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Abstract

The Six Degree-of-Freedom manipulators are generally operated by linear actuators which are

hydraulic cylinder, pneumatic cylinder, ball-screw. But, these actuators are not adequate to have

a wide work-space, and furthermore some of them have a self-locking property. Therefore, we

have designed a new manipulator which fully overcomes these demerits. The new manipulating

system consists of § DC-motors to generate operation forces and 6 position transducers to

feedback displacement signals. This paper presents an overview of the design and characteristics

of 6 Degree-of-Feedom force feedback manipulators for virtual reality implementation. We can

operate Six Degree-of-Freedom manipulator with six motors and six potentiometers.
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Fig. 1 Schematic diagram of a six degree-of-free-

dom joystick system.
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Fig. 9 Photo of the six degree-of-freedom joystick.

heave{mm)

0
surgeimm) 50 o100

Fig. 10 Maximum work space of surge and sway as
heave increases.

32 BARE HEY|FO 2SI

HH7l 7o Fudde TEiibe] st 8§
o] zpedAdolol o] AAcek FE ez
A Zlelzyaekel A &4 A
7t s Al ofe A AR %
oA Zolot Fgutefel o] Ftake] wheHEE o] &
stel Al (9ot A (10) ez e olAlzhel W elet
Tedds 7 4 sleh Fig 102 385l

£ AA, Hoedol 2 vebile
FTHAA R} ofdl Fol A sl H2 FEdAE
7hAlet, Fig 112 8| Bf-Fel o &3 32 &
ol Adgs vl FAbA e Aol wE
doo] WA Adel vebta FRA shrke]e A

£l o] 52

o
'E%Oo

w = - 10 oO.% °
b ogste 45% o4l We SEejele
° o

9eg o & otk Fig 126 523 =27

iy

il
4
3.

heave{mm)

roll(radin)

Fig. 11 Maximum work space of roll and pitch as

heave increases.

heave{mm)

8Itch(radian)

2.5

rollradian) 0.

Fig. 12 Maximum work space of roll and pitch in case
that the actuator is a cylinder type.

heave(mm)
100

50
0

-100

Fig. 13 Maximum work space of surge and sway in
case that the actuator is a cylinder type.

T AL AR el Aol gsh A A Zele

o
40%5 7z Alsle] Jele] WEv o e %

4

o

doie el olAe ufdl wE Fat
sS4 $5el Aelodele T slold, Fig. 11004
ot dzdor Falw ofelEeld £Eodelol
FA8 AL o

4= it} Fig. 138 Ay 3

efo] WHrgob 2 Aol sslol ke A



474 71 A
torce(X9.813 Ny
Pl
35, A
3
25
100
100 sway{mm}

14 Axial variation of the z-directional force as
heave increases.

Fig.

40" :
i Ref. input
* / Experimental result
z y f
£ 20
]
>
8 10
=
€ 0
8
E -10
I3
5 20
-30
[\ 2 4 6 8 10
time(sec)
Fig. 15 Sinsoidal response of the platform.
40
Ref. input
30 a — Experimental result
€
£ 20
[
g 10 ;
£ :
H 0} 2o i
& :
3 10 H
o R
L 20 ¢
30
[
time(sec)

Fig. 16 Step response of the platform.
g vEbl Zleleh Fig. 109 #dl et
ularstel Wl A slu g glell Al A A o}
sdlel F¥el 4%E ok & gleh ofabel Autz
Sy arelyl Alawle r)E Ay Feje| Wl
Fol el e $EAAL AN £ ULT
2= 0]
1™ AA

=N

T 4

33 gl =gt

BRI 2RES FEANE FAA
= w3 Aabsilch, Fig. 142 Z=-30,
0. 30, 50004 Zwbake] & viebdch 2o
fkol SIFESE Fo] AAe AL #BAel sfsiAl
= del 79 Yol 2elE ol o] 77

;
genwel el 7

_s

A 600 g% 4—1’4 o}“‘i
et

g9

ol 7

7o) 5
%o
ol Al Aol 4]
w BgEel AAE Feh Ao
A sbete] Fateieh,

a7

B
rr

el

& ofuff

sk,

H

1

2
—u
it

i
£

N
o

i N_OL'—{}'JN
o 2 2 2 m ooy b

*H
T

‘%'\,: f; ',E]_LH L]— Flg 1

whoA e

e et Rl s B R
gl 4], slo] A, -iela
712 Aol atslel v)4rshel o,
dalet,
el o -

14 O Lo
vH -

714,

1 AN E

b s

7 ahet 4

PN o]

A
NS

-

A1
e A

—1 -
“Q\O

R
| e}

A oleola o] -

—_
— ¢

Ztell A ol A= 4F

s
T

o] tol AAlH

o

[«3

3
1

<

3 §1l iRy al i, E3

s

#
o)

—~
.—f—‘

2) 5
AFo| A S

5,:— ,(ﬂo—] o]»O i "4

ojol atell A st A= 39

ol A+ 1*

.

AL,

Ao 3t

;E,



645 ZARA S A A Te S4ol Ba AT 475

(3) 674e] AlAist 6749 DC e S x5 6
FE AT £5S AW 9 4 ek
HF AFE Aadlel Aeldye SabalsE

4
o, zo|xEs) 7l oke) HeUEAL o] §otod

2YFY AdE midYshs 2E Bedt

%]

ta

Ho
ret

(1) Aukstakalnis, S. and Blatner, D., 1992, “Sili-
con Mirage . The Art and Science of Virtual
Reality,” Peachpit Press.

(2) Roy S. Kalawsky, 1993, The Science of Vir-

tual Reality and Virtual Environments, Addison

-Wesley.
(3) Tsusaka, Y., Fukuizumi, T. and Inoue, H.,

1987, “Parallel Manipulator : Its Design and
Mechanical Characteristics,” Journal of the
Robotics Society of Japan, Vol. 5 No3, pp.
12~19.

(4) Stewart, D., 1965-66, “A Platform with Six
Degrees of Freedom Part 2,” Proc. of the Insti-
tute of Mechanical Engineers, Vol. 180, No. 15,
pp. 371~ 386.

(5) AL, o, 1994, “Afole EHE
et alel AAZ A7, la) A9
A, 184, A7&, pp. 1632~1642,

(6) McCallion, H. and Truong, P. D., 1975, “The
Analysis of a Six-Degree-of-Freedom Work
Station for Mechanized Assembly,” Proc. of the
Fifth World Congress on Theory of Machines
and Mechanisms, pp. 611~616.

+

Ay



