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A Study on Real-time Monitoring of Tool Fracture in Turning

D.K.Choi*

and C.N,Chu** and J.M.Lee**

ABSTRACT

This paper presents a new methodology for on-line tool breakage detection by sensor fusion
of an acoustic emission (AE) sensor and a built-in force sensor. A built-in piezoelectric force
sensor, instead of a tool dynamometer, was used to measure the cutting force without altering
the machine tool dynamics. The sensor was inserted in the tool turret housing of an NC lathe.
FEM analysis was carried out to locate the most sensitive position for the sensor. A burst of

- AE signal was used as a triggering signal to inspect the cutting force. A significant drop of
cutting force was utilized to detect tool breakage. The algorithm was implemented on a DSP
board for in-process tool breakage detection. Experimental works showed an excellent monitor-
ing capability of the proposed tool breakage detection system.

Key words
AE signal, cutting force
LS =
52 AYAINE 24 B4 2 OYB FenE

o 87, WEHE AF AolF, HT =AM Fof
uAsy) fatd T4 A% (factory automation)

of e et §Fsn k. 23 ¥ NC
FAZAZY =08 ol @ArAY AFHE vIEsio
vpel7tAE FMS(Flexible Manufacturing Sys-

tem), CIM(Computer Integrated Manufactur-

*

g YA
= AEd A1AAAA st

130

. gensor fusion, acoustic emission, built-in force sensor, turret houging, a burst of

ing System)< T3 A3 Ave 2AEE AT
AFE o9 1 i,

2 AsHRF NN AGE & gl FES G
2Ee] fxifelolt}y, dxkHoZ "31‘}’\?&-"&]4 #H=
A7 wgez o]2ojxtd. Run-to-Breakdown,
Time-based Preventive Maintenance, On-Con-
dition Maintenancert ZLAQNE &A A4dEAIN &=
=#F ZEAY dolgd I3} AAS 2R W
ol YRE AHEH T gk 2 A S 9



BFALTEHA A12W A 3E (19954 39)

—

¥ 2EA4q FHRES FTHF AL 7 ie 2HF
A AR FE AN S HUYE FRE] HAME On-
Condition Maintenance We] #5#ez 274
o wEb AAEFFGAN FHAQA 8L FeEtn 3l
= NC ¥2714¢] On-Condition Maintenance
A 97 FUEGE Fasvia & 4 v
T AEA%E AT AEE AdY B2
A7 SR ged JE AFEL FE i A
AE ol&dtd 4 FRd Estegnt, et
o AARRE] A Re YL ANZAN dahkd
AE gd o dHE Udstd AP M&D
(Monitoring and Diagnosis)7ldel Add &£L
@A et ek, B dAEAe M&DE 9
HAe A=7le] AME o &3 FIRAHA Ay
HERE AR S AFHE 8t dv) o= st
o }EMA (sensor fusion)e BLAel FHsAch
o]FF UFAMNE o] &3 HEA A F2 o]4HT
Qe AMe Avzoz HAAGHd qF FRE 3
Z Jdehie A4 39S 9% 484400
294 7€ AANE S o4 e d7ES F
Z ZTEHAE ALagh, 2 olH G g e F
2717 AHe] 72 4L AL I
HE £ B ol ¥AAA, HRAYE sl 4
Al @A 23717 oldt. M&D A2de 45%
dol 88 48 v dNT ez E9F
A d# UZER FRAT 2o RAYA 18
Helok & Hg Ao Aggeltt HEHA A7)
Y¥rRO T ZrFojof & Al NEY, §X B 2y
o gold, AAH, WTAY, #94 & & F Uk
o] Al fAAol# dhtel AMMEN - e FF
g o|4% /IEdY (e Y v /3o Ry
Hyg FAE & gojor #& emch 13y /&
o] P2 olf§ ATFANgE TEEY] oY
olg g FAAE FHIHI fste] £ dFAe W
19 4RAME o83 AAY 33 WyEE AR
o] AXE FATIAW FTERH o|FFE £l 4
FowAq A4 FEAL FANATH HFFHA de
[ A ¥ o Aol ANRFLZFH A
AE B3¥ 5 Qi ofF 989 SHETHHE &
Pt JFE gAY FA7AN JHHXE 4F
Bt PP gste] YAGAAZ AQEE A2

3 AE9 544 dse A¥geEH e AF

131

& 9% AFHYE ALnEe ALe FFA
o2 SolNe ATATRE wgor FroE A&
B¢ FMS 7hedel F&goss A2l A%e
AZH,

2. UEE AFMA el HEHX|MHE st oY

A§H9 MEDA2HY ARe f8A da=gan
7t #Folokg Alge vhed A A, A 7
A AgHE Rid AXgojop Ak AAAY
FTAY APA430E FEd ADE dsiME BaY
Az WEE U7} A5RE HITHA g 83
dojAol @t AA AAEN s WY distortion) L
H2347]7] JME BANAY 724 34 A
o] ArjHon dze Bdss ¢xg Fohjok
gk g4, At M FRPe] Auasjopte &
& WiAel Bgsolor Btk Al AR Age) A
& FA Wolob B} FEN 23 AANY $42
AANE BA, AN 2D F29 Tas) AL
AE L o8 ol Fgige) drsrdie 47
Holut @olAe] Bgo| RE2FPA o) FAAA £
e A% 2 ol%Fd shelrt, dage te 97
AATEY e AA3EE 2y Jdsidds AA
459 w87t A 2 Aee wAHNe 289 A
A ANE Bolma "ok w£F 4% AN 4
4AGo] BRE Fohd o] EF M&ED Al&gle 4
39 Atk Fert old ¢ Qo dAE FEad
o mE A4 (flexibility) ] glolok de}. 53 A%
gFAoAE 8 378 FTPRARDY Halel F2
Fn $AZ T7E gPIRA YL Fue gv F
7597 (tool dynamometer) x| A 2o 2
At 4L 25 Ae AWEA Tk waEA
=3 277} ohd Harg Sk [27e RUHEE
& =2 AN Az FAsE Hol Besd o
ARE AAHelolob gth. YBHow Ex, A, o
A 22AE FA6 HE2A)7) SsiE Fato] o] R
AE RPN AR H27} FFAL) o)HF AL
AAZA% 429E do] Q. wEA, Yoy J9F
3 222¢ BE287) $48 & Jle 34YL &
AT & e ANEA 1Y FRAAE AR,

E Q7ld M&D Azdel 74E A5t Aed
YA WA (piezo-electric sensor) KISTLER 9117




5]

25

42

A

Fig. 1 Shape of built-in piezo-electric sensor

olt}, AMe Fe)& Fig. 1ol vehlch o] g A
AE AN AW 3 3 (quarz ring) &R
TAEY e s3ge Aoz dies &
238 g2 e AA9 g FAWgen 4§
e P8 e AMe AP E dLEE
(preloading bolt) & ©] &3 FERZ (series mou-
nting) ¥ # 4 47) (preloading key, Fig. 2)& ©]
23 A9 A3 (shunt mounting) el ded A

min. 26

222

3| 7

i

.

A

v

Fig. 2 Shape of preloading key

PR AP AP &, Ao folsinz
& AFdAE 493y L AH8Eh Fig 3& 4
A9 AR -2 ekl Aol

ABE AXN7E HE22E A a7 f8ixE
7AW 4XE £ Sl HHL ANE Fxe A0
FRAEGE Fo3,

34 Asse] 7hEAddA o] 203 Y= HE A
Ue gegdd WEE gddAd AAE QA
o 718E F7d 2Ash s deivan g4, Al
A 22e 1A £ o Blaed Fe71 HAs
o WA o] FeuieNe A AEPEE 4y
H7] dg FEME4e £t g d44E
Fig. 4%} 2ol g¢dA7x 37 AAge] g8tk
T 7HEsEH. 2,46 AAE FFIEFE vehin
1,3,5,7¢ AHEETY FHFHolth. FEMAY 4=

Lo

_D_-E._‘?_:!:

Preloading key

N

Sensor

Fig. 3 Mounting method of sensor(shunt mounting)

132



F=HUzetE ] A2 A 3E (199549 39)

o320 (W/m? )

TEST SHUNT

BUILT-IN SENSOR
LOCATION

Fig. 5 Stress distribution in turret & turret hous-
ing (by FEM analysis)

Edols MSC/NASTRAN (version 67)& AH-83%
o, @949 AAL 74 (cast iron, GC 25)°11
T0GN/me2] A4 A5 (young's modulus) % 0,3 o}
44| (poisson’s ratio) & etk 4o Al4d 84
HY (element type)x 3-D space®] 8-node hexa
solid elementelch. AAFAL B o] Ml )
=R 67le] BEEZ Y=o lenz EEV} ST
AXGN 6 ARE BFE AFANAT HHAFHE
Fig. 591 vehd vkeh Zh, Von-Mises Criterion®]
o A% S gk FRYUE PR Behidd

133

r)r. 27 APl BN Y 92N egEos 7
2 $ZHZo] on 22 P g9 LAY F
sﬂzl el Weel THYE 398 BN o 2R
J waw HilaeAsn We w-rou»ﬂ 83 24
Rol| e AYRALES Aago) NpskA A2
2 Y2 ¢ 9 Fig. 68 Hs4A d=R
o FGRA A¥Y I Ve ol &3 &
4344 Fig. 59 dehd x(@o)=2d), y(Ed),
2(FAAE) ez 22 500N, 700N, 1000N¢ &
€ V8 ASolth e e APRe FREE
N 2980 ZeD ed § 5 9k 1FANE 9
z ZgAd 7 FEEE P 2 o) dga
sich, webd, Fig. 5ol vehd Ao Ad7HEE 7}
29 3 AYBEES ol4dd YAY FRANS @.z
ek,

FEM#i4<) ojsted A48 W38 AN @xm
A9 BBAE A28 fstd 439 9X9) Fig,
el HutAld HIEA Reld = OE A4 AAE 9
& a7 g slFegT. olze dadel ¥ &%

< Bl AggE AN A4 QAR A
A WAES Tolrr] 4§ Rolch wed F 9
Aol BAHANE Fig. 30 Vehd ule} Zo] 22 4
Adn ALY FYsigch. Fig 7e ARl
HEA7E BARYS o FAM AgHE A4Y S
Uehd 2ot FEMsINe] eldla 438 R

Constraiat

———

Fig. 6 Predicted force exerted between turret hous-
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Fig. 7 Comparison of transmission sensitivity between sensor A and sensor B for cutting force
(cutting speed:200m/min, feedrate: 100mm/min)
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Table 1 Cutting conditions of experiment for trans-
mission ratio of cutting force between tool

and bujlt-in sensor

I |1 I |V |V

cutting speed(m/min) | 150 | 170 | 190 | 210 | 230
(a) Experiment A: feed 0.15mm/rev, depth of cut 2mm

— 1 |1 |0 | W |V

feed (mm/rev) 015 | 0.3 | 045| 0.6 | 0.75

{b) Experiment B: cutting speed 230m/min, depth of cut
2mm

1 I Il

depih of cut (mm) 1 2 3 4.

(¢) Experiment C: cutting speed 230m/min, feed 0. 3mm/rev

RIZEsE WaA Hol 4% 3Ee 4 FE 24
& £7b gokh Z71d 43 AAe EdATA U3
% (standard transducer sensitivity)7} dt 25kN
& 71Zog 2AY Folz I FL 7Rz 43
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Fig. 8 Variation of cutting force and trasmission force according to cutting speed(Experiment A)
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Fig. 10 Variation of cutting force and transmission force according to depth of cut(Experiment C)
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Fig, 11 Experimental setup for tool breakage monitoring in turning
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Fig, 13 Workpiece with embedded tungsten carbide tip
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Fig. 16 Cutting force and AE signal in turmning cut-
ting speed:200m/min, depth of cut:2.0
mm, feed rate:100mm/min (using workpiece
embedded carbide tip)
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Fig. 1T Cutting force and AE signal in turning cut-
ting speed:200m/min, depth of cut:2.0mm,
feed rate:100mm/min(using workpiece
embedded carbide tip)
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Fig. 23 Tool breakage detection system for CNC lathe
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Fig 24 Flow chart for operation of tool breakage detection
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Table 2 ‘Experimental result for system performance
evaluation

cutting speed | depth of cut fracture detection

(m/min) (mm)
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