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Abstract: This paper deals with an experimental technique for monitoring machining conditions by analyzing cutting-
force vibration measured at a milling machine. This technique is based on the relationship of the cutting-force
vibrations with the feed rate and cutting depth as reported earlier . The measurement system consists of dynamic force
transducers and a signal amplifier. The analysis system includes an oscilloscope and a computer with a LabVIEW
program. Experiments were carried out at various feed rates and cutting depths, while the rotating speed was kept
constant. The magnitude of the cutting force vibration component corresponding to the number of cutting edges
multiplied by the frequency of rotation was linearly correlated with the machining conditions. When one condition of
machining is known, another condition can be identified by analyzing the cutting-force vibration.
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Table 1 Parameter values of milling machining

rotating speed (rpm) 3000
0.1,0.2,0.3,0.4, 0.5, 0.6,
feed rate (mm/s) 0.7.0.8. 0.9
cutting depth (um) | 30, 50, 70, 90, 110, 130, 150

2 428 F 5A4 92 B4 dolHE AAzte
2 BUH" & 5 JAE F4dgth LabVIEW 22
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(a) Milling machine with force sensors

screw force sensor

(b) Signal amplifier

Fig. 1 Experimental set-up during milling machining
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Fig. 2 Signals of cutting force measured at various feed-rates with constant cutting-depth 130 pm and rotating

speed 3000 rpm
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Table 2 Magnitude of cutting force measured at various of cutting-depths and feed-rates
feed rate cutting force (10'3 N)
error (%)
(mm/s) t=30 pum t=50 um t=70 pm t=90 pm t=110 pm | t=130 pm | t=150 pm
0.1 0.058 0.088 0.116 0.141 0.173 0.228 0.253 5.37
0.2 0.093 0.153 0.202 0.239 0.318 0.383 0.481 4.81
0.3 0.115 0.200 0.272 0.310 0.390 0.514 0.603 4.65
0.4 0.157 0.273 0.369 0.478 0.568 0.712 0.891 4.50
0.5 0.215 0.348 0.450 0.602 0.681 0.894 1.052 4.19
0.6 0.264 0.382 0.520 0.696 0.862 1.086 1.353 6.90
0.7 0.295 0.440 0.613 0.812 1.034 1.213 1.503 4.64
0.8 0.341 0.501 0.681 0.949 1.117 1.423 1.739 5.93
0.9 0.394 0.582 0.834 1.085 1.294 1.646 2.009 5.13
error (%) 6.73 7.22 5.98 4.52 5.54 4.50 4.97 -
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Fig. 4 Block diagram of LabVIEW for analyzing cutting
force vibration

various cutting-depths with constant feed-rate 0.3 mm/s and rotating
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Fig. 5 Spectrums of cutting force at various feed-rates with constant cutting-depth 130 um and rotating speed 3000 rpm

1.0 1.0
0.8 | . 0.8 | .
z 1 z 1
06| 1 S o6} |
S kS
2 04| . o 04 | .
0.2} . 0.2 :
0.0 L l l o A - 0.0 L e J A i
0 100 200 300 400 500 0 100 200 300 400 500
Frequency (Hz) Frequency (Hz)
(a) 30 um (b) 50 pm

Fig. 6 Continued



AN A% B o@ ATEA HUHY 847

1.0 1.0
0.8 | E 0.8 | g
z : z ot :
S o6} - 206} 1
9 S
o 04 | E 2 04 g
02} . 0.2 | s
0.0 da .
0 100 200 300 400 500 0 100 200 300 400 500
Frequency (Hz) Frequency (Hz)
(¢) 70 um (d) 90 pm
1.0 1.0
0.8 | E 0.8 | g
z i i z i ]
o 06 . © 06 .
Py Py
(S i 1 o i )
L L
o 04} E o 04} g
£ £
i . 1 5 . !
O O
0.2} . 0.2 | .
0.0 N W TV L 0.0 M&L@L&w
0 100 200 300 400 500 0 100 200 300 400 500
Frequency (Hz) Frequency (Hz)
(e) 110 pm (f) 130 um
1.0
0.8 | i
= N i
© 06 g
Py
8 I~ .
o
o 04} .
£
s L i
(@]
0.2 | i
0.0
0 100 200 300 400 500
Frequency (Hz)
(g) 150 pm

Fig. 6 Spectrums of cutting force at various cutting-depths with constant feed-rate 0.3 mm/s and rotating speed 3000
rpm



= 3 =
848 wEg - AT
25
O t=30pm
O t=50pum
A t=70pm .7
20H x t=90um 8
7z
— A t=110pum .
z O t=130 um A
@ . 0
o B t=150 pm e e
Z 15} G i
Q .
o L ¢ -~ N
o e 6 -
[t ) < Pt
D a7 N R
c 10} px we s
=] . X
E=] ) o - .- ~
3 ST
4 P -
, N X ~ A _
051 "I:/,'“-."x’ —~ - ,D'/D’ i
,B}/ g =
sO7 M ATy
/B, ‘E” -
@/’;, . [—
e
D —
00 L L

0.0 0.2 0.4 0.6 0.8 1.0
Feed rate (mm/s)

(a)

2.5
o f=0.1mm/s
o f=02mm/s
A =03 mm/s
| L.
2.0 X f=04mmis .~
= N f=0.5mmfs "Z
m'O o f=0.6mm/s o ‘//
ot 15} B f=0.7mm/s - // &
@ @ f=08mmis R S
O e 7 Ry
5 o f=09mm/s e ~
“— lol /Z ’/- /
8) 10} . z// & A [N
= PRl
(@] EP R 7 -1
e RN -
,',}/',)B LN g -
| P Q.- 3 -7 i
0.5 BT TR er i -
O /// R-- » _ - A __1O
Lox” & 7 -
0 0 L L

0 20 40 60 80 100 120 140 160
Cutting depth (um)

(b)

cutting force (10°3N)

150

04
feed rate (mm/s)
cutting depth (um)

(c)

Fig. 7 Magnitude of cutting forces measured at various
feed-rates and cutting-depths

o

—

= SEE nd daets) o)
o AglE 20 ASUe AgHEE 67

sy
a

Ao - e

getE F34 50 Hzel 28120 100

Z50] w3t} Fig. 59} Fig. 6°l

®o] ¢ FAA Yo&E olft& 2¢

Aol darsl o F oge] dalgro] Age]
o}

A= &7 ol

=

FFT #AoA doizl Ao o9& U7t
S 3Qlstarzl st} Fig. 7(a)= AAH
, 90, 110, 130, 150 pum% W o]%
&2 2715 YERATE Table
JTHAIS] Hot Qa7 BT 8% o]
STt 28 o 2d =" F
2ol f27] wiEolt}. Fig. 7(b)= °15%
1~0.9 mm/s7HA] 0.1 mm/s 7HE 0.2 AAbzlo]
gare 759 27]E JERATE Table 29
I AThAlF] A3 dlolE et AE st 29
7% o]lolt}. Fig. 7(c)E °l$4%, datzlol
Arre AFe A7]E 3D YT 2 LE
olZM U FIlo|A o]FEmet HAabz)
A TbeEAS 9w HAY AE

7}

N
X ol

N ol
XN

R

0 o ™Y
L

o

>

>,

m 3

B o b
92
El’ﬂ—ﬁ
S 2
s
4
b

L
o
rr
L

P ¥

ft ﬁiﬁ
S m
=

e

Wi
rr

}.

o)
o T

L
o

N
ok
BN
(A
to ==

X% 2o X 2 Kol 2

2

DG

N,
>,
of
=)
)
2
1o
:OL_',
i
o

o
ol

Jot M2
rO

ot r-
I
o
O

(i
i
rlo

i}
o
N
ol
ol

N

ol
o
£

o N O x rfo
o
i r%
- )
(RURPS
)
ftl
il
o
ol
ol
&
4
N
)
of
EN
n
1o,
(@)}
(98]
N
N
N,

JE RN 1 32 Ao
2,
=
:<I)I=A
{5
§ta
I
™
offt
o
|\
ol
ol
ol
ats
O
|\
ol
i,

T
ot <
=
= =
o =

B4 A% A £ 9 59 AESd ged
S oAde A% Arel A7lsh o FEE 9 A4
2ol AgnE Bk AL seldein. Baw
e aEe 212 olesre WAl u
£ 2D ¥ 3D 2 Z2 JERYITE ol24 dA
Sk oA o] HE e} Aakzlo]l & sk 7HA] 7}
TERAS G H2E AE B 9 e g
7HA] TbEExASE E90E 4 k.

ole} & RUHHE AF3 A& AL Al 2E
g831o] &% 2% M2M(machine-to-machine)”] 1t
2utE g A 7]ostaia) s



EATE v ganet 2 AuEArEdE
WE ) ICTEE mHALHY AQArne] A9

o2 $3 % 9 S(IITP-2015-H8601-15-1001).

ESEnEolal

(References)

(1) Kim, B. H., Ahn, H. J., Kim, J. O., Yoo, M., Cho, K. J.

and Choi, D. S., 2010, “Application of M2M
Technology to Manufacturing Systems,” Proceedings
of ICTC 2010, pp. 519~520.

(2) Jeon, J. H. and Kim, J. O., 2012, “Monitoring of
Machining Process by Measuring Vibration of Cutting

=

7FEx ZUHEEY 849

Forces,” Trans. Korean Soc. Noise Vib. Eng., Vol. 22,
No. 11, pp. 1106~1112.

(3) Daud, R., Hasfa, N. K., Tomadi, S. H., Hassan, M. A.,
Kadirgama, K. and Noor, M. M., 2009, “Prediction of
Chatter in CNC Machining based on Dynamic Cutting
Force for Ball End Milling,” Proceedings of the
International Multiconference of Engineers
Computer Scientists, pp. 1751~1756.

(4) Huang, S., Tan, K. K., Hong, G. S., Wong, Y. S., 2007,
“Cutting Force Control of Milling Machine,”
Mechatronics, Vol. 17, No. 10, pp. 533~541.

(5) Dolen, M., Kaftanoglu, B. and Lorenz, R. D., 2004,
“A Cutting force Estimator for CNC Machining
Centers,” CIRP Annals-Manufacturing Technology,
Vol. 53, No. 1, pp. 313~316.

and



