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(A Study on the Cutting Tool Fracture Monitoring in End Milling)
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ABSTRACT : The analysis of acoustic emission signals generated during machining has been proposed as
a technique for studying both the fundamentals of the cutting process and as a methodology for detecting

tool fracture on line.

In this study, AE signals detected during End Milling were applied as the experimental test to sensing

tool fracture on the CNC vertical milling machine.

Because automatic monitoring of the cutting condition is one of the most important technologies in
machining, the in-process detection of cutting tool life including fracture has been investigated by

performing experimental test.
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Fig. 1 Force components in (a)down milling and
(b)up milling.
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Fig. 2 Analytic the length of chip and chip

thickness in (a)down milling and (b)up milling.
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Table 1 Summary of the theoretical results.

. Feed per  |Feed per re fTqq) pat [Chip thi
Flute Milling | F ¢ |volution £, |h length |ckness
number [operation L T
(mm/tooth) [(mm/rev) (mm)| 1 (mm)
down 1 133 0.267 7.9604 | 0.0835
milling
2
up
P 0.133 0.267 8.0392 | 0.0827
milling

* spindle speed : 450(rpm), feed rate:120(mm/min)
radial depth of cut : 5(mm)
23 TTFNER AY
21717t3 9] AFAHE B FHEL AUy
TEol FAg 9¥L AAsT Yooz 9wy T3
A spEo]l wASA J1ERYN Y& vAA H=
B2 F7uE HEol WS Fa3sig.
FTHEL I Bol BAA dolA Yt A9
g5 Heoldn AuHog oo FRe Papde A
¥ FES 9 Ho FFANYE AUAY BAA
me oy ZxdM Hed 4 Yo odrAE D.
Dornfeld'”¢] Helo] wal g Zo e g9 &
A& ZHA o AA 3 J1H0A Yy WA
WA g AuHE a3,
Tlusty™e @43 79 gee TR FTRAHN
A AFeYe wHdez Jelue YU
Houtd AL G BolA o Augde 9@ A
Giidolaty FEL Y M TF GEo] 22



3 L £xd =¥sA HY FF9 J1AA A=
T 2 AEs ASEA Hezw 27 ZxE o4
Ak

944 Fol TN AN £=E 43 9 @
Be ZFFd F9E& BE EEL dBRAA i
e v&g dogid

24 F7%E B3 ¢ FE

Fig. 3& ¥ d3q 49 F79¢ &3 dndFE
€ Jehlls T Ex0|T.

A4 T Fol OGH G4 4A Q3 o8 Yy
2] AE 4371 w43y APol} FEoEF 93
aAste EWY Mz AZTL I zolg BY
th o] AMNRRE WY AE NF9 AEX F|AZ
& AAYezH FEVELE O 4d¥gozng Bl
& 471 Ao 377 sl AE ANYgLe 3P
A4S HoledH ol I Q4 ez AF A
2tzlolo] A WEolth A ol FFI &
HAew AE AFE 433 379 E9y ANIE
wgsta 2 olojA AAYe FAHYP asl WA
I Udee $UAY F AU ol P NFES WY
A& FTUE P2 oEddn dxnaEe g
2t}

AE Az 9 AZGAAA zHolo} & AL FTF
s&o) o3 Uy A% gg 9 % Fuy
Az ste]l A3 Yoo}, ol 3 g AXE A
s g},

(1) 38 AE ®H F(AE-meanlt])? +3& AE 3T
(AE-y)& A3,

AE-meanlt] = g AE [1] (5)

AE-y = ( z; AE-meanlt] Vy 6)

o714, N& 33 A/D dlolg Folx, y&= T
9] geolr}.

2) 48 B3 Tvces A ¢y AE A%
o] YEZ AL o 1.67usecol™, 4EY Fu4rl
600kHzY ), 3t W@ AX(AE-comltD)= T
713 2 9 39 HEez o
3) gaEze F7+ vln (XY 3 AR HTL
vl 23} wYd AE-com[t]”7} AE-y * LI-AERT 2
O o] By AE A& s
AE v]9] FAZ(LI-AE)S 498 £33 2R

,28_

‘ Start j

Input AR [i]

Calculate AB-mean {t]

Calculate AB-com[1], AB-y

AB-com [t] > AB-y * LI-AB

Tool Fracture

Fig. 3 Flow chart of Tool Fracture Monitoring
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Fig. 4 Schematic diagram of experimental apparatus.
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Fig. 5 Endmill apparatus.
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Fig. 6 Dimension of test specimen.
Table 2 Chemical compositions and Mechanical
properties of material SM45C.
Chemijcal C Si Mn P S
compositions
(%) 045 | 031 | 0.75 | 0.016 | 0.012
Tensile strength 71.2 Kg/mm”
Mechanical Yield strength 36.43 Kg/mm’
properties Elongation 18.5 %
Area reduction rate 314 %
Brinell hardness 217
33 43994
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Fig. 7 Tool Tip slotted by wire EDM on the Rake face.
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Table 3 Cutting condition for the experiment.

e Cutting | Axial

Test| M 3

o e e P fem

. |O

pe (m/min) |cut (mm) fm/min
Down

L | milling | 2 6 80

2 Up 23 6 80
milling
D

3 | ewn 46 6 80
milling

4 Up 46 6 80
milling

5 | Down 23 9 80
milling
U

6 | P 23 9 80
milling

7 | Down 46 9 80
milling

g | U 46 9 80
milling
D

9 own 23 6 120
milling
5 ,

w| P 23 6 120
milling

1 | Dowm 46 6 120
milling
U

2] P 46 6 120
milling
D

13 | oW 23 9 120
milling
U

14| P 23 9 120
milling

15 | Down 46 9 120
milling
U

.| P 46 9 120
milling
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Fig. 11 AE energy according to increase cutting time.
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Fig. 13 Behavior of AE ratio in End Milling.
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