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Refinement of hybrid electric-pneumatic ultra-precision vertical positioning
stage

Kato, Tomonori
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This research aims to enhance the performance of the hybrid
electric-pneumatic ultra-precision vertical positioning device for aspherical lens generators.
First, a new pressure adjustment method in the balancing cylinder when the tool change occurred is
proposed. The proposed method utilizes a feed-forward control and a high precision quick response
p@egmaticdregulator. The validity of the proposed control method is evaluated and its superiority is

indicated.
Second, a pressure control method to reduce motor load during material processing and a disturbance
observer to estimate the external force applied to the stage without requiring external sensors are
proposed. The experimental results showed that our proposal could reduce the motor load during
material processing, and the disturbance observer could continuously estimate the external force
acting on the stage while maintaining the stage positioning performance.



Tum

10nm
10nm
0.1nm
@
(@) ¢ 0.5 mm
GH S250D
nm
HEIDENHAIN LIC4017
19.81kg 26mm
Balancing cylinder Rated thrust N 3
E.I:Id guide way
o b Linear motor | Rated current A 13
Maximum thrust N 148
Encorder type Absolute
Linear encoder
Resolution nm 1
Weight of movable part kg 1981
Bearing type Aerostatic bearing

(a) Front view (b) Side view



Position nm

€y

DH
100L/min
JTEKT PM S-5M-2-500K
Developed
experimental device

Position Current
command | Ny |command
Computer Position

Position | Controller| signal

signal (Pulse)

DSP

(Data logging)

Position
signal I

Pressure signal

o @

FAIRCHILD

T
|

; 0 BORIAY N

| D— Regulator =——————  Aerostatic hearlng

| Compressor !

___________________

4063AU

| |
1 1
1 SP. valve |
I |
I Upstream Py
: disturbance <‘P :
| l I
1 it iaiess ]
| Compressor DH regulator !
: HPQR :

___________________

Air supply for balancing cylinder

|~~} Balanclné ci'limler

HPQR

SP

Experimental device

DH
12 8nm HPQR

DH 0.3kPa HPQR
Ol e ——n———— b -1 T‘g 220.3; M T —lT'E
i —DH regulator | ) IW &
8k — HPQR l 4 B 1
L ] TTF Disturbance E T‘, ﬂ“—' 4202 —DH regulator E
! R ——HPQR E:
: C w2201 ] Disturbance %
g B | =
3 8 . ; s
= & 2o WMW &
3 AP o A S
e e
S W4 6 "% 10>

Time ¢ s Time ¥
HPQR
T% Kt 0.3854kPa
Pcrrp
0% HPQR
DH
% 10
2kg DH

60%



Feed forward part

out

f G,
: - Gy ™ P

Aerostatic bearing

Pressure
sensor

Air supply for balancing cylinder

|
I l

I 1

I 1

I I

! D *DH regulator |

|

: * Proposed method :

| i

I

{__ Balancing cylinder |

Experimental device

Disturbance ON=1, OFF=0

260 v T T T
© ? e o 1
& % PAR| S—
o h
gﬂ F‘ & 250} !
@ a
s z i —DH regulator
5 —DH regulator @) “.::_‘. 245 Proposed method
g —Proposed method o 2 --Disturbance
540 209§ 2= Disturbance e § 240+
2 £ =
= 5 235¢
‘£ -60 Z
B Frowme . 08 230 | , 0
0 10 20 30 0 10 20 30
Time ¢ s Time ¢ s
2kg
@
¢ 0.5 mm
20N SKD 35N
HPQR
= _— Work material Aluminum ‘ SKD61
e, ) Rakuraku mill
/ Machine tool —— ; - -
J Electric Spindle ‘ Air Turbine Spindle
Coolazzl Drill diameter [mm)] 1
a2 . Rotational speed [min!] 20000
‘ - BPSSRE Workpiece | i Feed per revolution [mm/rev] 0.030 ‘ 0.0020
s I Step feed [mm)] 0.5
=1 Fortr Cutting fluid Semi-Dry




Stage position Z [mm]

" Balanci;\g cylinder and

o iExternal vide wa
The equilibrium internal ¢ force L Y
pressure to BC to - v —
counteract the stage Llll‘ﬂprrf'“o" Driving current
weight 4 Pry .h"hr id X signal
™ == clectric-pncumatic
Fw = vertical positioning
device
—————— l;:n;m:\‘ ;'\\‘l\\‘l
Comp i Esti
pressure K force
—
SKD 35N
DH

0 T T 'o\?‘
£ 10 —Pr§s§ure 50 =
E | N e Target stage position|  — — 235} Driving current =
N -5 %, —Stage position Z &
= , —Force -10=— 24 Yo %b
: | S5
@ ¢
-10 o
& 202 2 2300 =
o 2 32 450 ©
=] — o0
g s A g8
- T30 2
. ; 225 | ! -100 [a]
0 10 20 30 0 10 20 30
Time 7 [s] Time 7 [s]
T T 240 T T ’a\?‘
------ Target stage position e
0 ——Stage position = 50 -[;;; &
3, = Ry
=) &3
]
b = &
P o 2
El =g
2 25
:  E é
5 & 40 1-40 5
180 Pressure == —Measured force A
. : r | —Driying current 750 5 | —Estimated force
10 20 30 0 10 20 30 -5 00 10 20 305 0
Time 7 [s] Time 7 [s]

Time 7 [s]

Vol.77 Nol0 (2011)
49/69 (2008)

pp-
136-142 (2011)

Vol .74 No.10 (2008)

Vol. 83 No. 3 p. 210
213 2017



53
2018
527 540
DOI
https://doi.org/10.14953/j jsde.2017.2765
Kato Tomonori Higashijima Kenya Kuradome Yusuke Noguchi Kohei Ono Manabu 192
Improvement of dynamic characteristics of manipulator driven by a gas-liquid phase-change 2018

actuator using an antagonistic drive

MATEC Web of Conferences

02015 02015

DOl
https://doi.org/10.1051/matecconf/201819202015

Kato Tomonori Otsubo Tatsuki Shimazaki Kohei Matsuguchi Shotaro Okamoto Yusuke Yazawa
Takanori

Tool wear estimation method in milling process using air turbine spindle rotation-control 2018
system equipped with disturbance force observer
International Journal of Hydromechatronics 384 402
DOl
https://doi.org/10.1504/1JHM.2018.097288
2019

DOl
https://doi.org/10.5739/jfps.50.18




Hitoshi KINO Akihiro KIYOTA Nobuyoshi MIYAMOTO Takumi INADOMI Tomonori KATO Hiroyuki
FUJI0KA

Basic Study of Heating Response Measurement for Nanosheet-particles/Polymer Composite Gel 2019
Actuator with Anisotropic Contraction
Key Engineering Materials
DOl
https://doi.org/10.4028/www.scientific.net/KEM.804.17
Yusuke OKAMOTO, Takanori YAZAWA, Tomonori KATO, Kazuya NISHIDA, Shinya MORIYAMA, Yukio MAEDA, 749
Tatsuki OTSUBO
Study on Tool Wear In-Process Estimation for Ball End Mill Using Rotation Control Air Turbine 2017
Spindle
Key Engineering Materials 94-100
DOl
https://doi.org/10.4028/www.scientific.net/KEM.749.94
HIGASHIJIMA Kenya KATO Tomonori SAKURAGI Kazuki SATO Takahiro ONO Manabu 11
Development of Manipulator Using a Gas-Liquid Phase-Change Actuator 2019
JFPS International Journal of Fluid Power System 70 74
DOl
https://doi.org/10.5739/jfpsij.11.70
Wang Jin Hui Yazawa Takanori Gu Guo Chen Kato Tomonori Otsubo Tatsuki 894
Application of Diamond Fly Cutting to Improve Form Accuracy by In-Process Measurement and 2019
Control for Ordinary Milling Machines
Applied Mechanics and Materials 21 28

DOl
https://doi.org/10.4028/www.scientific.net/AMM.894.21




Kino Hitoshi Fukuoka Institute of Technology 3-30-1 Wajiro-higashi, Higashi-ku, Fukuoka-shi, 31
Fukuoka 811-0295, Japan Kiyota Akihiro Inadomi Takumi Kato Tomonori Fujioka Hiroyuki

Miyamoto Nobuyoshi

Step Response Characteristics of Anisotropic Gel Actuator Hybridized with Nanosheet Liquid 2019
Crystal

Journal of Robotics and Mechatronics 647 656

DOl
https://doi.org/10.20965/jrm.2019.p0647

16 0 10

Jinhui Wang, Takanori Yazawa, Guochen Gu, Tomonori Kato, Tatsuki Otsubo

Diamond Fly Cutting Applied to Improve Form Accuracy by In-process Measurement and Control on an Ordinary Milling Machine

International Conference on Machining, Materials and Mechanical Technologies 2018 (IC3MT 2018)

2018

Hitoshi KINO, Akihiro KIYOTA, Nobuyoshi MIYAMOTO, Takumi INADOMI, Tomonori KATO, Hiroyuki FUJIOKA

Basic Study of Response Measurement for Nanosheetparticles/Polymer Composite Gel Actuator with Anisotropic Contraction

The 5th International Conference on Nanomechanics and Nanocomposites (ICNN5)

2018

Jarupat Sawangphol, Rachanart Soontornvorn, Hiroyuki Fujioka, Shinya Anraku, Nobuyoshi Miyamoto, Tomonori Kato, Hitoshi

Kino, Akinori Hidaka, Hiroyuki Kano

Toward an Understanding of Nanosheet Object Motion from Noisy Microscopy Images Using Deep-Learning Approach

The 5th International Conference on Nanomechanics and Nanocomposites (ICNN5)

2018




Tomonori Kato, Kohei Shimazaki, Kenya Higashijima, Ryoji Tokunaga, Phonlasit Thinnakorn Na Ayuthaya, Pitak Thumwarin

Refinement of a Thai Flute-playing Robot in Thai Style

The 4th International Conference on Engineering, Applied Sciences and Technologies (ICEAST2018)

2018

Tomonori Kato, Kenya Higashijima, Yusuke Kuradome, Kohei Noguchi, Manabu Ono

Improvement of Dynamic Characteristics of Manipulator Driven by a Gas-Liquid Phase-Change Actuator Using an Antagonistic
Drive

The 4th International Conference on Engineering, Applied Sciences and Technologies (ICEAST2018)

2018

2018

2018

Yusuke Okamoto, Takanori Yazawa, Tomonori Kato, Kazuya Nishida, Shinya Moriyama, Yukio Maeda, Tatsuki Otsubo

STUDY ON SMALL-DIAMETER BALL END MILL MILLING OF AIR TURBINE SPINDLE BY ROTATIONAL SPEED CONTROL

The 10th JFPS International Symposium on Fluid Power 2017

2017




Kenya HIGASHIJIMA, Tomonori KATO, Kazuki SAKURAGI, Takahiro SATO, Manabu ONO

DEVELOPMENT OF MANIPULATOR USING A GAS-LIQUID PHASE-CHANGE ACTUATOR

The 10th JFPS International Symposium on Fluid Power 2017

2017

Yoshinobu TSUKIYAMA, Tomonori KATO, keita MATSUO

EVALUATION OF ENERGY CONSUMPTION OF HYBRID ELECTRIC-PNEUMATIC ULTRA-PRECISION VERTICAL POSITIONING DEVICE

The 10th JFPS International Symposium on Fluid Power 2017

2017

2017

2017




Tomonori Kato, Kohei Shimazaki, Songmoung Nundrakwang, Pavarit Chuprasert, Thumwarin Pitak

Proposal of the Concept of a Breathing Assist System for Saxophone Players with Breathing Problems

The 5th International Conference on Engineering, Applied Sciences and Technology

2019

Tomonori Kato, Tomohiro Tanaka, Youwei Xu, Kohei Shimazaki

Force Control for Hybrid Electric-Pneumatic Ultra-Precision Vertical Positioning Device

34th Annual Meeting of The American Society for Precision Engineering

2019

2019

2019

2019

2019




2019

2019

https://ww.Ffit.ac.jp/research/search/profile/id/147




