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Abstract

In recent manufacturing process, the increase of productivity is
required by reducing machining time with the increase of cutting
force. However, the excessive increase of cutting force can cause
tool breakage, and lave a bad effect on both manufacturing
machine and workpiece. Thus, it 1S necessary to estimate and
control cutting force in real time during the process. In this study,
to develope on-line tool breakage detection system in milling
operation, analysis and experiment were performed. The estimated
cutting force is used for the real time control of feedrate, making
the actual cutting force follow the reference force command. Since
the suggested method does not need an expensive sensor like a
dynamometer, the method is expected to be used practically. By
reducing the machining time resulting from making the actual
cutting force follow the reference force, the increase of productivity

are also expected. To show the effectiveness of the suggested



cutting farce measurement method, an experimental setup has been
made without sensor, applied to several workpiece. The tool
breakage detection experiment was performed in machining center
and the effectiveness of the developed tool breakage detection
algorithm and the usage of feed drive current as a detection signal

were verified.
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k. : material dependent constant (N/mm?)

b : axial depth of cut

h,, - average chip thickness

AN m =1 2 AH}D he® AN A FA hai 3

hma.x: . Sm 0!1'13){ ..... );](3_3)

V, : actual feedrate (mm/sec)

N : spindle speed ( 7ev/sec)

Z : number of teeth in the milling cutter
Ome = cos (1-2d/D) ... 21(3-4)
max[ 61 = #/2 .. 2)(3-5)

d : radial depth of cut
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33. 248 SPANZHS Aol AEHIA (°]IPIDA 7))

43-6)9) o4 FAYHE e 2ok
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F.(k) = b Vy(k—1) + a,F(k—1) -« - - 4(3-9)

b= K(1—e ")z,

~ Tz,
= &

oX
o
X,
e
i)
X
B
b
lo
4
>
ofy
L
g
ol
=
“,
<
']
@
Q0
1421
ot

AAFTH W4 E FAIAE o, v €32 U AEASY dA o
2} &9 o]At3H(zero order hold discretizing)E n# 3 A B Fxe} &

4F4e A2 ¥FE Bed 2o,

-1
F.(2) = —LR—((% Veul2Z) e 2(3-10)

F_(Z) : cutting force

Veom(Z) : feedrate command

o 714
R(ZY = nZ '+ nZi+rnz2+rz"

L(ZY) = 1+ 4hZ"+ Lz *+ 1327+ 1y Z27°

o] @ o4t PID AMoj7]9] AEddTrE v o] A ATy
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G _ dy + QIZ—I + qu_z + 432——3 + 042_4
f1/2] l_Z—l

----- 2(3-11)
q = 1/ 217’1 and ¢q;=1/"q

Algd ol AL MatLabs ©l&st s34t F4=2HL2 7|F A
At 1000 [N], = 3ld4 8000 [rpm], ¢10 [mn], 4 A=,
k’.(material dependent constant) 1380 [N/mr], K(spindle/tool
stiffness) 5230 [N/mn], 2% F3 500 [Hz] oln & wraF HAMZ

y j=SE=1
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A 4 F Tool Monitoring System # &

41. A83F A9 A8

o] ZolMe 1€ A" FrHHA FA R & FEREAS
P22 X YoM FTAle rte] AME "az X ¥E Tool
Monitoring System& ©]-£3F HArY ZHA] AJA€S AA] HAF A
2gst7] s dEFAE FANATG 28 4-12 A@3FA 74
EE Ued o)y 19 4-2& AA HA A¥E FYse AES u
Bk Aol 220 oAYAEHE FR3He £F v AdAE o
o}

N
\  POWER
\ suppLY /
%, MODULE /
TN \ i | /
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r i SYSTEM 1
i
s |
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| PMC UNIT :
i I
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PMC LADDER

a9 4-1 Ag FAH=E
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42. 293 A +4 8

CNC Aloj7l= d¥ FANUCAIES! FS-18MCE AH&3tdd. £
CNColl&= ¢dutd oz dg ¢z Custom MACRO B Program °]9
of CNC9 Custom SoftwareZ C-Language Executor®y MACRO
Executor’} © A 7Fs3t® CNC Ao17] HiFeol B3t 2 253 ¢
#F HEA7I7 T UdoAA Aol Z2aFel o AP olF
£ 93] Smoothd A3 Aojste] 7tEEdS s+ + Yo

295 2 2 MEREHE dE FANUCAHIESQ ¢ Spindle Motor
2} o Servo MotorZ A3t} Spindle Motor= HWl {000rpm7t
219l FAFE 2 F o HEAHHA o3 dste FHFE T
5ol 7hesin.

29 4-3 2 4-4¥ X-Y Recorder®} Servo/Spindle Check Board&
Ueld Aot X-Y Recorder® YOKOGAWAA}e] TYPE-3314°]H
FANUC Servo ¥ Spindle Check BoardolA ZAZ 7}53% A-D/D-A
N5 E 7HNS A7ledel AH#EAT £ MACRO Programel %
4 AL AFst=d AHEs AT
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Y-axis terminal

14 4-3 X-Y RECORDER
YOKOGAWA ; TYPE-3314

29 4-4 Spindle Check Board(FANUC)

-31-



4.3. Tool Monitoring System X Z139] +A

23 4-55 789 Tool Monitoring System? 78 d1g8&Fg& &
2383 Flow Charto]th, NC 71%°] F3HE F¢ Aoz
background2 z+# 27} 7}5% MACRO Executor 7]%5<& Ap&-3}

o CNC3lHd ®F3Q AFEx 31HS 284-67 o] T+AsIY )

Basic Load
value(Ls)

Initial feed

> >
Ld

1

Maching

H Cutting force F[N]

Tool Broken Spindle Motor & Tool Missing
| (Alarm) Motor AMP (Alarm)

Spindle Motor Load Value
Lelkw]

Ls>Lul YES

(=Ls-LIO)

1% 4-5 Tool Monitoring System®] Flow Chart
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Y 4-6& NC7|%5°l 3= 5<¢ AA%ez CNCY 7w

7tE o] JElyE ARASIE S UEd
217} 7b5 3% MACRO Executor 715< AH&3stath

=
Aol Background® Z}E A

Tool Monitoring System T 223 Tool Monitorg 3 Z+% 7]

B ARz 528 93 Parameter 31, Motore] AF L HlFo

2 A3t FASE Tool Loadmeter 31H, 18] 3 Tool Monitoring

¢t Z+# Alarm A R7F YElUE Alarm History3tH 9] 37FA 319

o

o2 FAsAY.

2% 4-6 Tool Monitoring System 39
<Main 3}%¥>
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1Y 4-7 Tool Monitoring System 3}9H
<K E7AA >

219 4-8 Tool Monitoring System 3}#
<Alarm History 3}%>
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S g2yl fsl X&F 2d HF olFel st FEEE HA
B3l ZAAEES FATH FA LubHR o|FEoA HARSZ &
% wbale] 8] E Tool Monitoring System®] #-§&
oz 7hFAe HAsE FFY BHES A G AEAR ST A
£33 #S 7hestA st A Fdo JigdEde RS EAF
I Atk olAL HZT Yo ®HE ARV HotFozN T T
& 42 ¢9& ERE T Qdue e d e
Bt 18 4-9= &Y o4& A (Spindle Motord] 3 A 4=7}
1500[min 1¥ 2%) F#7 SEHE AL FAHY Abdold 1Y
4-10& F+7t $<¢5JL @ Tool Monitoring System® ©]8-3o
X, Y5 Motord] H2H3tE ZHAIgE Alglo]t

AEel AR F7E AF 10 [(mm], BARRIM] 471 A= &
AR T FF AL E 1000 [rpm]o 2 HATIoY HFAAE
darAerel A7 e
d H&d AMzFAES HEHAT. 7FEE A0l oFX & FtlA
o] a8 A3+ CNC Aloj7] WA MACRO Programel €3] 1
[msec]nttt A4bEz FAlo] 1 [msec]elth H i ghol A=} 718
A vuwsty] 943 How dygoz ALGHT. 7|E WA A
FolAE dEZHQ olFEL Ho HAZoldA 7iE HarEe gl
01 [Nm]7} Y& olF&E2 AHadon HAag oAl 7]& A
A€ E 0.1 [NmlZ2 &334
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EH A Resultant Force(1000N)
ojFE 80~100 mm/min
ZzZ AL 1000 rev/min(min ‘)
TTY FF #10 mm HSS 4-tooth long end mil
Workpiece Al-6061
Axial depth 1-2-3 mm
Radial depth 10-20-30 mm

B Zoa= A Tool Monitoring Systeme ©]&3e LFuF
A (AI-6061)9] AlHlA ZHaF HAFzZlolo] Wistel AT E EHF

AR e WA 2N FHSHAT
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F7+7F 59%3 & Spindle Motor®] FALFoz FAE H2
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238 4-113} 4-12¢14 Spindle Motor®] A4tz 3to] Hxtzlo]o] WA
ol wat A3 ol F 7+ 25 [sec] - 60 [sec] AtolollA Spindle
Motor7t ©|% Motore] d2AFHRT F43 A I AL &

T Ao

-38-



1800

1600 |
1400
1200
1000

800

Force(N)

600 |
400

200

0 L i 1 I h —
(] 10 20 30 40 50 60 70 80

-200

Time(sec)

a9 4-11 %3 H2zZ o] ¥3lA 9] Spindle Motor A2HE-3F 54

160

140 -

120 H

100 H

80

60 |

Actual Feedrate(mm/min)

20 |

? 10 20 30 40 50 60 70 80
-20

Time(sec)

O 4-12 FWE dago] Mshae XY ol Motor AR £3

-30-



442 9355 XI@ NPV FE=E M

T3} MAYE A J1E dolee FAte] mal "ato] Yojr}:
Ao TR 717 AUEROE FTFd da: Fo Wate
of sty FTAE FFHolA XY AAFHOZ 7HFF}
a4 CNC E7H7)d e f§8e ox"oz AosA ¥

i)
)
Ay
_a_&

B ARAME 45 o ZAER X, YEE FA9 oE% F WA 25
4 93585 293 G4 45 4% X, Y& B4 oFos

sAUME R AFA A4ES SRAAT 2 F2AM w7
W Aol vEn 9sdAE d%Hoz WPt wskse

H43& Bk T B3 E mesE A vteHE 95 vA

I3 4-148 RBY, X, Y& FA olF Aoz v W3 "abzlo]d
Bigtel] tis] A FAol 4E€sA EUHF HIL S ¢ F A
oo 43 o|F T 25 [sec] - 55 [sec] Atelel A= CNC7t BZH
28-g M2 @2 AFHgA YEehe HAE Y FHo] A=

493 Uee &+ 9

+

- 40 -



Force(N)

Actual Feedrate(mm/min)

1400

1200

1000

800

600

400

200 |

0 10 20 30 40 50 60 70 80
Time(sec)

Y 4-13 wrRAWE 7FF A9 Spindle Motor A4}

s
—%
o
X

140

120

[RiA J
1 M

80 | Y

o 5. 4 1 L ! : |
] 10 20 30 40 50 60 70 80

Time(sec)

o9 4-14 9RANE 7hEAY XY olF Motor A A

-4] -



AANBAA AAEE ZRSE olfE ABALY BEd 9@
BRge F7h dels BT sEe) AAz @A, AHA 7A 5
4 AEHE AT J1A 4 A Eopold Baw Aol
Zolm CNCY 27158 2 As8s AFHE AHNE 51 4
gol7] WEolth B AAY 2HE Sshe] Ao} Axdo] ztol
oF @ AlozE MAZL golsior AN vl go] APt s 7}
FonA ot THEY Yol AkE A Bojo} &v] )2y T
4714 Alawe] HBo| golslob By AAte] @ A gAlolz}
FARNA ¥ CNCA2RY ASols MEe H8A7|E 2487
Aste] WAHS ZAsl = HAo] 2 FHW AAY 27 wyo
ZE FTEUAS o187 WU T3 2L o]$E9 s=x AF

Py Sol gk 2eY FEEAAY AEEAR ok

§ 2 MY BA, AN 2EE S8 s FHA
Ak etk A, HEelor & T2 Faol wa MY 9}

BHaTE d, olF ZEgId AL BEdE 5L dloe: E

l

~d
2

hetd £ =ToAE 71EY CNC 37|49 TF2& WA 7A
B1 ZH FFE T+ CNC MACRO Program$tg Ahg-ated 7t
A BTl Fele WAEE W ZAY W olE o|$8Y 23
Levelol o]&3tad AAM Zolu x5 W3lo) Amglo] 7 Fo ut
Aste AA AA4EE JE HAAE vn AASES o T I
& A Alz=dg FEsA.

i

42 -



(2) BAE ZAIE Tl 7hE =Fo AAgo] dAs A #AE

TGEE FTAVART o] ofd FAEAE FA & FTS v
2171 ol Ay ZAE Bl dE & de FHLE FH F
238t

(3) 27ke] MM E AR FOoRA 7IE FRVIAY FREH o
b =g B FR glol FFES ZAIA 2" (Tool
Monitoring System)g T &34t HolA 283 2 J&3
o] 7bsdE 7IdE 5 AUk

1~

£ =FdAde HAYAEd AEHE 379 TR gIFg=
BT o]2H o2 Ho] §o|F A=dErke nF FHol v st
O @ 5 (Ao FFde HE& PCY HFA CNCE T /49 unt
o] £(PCell #7hd FADAE H2¥ & & PC Based NCE A= %
3 OMM(On Machine Measurement) System¥ &% 3% E3A4A#
2 Alzd FE5& A% T8 DB 7o A 15 Aolg #
dEn. 223 CNC MACROSIY 9o PCollA &8&o] 7153 HE
z2 g Aoj(Visual C++, Visual Basic )& £3F 7o) EA)o)
o|FojFYgH By & Holx AFHA =L Tool Monitoring System

__,
[



oz WA 4 oz sgE. =H B G714 MACRO

HA] HEE Ao gdnEFLR PID A7l E AHERA R

1
3 2

E-—

Program 7
ARFZAN YL AEFTE By LR Fary

e

¥
Bero] 7Hs¥ Aolg ogHth



[1]

[2]

= 3 L3

4

Jetry, S., "Measuring Cutting Tool Wear On-Line : Some
Practical Consideration.”, Manufacturing Engineering, July, 1984,
pp.55~60.

A", A3 7IASE] =73 Al 16d Al 43, 1992, pp.707~712.

[3] J. H Tarn & M. Tomizuka, "On-line Monitoring of Tool and

(4]

Cutting Conditions in Milling.”, ASME Journal of Engineering
for Industry, Vol. 111, 1989, pp.206~212.

Y. Altintas & 1. Yellowley, "In-process Detection of Tool
Failure in Milling Using Cutting Force Models.”, ASME
Journal of Engineering for Industry, Vol. 111, Feb. 1989, pp.14
9~157.

[5] R. Rahman "In-process Detection of chatter Threshold.”, ASME

(6]

(7]

Journal of Engineering for Industry, Vol. 110, Feb. 1988, pp.4
4~50.

T. Moriwaki, M. Tobito, “A New Approach to Automatics

Detection of Life of Coated Tool Based on Acoustic Emission

Measurement.”, ASME Journal of Engineering for Industry,
Vol. 212, Aug., 1990, pp.212~218.

Iwata, Moriwaki, "An Application of Acoustic Emission
Measurement to In-process Sensing of Tool Wear.”, Annal of
the CIRP, Vol. 25, No.1, April, 1977, pp.21 ~26.

-45 -



(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Y. Koren, Computer Control of Manufacturing Systems, 1983,
McGraw-Hill

ALH, “EHAFE °l 8 FTA7IA ol FdH AT, 97 Hd
7vE R FHAZARE ZleAvy - A28 Z1AGEH ZFA 2 o]
2Ad 9=24F, 1997, pp.9-18.

Bryne, G., Dornfeld, D., Inasaki, I, Ketteler, G., Konog, W.
and Teti, R., “Tool Condition Monitoring(TCM) - The Status
of Research and Industrial Application.”, Annals of the CIRP,
Vol. 44/2, 1995, pp.541 ~567.

A7, oA Y, AYH, FFY, ‘FEHAFANIE o] &3 ALY
o] FAF olF&EEL HFA”, FXAHILFHI FAGEYI,
AE, AZFeta, 1996.11, pp.150~ 156.

Y.S. Tarng, and S.T. Cheng, "Fuzzy Control of Feed Rate in
End Milling Operation”, Int. J. Mach. Tools Manufact.,, Vol.33,
No.4, 1993, pp.643~650.

L.K. Lauderbaugh, A.G. Ulsoy, "Model Reference Adaptive
Force Control in Milling”, Transactions of the ASME, Journal
of Engineering for Industry, Vol.111, 1989, pp.13~21.

Oren Masory, Yoram Koren, "Adaptive Control System for
Turning”, Annals of the CIRP, Vol.29, 1980, pp.281 ~284.

L. Liu, Y. Mohamed, M.A. Elbestawi, "Application of Some
Parameter Adaptive Control Algorithms in Machining”,
Transactions of the ASME, Journal of Dynamic Systems,
Measurement, and control, Vol.112, 1990, pp.611~617.

- 46 -



[16]

[17]

Dornfeld, D. A, Lan, M. S., “In-Process Tool Fracture
Detection.” ASME Journal of Engineering Materials and
Technology, Vol. 106, 1984, pp.111~118

Kannatey_Asibu, Jr., E., and Dornfeld, D. A. “Quantitative
Relationship for Acoustic Emission from Orthogonal Metal
Cutting.” ASME Journal of Engineering for Industry, Vol. 106,
pp.330~340

[18] Lan, M. S., and Naerheim, Y. “In-Process Detection of Tool

[19]

[20]

[21]

Breakage in Milling.” ASME Journal of Engineering for
Industry, Vol. 110, No.3, 1987, pp.300~302

Y. Altintas, “In-Process Detection of Tool Breakage Using
Time Series Monitoring of Cutting Forces.”, Int. J. Mach.
Tool and Manufact. Vol. 28, No.2 1988, pp.157~172

T. Blum, 1. Inasaki, "An Application of Acoustic Emission
from the Orthogonal Cutting process.”, ASME Journal of
Engineering for Industry, Vol. 112, Aug., 1990, pp.203~211.

Lee, D.K. Choi, J. Kim, and C.N. Chu, "Real-Time Tool
Breakage Monitoring for NC Milling Process”, Annals of the
CIRP, Vol44, Jan. 1995, pp.59~62.

[22] Kim Jong-Won, ”"Adaptive Cutting Force Controller for Milling

Processes by Using AC Servodrive Current Measurements”,
Proc. of the 11th KACC, Oct. 1996, pp.840~843.

-47 -



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Y. Altintas, "Prediction of Cutting Forces and Tool Breakage
in Milling from Feed Drive Current Measurements”,

Transactions of the ASME, Journal of Engineering for
Industry, Vol.114, 1992, pp.386~392.

Matsushima, K., Bertok, P., and Sata, T. "In-Process
Detection of Tool Breakage by Monitoring Spindle Motor
Current of a Machine Tool.” Measurement and Control for
Batch Manufacturing. The Winter Annual Meeting of ASME,
Phoenix, Arizona, Nov. 13-19, 1982, pp.14~19.

FANUC, FANUC MACRO Compiler/MACRO Executor
Programming Manual, B-61803-1(1991), 19994 k&

FANUC, FANUC AC Servo AMPLIFIER e Series ftE5REHE,
B-65162-1(1994), 19984 ik

AEE, ‘AL AZANIE o] 8T HaE Aol #HF AT,
wHA SH9lE R, N2, 1995.

A &, SBYEIER, ®¥R, 1991, pp58~61, 140~145, 22
3~223.

Y. Koren, and Lo, C. C., "Advanced Controllers for Feed
Drives”, Annals of the CIRP, Vol.4l/2, Aug., 1992, pp.1 ~10.

Elbestawi, M. A. and Sagherian, R., "Parameter Adaptive
Control in Peripheral Milling”, International Journal of Machine

Tools and Manufacture, Vol.27, No.3, 1987, pp.399~414.

Isermann, R., "Parameter Adaptive Control Algorithms - A
Tutorial”, Automatica, Vol.18, No.5, 1982, pp.513~528.

-48 -



[32]

[33]

[34]

[35]

[36]

[37]

Elbestawi, M. A., Mohamed, Y. and Liu, L. "Application of
Some Parameter Adaptive Control Algorithms in Machining”,
Trans, of ASME Journal of Dynamic Systems, Measurement,
and Control, Vol.112, Dec. 1990, pp.611~617.

F, ‘24 2 AR 9@ d=Re) FIvE R HEHE

r

& 477, 2 SeEE, R e, 1998

2%
o 2

F«\'~ 044

AR, 28, 2F5Y, “7HEFZRAN7]E A}EE CNC &3]
Ao A2AE” Proc. Of the 11* KACC, Vol2, Oct. 1996,

pp.852 ~855.

oA, ALY, AAY, “HAY Axde AAR AE A
s F= 111017] ”. Proc. of the 11™ KACC, Vol.2, Oct. 1996,
pp.1324~1327.

Ferdinand P. Beer, E. Russell Johnston, Jr., "Mechanics of
Matenals”, McGraw-Hill.

Y. Altintas, "Prediction of Cutting Forces and Tool Breakage
in Milling from Feed Drive Current Measurements”, Trans. of

the ASME Journal of Engineering for Industry, Vol.114, Nov.,
1992, pp.386~392.

- 49 -



AAel 2

B =80 44H7I7HA ZALE Egol & £ol UF @o] AAY
o

M WA SR WRE AFhA 25 A2 B2 d#8 2go
2 AAFAN AEs FA A2A ASnFdA DY PAbe] B
2 Utk FUAM ¥ AeA AxadR weg Aol
5 @7 $A3 J1E =3Uth ae3 4 smy AeUE R
Qe =R ARSA AANFAD AE A4S op7A Rl <t
T4 BEY, WA D5 A 2Ee =guUn

% wRE AT deis Be A2Pe FA %y miy, 3
UM e, YA DA A BRE = UG

23] 482 AFse WLe Fulse ARse i) @s

2, 42, oA ol2o ohd WFAA TH7IAe x}Eg} A

ub2 ghs) 1"
TS A FE dATHSA HAFHA e EA7

Aud FRAAE ZHAte TEHE =dUH F

233 QT—V*EU} %6] = %153547;3’ A&7y

rx
=
Eﬂi
N
_19(_4’
iC

lo
ng =b
flo

ot X
2

N £ ot
S

zoz ¥%E FYst: A Be ANEL A2y nusn 2
B Fohe WS BA WA ool BTFEHDL & RoM &
st Aoz pAFY 25e A @ Asts ohl HAwH 7
Hol} olME W2 o}F o el of:gq 50| HojMd
A%, olytel Yol AY & YAL HE oj= RE BSolA 7
A 2% =gt 283 ojvke G HAFES cddASY
o},

2002 1€

2 "3 e



	표지
	초록
	목차
	1. 서론
	1.1 연구배경 및 필요성
	1.2 기존 연구 고찰
	1.3 연구 목적 및 내용

	2. 절삭력 측정 및 해석
	2.1 절삭력 측정의 필요성과 기존 측정방식의 문제점
	2.2 제안한 절삭력 측정 방식
	2.3 절삭력과 절삭 깊이, 이송률간의 관계 해석

	3. 절삭력 추정 시뮬레이션
	3.1 이송계 모델
	3.2 절삭공정 모델
	3.3 절삭력 측정시스템의 제어 시뮬레이션

	4. Tool Monitoring System 적용
	4.1 실험장치의 개요
	4.2 실험장치의 구성 요소
	4.3 Tool Monitoring System 프로그램의 구성
	4.4 실험결과

	5. 결론
	참고문헌

