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General robotic systems require sensors on end effectors to collect information for feedback

control; displacement, force, temperature, etc. This configuration can cause troubles with hard

tasks in extreme environments instead of precise sensing. Hydraulic actuators also face this

challenge for use in extreme environments. This paper proposes a novel position control system

for hydraulic actuators using flow volume to aspire "tough” hydraulic robots. A prototype is

developed to confirm the feasibility of the proposed servo system by fundamental experiments;

comparing the position estimated by the proposed method with the position obtained by a

potentiometer. These experiments show the applicability of the proposed method to the tough

robotic systems.

Key Words: Extreme Environment, Tough Technologies, Hydraulic servo, Remote sensing

1 s

ERETEYERFG R TORRY bOTERIZEHE T LL, &
ETI, NEBGCEETOZMNE Wo 2EBTORMAEED 5
NTW3. 20HTE, BEHGTORE R E AMIC X B/E%
PHREEABRE CORMAIICHEREEoT WS, 2O LSRRI T
%, HERBRENMHEIN, FfHIN Ry MFLTIE, &
W BREEME R EREE S, Thbb " 277 32 kdbo5nD. X7
ARy bV AT LAOEBRIZATTIE, mEA» 0O E W
TOFAL—RDMHAPE Y VI URRERICN T S &SR
MR EH 2 T Ta—FFELRB X 5NED, ARETIET 2
FaT—YaviiBIs Yy U IEMMICERETS. oRy D
EREIHIANC M TE L b vk, iy Ry 7 %,
hb, (R e DM E 2 I3 F ISP WMEIZRBE I WS
ekt L, BRE - BINETOHEERAREETEED
D, FRWEERAEREPEEAM RIS VTIE, JEOFK
CRRDHREMEDIE W, T DT kX, EE, X T7RTIFaT—&
CUTHUOEHEZED TWAHET 7 F 2T —X [1,2) iBWT
b, VATLAEKRTOEBBEDOR ML Ay 220855 DTH
%, T, AWMETIR, AEWARIMEEE 2N LIE520,
IV RT 77 AN SN EICEREL, TOREE2HET S
ZXizkY, TVRI 7z 2RI VYRR L LWHEY — R
VAT LADORRFEEHET. KRXTE, MET 2 F a2 —XDOK
WEEI U ERREHEE LT, AT ZHE»SHESY
VEDENEHET HMETIERERETS. T LT, &ELE
VATLZEY, HEBRERT VY a A —XDOEBMREEEEL
T, BEFHRICL BB —ROFER AL 2R 5.

2 REBICLZHEYY VYDLABEIEY AT A
PET BMEMBRIE S 2T AT, fEEAIzRWEHXR AL
OFfHEINZTY R 7z 7RIz VP ay bo—F 2HE

+= Control unit = = == === 2o == amamnms .a Endeffctcr.....--._.l
: :

--------- Ay
1 Potentiometer signal

! 1 (only for evaluation)
'
Pulse train | H !
'

|
+ Cylinder H

'
'
'
'
: '
' '
' '
Volume |1 H '
== M meter —{— '
Pum Valve
p ' ' '
= 1F :
' ' '
' ' '
' ' '

Fig.1 Schematic figure of the proposed feedback system.
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Fig.2 Photo of the experimental configuration for the
proposed flow-volume position feedback system.
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Fig.3 Result of sinusoidal response.

3.1 #ECRTAL

Fig. 1 IWEBRIZAWSRIEY AT LOWE %, Fig. 2 IZRMF
U7=FtEIc X LGRS AT LA OB % R T

BIES AT LI, FICRY T (EEmMELI=y b, EF TR,
WEE (VC04F1PS, KRACHT 1), ¥V v & (HC-1CA30-
22x75-T, JPN #l) KUY —HR L7 (LSVG-01EH-20, jliff
T28) 757D, Digital Signal Processor (DSP : DS1104,
DSPACE ##) 1z &k > THYEEZEKRL, Y—K LT e —
RKelpolzarba—J12%%. aryra—shoild, E5EF
IR U BEN Y — RNV TIZHME NS Z 8T, Ry7Thov
)Y RAOMEROREZFAET L. V) VXY sz
BT VY a A—REOHERBEFOREFOEIX DSP (Z THUE
THILIZLY, TNTNOEOREERT S L L HIZ, WInn
DIEFZBHLIZT 4 — KXY ZHIEZITO ZENARETHS.

3.2 (Bt &DLEER

AERTIE, RTFryaX—RIZL0BELEZY Y v XEA
AL U, MEFHLIMEREOFMZTS. V) Y XOH)
TEDLZEDT=D, RFvvaA—&hsDIEMEHERIZLS
T4—=RFNy 7Hl# P 4>:1.0V/m, 174 >:05V/ms)
ZfToTWa. DSP 26 DOFERElE, A% 0.5, 1.0, 2.0, 4.0 Hz,
#RIE 20 mm DO IEEF KA T v TIE 20 mm DAT v TAST &
U7z, 72, R FI2&B50FEIK 5 MPa & L7z, 1.0 Hz DEE®D
RTF VY aA—REFEINT L BHEM%E Fig. 3(a) 12, 1.0 Hz
12T 300 MEIERE) U 7z BR D& D i % Fig. 3(b) 2. %7,
2T v TIRNEDHER% Fig. 4 ITR7.

Fig. 3(a) 6 RTHN B & 512, BRIz WTIE, K7V
v a A= XOMHEIZH U THEEIZES —HLTWE. WThod
BEEIZBWTH, RIEDOMAIE 10%AN, A IFERAT 15 &
THhotz. L Lo, BERMIEL 22 L Fig. 3(b) IZR
INDEIITRY T NOREDIML, BMENFEFIZREL RS,
ZORY 7ML, B LT—EDOY T N EERLTED, v
VY ZRFHAY AT ANTORNMIERT2HD7EEEZ SN,
FRLMEDBETH 5. Fig. 4 DAT Y FIEEDHEPSH R
Ty a A= OHHE & HEEMH DAL CL, +ai
WIS AR TH L Z e300 5. D EXY, EBREIRMLIE
RBHEEDORNY T M T EMKIIBELREED0, SO FEERK
BT EF—ARTRTARIGENEEZRLTED, REICX S0

w
o

N
ol

Estimated

Ny
o

/ Potentiometer

Position [mm]
[
o

=
o

o

Time [50 ms/div]
Fig.4 Result of step response.
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Fig.5 Result of proposed position feed back sysytem.
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