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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

18.3 kW, Z|d] £ 118 Nm&] 34+ QA WE|o|t). nlFofA
£ Aok we) AReh A 2] AR oJ3) B (Power
Factor, PF)o] SMJ5HA] Blvl], o] mej7} Abgate Faad
3 wapee) HgR BET 4 ek o8 22 HAL A()
o wen), 29 A9 P, & AR A 1, 3 A Ax
2V, o BOE Uio| 48 PFE BUT 4 Ack.

_ Lo )
A(1y& AHg5te] w|o] A7 E (6 80 ¢, Taegutec)S ARL-3

S45C AHS 1LS00RPMOR 715 Zlolsh ol44w8 wAs
AE wokg ks stol Z1Estel 8L ANSKh AE

F A
{ Impedance) x
{Reactance”

R
i Resistance)

{#) The circuit of induction
motor’s rotor part

(b} The impedance inangle
of induction motor

Fig. 3 Electrical characteristics in induction motor

AEI M K3, M7 HSE Fig 20 Yetiislon, Fai7t
Holgo|| whe} Eo| Hslsle ngS shelst 5= Qi

o|g A mejo B3} 7R A= A4 Fat B o3|
&o] BgsHA "ot g EE B7] X N, o & vl
L &5 2 253 Hed), olu 57] HxF AR 3d L=
N O] H]&-S &9 s o|gkal 3l A](2)9} o] xHT 4= Qlrh
_N,-N
Y

s

s @

YA mE 9 27} 3|25 71| Fig. 39| (a)oll LERH AT
of wj, 27} 3|20 7= AF I= A 2ol €9 s, A
4 E, A R, HAHA X JEOE AT 5 glon, A4
o &= ZobA A ol AR AF7F AxI

-3 ij 3)

S
olZ Fig. 3(b)el HHH AL A2HE S o 8slo] B}
£39] BAS AT RS W, AL A7 AuT 2 He A}
o2z 7k gof o8] AHHM, ABL TARIFSEE o] g &
A 4= 9lr}. o] ), o] ZIsA Hul, elE Al AH5)
7] W] 97} 7rask] Ago| FasiA Hrt. oA Aol

=
WS Afole A9 S0 A U] FHoR Hoke W &
A]

p E3 WS} AR B8-S A@)e} Al(5) 2ol B¢ Ae
oM AWE HEY| AEE 0, LA EE5Hs 4714 9
oA 7\AE R T,y 02 HBEE TN SAISHE 80|
B, B, e 53 @S W74 Sdo] mE gow B 4
olek. obAl AaeE AglAle] afo] uhe HES Fig 4o U
Efglon], Bafel wHe g WEkE ShId 4 otk

P()u
Tmech = . n (4)
Wy
Tmec "o
n= g )

out



22 [ January 2025

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
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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
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