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A Study on Detection of Cutting Tool Fracture
by Dual Signal Measurements

Jae Woong Youn, Min Yang Yang and Hwa Young Park

(A A7), Tool Fracture Detection (Z73}47+%]), AE(Acous
tic Emission, 234-%), Cutting Force (Z A-8)

Abstracet

Fracture of a cutting tool is one of the most serious problems in machining systems. Therefore,
several methods have been proposed so far to detect cutting tool fracture. However, most of them
have some problems from the viewpoint of practical applications. In this study, the feasibility of

using acoustic emission and cutting force signals for the detection of massive tool breakages as
well as small fracture of cutting tools were investigated. Turning experiments were performed
using conventional carbide inset tools under realistic cutting conditions and the SM45C steel and
heat treated SM45C steel were used as a workpiece. And the sensitivities of the AE and cutting
force signals to the fracture of cutting tools were illustrated. Finally, a detection algortithm for
the fracture of cutting tools was developed through the analysis of these dual signals in the several

types of tool fracture.
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Variations of AE and force signals according

to the different cutting conditions
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Table 1 Caculated tool angles in the oblique cutting

Holder type i On ac @ sin ¢cs—cos cstan (¢cs+ @)
CSBPR/L ~1.558 5.965 6.003 1.403 —0.026
CSTPR/L —3.008 5.959 6.101 2.707 —0.056

CSDPN —4.250 5.951 6.235 3.821 -0.101
PSDNN 0.00 —11.788 —11.788 0.0 0.0
PCBNR/L —4.250 —7.484 —7.125 4.830 —0.089

7o Z1setd Yejot s3] ez FE AEe
o 379 H&g RSz g

(2) FF Folfudel A&3Ee 529

Wigoz Fg FF Foifrdel Fgstes 3
HAEe AEL &3} Fo] o|RojAd), FFF
HAZ F5 SAHE o4EHA &L Fig 4
of UEbd wie}t Zo] o (flank face) 2 F-of F
ol Z&sl= 44 Ft, Ft' 28la 33 AAd
(rake face)oll Al 39 FFoz Adled LA E
Az Fso §A48 Axlolnd, olw Fse 4
#H3 Fs'ol 433 Fs"2 228 4+ Yok

Fig. 4, Fig59] 37 43 7139 daE ud
e ot} wiEH zze I L T3
a2 g3 ek

Fy=F:cos Cs+Fy"cos (Cs+¢) 3
Fr=Fsin Cs+ Fy"sin (Cs+ @) + FY (4)

where cos ¢=—C£S£%’Z‘—,

7.=1i, Cs=side cutting edge angle

=4, A9 2L ZT74-L Fig 649 o] 3
79 Zletehd Helz Yo o33 o] A4t

a»=tan"{(tan as cos as+tan assin ¢s)cos 7} (5)

a.=sin ~!(sin ?{+ cos %isin a,) (6)

i=tan™'(tan a»cos cs—tan @ssin c;) (7N
A3), Wz FE FiE A4sE o2y A6 F#
7},

F,=Ff_FzCOS Cs=Fr—FtSin Cs—'Ft’ (8)
57 cos(Cs+ o) sin (Cs+ @)

A%, A®) 2 38 FE 2A%S Fol g A
o2 33 4(9)3 2ol Heh,

». Fi=F;—Fytan (Cs+ @)

- Ft (Sil’l Cs—COS Cstan (Cs“" ¢) ) (9)

&, of2] gelo 37 & (holder)o] wjdt
o ZEd A9 e $H B 4(5),6), (N2
8 A4 4 Slch Table 1o 42} 7o) oluts
A FFEC d3lo @7} 71EdFH oz A (ol
Zb7ee, A(9)e - B o] AHoz =
Aol & E=FolAE A4 folAdg Y3 o
Fterm) ¢ FA2 sk & A 5
(flow) o] F4 4 (major cutting edge) 2 43 5}
= Wgez o]Fo] Ackm siAstd 4 (9)+F o
7} o] "ok,

F{=F,~Fytan (Cs) (10)

wetd 79 Fofdel #FAEstE £49 Fr
© 2H3 ol iy alm FTY FAbd 3
FolA= F9 A"abhd 7 (side cutting edge angle)
Csuto 2 43" 4 9o}, o]38A 4z 439
Ftr'e] a7le] 747 Fig. 1, Fig. 20 @7 %A 5]o]
drr. 2 4 4 9lRe] 7F=A (cutting
speed, feedrate, depth of cut) 9] wislo] 23 Fy’
2 W= AL glon, F77F ot AE ALl
= st A gddel, v 53Rl dFEA
2wt FT7 HAEEYE AfolMdute Frol FA4
3 F718le E5E 2 4 gled, webd 37
£ A e & e £93 & 4 i

i 4 ¥

41 Ag FA

¥ odFel AHEE sk 2 AYL ch2e) Table?
sk Rk Fig. 72 ols} 22 A% FAT A
E (flow chart) o] o},



714

A Y-

w3ho)

Table 2 specifications of experimental apparatus

F ! A A
A=} (Lathe) WardAa}, Scholar capstan lathe (turret lathe)
Z2-5- (Workpiece) SM45C (Rc—25)
Heat treated SM45C (Rc-55)
F+(Tool) insert tip . P20-type carbide tool (SPGN120304)
Tool holder : CSBPR/L-style (th 3H3%4)
AEAIA Model AE-905S, NF Block Co.
Preamplifier Model AE-911, NF Block Co. 40 dB gain
100kHz High pass filter
Discriminator Model AE-922, NF Block Co.20 dB gain
100kHz—1MHz Band pass filter
2T ZeA Sato, AST-TH
Strain amplifier Kyowa, DPM-612A X 3(300Hz, Low-pass filter)
A/D converter Labin master, sampling time : 0.43msec
Micro-computer IBM-PC(AT)
— - 4.2 2y 4y

tailstock

headstock

AE-sensar tool dynamometer

oscilloscope

I A/D converter J

T

I IBM-PC (AT) J

V

I XY-plotter I

Fig. 7 Experimental set-up

slotted tool fractured tool

Fig. 8 The shapes of slotted tool and fractured tool

377} shesle £708) RMS AE Also} 24t
HANEE A7) Ao AYL Fox wHez 4

Y=ok, WA FTF £ i< (massive break-
age) S G717 YA AHe]| TFY BRE

of Fig. 83} Zo] w713 & o] &3 E(slot) &
atEo] Fua sAAe AMze ddt SMACE A
£33t

H, F79 e &g WX st F
gl SM45CE dA e e 2 AR F2E
9 =7} Re~250014 R.~552 F7h8lgleh ol ¥
T FAES MY AY 7 44 S
5olA BAEE 2¥EL A2 FTE AR
A g A% FF0 Sl agezA 0.43
msece] &8 €} (sampling time) ©. 2 50007] &]
dlolebE WobA] sk HFE BAGE Aol

5 4y Zn o 1H

E AdAFolMe T =) &£ 3}3) (chip-
ping) & A lgtx & suld=(breakage) 3} 2 sl
9] FrAE TR, HA FFe & e
Fel AAged Wao]l 2 WY Feo ALS

a}& 8-

eul
2



o]FAlZel A FTHE Aol AY AT 715

gulstz e dee F7 Aoy Feae 2
A gm g7 Edel WAANAY FTY U¥
2ol wlAsA WolA Uz AHE R shsln.

5.1 279 2 ul(massive breakage)
Fig. 9= £ 24 (slotting) 3 F+& °]&3}ed 7}
2a9e A WAsE RMS AEAIEs A4

o L
o,
e
Jp
o
o
A,
52
N
2
o
2
v

2,
N
S
R
X
>
o]
2
}o{.
1o
2
%
o

2
o
ol
o,
X,
a
s}
o
3L
£

e ¥
2 AR AglAE BARA @
AFol A FAT 2 3

Figdsh 2ol 377 23 58 Adele, o
N AEAEY A, s E2elE 4 5L ol
27} $qehn BE AEGe A2 FaaA e 4
Agoz s 37 L WA $rlE @oh
AL WeIAE AFE ¥} YFel, FFAHEY 2
A7 Aes 22 AR Aol Yorke Fre
BadA sol 2F Aol Folste st 2
ofAl7] Aol W AEghe] adte Reldh 2
B} o BRI 2, FF7F S 3T
A3t 24E Aols HEwAo] WoiA HF AE
ol 271% 45 oo, 2 F Aol A B
Ax B4 e,

BatEe A% seoldole dFY B¢ SA9
ob dEHE £ FEES olEde TA
Aadn MEde FohaY, =9, 3T P4
of Feohe 24 (Fr)e AEetel FAT 3
e wolx 3lol sk AA4ThezA Aot

T

2 o]FojAA g3 & £A4AHIEFE Sukslzz
Juid o gz ALY 25 M3 F8AY AH
(chatter) & w4 7] A H},

5.2 37 BAIH (Rake face)o| uld

Fig 102 §72 7Ade] &1 39% e
Wz ged BFF A AQH BAdelA 242 @
W4 sl Aolth, =d, A's BRde 377
& A B Aoz Ry FAEo| AE @

vFracture
;2000
E
o
2
3.
RN
P A

N WV

100 L

Cutting force [N]

50[ ‘ M& Ft'
ol r{w\x -

-150
[+]

800
Time [msec]

Workpiece : SM45C

v : 120 m/min, f : 0.05 mm/r, d : 1 mm

Fig. 9 The responses of AE and force signal due to
tool fracture(massive breakage)



716 A -

»
o
-4

AE—amplitude [mV]

1200

900 | Pt
L |
=, 600 L
—_—
1 ) |
1 i }
O 300 [ i 1 (
[¢] [l [} [} 1]
5 B L
0 [ 1 ] 1 !
A (B )
@p 900 b .
£ . b
:)EMOW Fr
&

g

\

Ft’

400

200

Time [msec]

Workpiece : Heat treated SM45C

V1256 m/min, f : 0.1 mm/r,
d: 1.0 mm

Fig. 10 The responses of AE and force signal due to
tool fracture(rake face fracture)

ooku‘l ook .

23}
A olFo] Ao}, & £l AN AN A
AEASE Jolast 448 & 2 AT A4l 3
b gm, AAEAEY Aol FEHe 7
7] Frhska olgEH 3t wE YL Ay P4s
2 ok 2 F AEAWL B4 A= Al
A 227 ZastA ek, A ASeE 24
He wA KA} Aol A Fastn o
FEHI EH L AL Foiete AL e
Ak,

olziq AlzHste] Eol4de F o AM3 B
371 s 22 Aol A4S 23 AAbehe
ESAYS FYsidch F FTY HEHE A9
A7l delel o] AlsH e Bdsly] e ol
(pipe) Helel F2EE 715-sto] Bk, olu) o
A Aae 338l Fabe] A9 FAleA L}E}
wed o4& Fig 113 72t} Fig. 11(a)E 23+
A A AZE dehd Aoz (bhye 2 37
9 o]lFA 2 st AHE veEMIh =3 (o)
A7 377 O, @,09 AA & e e A
Aoz (e = o wid AfAo|g}, Alze ¥
Stet 2 d4E $48 g 2o,

Fig. 11(b)oll Ao} o], zlEg AZFH F79
olFAZE 2 A4 " ©,AQAQ9 5717
2 veld 4 Slch w1A 377} sheEs] "ol @
# Ze] 7HEE A%, ol wol& Fig. 11(d)eilA o
o]l Ao FAAY 2o o AL wid) FA
Ehped Ao iz Adigos of2g solch A
Aol =23517] Aol A oj4i szt wjie
o] A3 FrheA He AL FolME JdFUE
o] F79 vlisty (chlppmg) HEoleh, 2y
2 l“-—‘?—OHH vl e TN Astr)n sty
F BT AX A A g gy 2
< %5}% of $23 FaEe] £AE F5 3
23 %L 4= Uk TF7F AAAHAA 3}
= o7k olggo FTY FAEL £
F3o] AR olfE YL %z
. olF BT oldwgozw AL
S B o] el 37 shed ol 27}
Hol w2537} BAsAY B AR BT

Of
-

2,

r]r

2

2

= A Aeld T3} Bed o
FPE 240 AdeAn = dides 4d
2 e Fyee A7)
SokeA HE Aol Sed FRE @A AAC



i

AE-amplitude [mV]

Cutting Forco [N]

ORTHOGONAL CUTTING TEST

s
::rkylm:u i Hest trealed SH45C

tUng speed : 70 m/min

Peodrat, - o1

ﬁ fﬂwwﬂ "

S Peodrat
Tima [mese) opth of cut . 0.8 mm

(a) The responses of AE and force signal

(b) Tool paths during one revolution of workpiece

(c) The variations of chip shape

@ ®
(d) The rear faces of chip
Fig. 11 Tool fracture in the orthogonal cutting test
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