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ABSTRACT

Common static trusses are constrained to permit no relative vlotion between truss
elements. A Variable Geometry Truss (VGTL however, is a tru.,_ which contains some
number of variable length links. The extensible links allow the truss to change shape
in a precise, controllable manner. These changes can also be used to control the
vibrational response of a truss structure or to perform robotic tasks.

Many geometric configurations, both planar and spatial, are possible candidates for
VGT manipulators. For this presentation only two geometries will be discussed; the
three degree-of-freedom (DOF) spatial octahedral/octahedral t1_ss and the three DOF
planar tetrahedral truss. These truss geometries are used as the fundamental element
in a repeating chain of trusses. This results in a highly dexterous manipulator with
perhaps 30 to 60 degrees of freedom that retains the favorable stiffness properties of a
conventional truss. From a fixed base, this type of manipulator could perform shape or
vibration control while extending and "snaking" through complex passageways ox
moving around obstacles to perform robotic tasks.

In order for this new technology to be useful in terms of robotic applications the
forward and inverse kinematic solutions must be efficiently solved. The approach
taken here is to first concentrate on fully understanding the Ibrward and inverse
kinematics of the fundamental elements and then utilizing th,." insight thus gained to
solve the more complex problem of the kinematic chains. The inverse solution of a 30
DOF planar manipulator will be discussed. The discussion will focus on how to specify
parameters for an underspecified system by using shape control algorithms.

PRE_It,_G PAGE BLANK NOT FILMED

https://ntrs.nasa.gov/search.jsp?R=19900000806 2020-03-20T00:26:43+00:00Z



Im

0

0

lira

N
0 +_ 0
E E - _E
L d 0 @

_C £ +J
@ _0 E L

0 O -- O)
M E g i_

@ O_ o
, E [E

D o
_" O II ,
__ EL fi-
t _)

$
D
0
E

3 G) 3
_0 -- L
@ L L

m O o
_2 T
©



O

i

¢13
Im

E
0

°--

-W
°--

£

h-

@
[3

@

D_
E

.--

@

E
H

0
0

-W

@
-W

@

d

@
E
0
@

@
£

@

E
0
0

£
@

Z

@
@
J
L

Z

®.
£
@

@

__O
d

L

@
>

't-

0

L

@
_@
E
J
C

0

@
L

@
_£)
E
@
E



0

I

II

@
0

..#

@
.--

L

@
._#

0
@
L

0
_£
0

h-

0

D

@
L

..#

C
@

D
@
@
0
EL
E
0
G

O_
L

@
_@
E
@
E

@
0
L

0
h-

0

E
0

@
@
@
L

D_
E
0
0

\
E
0

@
F
@

-W

@
L

J
D_

k.J

0
-d

[0
@
@
F

%-

0

-_ -W

L

-W -_

E_£
@ 0-)

- @
(1) S
0
X
LU

I

@
J
O
@

@
.--

EL
0
Q

0

L

@
_O
E
J
Z

h-

0

L

@
D
E
J
E

@
£
+J

0
+J

O_
_Z
C

@

D
.--

@
C
@

-W

X
@

986



llm

0

0
I

Od
kJ

L

0
E
0

EL

L

m

0
L

_D

£
0
L

\

\
\

98'7



II

ilil

II

]3
@
f-

0
L

+J

@
C
@
@

0

]3
@

-H

0
@
E
£
0
0
L

@
-H

E
o_

o

]3
] 02
__ C
@

@
_C
F-

I

E
0 ]3

-H @
0 --

E L

t

E
0

-W
ol

O)
0
EL

@
@
-0
]

0
E

%

F
0

-H

0
E

n

I

@

13
C
O

E
0

..#

d
L

@

@
0
0
O

3)
..#

0
0

@
>

I

0")
fl)
>

-g

0
>

L

@
-0

L

@
2.
@

2_

988



O

I

II

I

II

II

E
H

13
L

0

L

0
LL

@
@
L

@
>

k,'

O)
0

.I

0
E
¢
£

O}
0

-4

Oi
E
@
E

k,'

O
-_ c9
@/

F
I--

N
"__1

>-

II _

XI
|(I Oe

E
@-0
> E

_J_
@

, (-

_J
(_

_J
X

II OI

E
@ ]D
> E

D

.£

/ °
.2

= ¢8

)-

x



C_

I

II

0

E
0

@-_
L -_

h- L

i @

@ 0 X
® t @
r @f]

L @
L

@ @

f-
@ @

-_ L

X 0
WE

I I

f'h

L @
0 0

.4-/ .--

(1) 0
E_E
0 0
L

0
El @

L

£11
©

b-

_- ,,j

0
(D
O_
@

#

(a
]
2

990



mmm

0

mm

0

W
I

X

C_O

0

0
£
0

L

I

E
kJ

0
m

0

0

0

0
I



0

0
i_

Q.
Q.

II

.l.a

II

0

0 O_

E

EL{I)
-- e ]
E-_ L

E

ELI-
0 0#
O_ EL

O)
_- (D

D_O E
---

-- L F
0 _ L
@_DE)
ELE _u
_0 ] e

E-O
0
H

E
@

@
@
L

£

@
£

E
0

+J

]

E

E
0

P

@
+J

@
£
H

@
£
®

E
@

@
@
0

£
0

£

@
E
0
@

E

@

_0
@ |

• E L
)-ELI]]

# O E
,-- > E
X L O

0 b E
,_ O')Od
@- 0
L 0 L --

@ @ #
# E_E 0

O (]) _J
L > @ @
00_E ])
[1£ _J @

992



m

0

m

0

0

0

lira

0

r_

×
r_

÷
OJ

×

÷

X

÷
0

II

×

L

I!

D

I1
X

0

P

0
X

\\\\

@
@
(3

0
£
0

@
@
L

I

E

©

0

0
@
O_
0}

0
I

993



0

oO

(00 NO (O v N _-
X X X X
(9 CO CO C]

O O @ 8

÷

X
N
@

÷
[]

X

8

÷ ÷ ÷
0 N v _-
× X ×
N N Od

0 @ @
Od OJ

÷ ÷ ÷

×

@ @ @

÷
0

@

+
0
@

0

X
k.../

©
X X

k.../

X
.kJ



im

0
m/

Im
A

/

/

/

/

/

/

0
>-

©
X

om

0
0
O.
O)

F
ED_
C D
- C
0
0
EL

×

L

0

D
O)
O)

0
L
0

L
0

D
O)
O)
o"

O)
C

0
0
O.
g)

O)

_0
0

O.
0

-0



I

_0

/
(

/

m

@
[- ._

O_
._ _-

Ow
0 0

°-- O_

C_-
0-- O]
-- @ C

@--
] CE_
- @ @
0 @

] 0
F O_ L

L _ O_
0 "--

__

E @
I] 2-
@ E-
_-- 0
0 C L

I I I

996



m

@
o_

q
mm

m

.._ .-#
# D
00.
O.C

0
>

"-- O_

-# C
0 o-

C N
L o-

O) E
._ o--

- C
0 --

E
C °
0 O)

0)-

g- L

O-D

7'

7
7
Z

±

/



m

..j

@

/

U
0
m

m

Is



II

II

I

q
I

q

0 C
_)

0
0_>

0
0

I

_C 0
+_ 0

.!"i
W2_

W

0 Z

W 0

C.)
H

i



m

t@
Ill

I

O

m

I

z_
0

H

--r-J

<D H

I.-I

ED
n'-

-I-

I-!

adz

0

Z

<D

J

0

/000



I

et

t'_ (7

_)

P P

(U

kJ kJ

Ii II !1

C C
(Ur

!i !1 Ii

(9
0)
kJ

4-

C

.- OJ ¢}
1 1 _J

/OOJ

U
+

C
n

0

C
m

0
rn

I

_U

0
0

O)
0
0
0
CO
+
N

0
0
E
+

0
0
0

I

_J
H
0



U

m
Q

0

II

/

1002


