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Speed Control of Pneumatic Cylinder using Particle-Excitation Flow Control Valve

Daisuke HIROOKA, Tomomi YAMAGUCHI, Naomichi FURUSHIRO
Koichi SUZUMOR], Takefumi KANDA

We have developed particle-excitation flow control valve. The valve uses a piezoelectric oscillator which is driven in the

resonance and the valve’s features are simple structure, lightweight and high flow rate / weight. The valve can control

flow rate by controlling the voltage amplitude. In this report, we used the valve to control the speed of pneumatic cylinder.

We measured response time of the vale that is important parameter for servo system. And we evaluated characteristics of

the meter-out circuit using the valve and we compared with using a general speed controller. Additionally, we performed

experiments to switch cylinder speed when the cylinder piston comes near the stopping end. Through this study, we show

that this control valve has advantage for pneumatic cylinder control system.

Key words : Control valve, Pneumatic, Actuator, Cylinder, Flow control

1. ##

2RIV Y RT rFaz— o Th, 2l - BE
THY, EEREBFOREHEE UL EHINTWS,
EHCERE) S 5 L ATRR COBRDSEIE L 2 5. 22T
V) Yy TOf R TOWERME B Lie, =727
a U RRERENER L2V ) Y EFIH ENT WS D,
AP a— 27 HAZKE R ANR— AP TH 5720,
REREDVHEEIC L L 22D LH. BEEV) v ¥ &, BilE
Ui AL, ) 2 R F O RIS, RO 72
DORMEZ VI, EaEREASTTREE 5. — YIS,
ZRRIED ) VTN E L RE RS- OFHOAY - F 2
vhu—gxfniA—F—4 /7Y MEEKIZLD, —
EHETEEI SN Z ENE . FHHOAY—Far |k
TO—J1%, FROREXZILSELI LT, BHIITV) VY
DOREZTET L EHRETH 1, N RIS

il

DY) HIMOHFITTHATE L) A v Fbd 5.

2L, —BBRAE—=Fay ba—J1L, REDFEET

SERR264E2H24H SRR
BTN
(T fEHy = KBUFIRHATILTAT 3 — 3 - 35)
(E-mail : hirooka@kansai-uac.,jp)
RRULERE
(e« O B BRI 2 —12-1)
R R
(s e g3 -1 -1)

H46% B2

_1_

HYEREIFIZD ) VS OMERET T 5 Z L sk,
B, — BB AE—Fay ba—S12hbaRETED
HEpEsE e LC /NIOON/OFFR D HE I h Tw
VIS s ORI R BER A S DE Y, HiH
VAT ARBFET A LIS X ) RN AR L OER F
Hig L72WF%E” HiThb T 5b. FEH LI, —BsTH
DAE—=Fary bu—J LHAFEOY A AT, BEEFIZX
D i 2R RIS T & B EEAR 2 L Tv Y
P02 ORISR T 2 FEEARE TS X Y RS 5 2
ETC, FRHERZZLSELHET, NMIT, Kt
B HBATTRE & 22 7. F 72, VES L 223 &I o
MBEIKT 2RO, M2 ZE L CEEN
& — v BT 5 2 L & ) B R iR Ol % FE
L7z BUE, B%E LT\ 2 B0k FIRh3Rs i 2 i i e 2 1
W5HZET, WG AEY—=FI b O—FI2IETE LW
D) ¥ T OIREEF OMEELA e L 2 5.
AT, F ORI RA G R O EVN LS
2SR MEL, BRI L. S 512, e
HFEZHCTRIEY ) ¥ DX —F 7 Mgz e
L, BREREEZIEL, —BNETFHOAE—-Fa s b
0—5 L L7z RISV ) Y RIS, BRETIC
X0, BhEG AL TR 2 2 b S BB %) & B
HTOHEEZIE L. DEORELY, LTV ALK
KRB RS2 w5 2 LT, BEhos) v 57
DOHMPEEZAL S, BRI  COME R I 2 72 5 d R E) s
WEEL Y, BRETV VT OERERIEE ED H 2 L]
eThbI L ERT.

20154E 3 H CPI%274E)



8 HARTZ IV — R8T — 3 AT NP Eii sk

2. kRS
O AR [L/min]
u ) VI HE [m/s]
P EN [Pa]
O ik K]
R AMEik [J/ (kgkK)]
S LI [nd]
S, D OF R [nd]
i i (-]
R
u AREM
d PR
0 FEE
a @ KEHOE

3. RERIEHFOICZEFE

31 GEFHEMEEY

AL C v 2 BB PR DR WL F IR T

X 1S OB EI 2 R, O EGI#ET )
T A AW, T, EEBZEFIOLBEIN TS £V
T A ZMNIEBOF ) 7 4 ADFREINTBY, FiEN
icERMiEG s s L, K1) k), M54
7 4 ABIERERICH LA S ZBR o 22 & ) 12k
ENTVD. AP ETWLIRET, H1bDXHig, FE
BETICELIIREZ T, V71 AMEIRE) S,
KN ZEMZA B ZET, F) 74 AN ETEIZEAL
5. ZORETTIE, WREBEMELHIETS LT, sk
BB b2 EH T 57, X2 ICEBIER L -
WA R, O FEIEAMELOm, &S 9mm, H
WIX25¢TH A, Z OmEGIET T, FVNEL % filH-$
HZLIZEY, HELTZMEIHLNS 2 LRI
w5 (H3).
32 REHEAOREME

ZBEIED ) v T OEEREA~OILHE BIgL, ki1
PREIE S HIE T OIETEZ FEM L 72, IRBEOME I
TeEBR Y AT AOBMEE K 41TRT. K4 ITRT L)1,
HIBHIFR L 22500 & FIVIN L 72 4R 5E CBREBYTEE % Fln L 7zB

Supplicd Air Pressure
ﬂ Particle

o
Ho. °®
LIy
PZT Vibrator [ ‘
(a) Closed condition (b) Open condition

Fig. 1 Structure of particle-excitation variable

A6 27

_2_

Fig. 2 Flow control valve assembly figure

60

w
S}
T

o
=)

Actual flow rate[l/min]
[39) w
=1 =1
T

S
T

=}

0 10 20 30 40 50 60

Target flow rate[l/min]

Fig. 3 Compare target flow rate and actual flow rate

Air supply
Pressure sensor
Flow meter Flow control
Input signal iy
p gna —1

-T-

v

Fig. 4 Experimental system for evaluating flow rate

HlEF IO &R E A b a2 e Lz, R
JEHIRT (KEYENCEAEAP-30A) % il i3 as
(CKD#FSM-=2) % v 7z, BREFEREEIINCIZ 7 7 v 2 ¥ =
YV AL—=F LBET VTR, EBEBE IR
THH192kHzE L, BIEIZREFIEF D EHIRE L 2 5
100V,,& L7z, EMINZR&EIZ07MPak L, i FitEBiE kA
bk Lz, EUNEEEZ A7 v TIRICEL S 720, E
N imOZALE K5 1TRT.

K5 RT &)1, BEREI VR EEOZZ XL
—HLTWAIEdbrs, 22T, BEYYHRZERZD
LRGN OREEICE H L, 52 02 e I % SR L 72
AT OINEREFIE50ms, FEHFF OIS RER 1325ms T dH
L7280, WWETEOEMICIX, 74 NVFIZXY ) A X
LB OF— 5 s Z VS, 6@\ ZHANET LS
AT REORER, X 6(bNET T ) ORKRE RS, ™
6(a)k b, BEVLL EADICHDbE, EHOEKTAHMHRT
X5, LAREEIZRI0MmSTH - 72 ST —Mer 7 i)

20154E 3 H CPI%274F)



JEERE - LT - R - SRR - A

DR IR 8

il 2 V72225 E T ) v 7 o 9

LT, SWREETH L. R OISR
Mo#EZIE, HEFOREHREE LT, ISEEOREGILER
FRAVT, 192kHzE S CHARBE L T\ 56720Tdh
4. X 6(b)DWEFER L )3T ) RO RERNIZH30ms T
Horz.

2

0.72

~===Input Signal Flow rate —— Pressure
50 | ;
E =
£ 40 7Z
= : =
B 30 i I g
£, E i %
32 ¢ H | 0.68 £
= i i1
10 | i :
F |
0l ' it P 66
0 0.2 04 0.6 0.8 1
Time[s]

Fig. 5 Relationship between input signal, flow rate and
air pressure

0.71
0.70 :
= 069 | [
- |
g : 3
= 068 | i —— Pressure
H -==-Input signal
0.67 i
-50 0 50 100
Time[ms]
(a) Turn on
0.71
0.70

Pressure[MPa]
g s
2
o
1 R

0.68 ! —— Pressure
' Input signal
0.67 !
50 0 50 100
Time[ms]
(b) Turn off

Fig. 6 Response of the flow control valve on 0.7MPa

4. V) > S RERIERER

41 EEFFMEFHMESEESR

D) vy HERIEOEBE HIEL, WRH#ETZ VT
A—=F 7% MEBKTY Y ¥ ¥ % BRE) L =B s % 50 L
72 YN YFDA—F Ty MAKIEE L OB SNT
B ) o AT, SR
FT5IEHELASN TS, HEH &AM O T A

P,/P<0528%iii7= LTV BRI, ¥V ¥ ¥ O HE L
A1) 4% K1) X0, ¥V Ty OFHEEHE

EA6%: 2

_3_

RO A RWTHIRES, TR E 5.

K+l

I [2] o, m
S, {\x+1
ARFEERTIE, PR EBOBE WA (L RS T ORI
mEFENE ORI ) RD. RERTOREL D, 203K,
1 RETOMERIHN TSNS 720, BLREIRRE TOMRRE =
LTI, BRI OMRE kDB L, P,/P,<0528% 7z
LTWwBE, UTFoX) Ratal e s,

293
0,=1208c4 Py o (2)

WIZ) v S ORBEMEICH A Y AT A% M 7 IR
VAT AORERERE, VYUY, V) Y YEEHANLT
(Valvel, Valve2), HEDFEF WEETHD. ¥ ) ¥ 7T,
HFROBETL Y I—FHERENTEY, V) Y Fofi
B, HEERERIST A 2 e WEETH L. V) VS
DERENIE 2 DDOON/OFFHTI79. YA b »id Valvel 255,
Valve23 B OARFE TR MG, Valvel 23H, Valve223Bd
DIRFETHPAENCE . DY AT A TlEValve2dFEH
TN EHREFTR R A= a3y ba—F 2D £
o EA N USRI INCEN S BRI, A—% 7 Ml E
LI v FRBEIL7-BO Y A b v OfETEHR, SR
U L7z, BRI OB RIBIHIRE 2 5K 5 72012, Valve2
NZFEF ERERT 2 RE L TWb, FEERY AT LI/
L7230 v Ok E R 1R

7R L7, EBY AT A2, FailEfz Ay
T, ARIWIERE 2 2L S BB V) ¥ 2 E L,

Encoder ‘

Flow control valve

Speed controller

Pressure sz F‘“\'\' meter
Sensor
Valve1

Fig. 7 Experimental setup for measured cylinder speed
driven by meter-out circuit

I Cylinder

Table 1 Characteristics of the cylinder

Stroke 200mm
Diameter 40mm
Mass 1.14kg
Static friction 108N
Viscous friction coefficient 335Ns/m
Encoder resolution 5 um
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