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(1) Research title : Pressure control and energy saving of a hybrid
electric-pneumatic ultra-precision vertical positioning
stage
(2) Name of researcher with title of position Tomonori Kato, Associate Professor,
Faculty of Engineering, Fukuoka Institute of Technology
(3) Summary
One of the positioning methods in vertical direction of machine tools, a hybrid
electric-pneumatic ultra-precision vertical positioning device has been developed
and utilized. In this research, in order to enhance the performance of the hybrid
electric-pneumatic ultra-precision vertical positioning device, 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 pneumatic regulator (HPQR) that was developed in our

previous research. By the experimental results using a hybrid electric-pneumatic



ultra-precision vertical positioning device, the validity of the proposed control

method is evaluated and its superiority is indicated.

(4) Key Words pneumatics, ultra-precision positioning, hybrid
electric-pneumatic system, pressure control, energy

saving
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Table 1 Specifications of Hybrid electric-pneumalita-precision vertical positioning device

Rated thrust [N] 38
Linear motor Rated current [A] 1.3
Maximum thrust [N] 148
. Encorder type Absolute
Linear encoder ;
Resolution [nm] 1
Weight of movable part [kg] 19.81
Stage B - -
Bearing type Aerostatic bearing
Developed
experiment device
Position Current | . 1
command | \yoyo2 |command '
Computer Position
Position | Controller| Signal
Signal (Pulse)
|
Position
Signal |
DSP Pressure signal
(Data logging)

Fig.2 Exprimental system configuration
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Fig.5 Experimental results (Pressure)
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Fig.8 Experimental results (1kg, Driving current)

245 . T ' T =
: S iR=
W Lé
= 240+ o
Qﬂ F ‘_:\
= i | —DH regulator %
r:; 235k i Proposed method o
§ [ o e Disturbance °
a2 ! g
! E
[ . ! . 1 a

2250 10 20 30

Time 7 [s]

Fig.9 Experimental results (1kg, Pressure in c@ind

4. AMEEEBLIZIN—TICBT B L RHREEDKSL - KB4
TNEEAHR - Hee%

5. WFREEMHERH
201 74 (Fk294) 3H 75 20194 (B3 14) 2HFT



6. AFFFRICEEL TRR LI-ERBLE

(1) Yoshinobu TSUKIYAMA, Tomonori KATO, keita MATSUO :EVALUATION OF
ENERGY CONSUMPTION OF HYBRID ELECTRIC-PNEUMATIC
ULTRA-PRECISION VERTICAL POSITIONING DEVICE, The 10 JFPS International
Symposium on Fluid Power 2017, 2D42 (2017)

(2) WwHM, MEEAH, BRIEE B2, 7Y v NEBEIRENERD AT — D7)
HIEC RS 2 B %%, 2018 R Lot JUIN STER AL UM b 5 R 6T 2 7o A SCEE,
pp.51-52 (2018)

(3) ZLFEIE, MERAH, THE Wk, th Afy  E2ENA 7V v NERBEREAER DL
BONRT ALY VHENEDT 4 — K7 4 U— R, Vol.50, No.1, pp.18-24
(2019)

7. WIMNTRIT B EEERZEE DR

BENA TV REROBREEREMNERDEBICEET 50758 L LT, Mo
UL RE=Z Y TICET L EFARHRESI TS, BEAALT Y v KEXDO—20D
KRIFELT, V=AF 2 PREICESTAT =V OEBNEH LB EICEOHE, =
TVHEBLHVADEDLEOICTV Y U E~OBEE ISR T O MENDH D T b
MEFHID AL LD RIOWERFT A TIE, BIERO N RS % FEIE— & TH
L CREEE T TV, JTENPEET 2 E CICRMEZE L CLE ) R EORBENRH - 7-.
AWFZEE, ZORMBERRREZREL, RABHIC LD EEERICKII LI L1, R
BENDD.

8. SROERIIXT HHE
FBREE T OFBRIZITAE) L72s, ARSI E M4 2 FEEERSIM TER N EEND.



