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ABS TRACT 

Early developmental t es t ing  of  the Remote Manipulator System (RMS) revealed 
t h a t  on-orbit  handl i n g  o f  various payloads on the  Space Shut t le  Orbiter Space- 
c r a f t  may prove to  be beyond the capabi l i ty  of the system without the ass i s tance  
of a handling a id .  

An aid concept known a s  the PIDA (Payload Ins t a l l a t ion  and Deployment Aid)  
i s  presented a s  a way t o  a s s i s t  the  RMS by relaxing the  accuracy required d u r i n g  
payload handling i n  the  payload bay. The aid concept was designed and developed 
t o  move payloads through a prescribed path between the  confined quarters of the 
payload bay and a posit ion outs ide the c r i t i c a l  maneuvering area o f  the  Orbi ter .  

An  androgynous docking mechanism is  used a t  the  payload/PIDA interfaces  
for normal docking functions t h a t  a lso serves a s  t he  s t ruc tura l  connection 
between the  payload and the Orbiter,  t ha t  i s  capable of being loosened t o  pre- 
vent t ransfer  of loads between a stowed payload and the  PIDA s t ruc ture .  A 
gearmotor driven drum/cable system i s  used i n  the  docking mechanism i n  a unique 
manner t o  center the  at tenuator  assembly, a l ign  the r i n g  and guide assembly 
(docking in te r face)  i n  r o l l ,  p i t c h ,  and yaw, and r ig id i ze  the mechanism a t  a 
nominal posit ion.  A descr ipt ion of the design requirements and the  modes of 
operation of  the various functions of the deployment and the  docking mechanisms 
a r e  covered. 

INTRODUCTION 

The conceptual d e s i g n  study and operational simulations of the Remote 
Manipulator System (RMS) i n  the JSC Manipulator Development Fac i l i t y  (MDF) 
ident i f ied a need for  an aid i n  the  handling o f  l a rge  payloads in to  and out  of 
the cargo bay by the  manipulator. 

In response t o  t h i s  need, a payload handling aid concept was designed and 
developed f o r  use w i t h  the RMS. 

The i n i t i a l  design concept was turned i n t o  prototype hardware for  t e s t  and 
evaluation and this developed i n t o  a second set  o f  prototype hardware t h a t  helped 
t o  define the  concept a s  i t  i s  presently known and described i n  t he  following 
sect ions.  

The i n i t i a l  concept of the deployment mechanism contained one ro ta t ing  arm 
assembly t o  be used i n  conjunction w i t h  the  RMS/operator fo r  payload handl i n g .  
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After building and testing prototype hardware o f  the  Aid w i t h  a prototype o f  
the  manipulator, i t  was discovered t h a t  the  RMS operator was unable t o  follow 
the  arc  path required t o  keep the payload aligned. I t  was concluded tha t  the 
handling a id  shou ld  be capable o f  moving the  payload between the stowed and 
deployed pos i t i ons  automatically w i t h o u t  the  assis tance o f  the  RMS i n  the 
control loop b u t  t h a t  the R14S would be i n  complete control of the payload d u r i n g  
docking o r  undocking w i t h  the payload/orbiter in te r faces  on the  handling a id  
mec ha n i  sm . 

The resu l t ing  aid concept, depicted i n  Figure 1 ,  known as  the PIDA (Payload 
Ins t a l l a t ion  and Deployment A i d )  i s  presently be ing  fabr icated a s  f l i g h t - l i k e  
hardware for  engineering development t e s t  and evaluation i n  the JSC Manipulator 
Development Fac i l i t y ,  T h i s  e f f o r t  i s  intended to  develop the a id  concept t o  a 
s t a t e  of readiness for a m i n i m u m  lead time for  f l i g h t  hardware and a t  the same 
time developing the electromechanical actuator  and the docking mechanism fo r  
potential  use i n  other appl icat ions.  

REQUIREMENTS 

The basic requirements t h a t  were imposed on the  Payload Ins t a l l a t ion  and 
Deployment Aid concept a re :  

0 

0 

0 

. O  

0 

0 

0 

Provide 1 ine of s i g h t  docking points outs ide o f  c r i t i c a l  maneuvering 
a rea .  

Util ize  s ingle  point capture steps a s  opposed t o  mu1 t i -po in ts  requiring 
simultaneous capture.  

Use mechanism t o  move the payload from deployed t o  stowed posit ion 
without exceeding a 75mm (3.0 inch) payload clearance envelope. 

Accommodate payloads ranging u p  t o  4.57 meters (15 f t )  dia  by 18.3 meters 
(60 f t )  long and 289 kN (65,000 l b s )  weight .  

Accommodate payload contact ve loc i t ies  u p  t o  30mm/sec ( . l o  f t /sec) and 
.011 rad/sec w i t h  a l a t e ra l  mismatch of 150mm (6.0 inches) maximum and 
angular mismatches of 915' i n  p i tch and yaw and flOO i n  r o l l .  

Design t o  stow i n  a confined space under the  closed doors w i t h  a la rge  
payload i n  the cargo bay. 

Util i ze  exis t ing longeron b r idge  f i t t i n g  attachments for s t ruc tura l  
connection. 

PIDA ASSY DESCRIPTION 

The PIDA assembly shown i n  Figure 6 i s  made u p  of a deploy/stow mechanism, 
an in te r face  mechanismg an electromechanical ro ta ry  actuator  w i t h  i t s  respective 
electronic  controls ,  and a base, w i t h  a j e t t i s o n  in te r face ,  t h a t  connects the 
assembly t o  the Orbiter longeron bridge f i t t i n g  on in s t a l l a t ion .  

236 



The operation o f  the  assembly between the  stowed and deployed posit ions,  
shown i n  Figure 7 ,  i s  done remotely from the RMS opera tor ' s  s t a t ion .  The 
operator can se l ec t  the  degree of deployment desired and monitor i t s  p o s i t i o n  
from a display o f  the opt ical  encoder data tha t  i s  used t o  control the drive 
motors and keep them synchronized t o  w i t h i n  one-tenth of a degree. 
for a spec i f ic  payload provides the  control of the master drive t o  accelerate  and 
then decelerate  the  payload to s t o p  a t  the desired point w i t h o u t  overrun o r  
excessive s t ruc tura l  loads on the  PIDA s t ruc ture  o r  the  Orbiter longeron a t tach  
p o i n t s .  The accuracy provided by the control system o f fe r s  precise pointing of 
payloads and opens the poss ib i l i t y  of l imited tracking u s i n g  the PIDA dr ive  
sys tem w i  t h  added t r a c  k i  ng sensors. 

Preprogramming 

DE PLOY / S TOW M ECHAN I SM 

The basic purpose o f  the  deploy/stow mechanism i s  t o  control the movement 
o f  the payload posi t ively and accurately between t h e  stowed and deployed 
pos i t i ons  and t o  loca te  the  payload in a deploy posit ion t h a t  i s  away from the 
Orbiter,  outs ide o f  the c r i t i c a l  maneuvering area b u t  w i t h  the  docking in t e r -  
faces i n  the l i n e  o f  s i g h t  of the RMS operator.  
t h a t  the movement between the stowed and deployed pos i t i ons  be provided. without 
exceeding a 75mm (3.0 inches) payload clearance envelope and tha t  the  deployed 
posit ion be located f o r  a m i n i m u m  clearance of 50cm (19.5 inches) between the 
payload and the Orbiter.  The configuration had t o  permit the  mechanism t o  be 
stowed inaconf ined  space under the  closed door  and rad ia tor  w i t h  a la rge  

,payload 4.57 meters (15 f e e t )  diameter by 18.3 meters (60 f e e t )  l o n g  i n  t he  
pay1 oad bay. 

Design guidelines required 

The or iginal  version of the present deployment mechanism employed a two- 
s tage actuat ion a s  shown in  Figure 3.  The f i r s t  s tage used a pivot point c lose 
t o  the tangency of the  payload on one s ide  fo r  an upward z-z ax i s  path of w i t h -  
drawal and the  second s tage u t i l i zed  a p i v o t  p o i n t  a t  the  docking mechanism 
in te r face  t o  swing  the  payload outboard t o  a noncrit ical  maneuvering area' for  
payload/PIDA docking. The two stages were driven from a s ingle  actuator  on 
each arm assembly t h a t  required a clutching operation fo r  the change over from 
one stage t o  the o ther .  

Due t o  the complexity of the two-stage actuat ion,  a s ing le  actuator  dr ive 
mechanism, shown i n  Figure 4 ,  w i t h  a continuous integrated motion was conceived 
to  replace i t  while a t  the same time closely approximating the motion desired.  
A t r i a l  and er ror  graphical approach was used t o  define the  mechanism necessary 
t o  provide the desired motion. A t  the  onset,  t he  graphical layout was intended 
t o  ident i fy  the  cons t ra in ts  for an analyt ical  approach b u t  i t  was concluded tha t  
the graphical approach would be quicker t o  complete the  geometry de f in i t i on .  

The four bar mechanism shown i n  Figure 5 has a tubular dr ive arm member 
t h a t  i s  connected a t  one end t o  the  base and the other end t o  the crank arm on 
the in te r face  mechanism. A drag l i n k  t h a t  serves as  a tension/compression t i e  
between the base and the  end of the  crank arm provides the  linkage t o  turn the 
crank arm a s  the main arm is  driven from one p o s i t i o n  t o  another by an Electro- 
mechanical Rotary Actuator. 
the crank arm ro ta tes  the in te r face  mechanism 102'37' for  an angular displace- 
ment r a t i o  o f  1 . 8 3 ~ 1 .  
Orbiter ax i s  i s  the sum of these two angles o r  158'37'. 

As the main arm ro ta t e s  through an angle of 56O, 

The to ta l  ro ta t ion  of  the payload ax i s  r e l a t i v e  t o  the 
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Mote i n  Figure 4 how the i n i t i a l  par t  of the C . G .  path approximates an 
upward (z-z a x i s )  1 inear withdrawal by a low amplitude s.inusoida1 movement. 
The movement of the  longeron trunnion next t o  the  mechanism, shown i n  de t a i l  
IIZ", provided an upward and outboard movement t h a t  although unplanned was found 
t o  be acceptable i n  the mating envelope of the retent ion f i t t i n g  halves. 

INTERFACE MECHANISM 

The payload/PIDA in te r face  mechanism, shown i n  Figures 8 and 9,  includes 
a docking mechanism fo r  the RMS operator t o  connect or  disconnect the payload 
from the deploy/stow mechanism and a s t ruc tura l  connection t o  posi t ively hold 
the payload d u r i n g  deploy or stow actuation t o  a id  accurate positioning of the 
payload i n  t he  payload bay. 
stowed posi t ion,  the  s t ruc tura l  connection through the PIDA is  loosened t o  
provide compliance i n  order to  force the retent ion f i t t ings  t o  be the primary 
load paths. 
a s ,  compliance, capture, energy absorption, alignment and r ig id iza t ion  i n  
addition to  the stowed posit ion compliance. 

After the  payload has been placed i n  t he  f u l l y  

The mechanism provides the basic functional modes of docking, such 

Docking Compl iance 

The purpose of  docking compliance i s  t o  allow the two mating sides of the  
in te r face  t o  a l ign  i n  order t h a t  the capture la tches  can operate. 
o n  the  ac t ive  s ide  o f  the  docking in te r face  moves a s  required for alignment 
except for  l a t e r a l  compl iance. 

The mechanism 

The l a t e r a l  compliance and at tenuat ion i s  not an ac t ive  par t  o f  the mechanism, 
b u t  i s  accommodated by the dynamics o f  the Orbiter and payload in te r reac t ions .  

, The axial  compl iance and at tenuat ion,  b o t h  compression and extension, .is 
furnished by a hydraulic-type at tenuator  t h a t  has internal  s p r i n g  act ion t o  
return i t  to  a nominal posit ion t h a t  i s  preloaded i n  both directions. 

The ro l l  alignment movement i s  permitted by the outer  par t  o f  the r i n g  and 
guide assembly being f r e e  t o  r o t a t e  r e l a t i v e  t o  the  center  par t  of the assembly. 
The two par ts  a r e  connected through two ball bearings and a r e  s p r i n g  loaded to  
a nominal posit ion by the  s p r i n g  preload. 

The pitch and yaw compliance i s  provided by a "U" j o i n t  located between 
the center o f  the  in te r face  r i n g  and the at tenuator  assembly. 

Doc k i  ng Capture 

The guides  on the in te r face  r i n g  a r e  sized for  152mm (6.0 inches) l a t e r a l  
misalignment (which includes the  mismatch due t o  915' pi tch o r  yaw) i n  combina- 
t i o n  w i t h  a r o l l  misalignment of  &loo. 
forces t o  a c t  on the  Orbiter and payload fo r  dynamic l a t e r a l  compliance t o  
permit the capture la tches  t o  engage. 
t h a t ,  i f  insuf f ic ien t  la tches  a re  engaged t o  r eac t  capture loads,  none will 
remain engaged. 

The gu ide  configuration provides l a t e ra l  

The capture la tches  a r e  designed such 

Any two la tches  a r e  ab le  t o  reac t  the  capture loads. I f  only 
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one la tch  i s  engaged, the force vectors a c t  i n  a direction upon  the  l a t ch  d u r i n g  
a separation motion such t h a t  the toggle linkage of the  l a t ch  will col lapse t o  
allow the two docking surfaces t o  separate f r e e l y ,  
a dual r o l e  i n  a s  much a s  they a r e  a lso used a s  the s t ruc tura l  la tches  t o  secure 
the payload t o  the Orbiter a f t e r  the docking phase i s  complete. 

The capture la tches  serve 

Energy Absorption 

A payload w i t h  kinetic energy r e l a t i v e  t o  the Orbiter, contacts the  docking 
interface causing the  at tenuator  assembly t o  be compressed. D u r i n g  th is  com- 
pression s t roke ,  hydraulic f l u i d  i s  metered from the head end t o  the  rod end 
o f  the a t tenuator .  Part o f  the kinet ic  energy is  diss ipated by the f l u i d  meter- 
i n g  and the  remainder i s  stored i n  the a t tenuator  s p r i n g  a s  potential  energy. 
A t  the end o f  the compression s t roke,  the s p r i n g  forces the  at tenuator  t o  extend 
toward the nominal p o s i t i o n  t ransferr ing the potential energy back i n t o  the  
payload a s  kinet ic  energy. 
from the rod end t o  the  head end of the a t tenuator ,  fur ther  d i ss ipa t ing  energy. 
As the  at tenuator  reaches i t s  nominal position the at tenuator  s p r i n g  reverses 
i t s  force d i rec t ion  t o  once again s to re  the  undissipated energy a s  potential 
energy. The residual energy is  dissipated by the subsequent extension and 
compression strokes w i t h  rapidly decaying amp1 itude so t h a t  ult imately .all  
motion i s  arrested and the in te r face  returned t o  the  nominal posit ion.  

During this  extension s t roke,  the  f l u i d  i s  metered 

A1 ignment and Rigidization 

Ro l l ,  p i tch and yaw alignment across the in te r face  i s  provided by the r i n g  
and guide assembly on each s ide mating w i t h  the  one on the other s ide  o f  the 
in te r face .  T h i s  allows a payload to  be positioned accurately even i n  i n s t a l l a -  
t i o n s  employing only one PIDA assembly. 

,Realignment of the r i n g  and guide assembly on the  ac t ive  half of t h e  docking 
in te r face ,  w i t h  i t s  mechanism i s  accomplished by the use o f  three pusher rods 
and a cable dr ive  systern. The act ion of taking u p  cable slack i n  three cable 
assemblies forces  the  three pusher rods t o  extend t o  a nominal p o s i t i o n  and 
r e t r a c t s  the ac t ive  r i n g  and guide assembly i n  contact w i t h  t he  ends of these 
pusher rods for alignment and r ig id iza t ion .  The ends of these rods a r e  hemi- 
spherical and contact a conical s e a t  on the surface o f  the other par t  of the 
in te r face  r i n g  t o  provide the  camming action necessary t o  real ign the  r i n g  i n  
r o l l ,  p i tch,  and yaw. Actuation i s  provided by an electromechanical actuator 
d r i v i n g  a cable  drum through a gear t r a i n .  The e l e c t r i c  motor has a brake tha t  
i s  energized t o  hold the mechanism r i g i d  a f t e r  the dr ive motor has s t a l l ed  o u t ,  
t o  preload the cable assemblies, and i s  then turned o f f .  

The holding requirement of the mechanism i s  based on an in te r face  moment 
o f  678 M-m (500 l b - f t )  a s  determined from dynamic analysis  of the payload/Orbiter 
system u s i n g  math modeling a 

The ins ide  of the  cable drum has two cam surfaces located symmetrically 

In the upper 

opposite each other to  actuate  two cam followers,  one on each side of the 
at tenuator ,  t o  force i t  t o  a centered position o r  f r e e  i t  t o  allow the  a t t en -  
uator to  pivot d u r i n g  the  stowed p o s i t i o n  compliance movement. 
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h a l f  o f  F igure  9 the a t tenua to r  i s  he ld  centered and the  lower  h a l f  o f  t he  
v iew shows t h e  cam surface away from the  cam f o l l o w e r  t o  a l l o w  the  a t tenua to r  
t o  p i v o t .  

STOWED POSITION COMPLIANCE 

The payload r e t e n t i o n  system requ i res  t h a t  t h e  payload be permi t ted  t o  
have a th ree  a x i s  movement t o  accommodate thermal d e f l e c t i o n s .  This  necess i ta ted  
t h a t  t he  P IDA have the  same freedom i f  i t  i s  n o t  t o  a c t  as a pr imary s t r u c t u r a l  
connect ion f o r  a stowed payload. The x-x  a x i s  freedom i s  provided by f l o a t i n g  
one o f  t h e  pass ive docking i n t e r f a c e s  on t h e  payload w i t h  i t  being sp r ing  loaded 
t o  a center  o r  nominal con tac t  p o s i t i o n .  The y-y a x i s  and z-z a x i s  movement i s  
prov ided by r e t r a c t i n g  t h e  th ree  pusher rods t o  a l l o w  the  a t tenua to r  t o  s t roke  
and backing o f f  t he  two cam f o l l o w e r s  t o  permi t  t he  a t tenua to r  t o  p i v o t  i n  t h e  
y-z plane. 

ELECTROMECHANICAL ROTARY ACTUATOR 

The electromechanical  r o t a r y  ac tua to r  designed and f a b r i c a t e d  t o  d r i v e  
t h e  deploy ls tow mechanism was s ized  t o  p rov ide  a maximum torque o f  1356 N-m 
(1000 l b - f t )  a t  a r a t e  of  one degree per  second. This  is accomplished through 
t h e  use o f  a gear box w i t h  two h igh  r a t i o  p lane ta ry  d r i ves ,  a 24/1 i n p u t  stage 
and'a 32/1 ou tpu t  stage, r e s u l t i n g  i n  an o v e r a l l  r a t i o  o f  768/1 f o r  t he  ac tua to r  
i n  con junc t ion  w i t h  a 5.4 N-m (4.0 l b - f t )  28 v o l t  d i r e c t  c u r r e n t  e l e c t r i c  motor .  

CONCLUSIONS 

,The O r b i t e r  base l ine  c o n f i g u r a t i o n  does n o t  i nc lude  t h e  P IDA hand l ing  a i d  
concept. Fur ther  t e s t  and eva lua t i on  both on-ear th  and on -o rb i t  w i l l  be requ i red  
t o  reso lve  t h e  need f o r  a handl ing a i d  t o  a s s i s t  t he  Remote Manipulator  System 
(RMS) on t h e  O r b i t e r .  

Tests r e s u l t s  on pro to type hardware i n d i c a t e  t h a t  t h e  P IDA payload handl ing 
a i d  concept can be o f  s i g n i f i c a n t  he lp  t o  t h e  RMS opera tor  by r e l a x i n g  t h e  
c o n t r o l  requirements and promises t o  enhance payload bay packaging d e n s i t y  and 
payload maintenance access. 

I n i t i a t i o n  o f  t he  development o f  t h e  P IDA concept has been e f f e c t i v e  i n  
reducing t h e  long- lead t ime requ i red  f o r  f l i g h t  hardware. A c o n t i n u a t i o n  o f  
t h i s  development w i l l  p rov ide  hardware t h a t  w i t h  minimal changes cou ld  be f l own  
as an o n - o r b i t  experiment w i t h  a RMS and a t e s t  payload t o  evaluate t h e  o v e r a l l  
payload handl ing c a p a b i l i t y  o f  t he  O r b i t e r .  

240 



W
 

V
 
z
 

W
 

x
 

I
-
w

 
W

 
W

v
)

 
CC 
=>I- 
c

s
z

 

>
 
0
 

J
 

W
 

H
W

 

a
 

n
 

241 



L
 

242 



,
/
’ 

/
’ 

I 
/ 

/ 
,
’-
 

i- 
/’. 

I
/

 

243 



z
 
0
 

H
 

I- 
=c 
=> 
I- 
o
 

4
 

d
 

w
 

CY 
13 
a
 

W
 

244 



PAYLOAD BAY DOOR 
CLOSED POSIT ION 

CRANK ARM ---, 

’ PAYLOAD/PIDA 
DOCK1 NG INTERFACE 
(3 GUIDES EACH 
S I D E  OF INTERFACE) 

55.5O 31 qwT O 

p\- 4.57 P I D A  METER PAYLOAD (1 5 FT)  

DRIVE ACTUATOR-- 

PAYLOAD TRUNNION 

LONGERON - 

_- BRIDGE FITTING- 

( STOW ED PGSI TION) 

\ 
DRIVE ARM 
(1 11 8mm LENGTH) 

VIEW LOOKING A F T  

FIGURE 5 
DEPLOY / STOW M ECHAN I SF.1 

245 



I 

CRANK ARM 

1 DRAG L I N K  

1 
BASE y 

I NTER FAC E 
MECHANISM 

%DRIVE ARM 

/-- ROTARY 

-ACTIVE 
DOCKING 
I NT ER FAC E 

FIGURE 6 
PIDA ASSEMBLY 

246 

LONGERON 
(REF) 



INTERFACE r PAyLoAD/PIDA 

VIEW LOOKING A F T  

FIGURE 7 
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