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Stable Cutting Method by Band-separated Position-Force Hybrid Control
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Suppression of chatter vibration is needed to enhance the machined surface
quality and expand tool life. In this study, a new conceptually active approach for chatter suppression
in machining is proposed. The hybrid control method developed by applying the sensor-less force control
with the disturbance observer enables to simultaneously and independently control position trajectory and
band-limited forces. It is introduced to the carriage of the prototype desktop turning machine and the
ability to suppress chatter is evaluated by end-face cutting tests. The result shows that actively
controlling a band-limited force around a detected vibration frequency leads to avoidance of chatter.



b}
B
b
B
e

T
| Va4

AEHRR

LEER

EBYRETIL
IEIAHEE




e m

150Hz

180
170
160
150

(7]

=

-

0
<t ™
- -

ouanbalj

120

110

180
170

N

=160

o
n <
Aouanbaij

5.0 6.0

4.0

3.0

2.0

time [s]



<
N
W o
[ -]
2 b | o
[y S R ~E ¢ 2 O
bl R |~ #
-ﬂ 1
IR\ S S 1w
N
- o
) < N ) [ <°
& ° & ¢ 8 s S OR B 2
ap N
= o
- N
\ =
4 mZ XD .
[ 1= = by o .
= @ 5 2=
S ¢ 5
7T T — A £
ol
=l
) =
© <+ o o oS .
| . § ¥ ? M S} o o <) o nlU -
| ww T3E
* E
~N
B+
.
b
! 1
P )
P .
' 1
' 1
b
L I
_——— “ " )
1 1 H
| 1
---- " “
i
i _ " “
i _ |
| b _ 1
| ! S|+ + i
| i 5 |
i ! |
i _ |
III_ “ " Z
1 i H
| 7
T i AY




25 um/s

75 um

500 min*

WEIA 7 ILS =D L

5 . 12
I
' 8
4 1
c | GBS ] >4
E R
Ro
2 . £
& | G EGEE 4
2 I
! -8
kb | REEE WRHE | REHE
1 12
10 12 14 16 18 20 10 12 14 16 18 20
B s B s
10
P a
3000 BEHIE 3000 REFIE
> =
"
§32ooo {%2000
2 =2
z z
< <
& 1000 & 1000
0 0
0 100 200 300 0 100 200 300
EK# Hz FERE Hz
11
12
75um
140um
BEE
il
=R
il

PhAARE 70 um

12

5

Y. Yamada, Y. Kakinuma, T. Ito, J. Fujita, M.
Sawazaki, M. Sagara, Sensor-less Cutting
Force Estimation in Ball-screw-driven
System using  Triple-inertia Model,
Advanced Material Research, , Vol.
1017, 2014, pp.619-623.
Y. Kakinuma, R. Enomoto, T. Hirano, K.
Ohnishi, Active chatter suppression in
turning by band-limited force control, CIRP
Annals, Vol.63, No.1l, 2014,
pp.365-368.
R. Koike, Y. Kakinuma, T. Aoyama, Drill
Fracture  Detection by  Integrating
Disturbance Observer and Rotational
Digital  Filter, CIRP  Journal  of
Manufacturing Science and Technology,

, Vol. 7, No. 3, 2014, pp. 177-184.
S. Toenissen, R. Koike, Y. Kakinuma, T.
Aoyama, F. Klocke, Monitoring of Tool
Collison in Drilling by Disturbance
Observer, CIRP Journal of Manufacturing
Science and Technology, , Vol. 7,
No. 4, 2014, pp. 274-282.
R. Koike, Y. Kakinuma, T.Aoyama,
Sensor-less tool fracture detection applying
disturbance  observer  theory, Key
Engineering Materials, , Vol. 523,
2012, pp. 439-444.

7
Y. Murakami, R. Koike, Y. Kakinuma,
Micro-tool Contact Detection  for
High-Precison = Machine  Tools by
Disturbance Observer, 15" Internationa
Conference on Precision Engineering
(ICPE2014),2014 7 25

Y. Yamada, Y. Kakinuma, Sensor-less
Cutting Force Estimation in
Ball-screw-driven Stage using Full Closed
Control, ISCIE/ASME 2014 International
Symposium on Flexible Automation, 2014
7 14
T. Hirano, Y. Kakinuma, Suppression of
Low-frequency Vibration in Precision
Turning Processes by Band-limited Force
Control, ISCIE/ASME 2014 International
Symposium on Flexible Automation, 2014
7 14
R. Koke, Y. Kakinuma, T. Aoyama, K.
Ohnishi, Tool Collison Detection in
High-speed Feeding Based on Disturbance
Observer, 6 CIRP International Conference
on High Performance Cutting, 2014 6
23 , Berkeley, USA



o

@

®

2013

2013 9 13

K. Enomoto, Y. Kakinuma, Band-limited
Cutting Force Control in Ultra-precision
Turning, 13" International Conference of
the European Society for Precision
Engineering & Nanotechnology, 2013 5

29 , Berlin, Germany

R. Koike, Y. Kakinuma, T. Aoyama,
Enhancement of sensor-less tool fracture
detection method applying rotational digital
filter, 3rd CIRP International Conference
on Process Machine Interactions
(PMI12012),2012 10 29 |, Aichi, Japan

0

2013-242852
2013 11 25

2013-271905
2013 12 27

KAKINUMA  YASUHIRO

70407146



