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The importance of cutting forces in machining has been emphasized for monitoring and optimizing cutting conditions,
leading to various method to detecting cutting forces researched. Cutting forces can be directly measured using
dynamometer or indirectly estimated using AE sensors and accelerometers, etfc. However, these external sensors demand
high costs and have accuracy limitations due to environment issues. To compensate for these drawbacks, utilizing internal
signals of machine tool has been developed. Among these, using internal electrical signals of machine tool is
representative. In commercial machine tools, cutting forces are often estimated through current measurements. However,
due to the characteristics of the spindle motor, electrical properties such as slip, power factor, and efficiency vary with the
load, resulting in relatively lower accuracy. This study introduces current-based method considering characteristics of motor
and power-based method for estimating cutting forces and compare accuracy of those methods with the measurements

from dynamometer respectively.
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Fig. 1 Testbed configuration
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Fig. 2 Relationships of power factor, power, current with load
variation in actual cutting conditions
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Fig. 3 Electrical characteristics in induction motor
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Fig. 4 Relationships of efficiency with load variation

Table 1 Cutting condition of basic experiments

Cutting conditions

Material S45C

Tool Face cutter (Taegutec, 80 ¢)
Spindle speed 1,100 RPM

Feed rate 400, 500, 600, 700 mm/min
Axial depth 1 mm

Lateral depth 64 mm

Table 2 Derivation of the torque constant

Feed rate
(mm/min) 400 500 600 700 Average
K, 0.984 1.086 1.161 1.206 1.109
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Fig. 5 Cutting force determination in basic experiment using tool
dynamometer, conventional current-based method
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Table 3 Cutting condition of experiments

Cutting conditions

Workpiece S45C
Tool Face cutter (Taegutec, 80 ¢)
Spindle speed 1,500 RPM
Axial depth 1 mm
Lateral depth 64 mm
#1 20-300 mm/min
Feed rate .
#2 350-1000 mm/min
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Fig. 7 Diagram for comparing the accuracy of each estimation
methods

P = 1Vt LVt IyVy (12)
{Vl =Vy=Vy
Vo=Vy=Vy (13)

P = (V= Vy) + L(Vy=Vy) = IV 1V,

£3E 3¢ Ao AR npAR BRsl e el
go xgeln gonw, 2eE oA Tis
P

T
ot
ox
fuj
lo
2

1 To oE— =
A AR 712 5 AR 7N 24 L Al 5 A
o7l 324 b, a3 23 A ) 2w 5o uhy
o8 et S s EAl Sl vlatste] 7h
g vlastolet. Aot vla o] ik Zhdl wAlE
Fig. 70l b ik, A 2718 Table 33} o] M4} 2718
gstolon, 213t STk HAEW T HA Hds stk

o
kl
ox
2_15
2
o

F= 3A &= A 7]A 4291 1,500 RPMS
FEET HIE =T, 205E 300 71A]= 20 mm/mind],
30058 1,000 7k =

o} @25 8(b)oll WHEF A
A= Hio] FA3] Zrste] &8 Ask7} WAsA HoH17].
71 F5 AR 7N e

4 =
55.81 N, ¥ 9] 7|3 E4& Jreft



24 [ January 2025

T00 -
- # = Dvnamometer
. =@=F e
GO0 - w-y a-fj
T, Cureen A¥
= A Fime A
il - ' -
< 500 70 o
2 e R
= AE
= 400 4 it
i 3’; 3 5
"E . o o
=300 Ll
! D'ﬂh
P o
200} o ‘,x‘
e
100—=
- & 12 16 20 24
Load (%)
(@) Cutting forces determined by each estimation methods
O
-8-F,
_.,_|.I A i:'_'.’:-
[|-&-F, , @
‘;{] | - - i e "3
. B
- o
rd kK i
— \ a-8 ..
50 “mpasaas, 7t 0 T
e o A BCa-sd-a-a, -
== - bbby
5( A
=50 @ =
g a©
& aé"’-ﬂ{f
-100°
4 b 12 16 20 24
Load (%a)
{b) Errors comparing the cutting forees determined by each method
with the values measured by the dynamometer

Fig. 8 Comparison of the accuracy of each estimation method

oAM= 1073 N, Zel3 35 A /) el HE exf

13.86 NoJH, @x}-&2 717+ 19.42, 3.73, 4

7} o] o wwstae ), meel 4712 S4e 3

PR % AF 7N 2 g 3
3

M e e A &

4. 42

B AT AR AAE AL BT A7)H AEE o
B9 RS AAShe WHe was, /)& 35 AR 7
24 oA gekest Wolxt BAIE neksh] S8 2w
£ wH o H47)4 B4 Tefs 2% AR 79 dakY 34
S Akttt Z1E % AR 71N b, me o) 4717
E4e T 2% A% V8w, 2em 22 e
W el h WHMER A% B4R 47 2rEe

i
i)
=)
=1
Qﬂ
2
N
ok
ok

(98]

A

>

S

ofh

=

>

ol

=

o fn

- Lo
ox
_I a
K1

=

tlo &
EL

8

o L

ol
X
M <
>
32
ir

o I

=)
o

a2

il

i
il
__)A_,‘
i)
it
1%
2 qle
|\
oX

4o
X2

e w
okl
(e}
1%
)
fr
of
%
il
>

D s

N
o
et
i)
[>
I,
I
et
-
o
_o|£
2
lo
=
=l
©

X
vl
il
o
op
o
s N
o
il
ot
o
ol
ol
H

o 2 |m
E(m
™
ol
offt of
&
i O
—(1)1| _IE.
o

N

’ A
o ox
ko)

-
i)
it}
)
Bl
e
)
jish

o

ol
lo
=
)

O
=
N
o
[
ox
il
o
)
o
oN o
o

)
«
>
o

%
=

)
20N
zo
N
=

i)
ok

= N ok 8
ol

A Al Folw B9t AR vE
(8)9‘] ngoa FTJ’%‘ T &5kt sk
A 542 ezt AR 7 gielMe A

)

2 o
[
-0,
I it}
N
-
o
[0
_-

o £
>

N
12

|

1o

R

it H

o]

e
2
flo i

H1
e ofo
o
ft
Hu
o
>
o
o
e
o
o
o
N
o,
o
2
)

R

T, Current

g Q

Shgick. 75 e 7 el
F

e Ftol DAY Fr g, & T

s W

(A
A
pi=)
)
2
il

oXt it 2
[o
o
oo
ol
2o

_O'L
32
)

N
M
N
M

1o
T
z

I K
e}

i
Bl
o
pacs
filo
£
N
rix
)
oo
N
=
o=
rE 1

N
N
=

L by
= 5o
= ok
i) 10 o%
~
o
1%

19.42, 3.73, 4.82%2 LFERGT) ZF v
AEE v A3, BE O Ay EAS 13t F5

27 T 3% A 7l A 2

e R R = )

ACKNOWLEDGEMENT

2 ATE 2022 W HRAERIEAAAIER)e] Yo gt
471218 A (No. P0020616, 2022 A AFAHAIIAY 72| LA}
D)t 2021 W= AR SARFAR 9 AR 7|8 7Fe] €(KEIT)
A=tH] 2| of| o3k A (No. 20012834).

REFERENCES

1. KISTLER,Rotating cutting force dynamometers (RCDs), Fz max
20 kN, Mz max 150 Nm / 9170A, https://www.kistler.com/INT/
en/cp/rotating-cutting-force-dynamometers-9170a/P0000633

2. Altintas, Y., Park, S., (2004), Dynamic compensation of spindle-
integrated force sensors, CIRP Annals, 53(1), 305-308.

3. Domfeld, D., Kannatey-Asibu, E., (1980), Acoustic emission
during orthogonal metal cutting, International Journal of
Mechanical Sciences, 22(5), 285-296.

4. Teti, R., Jemielniak, K., O’Donnell, G.,, Dornfeld, D., (2010),
Advanced monitoring of machining operations, CIRP Annals,
59(2), 717-739.

S. Hase, A., Wada, M., Koga, T., Mishina, H., (2014), The
relationship between acoustic emission signals and cutting



a

YLSSEX| H42H M1E

January 2025/25

10.

11.

12.

13.

14.

15.

16.

17.

phenomena in turning process, The International Journal of
Advanced Manufacturing Technology, 70, 947-955.

Postel, M., Aslan, D., Wegener, K., Altintas, Y., (2019),
Monitoring of vibrations and cutting forces with spindle mounted
vibration sensors, CIRP Annals, 68(1), 413-416.

Kuntoglu, M., Salur, E., Gupta, M. K., Sarikaya, M., Pimenov,
D. Y, (2021), A state-of-the-art review on sensors and signal
processing systems in mechanical machining processes, The
International Journal of Advanced Manufacturing Technology,
116(9), 2711-2735.

DMG MORI, Monitoring Cycles, Easy Tool Monitoring. https://
www.dmgmori.co.jp/en/products/machine/id=2693

Jeong, Y.-H., Cho, D.-W., (2002), Estimating cutting force from
rotating and stationary feed motor currents on a milling machine,
International Journal of Machine Tools and Manufacture, 42(14),
1559-1566.

Li, X., (2005), Development of current sensor for cutting force
measurement in turning, IEEE Transactions on Instrumentation
and Measurement, 54(1), 289-296.

Aggarwal, S., Nesi¢, N., Xirouchakis, P., (2013), Cutting torque
and tangential cutting force coefficient identification from spindle
of Advanced

motor current, The International Journal

Manufacturing Technology, 65, 81-95.

Kim, H. Y., Ahn, J., Kim, S., Takata, S., (2002), Real-time drill
wear estimation based on spindle motor power, Journal of
Materials Processing Technology, 124(3), 267-273.

Mannan, M., Broms, S., Lindstrém, B., (1989), Monitoring and
adaptive control of cutting process by means of motor power and
current measurements, CIRP Annals, 38(1), 347-350.

HEIDENHAIN, User's manual cycle programming, iTNC 530.
https://content.heidenhain.de/doku/tnc_guide/pdf files/iTNC530/
34049x-05/zyklen/670_388-20.pdf

Stein, J., Wang, C.-H., (1990), Analysis of power monitoring on
AC induction drive systems, Journal of Dynamic Systems.
Measurement, and Control, 112(2), 239-248.

Tektronix, The fundamentals of three-phase power measurements,
https://download.tek.com/document/
55W 28943 0 HR_Letter.pdf

Hamid, R. H., Amin, A. M., Ahmed, R. S., El-Gammal, A. A,
(2006), New technique for maximum efficiency of induction
motors based on particle swarm optmization (pso), IEEE
International Symposium on Industrial Electronics, 2176-2181.

By

h
)

Jae-Eun Kim

Master student in the School of Mechanical
Engineering, Chungnam National University.
Her research interest is real time monitoring.
E-mail: jaeeunk@o.cnu.ac.kr

Jun-Young Oh

Ph.D. candidate in the School of Mechanical
Engineering, Chungnam National Univer-
sity. His research interest is intelligent CNC.
E-mail: kingoj0@o.cnu.ac.kr

Beomsik Sim

Ph.D. candidate in the School of Mechanical
Engineering, Chungnam National Univer-
sity. His research interest is digital twin.
E-mail: bssim@cnu.ac.kr

Wonkyun Lee

Associate Professor in the School of
Mechanical Engineering, Chungnam National
University. His research interests include
smart machine tool, robotic machining sys-
tems and digital twin.

E-mail: wklee@cnu.ac.kr



	Cutting Force Monitoring Considering Electrical Characteristics of Spindle Motor
	1. 서론
	2. 주축 모터의 전기적 특성
	3. 주축 전기신호 기반 절삭력 추정 방법
	4. 결론
	REFERENCES


