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A experimental study on the detection of the signals which are the new and worn end

mills working in the machining center.

C. H. Lee(Mechatronics. Dept., TIPC), T. D. Cheo(Machine d'esign Dept., CNU)

ABSTRACT

This paper studies the indirect parameters when the new and worn end mill working in the machining center. The

parameter output methods are cutting force, current values and AE signals. In the result, when the worn end mill
operating, cutting forces increase the 14.71[N], current values increase the 2.917[A] and 1.168[A] according to the
spindle motor and feed motor, and AE signals increase the 0.588%10° [A]. We can use these parameters in the

detection of end mill wear.
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Table 1 Classified end mil} deterioration

phenomena
Deterioration phenomena symbol
Uniform flank
wear " vBi
|
Flank wear Non-uniform wear VB2
(vB) Localized ffiank
VB3
wear
Crater wear KT1
Face wear Stair-formed face
(KT) KT2
wear
Uniform chipping CH3
Non-uniform
Chipping o CH2
(CH) chipping
Localised
?callse oHa
chipping
Flaking FL
Cracks Comb cracks CR1
(CE) Parallel cracks CR2
Irregular cracks CR3
Catastrophic failure CF
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Table 2 Equipments for experiment

name specification
Machining
TNV 40A(SAIL HEAVY IND.)
center
End mili SKH51,¢412, 2flute standard
Tool .
. Mitutoyo 529-601
microscope

Cutting oil |Water-soluble cutting oil

Work piece |KS-SM490(20+18*40)
Kistler instrument 9257B(piezo

Tool type)
dynamometer |Charge amplifier 5019A
Easy Das 98
Digital

LeCroy LTS 84L

Apoll (band width DC 120KHZ,
Current prove [max

current 150A peak)

AC 5.5kw servo motor
(Mitsubishi SJ-75A)

AC servo motor
(Yaskawa , USAMED-06M)

Lattron R15(Shape code 20245)

oscilloscope

Spindle motor

Feed motor

AE sensor

32 429 949
IS0 A =flank wear(VB)E vlZ == ® 4ol wat
VBl(uniform flank wear),VBZ2(non-uniform flank
wear), VB3(localized flank wear)Z& ﬁlﬁiﬁ}Jl 90
o FTE A A4 stAY A sjorste FF4E
(tool life)& VBl % 70.3mm, VB3&= iltH 0. 5mm
g J1Foz 23s%n Ao FF Az AN
Bigte TAZS FATFE(EE. EL )
we} 0.1-0.6m2 shn glow B AgelNE 7
A 2B A7 A Ay BAF SRS & HSE
7Z1#02 34 flank wear(VBL)7} 0.2m7} € o &
7I£0 2 s5th. vtEEH L Fig. 13 Zo] 2 ¢
HE 3m AR 2P FAEoH, A A
@el HFoez vl 5% Aok, I1SOFA oA
flank wear= & #E(edge)dllH FAALE nfe ey
oz FADRG. P =Y 3 go] EE helix
Y g2 sol son & e 48
H Ad=Y& BF helix zho] 30°clth. wtM F
o e g 1S0dA A 8t flank
wear¢be 23 2L #AE ZA HE=R



VB1=VB1' x cos 30°
o714, VBl : ISO rule of flank wear
VB1l' : measuring flank wear

Fig. 1 Measuring flank wear
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Fig.2 The graph of the length of cut vs

worn values
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Table 3 Average values of cutting force

. new worn

classify change
tool tool

Fx 1.2 | 10.73 9.53

Fy 7.4 | 22.11 14.71

-30% AET dlole FFF
-9 (N]

-YZfeed 82.6mm/min, 826rpm
-2 A A

remark

- 977 -



AR Fig.3& AF{FANZY HIE wave forme
2 uehd ZHolu Table 4= RMSZtel W&lE uEt
H Rolth. oA RWE wlREHZR 42 A FFE
AME% o) RMSgtol 4.688[A] Udl Wl vimdH F
T(1800mmE4H)E  ALERE AL RMS  grol
7.605{A17 =] 2.917(Al9] ¥/t Az F&
2 RIGAFH FEOEA AF §43 FrE

A3 gee BAY 4 Urh.©

(a)new tool

(b)worn tool

Fig.3 Change of spindie motor current wave

Table4 Change of spindle motor current
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Fig.4 Current probe setting position of spindle
motor
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Table 5 Change of feed motor current

remark |new tool |worn tool H] 1

X% feed 202um
xZ RMS | 1.992A | 3.160A |/min Y&& w#Hs
22

Photo.l Current prove setting position of feed

motor
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Fig.5 Compare the fft signals(red: new tool,

blue: worn tool)

Table6 Compare the new and worn tools.

classify | new tool | worn tool remark
8.96667 9.52552 30,0007
average £10° 10 -
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