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Trajectory Control of Pneumatic Stage with Air Bearings
Considering Servo Valve Dynamic Characteristics

Makoto NAOI”, Hiroki SUGIYAMA™, Toshinori FUJITA™

Previously, we developed the air servo stage available ultra-precise positioning where seals are removed
from the pneumatic actuator to reduce the effects of friction force, and the slider of the actuator is mounted

with air bearings. The air servo stage available is required not only positioning accuracy but tracking

performance for trajectory, applying the pneumatic stage to semiconductor manufacturing equipment.
However tracking performance in accelerating is not sufficient and considerable tracking error occur. One of
reasons is target trajectory not considering the valve dynamic characteristics. The other reason is calculation
delay of the controller using a micro-computer. This paper describes solutions for these problems and better

trajectory control results applying solutions to air stage.

Key Words : Pneumatics, Ultra-precise control, Trajectory Control, Air Stage, Air Bearings

1. [XLC®IC

BE LI, ERET VT o — X OREENMNE
ROIZIBWTRIE L 72 573w & o OFEENEEE 2 (K
T HI-OIT, BIERZIC X AfEhE & 77 b & R
THAZTAT—VHEEB L. ZOT7 7 Fax—H
IEEVWMLER DG L L ERE AT HI LD
WA OBEATIEEO R T — L LTS
TWD. BHOT-DITIL, I B 2R X~ DY)
Bz B DIEEENEE THD. LnLaens, s
RFD FAZEHIIE & OREDKE L, —EHEE~OREE
RN R W EREE L TH D,

ZOMBEOERDO—> & LT —RApodikt s
ZRELTCHEMEOAR L TWVWZ ERHDH. =
NWETIE, ZRIET 7 F 2x— % OIEEREDS 3k
FTHDHZ EITHESNT, 3 kihRo BiEELE A 5
ZWUEHRE L C& 72, Lo LR bY—RRodhfs
WEEETLEZT AT —UIESKRARERD. D
—ODIH T~ A 2 > OFEEENIT K 2 HfEE o
femdd s, =7 AT—Vb~vA a L THIEENS.
ARET AT — UM BT EE DR e HlE Tl
ZOEFEEND N E D AREMEN D 5.

* JUREHRTFRTFBE Tarert
(7120 - 8551 HUAUAD R LIX TESEHAT 5)
(E-mail: 14ef061@ms.dendai.ac.jp)

** FUTEMRE T

(T 120 - 8551 HUAUHB &L X T-ENEMT 5)
* Graduate School of Tokyo Denki University
** Tokyo Denki University

ORI BRERNG, AR TIT—AFp OB
PEEDERBZTH D & 2EE LT BEE AR
EIZOWTIRET 5. BERFLEZ OV TIE—
NI O EI R 2 BERRE R & U CakE LA R
NEMET HHEERET D, BREBICIRE LTI
LT AT — VL, EOAMEC W TR
T 5.

2. IFRT—Y

TT AT —VERENTHERIET 7 Faz—HFD
WX 1 IRT. BRIET 7 Faz—XIIHA R
EATAEIMBRERENTWD. TA FICITF
ZRRITONTEY, AT X eIkl cr
IETWDIeD, HEEEIIRELRN. AT 4
WHEBIZER T Bz 2 DDJEN=RICZELREHRIPER L,
FOENFEZL>TATIA ZHERET 5.

Fig2 ic=7 A7 —V 0%, Fig3 [T AT
— OB IEERT. =T AT — VI 2 AnzE
RIET 7 Fax—2%H\W, AT A4 ZITREPEL A
SR L. TORAT—V DK TEHRICITE
R T — L —RFf 2 ARERINLTWD. XAT A
A ONBITA T A X RICRE Sz 76[pm] D43 fiREE
EROL =R — 2 X BT 5. BEE SIS
VAT B EELTHIBEM PCIlIc®EbR 5. PC TH
HENTIESELED DIALHEEZBL T2 FOBERT
YAZEBN, BERT IR BEEICHKE, Bk
SN —RFORT = NVALEZGI L, &EIIE~
DELKOMIGEEZRH T, ZO/BRELCBETEIC
K VART A ZNLEZSIET 5.



Air Bearings

Intake and |
Exhaust Pipe

Pressure Wall '
(Attached to Slider) Pressure Rooms ™ 5 4.

Fig.1 Internal Structure of Pneumatic Actuator
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Fig.3 Pneumatic Stage Drive System
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Fig. 5 Control Algorithm for Servo Valve with
Calculation Time Delay Feedback
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Fig.6 Trajectory Control Result
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