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Tool Fracture Detection in Milling Process (1)
—Part 2: Tool Fracture Detection in Rough Milling Using Spindle Motor Current-

Gi D. Kim*, Kang H. Lee**, Chong N. Chu***

ABSTRACT

Dynamic cutting force variations in milling process were measured indirectly using spindle motor current.
Magnitude of the spindle motor current is independent of cutting direction. Quasi-static sensitivity of the
spindle motor current is higher than that of the feed motor current. Dynamic sensitivity of the spindle
motor current is lower but cutting force was correctly represented by spindle RMS current in rough milling.
In rough milling, chipping and tool fracture were well detected by the proposed too! fracture index using
spindle motor current.

Key Words : Spindle motor RMS current (F%2E] 44 A7), Rough milling (23 %4+ 71¥), Dynamic sensitivity
(B3 A7%), Tool fracture index (F7- 3= 2147), Chipping (%), Tool fracture (T 3&).

.M 8 ofst] AR WY (filtering) AA, Hole &5 B
T2 AMg-gof g,

AEs /23 7hge] 3FAA BRS A 3 T A 20 Aade "84, dA7tx] AA
ojn} ol2jg BAL A% A 34 Al2" (Moni- e A Al 2" S F5387) 4T AdF7) Bo] 3
tonng & Diagnosis system)o] ZtF-ojojg A& th gton} A 3y @R ALY £ Sle 97 e
& 3714 898}, 9 =f dFolct, EF AR AAZqA FAVIA

A WA 2142 Alagle] "Ag A olct, ZAtaAt & HE3tn e BHl ZA AladelA gR7AS ol 4
£ 7149 23% (malfunction)& B¥sA A&sn BE w¥se §A A (threshold)d 4% Fol 1014
Adste Ro] F8389 o] & 8l AWM U= (sensi- AF A EAZE Aok BnE 5 gl
tivity), 94 9 Z(bandwidth), S/N(signal to A WA 212 Ao, Aadle AAPE £l
noise) ¥l & 5ol A9 EAo Fds e AN E AY3 HE A 2 B X 4ol gaE]ojopsta o2t

© AAEA AT
* Aganm g LA
= Agdietm AALA R

110



B2 23K A15A A55 (1998 59)

e} AN AR AL 2 AA A A A28
8] 7443 44T BA7 G

#4712 Bad vige A 339 BHE ML 2
Uehjiol F& AMe AAY 2 A4EeaE SR8 7
Qe TTFZHA (tool dynamometer)$l Aoz &R
ot e o] AME Algste A 1 AlEA ddlA
e BHES £ oy 444 2 AN ShdME A7
81A gt @y dAE 2 A2dE F5357] 9
HA AR A E e, A 4 o7 HEE
FAE AR o, Axe HAZ 24 AX% o
2 glomg AN s, £ 7180 AY3] o
2o Al2Ee] A44 2 AAG 23E Al HEAA
Zo. F3(noise) T AAT = E4, B Fu5 Qg Z
& FEsle 7A 5 AF AN EARE FH] 4
sl e AFE 3w glon A& AN A% TR
AR 1A 71ee] Ao A AsjAe] FolA
7t gl FAolth. o8 o|f2 UsiA HZ B A
7 ANE ALl A 3 o]} RS HEE A
waly] 913 A7st g Jdoien U,

AN AL A7) 93 AF A2 o5 d9
Zol AUA oy wind & AL /1A o|$RH AR
Aol Fapubate] BAgle] AaEa 2 BAHE Y
Hog 24% £ gle F52H HAF A3/ e &4
Zte] A, @A S vebgl Fo A9 BFd] AAF AR/
A3E Jdsidolgt}y. AAZA ol$RH ARFKE o4
ato] Ay o AMNEIE 74 EAsa A 3HE
2N A7 Hud go] FPHAY, E A4
A3 FEEEE o) 43t A4 FHE PAE 7
AH oz go] Y5 = Gt

FEZREE o] 83l A FFE AT TS A
B Stein'? 52 2E7t A4 el (steady-state)d
W DC 2 AC /% F52H Al2"HdAM 2HY AY &
g (power) ¥} HALEAG0] APH FAE Wilon,
Park 3 Settineri®= 3 49 #% RHAA F&9 F
g, g9 vy, F5 A &x, 7N E FF8o
HAEAS st Tarng? 52 3 49 f=xH
H{ERAM =¥ 34 5 I &S FE9 e, Man-
nan ¥ Broms” € $3EE9 o|$RE FHA HF
B 2335l Ak 33 & AN e A E Alolste
A AFH oz a3 AFE v Aot 28y olE
FE oEE =¥ 33 Yo £ FEHEEH
ol &3l ANEAE o Seleddiwt 2z} P g

ot rR Ao

111

& FERE AFE ol &3l YL VHHeR &
g T oj$&x AolE Folod 1 AT A A
+8 & dFsA 33 AR

E dpdAe A Wk gAglel AN S A58
F e F2EH 279 28 Uz @ A 3F
A=g Auyn, g9 IAAN FF S HE -A 1
H: 27 8¢ ALY 227 M AT FF & AF
(Tool Fracture Index)& °l43la A9 34 71
Z 279 &g A& A8 £I39

2 o ot

2. 8y "o 74

ol FANE 352 AR 4R AR vug
A% 4% AN 7228 AR olgAd 37 He
AES A% 49 AR B 2480 2 2AFY 7
HEE Fig. 1 o] ehafich

Y

s

Dynamometer
Force X

Spindle U,V

Control
Unit

Feed H 4

Pallet
Table

Machining center

Analog
L Fitter

L{ Charge »| A/D Board
| Amp. DSP Board
Y
586 PC

Fig. 1 Schematic diagram of the experimental set-up

AYA A28 2AAE (F) §Y5TAY £%93
ARG AlE MCH-10 °olth. MCH-10 olA o|$EHE
JFA4E %728 (permanent magnet synchro-
nous motor) FANUC 208 &, F#5¥HE 58 &
T8 (squirrel-cage induction motor)$l FANUC 158
(31 £%: 4,500 rpm) < FF32 o},

AN (F,, F))& 3337 A8 FTEYA= Kistler
9257RE A& om EHE A3 e Kistler 5019A
4749 Asl 2Z7)(charge amplifier)E F3}o] &g



A7\ - o728 - 3

(filtering) & 3t ¥ 29 (scale) = A3 wolH
53 At a2 dgdat. Ast FZ7140A4 300
Hz¢l LPF(low pass filter)& AM&3l9 nFuo] 2
=< AASAL

dio]8l #5534 (data aquisition system)EE 2 7}
A A e, F52H AR/ o|4RE AFE ¥
w23}7] $l3te] oldza 9¥ Alde] B AD2210 AD
HEE AT, AL 37 3¢ AEE 8y
*TMS320C32 DSP HEE A1&31ct.

FZRE 9 olFRE AFE FHs Asd 5
9 ol4RH 5 UM F U AR VA AR 334
o] E4A (Hall sensor: 100A/4V, 50A/4V)E 423}
Ak, EAX9 AX 99X € Fde] Fig. 2 o Yeht &
t}. AFaA(current source)E AHE3l FAIAMY F
S35 49 ES 23 49 1 kHz 714 F35tgd] of
24 2471 9 9eni(Fig. 3), A4l 4dMe 239
Fo FEE AAW A%t FEEHAME ALF
4 (cutoff frequency)”Zt 200 Hz, °I1&EHAAE ad
F04:7} 50 Hz¢Q) ohg 2 9HE A48t}

/I_In [dB}

I_out
-h
©

'
-
o

205 " 100
Frequency [Hz]

1000

Fig. 3 Bode plot of current hall sensor used in experiments
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Fig. 4 Dynamic sensitivities of feed and spindle drive systems
(Facemill (2 teeth, $ 100 mm), 0.15 mm/tooth, DOC = 2.5 mm)
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Fig. 5 Similarity between cutting force and spindle RMS current
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Fig.6 Spindle RMS current distortion with severe run-out
and light cutting conditions (6 teeth, 200 rpm, 0.083
mm/min, DOC = 2 mm)
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Fig.8 Cutting force, spindle current and TFI variations

(Chipping, DOC = 3 mm, 0.25-0.33 mm/tooth, 260
rpm, 6 teeth, SKD11)
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Table 1 Cutting conditions for tool fracture experiments
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Fig. 9 Cutting force, spindle current and TFI variations
( Small fracture, DOC = 3 mm, 0.33 mm/tooth, 150
rpm, 6 teeth, SKD11)
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(b) Spindle current and TFI variations

Fig. 10 Cutting force, spindle current and TFI variations
(Small fracture, DOC = 2 mm, 0.67 mm/tooth, 250

rpm, 3 teeth, SM45C )
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Fig. 11 Catting force, spindle current and TF1I variations
(Large fracture, DOC = 2 mm, 0.56 mm/tooth, 300
rpm, 3 teeth, SM45C)
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(b) Spindle current and TFI variations

Fig. 12 Cutting force, spindle current and TFI variations
(Large fracture, DOC = 4 mm, 0.3125 mm/ooth, 400
rpm, 2 teeth flat end mill, SM45C)
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Fig. 13 Spindle current RMS & TFI variations
(Continuous chipping, 0.44 mm/tooth, 150 rpm, 6
teeth face milling, SKD11)
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Table 2 Cutting conditions for transient cutting experiments
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Fig. 14 Spindle current (peak per rev.) and TFI variations
during transient cutting ( DOC = 2 mm, 0.13—0.27
—0.4—0.53—0.67 mm/tooth, 250 rpm, 3 teeth face

milling, SM45C )
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Fig.15 Spindle current (peak per rev.) and TFI variations
during transient cutting (DOC = 5 mm, 0.2
mm/tooth, 400 rpm, 2 teeth flat endmill, SM45C)
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Fig. 16 Tool and workpiece shape for transient cutting
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Fig. 17 Spindle current and TFI variations during transient

cutting
MOC = 3 mm, 0.22 mm/tooth, 300 rpm, 3 teeth face
milling, SM45C )
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Ehdohd 9453 39 R vld gdo] Bt @
E:Li=

F7 vl st&o] BAshA 100 |3k TFI 7t F71
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ATHA 10,000 o]4el & TFI 7} #7132 A% 24
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Table 3 Discrimination of tool condition according to TFI
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