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Technical Abstract 

This invention relates to an end effector device for 
grasping and maneuvering objects such as berthing handles of 
a space telescope. 

The device includes a V-shaped capture window (74) 
defined as inclined surfaces (76, 78) in parallel face plates 
(22, 24) which converge toward a retainer recess (54) in 
which the handle is retained. A pivotal finger (30) meshes 
with a pair of pivoted fingers (26, 28) which rotate in 
counterrotation. The fingers rotate to pull a handle within 
the capture window into recess (54) where latches (50) lock 
handle (18) in the recess. To align the capture window, 
plates (22, 24) may be cocked plus or minus five degrees on 
base (64). Drive means is included in the form of a motor 36 
coupled with a harmonic drive speed reducer 42, which 
provides for slow movement of the fingers at a high torque so 
that large articles may be handled. 

Novelty of the invention is believed to reside in the 
combined intermeshing finger structure, drive means and the 
harmonic drive speed reducer, which features provide the 
required maneuverability and strength. 
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PATENT 

N A S A  CASE N O .  MFS 28161-1 
ORBITAL MANEUVERING VEHICLE END EFFECTORS 

Origin of the Invention 
The i n v e n t i o n  desc r ibed  h e r e i n  was made by e m -  

p l o y e e s  o f  t h e  U n i t e d  S t a t e s  Government  a n d  may b e  

5 m a n u f a c t u r e d  and u s e d  b y  o r  f o r  t h e  Governmen t  f o r  
Government purposes  wi thou t  t h e  payment of any roya l -  
t i e s  t h e r e o n  o r  t h e r e f o r .  

Background of the Invention 
The i n v e n t i o n  r e l a t e s  t o  end e f f e c t o r  d e v i c e s  

1 0  f o r  g r a s p i n g  o b j e c t s  i n  s p a c e  and  i n  o t h e r  a p p l i c a -  
t i o n s .  I n  p a r t i c u l a r ,  t h e  i n v e n t i o n  r e l a t e s  t o  end  
e f f e c t o r s  mounted t o  an  o r b i t a l  m a n e u v e r i n g  v e h i c l e  
f o r  g r a s p i n g  t h e  b e r t h i n g  h a n d l e s  o f  a s p a c e  t e l e -  
scope.  

15 Whi le  v a r i o u s  end  e f f e c t o r  d e v i c e s  s u c h  as 
t h o s e  i n  U n i t e d  S t a t e s  P a t e n t  Nos. 3 , 2 6 8 , 0 9 1 ,  
1 , 0 2 5 , 7 2 5 ,  and 4,068,763 h a v e  b e e n  known, t h e y  h a v e  
n o t  been e n t i r e l y  s a t i s f a c t o r y  f o r  c a p t u r i n g ,  g r i p p i n g  
and r e t a i n i n g  f r e e  a r t i c l e s  i n  space. I n  p a r t i c u l a r ,  

20  none  of t h e  p r i o r  a r t  end e f f e c t o r s  h a v e  t h e  a b i l i t y  
t o  s a t i s f y  a l l  of  t h e  u n i q u e  r e q u i r e m e n t s  f o r  t h e  
b e r t h i n g  of a space  t e l e s c o p e  f o r  s e r v i c i n g .  

Accordingly,  an o b j e c t  of t h e  i n v e n t i o n  i s  t o  
p r o v i d e  a n  end e f f e c t o r  d e v i c e  h a v i n g  a r e l a t i v e l y  

25 large c a p t u r e  envelope f o r  c a p t u r i n g  t h e  h a n d l e s  of  a 
space t e l e s c o p e .  

Another o b j e c t  of  t h e  i n v e n t i o n  i s  t o  p rov ide  
a n  end e f f e c t o r  d e v i c e  having  c o u n t e r r o t a t i n g  meshing 
f i n g e r s  c a p a b l e  of p u l l i n g  i n  t h e  h a n d l e s  of  a s p a c e  

30 t e l e s c o p e  w i t h  a t  l e a s t  two  hundred  ( 2 0 0 )  pounds  
f o r c e .  

Another o b j e c t  of t h e  i n v e n t i o n  i s  t o  p rov ide  
a n  end e f f e c t o r  d e v i c e  having  t h e  a b i l i t y  t o  c a p t u r e  a 
h a n d l e  o r  o t h e r  o b j e c t  w i t h o u t  p r e c i s e  a n g u l a r  a l i g n -  
ment and p a r t i c u l a r l y  wherein t h e  g r a s p i n g  f i n g e r s  may 
be  cocked w i t h i n  a p r e s c r i b e d  i n t e r v a l  of degrees w i t h  

r e s p e c t  t o  the  t e l e s c o p e  handles .  

35 

Another o b j e c t  of  t he  i n v e n t i o n  i s  t o  p rov ide  
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a n  end e f f e c t o r  d e v i c e  having  t h e  a b i l i t y  t o  l o c k  t h e  

o b j e c t  t o  t he  end e f f e c t o r  s t r u c t u r e  once c a p t u r e d  t o  
t h e r e b y  keep the  d r i v e  mechanism from hav ing  t o  ca r ry  
t h e  load  o f  r e t a i n i n g  t h e  o b j e c t  i n  t h e  e n d  e f f e c t o r  
d e v i c e .  

S t i l l  a n o t h e r  o b j e c t  o f  t h e  i n v e n t i o n  i s  t o  
p r o v i d e  a n  end  e f f e c t o r  d e v i c e  h a v i n g  l a t c h e s  which  

l o c k  t h e  o b j e c t  i n  t h e  end e f f e c t o r  d e v i c e  a f te r  cap- 
t u r e  a n d  w h i c h  m a y  be re leased  t o  f r e e  t h e  o b j e c t  
a f t e r  s e r v i c i n g  o f  the o b j e c t .  

Summary of the Invention 
The above o b j e c t s  are accompl ished  accord-  

i n g  t o  t h e  p r e s e n t  i n v e n t i o n  b y  p r o v i d i n g  a n  end  
e f f e c t o r  d e v i c e  w h i c h  i n c l u d e s  a base a n d  p a r a l l e l  
f a c e  p l a t e s  c a r r i e d  o n t h e b a s e  i n  a spaced  a p a r t m a n -  
n e r .  A p a i r  o f  p i v o t a l  f i n g e r s  a r e  c a r r i e d  by t h e  
f a c e  p l a t e s  f o r  r o t a t i o n  i n  one d i r e c t i o n ,  and a n  in-  
t e r m e s h i n g  f i n g e r  i s  p i v o t a l l y  c a r r i e d  b y  t h e  f a c e  
p l a t e s  f o r  r o t a t i o n  i n  t h e  o p p o s i t e  d i r e c t i o n  i n  a 
manner  s u c h  t h a t  t h e  i n t e r m e s h i n g  f i n g e r  a n d  p a i r  o f  
f i n g e r s  move i n  a c o u n t e r r o t a t i n g  f a s h i o n  f o r  i n t e r -  
m e s h i n g .  V-shaped g u i d e  s u r f a c e s  a r e  f o r m e d  i n  t h e  
f a c e  p l a t e s  w h i c h  t a p e r  i n w a r d l y  a n d  t e r m i n a t e  a t  a 
r eces s  w h i c h  c o n f o r m s  i n  shape g e n e r a l l y  t o  t h a t  of 
t h e  o b j e c t  be ing  handled. The V-shaped g u i d e  s u r f a c e s  
d e f i n e  a c a p t u r e  e n v e l o p e  i n  w h i c h  t h e  o b j e c t  may  be  
cap tu red .  Once cap tu red ,  t h e  c o u n t e r r o t a t i n g  f i n g e r s  
g r a s p  t h e  o b j e c t  a n d  p u l l  t h e  same i n t o  t h e  recess. 
I n  t h e  recess ,  l a t c h e s  a re  p r o v i d e d  f o r  l o c k i n g  t h e  

o b j e c t  i n  t h e  r e c e s s  and a n  a c t u a t o r  i s  p r o v i d e d  f o r  
l o c k i n g  and  r e l e a s i n g  t h e  l a t c h e s .  A d r i v e  f o r  t h e  

r o t a t i n g  f i n g e r s  i s  p r o v i d e d  b y  a m o t o r  a n d  a s p e e d  
r e d u c e r  wh ich  r e d u c e s  t h e  s p e e d  b u t  i n c r e a s e s  t h e  

t o r q u e  o f  t h e  r o t a t i n g  f i n g e r s  so  t h a t  a s u f f i c i e n t  
p u l l  i s  provided f o r  p u l l i n g  i n  l a r g e  a r t i c l e s  such  as 
the  h a n d l e s  of a space  t e l e scope .  To enhance t h e  cap- 
t u r e  c a p a b i l i t y ,  t h e  f a c e  p l a t e s  may b e  c o c k e d  r e l a -  
t i v e  t o  t h e  base w h e n  t h e  s p a c e  h a n d l e s  a r e  n o t  i n  
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proper angular alignment with the end effector device. 

Description of the Drawings 
The construction designed to carry out the in- 

vention will hereinafter be described, together with 
5 other features thereof. 

The invention will be more readily understood 
from a reading of the following specification and by 
reference to the accompanying drawings forming a part 
thereof, wherein an example of the invention is shown 

Figure 1 is a perspective view illustrating an 
orbital space vehicle having end effectors constructed 
in accordance with the present invention for berthing 
with a space telescope; 

15 Figure 2 is an elevation view with parts cut 
away illustrating an end effector device constructed 
in accordance with the present invention; 

Figure 3 is a sectional view taken along line 
3-3 of Figure 2; and 

20 Figure 4 is a perspective view of intermeshing 
fingers and counterrotating drive therefor constructed 
in accordance with the present invention. 

10 and wherein: 

Description of a Preferred Embodiment 
Referring now in more detail to the drawings, 

25 an orbital maneuvering vehicle 10 is illustrated in an 
earth orbit along with a space telescope 12. The or- 
bital maneuvering vehicle 10 is provided with three 
end effector devices, designated generally as A, con- 
structed in accordance with the present invention. 

30 The end effector devices may be attached by remote 
manipulator arms 16 which supply power and control to 
the end effector devices in a conventional manner for 
operation. Space telescope 12 comprises telescope 
handles 18 on the end of the telescope. These handles 

35 are commonly referred to as berthing handles. These 
handles are utilized in accordance with the present 
invention to be grasped by the end effector devices of 
the orbital maneuvering vehicle. In this manner, the 
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o r b i t a l  m a n e u v e r i n g  v e h i c l e  m a y  b e  d o c k e d  w i t h  t h e  

s p a c e  t e l e s c o p e  f o r  s e r v i c i n g .  
A s  c a n  b e s t  be s e e n  i n  F i g u r e s  2 and  3 ,  e a c h  

end e f f e c t o r  d e v i c e  A i n c l u d e s  p l a t e  means i n  t h e  form 
5 o f  a p a i r  o f  s p a c e d  p a r a l l e l  f a c e  p l a t e s  22 and  24. 

The f a c e  p l a t e s  are  s e p a r a t e d  b y  r o t a t a b l e  in t e rmesh-  
i n g  f i n g e r  means  i n  t h e  f o r m  o f  a p a i r  o f  f i n g e r s  26 
and 28 and a n  i n t e r m e d i a t e  f i n g e r  30. F i n g e r s  26 and 
28 r o t a t e  i n  c o u n t e r r o t a t i o n  t o  i n t e r m e d i a t e  f i n g e r  30 
s o  t h a t  the f i n g e r s  in te rmesh .  I n t e r m e d i a t e  f i n g e r  30 
r o t a t e s  abou t  a p i v o t  axis and c e n t e r  32 whi le  f i n g e r s  
26 and 28 r o t a t e  abou t  a c e n t e r  p i v o t  a x i s  34 la te ra l -  
l y  o f f s e t  w i t h  r e s p e c t  t o  c e n t e r  32 b u t  i n  t h e  same 
h o r i z o n t a l  p l ane .  

15 D r i v e  means  i s  p r o v i d e d  f o r  r o t a t i n g  t h e  
f i n g e r s  i n  t he  form o f  a motor  36 h a v i n g  a hous ing  38. 
The r o t o r  o f  t h e  m o t o r  i s  mounted  on a s h a f t  4 0  and  
t h e  s t a t o r  o f  the motor i s  c e n t e r e d  i n  the  hous ing  38. 
Mounted t o  t h e  m o t o r  o u t p u t  s h a f t  4 0  i s  a s p e e d  re- 
d u c i n g  means w h i c h  p r o v i d e s  a speed  r e d u c t i o n  a n d  a 
t o r q u e  m u l t i p l i c a t i o n  f a c t o r  o f  o n e  h u n d r e d  s i x t y  
( 1 6 0 ) .  The s p e e d  r e d u c e r  i s  p r e f e r a b l y  a Harmonic  
d r i v e ,  model HDC-1M-160-2AJ manufac tured  by the  Har- 
monic Dr ive  D i v i s i o n  of U.S.M. Corpora t ion ,  Wakefield, 

25 M a s s a c h u s e t t s .  The o p e r a t i n g  p r i n c i p l e  o f  t h e  Har- 
monic d r i v e  i s  t h a t  i t  u s e s  a r o t a t i n g  e l i p t i c a l  ele- 
m e n t  t o  p r o d u c e  r h y t h m i c  d e f o r m a t i o n  o f  a t o o t h e d  
e l a s t i c  member r e a c t i n g  a g a i n s t  a t o o t h e d  r e a c t i o n  
member. D i f f e r i n g  t o o t h  members on the  meshing e l e -  
ments  produce reduced ou tpu t  motion w i t h  co r re spond ing  
m u l t i p l i c a t i o n  of  torque.  R a t i o s  between abou t  s i x t y  
t o  o n e  ( 6 0 : l )  and  two  h u n d r e d  t o  o n e  ( 2 0 0 : l )  c a n  b e  

a c h i e v e d  i n  a s i n g l e  pass w i t h  t he  Harmonic d r i v e .  
F i n g e r  30 i s  mounted a l o n g  w i t h  a gear s e c t i o n  

35 4 4  o n  a s h a f t  46 .  Motor  36 ,  Harmonic  s p e e d  r e d u c e r  
42,  f i n g e r  30 ,  g e a r  s e c t i o n  4 4 ,  a n d  s h a f t  46 ,  r o t a t e  
a b o u t  c e n t e r  32. Gear s e c t i o n  4 4  m e s h e s  w i t h  a g e a r  
s e c t i o n  4 8  w h i c h  i s  a t t a c h e d  t o  f i n g e r s  26  a n d  28 t o  

20  

30 
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r o t a t e  these f i n g e r s  i n  c o u n t e r r o t a t i o n  t o  f i n g e r  30. 

R e t a i n e r  means f o r  r e t a i n i n g  h a n d l e  1 8  i n  a 
l a t c h e d  p o s i t i o n  i n  t h e  e n d  e f f e c t o r  d e v i c e  i s  p r o -  
vided by l a t c h  means i n c o r p o r a t e d  i n t o  f a c e  p la tes  22 

5 and  24 wh ich  i n c l u d e  l a t c h e s  50 wh ich  r o t a t e  a b o u t  
c e n t e r s  52. L a t c h e s  50 s e r v e  t o  r e t a i n  t h e  t e l e s c o p e  
handles  i n  a r e t a i n e r  r e c e s s  54. The t e l e s c o p e  h a n d l e  
o r  o t h e r  o b j e c t  i s  h e l d  f i r m l y  a g a i n s t  t he  la tches  50 
b y  a s p r i n g - l o a d e d  pad 56. Means f o r  a c t u a t i n g  t h e  

1 0  la tches  50 i s  p rov ided  whereby t h e  l a t c h e s  are retrac- 
t e d  t o  re lease  t h e  t e l e s c o p e  h a n d l e  by movement  of  
f i n g e r s  26 ,  2 8 ,  and  30 t o  a full open  p o s i t i o n .  I n  
t he  f u l l  open p o s i t i o n ,  the  f i n g e r s  c o n t a c t  and r o t a t e  
cams 57,  o n l y  o n e  of which  m a y  be  s e e n  i n  t h e  c u t  away 

1 5  v i e w  of  F i g u r e  2. However, i t  i s  t o  be u n d e r s t o o d  
t h a t  a second cam i s  l o c a t e d  i n  a cor responding  l o c a -  
t i o n  t o  be c o n t a c t e d  by i n t e r m e d i a t e  f i n g e r  30. Rota- 
t i o n  of cams 57 r e t r a c t s  l a t c h e s  50 b y  l i n k  means  i n  
t h e  f o r m  o f  l i n k a g e  arms 58 p i v o t a l l y  c o n n e c t e d  t o  

20  l a t c h e s  50  a n d  cams 57. The l a t c h e s  a r e  h e l d  o r  
l o c k e d  i n  t h e  d e p l o y e d  p o s i t i o n  a g a i n s t  s t o p s  60  by 
means of t o r s i o n  s p r i n g s  62 w i t h i n  cams 57. 

The face p l a t e  and f i n g e r  assembly i s  mounted 
t o  a base 64 b y  a p i v o t  p i n  66. T h i s  p i v o t a l  mount  

25 a l l o w s  t h e  f a c e  p l a t e  and  f i n g e r  a s s e m b l y  t o  c o c k  a 
prescr ibed  number of degrees ,  p referab ly  p l u s  o r  minus 
f i v e  ( 5 )  degrees, u n t i l  abutment  shou lde r  s u r f a c e s  68 
a r e  r e a c h e d .  A l e a f  s p r i n g  70 i s  a t t a c h e d  t o  p i v o t  
p i n  66 a n d  i s  r e t a i n e d  i n  base 64 b y  p i n s  72. The 

30 l e a f  s p r i n g  p r o v i d e s  c e n t e r i n g  of  t h e  f a c e  p l a t e  a n d  
f i n g e r  a s sembly .  

I n  o p e r a t i o n ,  i n  o r d e r  t o  a f f e c t  d o c k i n g  of 
t h e  o r b i t a l  maneuvering v e h i c l e  1 0  w i t h  t h e  h a n d l e s  18 
of t h e  space  t e l e s c o p e  1 2 ,  t h e  o r b i t a l  m a n e u v e r i n g  

35 v e h i c l e  a p p r o a c h e s  t h e  s p a c e  t e l e s c o p e  u n t i l  t h e  

handles  are w i t h i n  t h e  c a p t u r e  envelope 74  d e f i n e d  by  
s u r f a c e s  76 a n d  78 formed i n  t h e  f a c e  p l a t e s  2 2  a n d  2 4  

w h i c h  a c t  as  means  for g u i d i n g  h a n d l e  1 8  i n t o  r e c e s s  
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54. T h e  L-shaped  f i n g e r s  26 ,  28 and  30 a r e  a c t i v a t e d  
a t  t h i s  t i m e  t r a p p i n g  t h e  h a n d l e  and  f o r c i n g  t h e  
h a n d l e  i n t o  r e c e s s  54. I n i t i a l l y ,  t h e  f i n g e r s  a r e  
p i v o t e d  t o  a comple te ly  open p o s i t i o n  where in  f i n g e r  

5 bases 3 0 a ,  26a ,  28a a r e  g e n e r a l l y  h o r i z o n t a l .  The 

g u i d e  s u r f a c e s  76,78 a r e  e n t i r e l y  c l e a r  f o r  g u i d i n g  
h a n d l e  1 8  i n t o  t h e  "V1! 7 4  w h e r e u p o n  t h e  f i n g e r s  
c o u n t e r r o t a t e  t o  p u l l  t h e  h a n d l e s  i n t o  r e c e s s  54. 

As t h e  f i n g e r s  move i n  c o u n t e r r o t a t i o n ,  t h e  

1 0  f a c e  p la te  and f i n g e r  assembly may cock abou t  p i v o t  66 
t o  a l l o w  t h e  h a n d l e  t o  f u l l y  e n t e r  r e c e s s  54 and  en-  
gage a l l  f o u r  l a t c h e s  50. When f u l l y  r e c e i v e d  i n  re- 
cess 54, t he  handle  of the space t e l e s c o p e  w i l l  engage 
a n d  d e p r e s s  s p r i n g - l o a d e d  pad 56 and  be  r e s i l i e n t l y  

1 5  r e t a i n e d  i n  r e c e s s  54. The hand le  w i l l  bot tom o u t  on 
f a c e  p la tes  22 and 24. 

C u r r e n t  t o  motor  36 w i l l  r i s e  and  t h e  m o t o r  
w i l l  b e  c u t o f f b y a  c u r r e n t  l i m i t i n g  s w i t c h .  A t  t h i s  

p o i n t ,  t h e  f i n g e r s  2 6 ,  28,  and  30  may be  backed  o f f  
20 a n d  t h e  t e l e s c o p e  h a n d l e s  w i l l  b e  r e t a i n e d  a g a i n s t  

l a t c h e s  50 by spr ing-loaded pad 56. T h i s  p r e v e n t s  the 
t e l e s c o p e  h a n d l i n g  l o a d s  f r o m  b e i n g  i m p a r t e d  on  t h e  

d r i v e  mechanism. 
When t h e  t e l e s c o p e  h a n d l e s  are  t o  be released, 

25 f i n g e r s  26 ,  28, and 30 a r e  moved t o  t h e  f u l l  open  
p o s i t i o n .  I n  t h i s  p o s i t i o n ,  t he  f i n g e r s  a c t u a t e  cams 
57 wh ich  r e t r a c t  l a t c h e s  50 b y  way of l i n k s  58  and  
f ree  the t e l e s c o p e  handles o r  o t h e r  o b j e c t  b e i n g  g r i p -  
ped. When cams 57 have moved th rough  f u l l  t r a v e l ,  t he  

30 m o t o r  c u r r e n t  w i l l  a g a i n  r i s e  and  t h e  m o t o r  w i l l  b e  

c u t  o f f  by convent iona l  c u r r e n t  l i m i t i n g  s w i t c h .  
While a preferred embodiment of t he  i n v e n t i o n  

has been d e s c r i b e d  us ing  s p e c i f i c  terms, such d e s c r i p -  
t i o n  i s  f o r  i l l u s t r a t i v e  p u r p o s e s  o n l y ,  and  i t  i s  t o  

35 be unde r s tood  that  changes and v a r i a t i o n s  may be made 
w i t h o u t  d e p a r t i n g  from t h e  s p i r i t  o r  s c o p e  o f  t h e  
f o l l o w i n g  c la ims .  



Abstract of the Disclosure 
An end e f f e c t o r  d e v i c e  ( A )  f o r  g r a s p i n g  and 

h o l d i n g  a n  a r t i c l e  such  as a h a n d l e  ( 1 8 )  o f  a s p a c e  
t e l e s c o p e  i s  d i s c l o s e d .  The d e v i c e  i n c l u d e s  a V- 

5 shaped  c a p t u r e  window ( 7 4 )  d e f i n e d  as  i n c l i n e d  sur- 
f a c e s  ( 7 6 ,  78 )  i n  p a r a l l e l  f a c e  p l a t e s  ( 2 2 ,  2 4 )  which  
conve rge  t o w a r d  a r e t a i n e r  r e c e s s  ( 5 4 )  i n  wh ich  t h e  
handle  i s  r e t a i n e d .  A p i v o t a l  f i n g e r  (30)  meshes w i t h  

a p a i r  of p i v o t e d  f i n g e r s  ( 2 6 ,  28)  which  r o t a t e  i n  
1 0  coun te r ro t a t ion .  The f i n g e r s  r o t a t e  t o  p u l l  a handle  

w i t h i n  t h e  c a p t u r e  window i n t o  r e c e s s  ( 5 4 )  where 
l a t c h e s  ( 5 0 )  l o c k  handle  (18) i n  the recess. To a l i g n  
the  cap tu re  window, plates (22 ,  2 4 )  may be cocked p l u s  
or minus f i v e  deg rees  on base (64). 


