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(e) Improved parallel control method

Fig.6 Bilateral control methods applied for
hydraulic force-display



op”'m 's

k=0.4, 1 [kN/m]

(3]

@

op

(b)

©

©

1[mg]

@ (d)
(€

(d)

(b)

(b)

A/D

A/D

C

@
k=1 [kN/mm]

Stewart

D/A

(©

k=0.4 [kN/m]

@

D/IA



Fm, Fs[N]

Fm, Fs[N]

Fr. Fs NI

Fm, Fs[N]

10

[

X —20

;x
3
1
o
X,

o [sec]
(a) Soft spring (k=0.4 [KN/m])
T | T | T | T | T | T
10
| Fm Fs
0 E
-20 ~,
Xm Xs i x
£
-0 X
1 I 1 1 I 1 1 1
0 1 2 3 4 5 6
t [sec
(b) Hard spring (k=1 [kN/m]) [sec]
Fig.7 Experimental results of force
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Fig.8 Experimental results of improved
paralel control method
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Tablel Motion range
Rall + 14 (deg)
Pitch -13 14 (deg)
Yav + 35 (de)
Surge -44.0 355 (mm)
Sway + 36.0 (mm)
Heave -235 225 (mm)
10
40mm
k Ay
Fe F. Fo
PD
1[ms] 20[MPa]
11 11(a)
k=0.5[kN/m] 11(b)  k=5[kN/m]
y=-20[mm]
End effector

Strain gauge

X
Valve unit <I— Amp. unit
ke TEyw
Pump unit PC

Fig.9 Parald link type hydraulic force-display
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