cutting
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3. Image Processing Techniques'"
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l Image Data Input '
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Basic Pattern Data

Recognition Result

Fig. 4 Flow chart of standard image processing
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(a)block diagram
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output circuit

Fig. 5 CCD area image sensor
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(1) CCD Camera'”
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(2) Image Devices'?

@ Image Board & Image Display Monitor
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CNC Tongil Ltd, KOREA| 74 : Swing 530mn
Late Type : TNL-53 A A
CNC System : (1050mm)
TEPS-L Accuracy :
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]
(4) Tool Microscope
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.Fig. 6 DT 2853 high resolution frame grabber
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Model : Topcon
Magnification : 10X, 30X, 50X
Dimension : X : 0~200nz

Y 0~100nn

Measyrenebt accyract : £0, 001z

(5) Stereoscopic Microscope
Model : Nikcon (SMZ-2T)

Type : twin zooming body

Total magnification : 0X~415X
Zoom ratio : 6,3 -

100m

rack and pinion system

Working distance :
Focusing :

(6) Surface Roughness Tester

Taylor-Hobson CO,

Model :

Measurement accuracy : R... (0. 1#m)
R. (0. 14m)
R, (0. 14m)

Form Talysurf

(7) SEM(Scanning Electron Microscope)

2 Aol A18® SEM(scanning
microscope) & AKSHI(Japan) ISI-DS130 model&
B AT MFe sgAzte) U gelo] o]REY
o},

electron

2. 37 ¥ N&

(1) 872 37 Holder

2 dYdAM AL F7E 23%9FF (TOSHIBA
TUNGALOY CO,, LTD)T 802tip(CNMA 120404) &

(mm)
imensions
1 d t r
Type
CNMA 1229 | 127 { 4.76 | 0.4
120404 ‘ ' ) ’
Fig. 7 Dimensions of T 802 cutting tip
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PCLNR/L type¢l tool holderell ZAAA Al2sge
W, O HYd YyAyase Fig 794 2o E Fig 8L
tool holdere] ¥4 x4+& ez 3tk
Fig. 9% 3813 F2hg(CVD)ez zY3
type T802 tip& SEMoz #9%

alumina

Ao,

(mm)
Dimensions
HIW/]L/|S'ihi|I
Type
PCLNR/L 25|25 1150 | 32 | 25
2525-M12 28
Fig. 8 Dimensions of PCLNR/L tool holder
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Fig. 9 SEM photograph of T 802 cutting tool
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Table 1 Chemical compositions of testing material (%)
(aa)

Chemical

Composition | C | Mn | Si P s Fe
Materiat
SM45C

0.46 | 0.84 | 0,37 [0.023|0. 018 |Residual
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Table 2 Mechanical Properties of testing material

()
Tensile Yielding Hardness Elonga
Strength Point (HB) -tion
65. 4kg/an® | 47 Hdkg/ma’ 198 24. 6%

3. FA MEEX ¥ 9y

(1) AlHzia

AL AHoE JATEE B27(SM 45C) 9 A7
110m2 338 Ho] 330m= AHusHch 28z
CNC lathes®] FZo] B&® universal chucke] A|H
& IZANY do] nHAFe} dArtFe dfE 1
of AxrtEof 7hede A% XAl (100X 330m) =
AFEA 20, 1me MAAM Fig, 158 2o] dA7ts
S 3o ARt

S

380

I

2 100

Fig. 10 Dimensions of SM45C workpiece

(2) A A 2y™
Fig 11st & # d¥RAE ol83td AgH

A FFAGE QANIF FuF AA4AEe AY
stk
Head Universal
Stack Chuck
Yorkpiece Live Center
i Tip and Tail Stock
' Tool liolder
I Too! Post
imnge System :
Fig. 11 Setup of cutting experiment
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IV. Optical Design and Manufacture
1. Diffraction Grating HZ'"

348 A B9 A4, 2] & J4-2719 F7
Aol W% AWE F£ aperturet FHESL HAe
3dde WEHQ wjdelrt

Fst AR goe de ol fEjd 99
eFrjEe A F do|olBE grooved A3t
ruled grating, silver emulsion$3 #<& #% ARE
Algstol  Fol Aol o el ot Az
holographic grating 282 master3|AZARE A}8-3}
o] Eilsle replica grating®.® A EFE 4 o
o & dAFd AMEHoA diffraction grating: F3
¥ echlen-gratingg AHE&lgen Az FHEE B9
Fig. 12¢} 2t

I Wafer Cleaning l————l PR Coating(B.S) I :
' Soft Baking |——-| PR Coating(F.S) !]
[I Flood Exposure(B.S) I———l Front Exposure l
| Hard Baking I—————| Develop |:]
|:[ Etching J———[ PR Strip J

Fig. 12 Fabrication flow chart of the grating

FH Azl o3 TP EFH WHHE FHEH
F79 AAPE ulR Folg 2l Ay AXE AL
sgon FHHARNE mountingrA 4¥ HIYEE =4
1=

2 J7E 98 Alze 3¥HAAE SEM(5000x) o2
ZzRse AIPE 2W Fig 139 2t}
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4. Special Filter HZ}

SAsL FE HolA & A7) HsiAd S0umRE 2
pin hole& A#ste] dgo] AMEE Ay o Mysl
Ae EE 4 A B g AgH pin holeE
B2 Fig 153 2

Fig. 13 SEM photograph of diffraction grating(5000x) r
g
2. Beam Expander H|Zf ;
(&)
B dFd A}8¥ He-Ne gas laser® beam
diametert 1mE o H& /HAzg AHulr WAFE 1

FANZ 4 ¢leP R beam diameterE ImAEE &
AAA Agstgem Hegsts wEr] 98 Fig 4%

Fig. 15 Special filter design
o] 20 beam expanderE& A #slHch

5. Band Pass Filter Mount %}

f—l=l= 2 A8 4y AYFAME AHLIMEEIES kol
AAE B8 HEHE AE59ey, o FEE He-Ne
gas laserg4 band pass filterE AMgslgt 2 4y
A AHgE mountt UWHOR Fol Agshe

J mount® A &stgon Fig 169 2t}
-
- £ E.- P
T — -
’
Fig. 14 Dimensions of laser beam expander A1
Vs
’
3. Compensating and Focusing Lens L

Compensating lenstE #&#¥H beamo] Hs4&
AAAA ERE Yol Must AL Ay 93 wHoz Fig.
A3t 0.8 focusing lens¥ cutting tipol]l FAFS o]

:10

16 Design of band pass filter mount
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V. Crater Wear Z3Y Jl4t
1. Crater Wear 0i22f =X Hardware

ARE FTF ¥R TOSHIBA TANGALOY
CO,, LTD, T802 tip& CNCAHY] tool holdercl
TN BT 208 B ARSHE Jled
ate] Hara|tel

Faol WHE ol Gl AAANRL

Fig. 17 Photo of new developed measurement set—up

o+ o H

@ He-Ne gas laser
© compensating lens
® diffraction grating
©@ focusing lens

@ zoom lens

® personal computer
& control monitor
© HP laser printer

@® beam expander

D special filter

® cutting tip

@ band pass filter

@ CCD camera

@© image display monitor
® digital data digitizer

Fig. 18 Block diagram of new developed measurement
method

WE crater wearZolg& ¥ BAIE ZZel ZA A
2339,

BABTY A eEFe 3 A AwE
Z39e Apdez MW Fig 73 231 AZE
Fig 189 2th

i
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2. Alignment

Crater wear &% #x]9] alignmenty &3 2L
A o8 el

(1) Laser power& onA7lth
(2) Beam expander®t compensating lensg} o]
o} wako] WHE FiEE optical componentd]

4

W 2yei,

(3) #E XMl special filter7b 958 ZH3IT

(4) Special filtere] pin holeE& %33 laserv}
diffraction gratingel FA4td 4 Ux=
grating®] ZAAME A LErh

(5) Gratingol 4 £FHE ¥4 F9lo) d4t
ANgg @ 75"”3" FE

6) Focusing lensZ Aol 1 5'8 ghatd W&
image’l & ¥AE 4 Y& YAl focusing
lensg &

(7) A image’} xo]2E WA YLE 3}y ¢
& He-Ne gas laseri#¥9] bandpass filterg
At en MY imageE MFEA 37 9
8l zoom lensE& A&t}

(8) #4449 imageE& CCD camera® #ol digital
data digitizere] H&A7It}

9) AFH olmAE personal computerg o]Ls}d
Abg A 8 wtRF(KT Values) & SH3
I laser printer® 1 ZAJ}E ¥

3. Calibration

el 34 d42 ge] UdRI} o F& E(slit)
ojuf FolEo ojste] AL WEo Ao, slitou}
Zega Ar7t AEFE A dojdrh E HAo] of
Azl A7l A JEdd

B Ao AH4E slite multi-slite2 adez
ElE Fig 199 2o



i h sin

] h sinf=nA
h sinf=(Q2n+1)A/2

Fig. 19 Diffraction grating

h sinf=nA: 443 342t zpolo]r FHe:
A7 h=10 Ipm=1/10m=100m

n=13 34 (FE5)

A=(), 6328m

sinf=1x6x10"
S8=6X10"rad
d=A(s/2b) ol 4

d=tanfx f{(if tanf=sinf=80

=f x @

= (20mm) X6X 10 'rad

=0, 12mn

o if pixel=100ea™

d=0, 0012z o]},

4, Crater Wear DiZ22t &X Software JHgt

Crater wear ul2g Zo] ZHE& 938 hardware

4 alignment® N3 ¥ AP image analysis

A8 AeE softwares Fig 209 2z}

Pixel Vectors
Acquisition

Boundary Tracking
of Each Fringe with
Prefixed Threshold

]

Control of Possible
Fringe Overlapping

Unworn Face Fringe
Evaluation

]

J

Computing of Dev.
of Each Line from
Reference Line

Approximate Research
of Crater Limits

T

KT evaluation
and correction for
perspective effect

——

Data Storage

]

Fig. 20 Flow chart for crater wear image analysis
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# A7eM Aed S/WE olgsle nimg A4
B HHE (I HAE, 2 HHo|&) oA o
H2(@2-3)4e2 REHW 2 24¥e uw

o

i
rok e

Fig. 2194 #t}

Segmentation
Step Pixel
Vectors

Boundary /
Tracking

Computed Line

Reference

Line

Fig. 21 Measurement method of crater wear values

VI. 8587t
1. e

A A 2d F 24 £5(V=180m/min), HA
Zol(depth of cut=1 0mn) 8 |4 %X (feedrate=
0.2ma/rev), HAAIZHO, 1,2.5,5 7,5, 10, 15, 20%) o
mheh 7 ARbE HA tipe AAA sPEAM HAA G
< PPk A AEe 3 AR 89 HY tipe
e 4 ARNeH o Ao i} tipg V&Y 2AY
(dial gauge, tool microscope, surface roughness
tester) % MZo] /ML WHE wT FHYoZH A
Z¥ systeme performance testg #3tgt}



2. Dial GaugeOf 2|8t Measurement

Zo] 0 00lmn dial gaugeZE o] &3 crater

Hh ¥

wear PIREE Fig 203 ¢ wyoen ZHe A%E
H™ Table 33 Tt

o] ZAMe yEH ZAMoZ craler wear?] Kr
ke zqslen 34 datadl FUEE PN
98l 43 A& sl AHAdge Ve

Dial Gauge
R 1001 §

Fig. 22 Crater wear measurement by 0.001 dial

gauge

Table 3 Crater wear values by 0, 0012z dial gauge

Cutting Parameter (KT : #m)
Time {min} 1 2 3 4 |Max Value
0 0 0 0 0 0
1 3 3 3 2 3
2.5 3 3 4 4 4
5 5 6 6 6 6
7.5 7 6 8 8 8
10 8 9 9 8 9
15 10 11 11 11 11
20 14 15 15 15 15

3. Tool Microscoped| 2|8 Measurement

ol 2y e FF ¥4 (tool microscope)d £
AEE olf3ld SAshe WyoR FF FAEY nlw
Fol e ZHEAR F 7MY utR Helrh IA AFyd
HAAZE 20508 YehiE Fig 239 23, 2z Az
¥ 23 A¥: Table 49 2th
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Fig.

23 Photo of
Cutting time (20 min)

stereoscopic microscope (20x).

Table 4 Crater wear values by tool microscope

Cutting Parameter (KT : pm)

Time (min] 1 2 3 4 | Max Value
0 0 0 0 0 0
1 15 15 14 15 15
2.5 i6 16 15 16 16
5 17 15 16 17 17
7.5 17 17 16 17 17
10 18 15 16 18 18 |
15 18 17 17 18 18
20 17 19 21 18 | 21

4. Surface Roughness Tester0f| 2|8t Measurement

o] Zxwe gw AAY|(surface roughness
tester) & ol83te] FH3e oz FTF AHAIEY
otE o] wE 234 F Y uR Holrp AA A
P FAAZE 208 HE JeERE Fig 249 23,
A &4 d3b= Table 53

B
7

-

Fig. 24 Profile curve of Taylor-Hobson. Cutting time
(20 min)
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Table 5 Crater wear values by the profile curve

rCutting Parameter (KT : um)
Time {min) 1 2 3 4 |Max Vale
0 0 0 0 0 0
1 7 8 8 8 8
2.5 10 10 10 10 10
5 11 13 11 13 13

7.5 17 17 16 14 17
10 18 18 17 16 18
15 17 16 19 19 19
20 20 18 19 20 20

A= 4280
B=18.870u

25 Crater wear measurement for the image
Cutting time (20 min)

Fig.
processing technigue.

Table 6 Crater wear values by the image processing

technique
Cutting Parameter (KT : um)
Time (min) A Part B Part |Max, Value

0 0. 000 0. 000 0. 000

1 4. 463 6. 679 6. 679

2.5 7. 665 9.331 9. 331

5 12, 186 8. 133 12, 186

7.5 15, 487 13. 930 15, 487

10 16, 820 10. 090 16. 820

15 10, 941 18. 235 18. 235

B 20 8. 422 19. 976 19. 976

93

A9

Als (1992, 3.)

5. New Developed Method0f| 2|8 Measurement
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Fig. 26 Comparison of the crater wear values (KT) :
dial gauge vs. new developed method



oy
of
e

of 5714 24 AnE =¥ Jeh§ 29 Fig 263
o image processingZA X ¢} dial gaugeZA x|
& HudEd AT 08 dds o 8um &R e
HAEgom HakAlzie]l A Hog #Hap} F3A
T Aol vyt

2. Tool
Measurement Method.

Microscope vs. New Developed

Tool microscoped] €3 Z2AWL #Hu|Zo #3
HZE 23771 438 ey 8} ojud 23
deoletg &4 gled 2ot 7d2e #dAe

cﬂ-j_ ()]

T s g AL FF EVEE Aon
BoAA H27F ev 2o w¥e Asdt

37 dolA) o8 249 dolge nEss) A4
Ae BTEURA Aolse TRAG Q4 WHge

2 248 wasel sed B A7 2 4dEs)
a7¥n,

gehd 2 AFeA Add wez A d
& Wgor EHo] siwlt
FTYOAG ALY Paol G 24 A%E ¥
8l HY Fig 2794 2ow, o % e AAAL [0
P Be BAE Usin slov WA 15
EddMe 2 4X€9g ¢ &£ U
25
204  Tool Microscope T

Image Processing

3
=2
]
S 157
<
>
I
Lo
2 10
[}
S
S

0 2 4 6 8 10 12 14 16 18 20
Cutting Time(min)
Fig. 27 Comparison of the crater wear values(KT) :

tool microscope vs. new developed method
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3. Surface Roughness tester vs. New Developed
Measurement Method
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Fig. 282 profile curve vs new developed
measurement methodd] ¥a AI}E Jehl1 image
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Fig. 28 Comparison of the crater wear values(KT) :

profile curve vs. new developed method
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