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SUMMARY

I. TiTle

Sensing Technology of Cutting Process Information

II. Objective and Significance

According to develop a computer and to supply NC machine tools, the
production system is progressing toward the flexibility of production line and
automation & unmanned of the variety and small quantity production. In recent
years, automated and unmanned systems(FA, CIM) with focus on machining
center are developed. But sensing technology under cutting process is
necessary for improving the reliability of work piece and unmanned operation.
And tool management by means of sensing the tool wear and breakage is
necessary along with systematized machining data in case of the automatization
of machining system.

Meanwhile, in processing FA, sensing technology of cutting process
informations which have higher reliability is required even in the country.

Therefore, objectives of this research are to achieve in-process
sensing technology and to construct the machining data bank by developing the
automatic testing system.  Finally, it has been achieved the optimization

of cutting tool and sensing technology of unmanned factory by developing the



tool monitoring system,

II.  Contents and Scope

Korea Institute of Machinery & Metals(KIMM) in Korea and Mechanical
Engineering Laboratory(MEL) in Japan have carried out a joint research and
development project titled, "Sensing Technology of Cutting Process
Informations”.  This project was a five-year international research and
development project extending from April 1987 to March 1992, as a work of
the "Institute for Transfer of Industrial Technology(ITIT) Project” organized by
the International Research & Development Cooperation Division, of Ministry of
Intemational Trade and Industry(MIT]) in Japan. The Ministry of Science and
Technology(MOST) in korea also supported this project as a international joint
project.

In this period, the following researches have camried out developing a

synthetic tool monitoring system.

1) The automated system for testing tool life in turning process has been
developed. The function of this system automatically collects the
standard machining data(wear classification, usage limit of tool, erc),
write the analysis report and extend to construct the machining
database.

2) This research has been developed the signal processing algorithm and



3)

the complex measuring system which is composed of current sensor,
acceleration sensor and loadmeter for monitoring an abnormality of
cutting tool.

This research has been constituted the tool monitoring system in
interrupted cutting and achieved performance and application test in

order to extend and develop a in-process sensing technology.

IV. Results and Suggestion

The results of this project are as follows.

1)

2)

Development of the automated system for testing tool life in tuming

process

- Construction of direct control system to control and operate with
serial RS-232C and digital /O

- Supplement of voice synthesis technology to efficiently operate
testing tool life

- Development of operating software and algorithm for managing of
tool life and getting of machining data

Development of technology for monitoring of tool wear and loss

using complex sensor

- Construction of complex measuring system which compose of
current sensor, acceleration sensor and loadmeter for tool

monitoring



- Development of signal processing algorithm for detecting a tool
condition through analysis of classification of complex sensors
3) Construction of tool monitoring technology using vision sensor in
interrupted cutting
- Construction of tool monitoring system and enforcement of
measuring test
4) Cutting experiment and measuring of reliability and repeatability to

constructed system

As an above results, it is certified the composition possibility of
automated syste for testing tool life in turing process. It become to promptly
measuring tool wear and loss and was possible to eliminate the error rate in
related to operator.

And, the developed testing system and the compound sensing technology
will be become to apply as the foundation which developes the systematic tool
monitoring system having in-process sensing and realtime feedback function of
measuring results. It is possible to apply the basic technology for intelligent

sensing technology and optimization of control.
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Fiber optic cable - Model No. : AEROTECH, FC-50
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- Cable fength : 2.0m
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Fig. 2-7 Rightangle pinhole lens2] +Z
ET SAAWAAY AT Y nhE(flank wear)T YR R i

3] AobM(~ 0.3 mm) 29 21 Aol B4l 9] oj2gol w2
ot webr] 452 compact®} YW A A headF-2] 749 4+ Extension
tube kitEo]|&stod 7} ete] work distance2A o] 2] 3F A o v x| =
Bl 2% Adeka, GUE AoRA BAYS TS Sjojely
Pinhole lensAlo] o] C-mount® couplings} 3t

B Aol ul-8-8 10 mm tube kit 178, 1.0 mm tube kit 2 7| & 2 ¥
o] X105 ZHE 5 31, 8.0 mmY] work distance S -4 &5 31T}

3. Al2g) Alo] W 4B Hqe]

o) FEL AF YANY ALY FYRRA PR, F
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fafule |2 falola [om0nu0d vonisog g-z 314

& & wep daig (q)
(3dOT1S Z'AX) (Q9ads Z2°AX)
. Lo
ﬁ | -1 | T R Q-1 i
m ! ! _ |
| | j | N
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¥ol NCAIwkbe] 7l w% 5459 1TV 7helet 52AL Position
A2 5 S AlAE Aukg o Ao} g R E FEEtA T

7}. Position controller

Position controller(OHM, PIMCO OD-HIA)¥= Position 32| 8) 13
2 Ho)E wgals Aoz ¢4 Axegold FUANAM JAY T
¥ % (Tool identification number)ol ek AFE oA o) AL F o] ST Abs
2 A wRAAMe EHex R o5 M A FXZH Fel olF
PulseD A& 3H= ogre ghg e}y, £ Conwollerd] wlolEl 71 < i
Fig. 280 A3 A E @9 2 B B4 of wep A3 3 Hlojere] %
ool FbsslA sm, 2 £9) swep tlo]EF FARS 7 A2 A AR £ ©f
surere LEh 2 ohS- o] 6242l o] F pulsed 7] sHA A

L}, Interface unit

HZE o A] A A 7+ 329] o] %-#-S Position controllere] =43}
. AR E uby) $18A] Position controller®] Interface port(RS-422
serial portyS o]-&3tc}. L2} A 3% E]2=-9] Interface ports= RS-232C serial
port A RS-232C port$}RS-422 port 9] Z7 s QL & F U=
Interface module?} M. st} webd] 1E)s o]~ converterS A 2H31ed 7
Fe] ¢} Position controller Ato} &} Interfaced ©|F3L, 7} & of Ao U5
S X|AJ3H7) YA ofelel e W4E Agste] BAS AT T A
ey

o
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1) Baud rate 447 (1200 bps)

2) Parity check (none)

3) Stop bit (1 bit)

4) Data bit (7 bit)

5) Controller address (#01)

6) 22T block7t 7] A1 7H (0.5 sec)
7) Response time (25 msec)

8) ST YR AR ot
9) S0 52| LED ¥ 4|

]

T el A3 Y A AAMIBA| AT ) SRR NC
el A2 dee 9 A29 HolZ gsted Y= A2 =(Digital inpuy
output) Interface Uni(ADVANTECH, PLC-725)& -&3}gch D 10
interface unit= FF-E19 register(Port address : &H220) W2 HoleR5 ¢
ZY8 Relay?) P53} 1 L5 a4 x| 4| gHe).

o} Image processor computer

[TV 7teletell A FAMH nhm Zogsio] od Akl 5 (of ki 1 A1)
% dH B B (ImagingTec., FG-100-AT-1024) W2} A/D M2 o o] 3
256 gray level?] 213 2 v} o)A frame bufferel] 2] =], FAFsH A2 9
3] PC-busE 53} 7% FE12 Main memoryol g}

@ /gH 2] B Eo) HFEI(SUN PC-386)9) 9] 1B mo] A 16 71 2]
/O mapped registerE §-3fod o] Fojx]ny, register base addresst &H300,
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memory base addressy &HDOO00E- AF2-$He}. E & 1/0 mapped registerE
S 51 DMA(Direct Memory Access) 5+ PIO(Programable Input-Output)¥
Nol ola dlolere] A4 A4 Al Aol B imerwupto] o]L5}7,
interrupt feedback LUT(Look-Up Table)7} W &=] o] 9lo], memory access S
T Blo]y F W E55td A5 window A3, realtime t o] €} FAF 2 %]
2|7} 758t

B YA U B AL ST Egole) 2T o] o3 AT busE 5
32 main memoryel] A48 QA NE FPJLZE 0] PAbag
A T4E 7A 3 709 ouput LUTS] D/A ¥ 7|2 %3] RGB graphic
monitor2 2} & o] o] F o} Xt}

=]
Fér“l_

s

ol FEE Al2g Alo] 3l Fu A2 Rol A £ PahE S1) )
A, EYSHE FEeR 9ANE FAg 9729 Zd¥ =yE
(Electrohome, ECM 131 1) Ztote 228 o &t

|
2%] 8}, Noise filtering, Boundary extraction W E-38F 222 £ golA| A

Y A AU E 2L o Mg 9 A9, AR

o[rl
o
djo
oX
(o
fu
e
)
ﬂf,t
\
A
bt
-'[f"
njo
X
s
X
HL
iy
<
=
&
@
o
=
&
- &
[
‘E
.

ool 2ol £ R 24 D F FHVTY

&), 37 phE 7 3240 9l Machining Data Bank T+&-2 u}e) A} =2 9
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¥ Br Z€7|7]2 X-Y plotter(Roland DG, DXY-980A), Dot-printer(Epson
LQ-1500)2 o] &3}o] Y Q3+ Fef T £33}, data file2A] SUN-PC/386
computer?] hard disk2] o Z.2] e A AHFH,

A4 A o] ) EPLTE ol

1. 7] &

A% S Besta, HERY AL A5, AT o
glofm], ik 24 i A dolEhE ¢
sl g e 2 FAvdes eEEN 74]%“&‘?33

ZE g o] E T

FRubE A T E ol NC AukelA] 9] 71T W Al A" o] HH
2 ¥ ¥ 23} Vision sensor(CCTV camera)ol} & 3+ T vt S OB J4
H B Y HAM o] el AMSS WEs AT EYolR Fig 293
HAR FgEo

o

b E AT E o] A|AE Ao] W &Y %‘35_01]/‘“] Microsoft C

¢

language ver. 5.02 base® Bt PAFE|2}E library ITEX-100 R NC

Custom MacroE o] &38toq 3Lz 73 3}giry,
2 YHEE

AR AR 442 9 FTARE Yeshs 9ARA
Qe o] BRe 33 A ATHE Data Bank T3] AT} 53] 7%
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STARY

YIS

NO

Conditon input & P/G cdit

- Cunling speed(V), feed(l),
C
- Cuning ume, woul, Workpiece

uthing depth(d)

Transfer data

-

Start cutting

NO

[ YES

MOVE MEASUTIng part
& sensor posilionng

Air blowmg &

Image frame grabing

hmage processing

- Automatic thresholding
Noise Ditering

- Boundary cxiracuen

T

Data collecuion & restore

YIS NGO

print vulpul

lixchange cutting condition

- Progressive curve of wear - Cutting speed
- VT Curve - Feedrate
] Cutting depth
N !
END -

Fig. 2-9 A|2#®

29 Y AN £TE
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% Z7holder? ™% (identification number of tool holder) v A5 A A
HA| =7 9 Position F2 5 &4 UX R o] FA717] HET 2 = -5 Motor
o] o] FFE skt 83t FHEE ISOFo W FF
o FHZEZ Fig 2-100] AAE FFF=9 7} Za] o] Py npe}
TTHEC Y &, HAF A} S (version) Y Tool length S0} 23 o] 1)
[AA e 4R AR HA == Aot

3. NC Drive & Interrupt &5

A A A AF FEof lolA] . 5 NC 337 A 9
T W A F o] PA AF IRt AW e FAl o] Ae|th NC F
271 A4 A1 7] 52 operatorZt ml2] A 8 73 sequencee] Wt 7HE-
S 7le R 2t glom, gholA] 7|3 A A ALY Ha
23 58 7% AT T Y £ HARY o] F, A HAleycle 2R
el Mg, A eyeled intermupt 58 ZE3L QA 7] vl EAE AL EHE
AAZ17] M e 578 715 2T EQ S Su T AFE 9 NC
controller2}2} Z &}o] 3 @ a}}

HAEL2E NC convoller2}e] Z 3ol 2ja o] gfe] dd- 4l 2 of-E
Online 28 AA|Sh= AlA"lo] 57| e AaF A1 % cable! serial

=
ir

RS-232C ¥ Digital input/output units ©]-£&}+ Direct Control A A8-&
35190 0], AP o) AHE ST AAI 5] 43 Table 2-40] AAIH 23
ZHe NCS} RHEI7He) 45w Bo] B }e.

NC Drive & Interrupt 252 o|4to] 7|3t ZAAH As AALE

& YABREH BRE IS, F AATHE R AHAIZ count, D4 7HERo|



(4L OSDPPOd 4 [519PI0T 4= 01T ‘814

00 BT ot led tonsod Tl BF FR O

g
A —

S -

] ~ ,

g — N W L

— ¥ g —

(e vT D
apoo IE 8uR] 1O0L o fz¥bk alie R&iok & & Fhic
t1 _ “ 01 g i ¥ [ ¢ 7
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29 intemrupt A1 EWE, ARy 22O A @ o & FF
BEo 2 ES| «AALAIZE GO1, GO2, GO3 Block ] A8IA] 7 9k 5
A A4S 4= Q= Macrod 4 #8553 ¥-838F 4= 9) &= Macro compiler
2} Macro executerE o]-8-sfedc}.

T Module 8] ZIAH82 A U doleE 7 E=
positionFx| o} Fig. 2-119} 2 FelR o] F pulseE WF3te] 54|17
2, FE0] BRIE 2T Ao AF YA TE NCERIYS B
Z8te] AAAE S oW F g} T AAMI YA 29 9 AL Y
3 QARA 3015, A% S o5 D ternupr, Y4 A 5L 53
4 U E=E 1702 Main 227 6 7]2] Macro TE IO R F4d

v AbE AAMEol &% NC & Macro L2 1385 2 shod 27 A] 1.

)

Table 2-4 NC controller$} AFE| 7] AR

Informations Interface Unit

* Automatic cutling cycle & custiom
macro program

» Current position data of tool in x/z
axis RS-232C

* Cuuing conditions (cutting speed,
feed, depth of cut, cte)

« Number of cutting tool

« Cuuing nterrupt signals (Ui 0~2)
Digital 1O
» Signal of work completion (M30~82}

_42..



“ Position Drive

Seta_axis = -417 pulse
Z axis = 55 pulse

X axis = -964 pulse

Driving a _positien_system !
Download a NC_program

Press a ESC_key

Fig. 2-11 NC &3 9 Interrupt TA

L)

A QAR

a X

4. TR

A

m:1ﬂ

B wge Qax]z|s Fu|gelelE gYska, uAAX A
ZALE AAEte) TputEE @APERE R wsst 4k E st 42
I AL B o A] Yl W The & BAshe RERA WA A
A3 Fig 2129} 20w, F8 AT G F v A

7}. A= 22| FHAutomatic thresholding)

QA A A N4 2 HEFSEE fo|5}A 3, WRR 3+
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i WL

{ ¢ ) Noise filtering

'S =0.953 B
UT=8.616 l.lllux'-a Gli

( d ) Boundary extraction

Fig. 2-12 Processing steps of tool wear measurement
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QAR 2o 431 $15ho] 256 gray level?] WEAE 2leveld] T2
F HMBA|7)= Zo] 2 &8} EE 272X gha it
Ao A 2749 window Ao & FARE ZH s~
window thresholding'] & 7§ 1k, A}50 2 2 x| 3tsh= A45 24| 3t dite]&
& AdstAct o] g3 EE Fig 2-13¢f AAE 278 window W
brightness® ¥ H 3L 2 73 7 (threshold) 2+ A A3t 2 x| 3= 4e&
o5 U3 3ho] 253

) olREES ¥3sl= windowE A AL, window W FAHE
histogram A(i) (0<i<255)8 F3o} (Fig. 2-13),(0)3 A FX)
2) Bletr w7 ol Abgshs window S B73ted histogram B)S
T (Fig. 2-13(a).(0) ¥ B #=)
3)  A(®D), BO)E H-E] 7 A ZHthreshold value) TS T3}
T=i, if A(G)=B(i) and 0<i<255
4y BAZ TEZ| TR sto] A g/de 2213 T
gi,j)=— 255 : f(i,j) =T

L 0 Q) <T

A7l A, () = HEGAHS Y H DY pixel value
g = FEG)DY £ Y% pixel value
0 £ 1 £ horizontal window size, x

0 <j < vertical window size, y

_45..



¥ of pixcl

5
1.000 I 3 |
) '%.
i\
i Ca)
!
o
500 [
JJo
A !I'
/ B i Threshold value
0 |

160 240
Brightness Value

(b)

Fig. 2-13 Automatic thresholding %Y

=3 ZFS-A| 7 (Noise filtering)

2 el 27 Hal ¥ FRokE J4lA] FFEe 3

AT 2P ol o 3 A3 9ol XEE o] glo] GAEiA 4 Zo]__OH
fdo] Hagltg. o|A 2w HAS 48] Fig 2-143} 722 7]38}H3

u

¢

2 BE|Y 7198 o] &, fd4te] E4 (erosion), Fol(dilation) TAIE
A YA i tusion) -2 B I smoothing)dh= AHS-A A @A E
T3 Zro] &-8-3tr},

—

1) 271x] 2] g el d /¢ 7k sht(pixel)ofl tH3H %) R4 (neighboring

.._46_



pixel)®) logical ANDol oJ3f] =& ohe g4HE A 7 (255-Faof
A 0-3A =22 HEH3ITh (erosion filter)
gij)=r— 255: 299 F%

L 0: 1(1,j)=0 L f(i,)2 3 X3 kernelF 347}t 0]

o]
s

2) 2z} 3hiof sl Z 2 (erosion)ol] 0] &% SY T F AT FflAfo]of

OR logic A-8sbod, iAo 255 9 E IS A=
-] (dilation) ¥}
gify=— 0: 1929 A%

255 f(1,)=0 T2 (i)l 3 X3 kemnel T 37} 1¢)

2%
o7Vl A), £(i)) = U G/ pixel value
g(i,j) = =& G A pixel value

t}. AU A (Boundary extraction)

filtering TAoIA AelstA] 24 vhEgA e ¢ B HEY ¥
B gwere) oEe ATt FARYL TY FEOIE YA FE
Bestth webd 9ol AlzolA] Al AHsted Bakel ZA g met ot



. 2 CP| 4 | . @ S W o
‘ | -

(a) Erosion

L
[
1 |
—fz2 fer| g _"' - Jer
{ . —

i

J

|

[

(b) Dilation

Fig. 2-14 7]3}%3 Q] noise filtering 7] %Y

@A

T

o

g gty gabe 9ye 23
22 AdFig 215 Fxostanh. Aue dneze) el v e
7},

1) 27 X 2|¥ dAte|A] AF3F line scanning S 3} A 34 Zh(pixel
value}?| 0O (black)ol Al 255 (white)2 H3= A-& A| 2 (starting
point).2. 2 ZI=rt}.

2) AESE Al 2R oA 223 4 (neighbor pixel)2] #A4ZHS v 25}

o A gt e AF;HS ARTH. ol "ol Sk
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wyabol i3] ofel e} 72 ruleol 23] W soquencet BH A
rule : left — straight ahead — right — back
3) 919 2) ©AE whEstEA] 7374 A (boundary point)©] x5 Al
Moz Fobg urd AN AEE A% Uk
4) oAl &3 AALL B2 FAR FAFE ARI T

LI

L

D : White rcgion of binary image : Set of initial points

E’B : Black region of binary image

Fig. 2-15 A F34
5. AAMFE Database T+ E5

I 2olR 235 EoA A& nkE U AHVT. VBmean, VBmax)S-
2AZ A dolE 39S TASH: 702 4 4Bl A%E

Fig. 2-163] 3 225} 31, 242 2pnjr o] /4 K (image data)S o o] B}

_‘?_E‘J%E,%—?—#—“&%ﬂ(VTtE)%—%%Q.%E}—E o]},
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Machining Database

1. Cumulative Cutting Time : { 17 Min)
2. Tool Information

number = (SNMG120408)
material = (CARBIDE )

3. Cutting Condition

v, f,d = (150.0 ,0.12 ,1.0 )
work. material = (S45( )

4. Measurement Output (Flank Wear)
VI=(0.320 ) , VBmean=(0.291 ) , VBmax=(0.320 )

5. Database File Name = (machine.dat)

Fig. 2-16 A A7} Data Bank 722§
A5 A Al Ao 7 1B o]~
As AR RS 283t $18 A8 E MT---> PMC--> NC

9] 9 I NC->PMC-—> MT § £ 342) 95 422 41 ohg

3} 24 752 743 3 glofo} Tk



3) Y& Ao AFAE 7)E

webA] 9] -2 CUSTOM MACROE- ©]-2 3 MACRO Interface Input-2
o]2sion] NCREHE] A3 2 &% MACRO Interface Output Alg 9
B 275 MASE AR-3tth E3] M Codets MacroE o n|3) w] L] 7
Sg Tz 2 5lo] glo} MEe] JARS WA R 3R] A=t
B Ao A g Ho)A] TP ATE FANE7] W Ee] EHUE
B M CodeZ AH2317] 98] ROM H3ZE T3 T

299 7152 F/Ach

Table 2-5 =719 M FE=9 &

= o | &+

MS() M8OMS1 5573 ON

M8 | MSU/MS1 EE=AH OFF

M82 DGN 3400 2]%t 2hEA17F 248 ON

M3$3 DGN 3450 &%t AEA|7F 2HL OFF
o

AT ARG Foalr] YL NC AFE R SRR F
7140 2 P45 olof BHTi(Fig 2-17 FE). NCoA AFHZE 245 718
A7} Ags oo 5u), 7 FEE A FRE o &3 FH YA
S8}7] 913 Aol & sasiol Tk, o] ¥ SHEWE A3 NC HelA]
CUSTOM MACROZ 0|83 489 £849& Eoih 531 & a7l Al

23 CUSTOM MACROE #5-9) el 4 23, g5x2]. 223401 54

o

m[m
4

rlr
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NC PC R
Power ON 1’uwch ON Power ?N
Cycle Slart Ready tttﬁ Ready mﬁ
-2l ]
NC Inermupt
! .
Tusret G0 3 '
R = B i
BRSETEYW Hih)
DI[ M5}
NC huld $R4E Initial {8E A ‘
Rl Refererce 1 I
PointZ. SRS
(@ P1GCN2%—") !
RS 2320 FI[F i
| i e
: Ref Porot 138H(CI1.2)
BT EW D
- ] —
P Sty
W nala |
>
EMZE Wl
b catd £:2 0
A Biluwmg
(CH.24)
B T{E% H
«
Image {rame .g_ruhmg
G;Hgms i:ﬁ';?'fgﬂﬁi).l ‘
L ve oo |
DO1 )
~—-|
A Reference Image Process & BRI
ﬁﬁlﬂw(ﬂ £ SRR (X776 W)
R i) |
DO {PC NG Ready $RNE
. |
FH £ M1 T i
GIRE ARG k= - Ready HARE
|
Cycle FE o
LI

Fig. 2-18 A5 AAMI YA AE 9 Sequence flow
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A4r 9 7o} 7] FHA| 2 Yo} AHEAAM B-E 4 B Sequence flowe]]
35}17) uf Foff o] & MACRO X 27383} 3t ARG TH MACRO Z 5
a2 8817 98] 7 TR Wb MACRO T2 WS FEFhediT
Gesoll 9 ¥ ez &S AR ITh

A= HAA o] AIBNE Y] Y3t 7} BF 7] Sequence flowss
Fig. 2-183} 7t o|Ate] #td=8)e i8] 149 F2=2 393 674 )
glojB el Tr Yo 2 TAH AT AR ZFE NC D Macro Z2 L
W skt

7p 2 1 of tf 3% -8 Table 2-63% Tt
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Table 2-6 AH5 ZAM#o]Z-2 NC P Macro T2

pragram No. comiients
2001 Main program
9102 Turret move b initial culling position rgard for depth of auling
9104 Machining regard for setting time and cunvent position
5202 Cycle machining for continuous
9106 Turret move b measuring posilion
9108 Turmet move © position measuring regard for condition of PC
9109 Tiene delay
MAIN PROGRAM

0 5001

G65P9102 DI0A 350 100K 3 V00T 120 £ 300

G65SP9I04
G 6519106 ;
Gas P98 ;
M30;

GUB. MACRO PROGRAM)

0910z

G28UQ WQ ;

G 50X 342, £ 531. TOL,
GOYAS[HRIM O3,
G983 F[#9] ;

GO0 XH#T —#6 7[#1 + 3],
GOo1Z[#1);

#130=14#1

#131 =#2

#132 =47

#133 = #0

#134 = #22

#135 =420

#136=#9 ;

M99,

09104

#L00 =FUP (#136/60] ;
#101 = #5042 — #131 ;
#102 = FUP [101 /#100] ;
1F [#102 LT #1351 GOTOL ;

#120=#100 *#135 ;
#121 =H130 - #120;

G968 [#134] ;
G 98 F[#136] ;
GOLZ #1211 5

#145 = #5041 ;
#146 = #5042 ;

M99,

NI1G 65 P9202
Ma9,

17 Axis of A point
;7 Axis of B point
;s Dia. of workpicee

; Depth of cutting
;Speed of cuting

; Selung  ume

0 9202

4105 = #130 — #1131 ;
#1060=00;

G965 1#134)

GUs ¥ [36]

(01 Z(#131]

#140 = #5041

H107 = 4135 - #102 - #106

G 00X (#5041 + 5] Z #5042+ 5] ;
GO0Z [#130+43]

G 01 X [#140 - #133] ;

H106=#105 /#100;

17 [#106 LT #107] GOTO1;

#1125 = #1060 * #107 ;
#126=#130 - #125;
G o1 Z14126]
#145 =#5041
H146 = #5042

MUY

09106

G 96 S [#134) ;

G 98 FI#136] ;

G 00 X[#5041 + 5] Z[#5042 + 5] ;
G 00X 200. Z200. TO05;

G 00X 250, Z150. .

M 80;

M99

09108

G965 [#134] .
G o8 T {#136]
N1 #1032 EQ 1] GOTO 3;
117 #1032 EQ 2] GOTO 2,
N2M 81 ;
G 01 X 200, Z200. ;
M99,
N3IM 81 ;
G O1 X200 2200, ;
(#1450 7 (#146)
G631P9104 ;
Mag

GO X

0 9109

#3001 =00,
WHILE [#3001 1E 40001 DO 1
END 1;
MYyg;

_55_.




A6 W YYD AT

e AR A LS TR BAof sl Al2ge] 57
Aot A dloleks A5 o® 3sta, AAg e vpe A 24 9
TTTES FEY 7 UE T Y A4 HE D AP FH
R ELCE Ftalo] E A (A : P10, A} : SNMG432) AAMS 2
T 7HA 2 ofel 9} ZE2- A Abx 7 shol A Al AA)HI T

m HANE(v) ¢ 150, 170, 225, 300 m/min
B O - 0.2 mmfrev

m AAM7lol(d) : 1.0 mm

A

= O

o - :

g |

Z }od

G 7

w O

5 T OV=150m/min|
£ | O V=225m/min
§ ~» V=300m/min

20 25 30 35 40 45 50
Cutting Time (Min)

Fig. 2-19 Fvl2 7% -4 (VB-T Curve)
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™
== _T‘_"-—J——u—--\f \"\_.""_”___J:_\']

YBmean=0.026
VB=0.050 §=0.011

VBmean=0.054
VB=0.105 S$=0.051

VBmean={(.123
VB=0.140  S=0.104

VBmean=0.151
VB=0.175 S§=0.127
e -

— !
VEmean={).241 B
VE=0.263 S§=0.199

T=17.0| . kS

VBmean=().291
vB=0.320 $=0.260

(b) Extracted wear patiem

(a) Original wear image
Fig. 2-20 A|7t7 o] o2 vi2e 2243
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ALz - AR T 180m/min, ©]4-% 0.1lmm/rev

AAF)o] () ~2.0mm

4948 FAmE w8ste
717] Sl Dol 0.5mmel 222 W A% B QMES
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22T Al JMEEAA Y 3% AT Melel AT el HEZL
M-S o]kt A FAAe 7% peak amplitude histograme ©|-§-5}o]

peakZte] HeL FUL BA7A AFAAY AT $YY A

irosilion codes

Spindle
motor

Current
. SCUSOT
velocity
cireuit ¢ ]
dynamometer Tachometer [
circuit
Current Accelerometer
1 sensor unit
F
Load meter Pre-amp
r v r

Oscilloscope |

Terminal box

r

A converter

Micro-computer

Fig. 3-1 Block diagram of experimental system
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TAN, AFAA 2 "Harge Ao AT EAS G YA A B
plot 2L A ER wBElEA AT E HEYR, o] AE-FTYT A
AbzZAoA vt b B ASEA S B EPL R MR HE S
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0.4 L I !

Fig. 3-2 Output signal of current sensor according to change of
depth of cut: (a) 0.5 mm, (b) 1.0 mm and (c) 1.5 mm
(V = 180 m/min, f = 0.1 mm/rev)
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Fig. 339) 7% 271702 8|9 40| & 8|04 g B Al s B4doloh

7 L L i D e L

Fig. 3-3 Output signal of loadmeter according to change of depth of
cut : (a) 0.5 mm, (b) 1.0 mm and (c) 1.5 mm
(V=180 m/min, { = 0.1 mm/rev)

o} 7+ = o) AArx oA Fabzlo]7F 1.0, 1.5, 2.0 mm
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Fig. 3-4 Average of acceleration sensor amplitude according to

change of depth of cut :
(a) 1.0 mm, (b) 1.5 mm and (c) 1.0 mm

v} 2t (massive breakage)A | & 412 S5A4

T AL Aol AT ] A 23] gl A
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Fig. 3-5 Massive tool breakage signal
(V=180 m/min, d = 2.0 mm, f = 0.1 mm/rev)
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Fig. 3-6 Characteristics of acceleration sensor signal by
massive tool breakage
(V=180 m/min, d = 2.0 mm, f = 0.1 mm/rev)
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Fig. 3-7 Characteristics of acceleration sensor signal (a) tool breakage
signal and (b) tool breakage and friction between breakaged
face and workpiece
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chonge of lued
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Fig. 3-8 Averaged current sensor signal (a) and loadmeter signal
(b) by massive tool breakage

zrgen], olg A AEeme) ke WAEAA FHol T
hgcta Bt

ottt AT FE ASEAM, AFAA, HAFAAS o4V %
GAZAl LD 7S THEEANG 04T HEWYoRE WF2) B

ZHe 25 9.t} ime  domain(A] 719 &ell Al 7]EEk(threshold value)]|

_71_



2 burst impluse & o] 85h=A Fjsie). 22t AFAAUL PArSY
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(2) v=180m/min depth=1.5mm [=0.tmm/rev
Fig. 3-9 Characteristics of acceleration sensor, current sensor

and loadmeter signals :
(a) normal condition and (b) nose breakage
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Fig. 3-10 Characteristics of acceleration sensor signal by tool wear

(V =180 m/min, d = 1.0 mm, f = 0.1 mm/rev)
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B Magnetic sensor
- Model #: ONO SOKKI, MP-981
- Scope : 0~ 20 kHz (0 ~ 20.000 rpm)
- Detection : Non-contact
M Strobo light system
- Model #: SUGAWARA Lab., MS§-230

- Flashtime: 1, 4, 8 ¢ sec
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- Frequency : 30 ~ 60 Hz

B Vision sensor{ITV camera)

Model # : TWASAKI, CTC-6000

Form : 2:1 interlace, EIA RS-170 format, Int/Ext Sync.

Resolution : 512 X 512 pixels

Intensity of illumination @ 20 Lux.

3

Auto Gain Control{AGC) function (1 ~ 1000 Lux)

Dimension : 300(W) X 144(D) X 119(H) mm

2. Az AR

= 71415 5] magnetic sensorll Al A8 AISE ISR, 2B
23 cho|E) HYAIT 59 Fl A0S u B4 ste] $7140 8T B4
Al7]= B2 0 7 delay timer, clock pulse generator® /8 H T},

delay timery 8] ZAAA 2] AlA) 92| o A FE] F-AEA] 2] o SAI
2 Pt T 1A F o] upAA| RS Z A gt B} clock pulse generator

L delay timero| A} B )2 A1F 2 o} strobo scope drive®} 1TV camera |

m Clock pulse generator
- Model #: VIDEO SYSTEM Q-1
- Channel #: 5 CH.

- Input pulse range: O0~35V
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B Delay timer
- Model #: VIDEO SYSTEM Q-1, KK

- Delay setting time : 1 ~ 9999 msec

I ~ 1000 4 sec
3 &9y

Ml ATl AT EIA RS-170 3419 X R ¥y YA NE 5
Z, A EH, £dHsR= HRog digital video memory, video recorder,

TV monitor 5 °.2 A1}
Y G AR 92402 TV monitore]] 28 2L} =
S8 F5 13) A (o: 145 rpmof|A] = 2k 04%)p}T} 13](4 us) YA =] 7] uj

P

_7]‘-_
Fol B e} Ao A] 204 0 2 galshis AL B el 2aA Fig
2 Ym0l st XY GAL PEF 8¢

]
O ol A2 1 sE/302) e AN EE IC memoryoll TEAIA F A,

FATAUS 571240 w8 AUAA G2 Sehshe el olm o

kol

o

W82 FHI Mo dA S S v E 5oz A¥shs gyjolt)
oA L w e A A7t on-line AreA] o] ZsHAke
(FPE, & 503 otgh ook =3 SHg uhe YR E T R

B Q5 video recorderol] & Ao},
B Digital video memory
- Model #: VIDEO SYSTEM Q-1, DVP-7000
- Resolution : 728(H) X 512(V) X 8 bit

- 64 gray levels, 4 fields
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] 414 ms (145 rpm) "
Spindle rotation Syn. i\t _]
Pulse ; A
' 4 u sec
. External light
Reflection from the : *
cutting edge 5 1 *\}l
(Stroboscope) ' I 4 ' . : . N
. » ) Delay of vertical syn. . , :
Delay of strobpscope | : : '
s 1 1'30 s : . ¥
L 1ye0s  1j60s N . ' '\chl image pulse

WII!II

Vidicon output . | lIIlII1Illlll|lll"l|" ‘“I""l"""mlllllilllllllIIIIIlillllllIIIIIIHllllllll%llllllllllilil”"“l"l

: ‘, Tool wear signal | '
! ! : : : v F,m:hnngc of image
' Bnckgmund lcvcl ' : ! ! memory
Nuoise ! ' Bcgmm,g image memory . | : ‘ :/
] 1 ) . Ll L)
' y Rcmscuanon of | Lmagc rnemnry ; '

I | ’IIIIIII!I

lmIIIIIII

|
image memory output lIlllllmlllllllllll

Fig. 4-2 2E2 K 2o 2 ¢ vre 4%

B TV monitor

Model # : IKEGAMI, PM-950

4

Resolution : 512 X 512 pixels

Frequence : 50 ~ 6() Hz

Dimension : 218.5(W) X 226(H) X 235(D) mm
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JIS SNG432, P1O/P20

m 32 . SC46(HB=143), SKD 6(HB=251)
B Diameter of milling cutter : ¢ 300 mm
B AARETT 146 m/min(145 rpm)
B Work distance of ITV camera : 40 mm from cutter

M [lash time of strobo light: 4 # sec
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