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ABSTRACT 

A squ i r re l  monkey feeder and automat ic  u r i n e  c o l l e c t i o n  system 
have been designed t o  f l y  on the  Spacelab 4 Shut t le  Mission present ly  
scheduled f o r  January 1986. Prototypes o f  the  feeder and u r i n e  c o l l e c -  
t i o n  systems have been f a b r i c a t e d  and extensively tes ted  on s q u i r r e l  
monkeys a t  the  National Aeronautics and Space Admi n i s t  r a t i o n  ' s (NASA) 
Ames Research Center (ARC). The feeder des ign .  minimizes impact on 
the monkey's l i m i t e d  space i n  the  cage and features improved r e l i a b i l i t y  
and biocompati b i  1 i t y  over previous systems. The u r i ne  co l  l e c t i o n  system 
i s  the  f i r s t  f l i g h t  qua l i f ied ,  automatic u r i n e  c o l l e c t i o n  d e v i c e  f o r  
s q u i r r e l  monkeys. F l  i g h t  systems are cu r ren t l y  being fabricated. 

The changes i n  f l u i d  and e l e c t r o l y t e  balance t h a t  occur  d u r i n g  
s p a c e f l i g h t  are among the most prominent physio logical  changes induced 
b y  wei ght  1 essness . Evidence from premanned spacefl i g h t s  suggest t h a t  
weightlessness produces an abnormal d i s t r i b u t i o n  o t  body f l u i d s  leading 
t o  h i g h e r  t han  normal excret ion o f  sodium and potassium e lec t ro ly tes .  
A new study using squ i r re l  monkeys t o  examine the mechanisms responsible 
f o r  t h e  f l u i d  s h i f t s  and changes i n  e l e c t r o l y t e  balance i s  scheduled 
f o r  the  Spacelab 4 Shut t le  f l i g h t ,  and w i l l  be conducted j o i n t l y  by 
NASA/ARC, Harvard Medical School, and t h e  U n i v e r s i t y  o f  C a l i f o r n i a  
a t  Riverside. To s a t i s f y  t h e  m i s s i o n  o b j e c t i v e s ,  i t  i s  necessary t o  
f u r n i s h  a s q u i r r e l  monkey cage system tha t  not only  provides f o r  the 
animal's heal th and we1 1 -being,  b u t  a1 so p rov ides  researchers  w i t h  
an accurate determination o f  u r i ne  output volume and content. 

ARC has developed a spacef l ight squ i r re l  monkey cage system t h a t  
w i l l  meet at;  o f  t h e  m iss ion  and experimental object ives (Figure 1). 
This paper w i  l l  focus on two o f  t he  most chal lenging and c r i t i c a l  sub- 
systems o f  the cage. Both o f  these systems have t o  meet t he  r i g i d  mate- 
r i a l s  and safety requirements imposed upon f l  i g b t  hardware, and t h e  
b i  ocompati b i  1 i t y  requirements necessary t o  maintain the  hea l th  o f  t he  
monkey i n  both 0-g and 1-g environments. 

URINE COLLECT1 ON SYSTEM REQUI!XMENTS 

Discussions between the  p r i nc ipa l  i nves t i ga to rs ,  t h e  animal c a r e  
consu l tan ts ,  and the engineering design team resul ted i n  the  fo l l ow ing  
1 i s t  of design requirements: 

a The system must be b iocompa t ib le  w i t h  male squ i r re l  monkeys 
and caoable o f  funct ioning proper ly  f o r  up t o  10 days 





0 The c o l l e c t i o n  system must automatical l y  co l  l e c t  t o t a l  u r i n e  
output every 4 hours 

0 Sample s izes may range from 0-30cc and must be t o t a l i y  c o l l e c t e d  
w i t h  not  more than 0 . 2 ~ ~  of unco!lected f l  u i 3  

0 The system must requi r e  minimal crew maintenance (approximately 5 
minutes per monkey, once every 24 hours) 

0 The c o l l e c t i o n  system must be compact and f i t  i n t o  an e x i s t i n q  
space i n  the primate caqe 

The system must be capable of unattended operat ion f o r  up t o  36 
hours t o  meet prelaunch manpower requirements 

The c o l l e c t i o n  system must be capable o f  f unc t i on i nq  i n  0-q and 
1-q environments 

0 The system must be l i gh twe iqh t ,  but  capable of s u r v i v i n g  
extensive v i b r a t i o n  t e s t i  ng a t  h iqh g - leve ls  

A l l  ma te r ia l s  and I ~ h r i c a n t s  must be f l  i q h t  approved 

URINE C O L L E C T I O N  S Y S T E M  DESIGN ------- 
APPROACH 

The d e s i g n  o f  t h e  u r i n e  c o l l e c t i o n  system was d i v i ded  i n t o  two 
i n t eg ra ted  areas : d c s i  gn o f  t h e  monkey- to -co l  1  e c t o r  i n t e r f a c e ,  and 
d e s i g n  o f  an au toma t i c  c o l l  e c t o r  mechanism. The design o f  t h e  monkey 
hardware i n t e r f a c e  requi red an eva lua t ion  o f  several design approaches. 
The most common method used t o  c o l l e c t  ~ ~ r i n e ,  and t h e  one used on pre- 
vious spacefl i ghts, has been t o  use i ndwell i ng catheters .  This approach, 
however, has some s e r i o u s  d i sadvan tages  i n c l u d i n g  a h i gh  inc idence 
o f  u r i n a r y  i n f e c t i o n s  when t h e  c a t h e t e r  i s  l e f t  una t t ended  f o r  mary 
days. Other  prob lems inc lude  d iscomfor t  t o  t he  monkey, ar.d d i f f i c u l t y  
w i t h  f l l l i d  movement i n  0-g. As a r e s u l t ,  i t  was dec ided  t h a t  e v e r y  
e f f o r c  should be made t o  develop an ex te rna l  ca the te r  sys'ltrrn t h a t  would 
have l i t t l e ,  o r  no, i n f l uence  on t h e  monkey's na tu ra l  u r i n a r y  funct ions.  

Several d i f f e r e n t  c u l  l e c t o r  mechanism designs were i n i t i a l l y  devel- 
oped. Some used s ta t i ona ry  c o l l e c t i o n  tubes organized i n  a  rec tangu la r  
g r i d  w i t h  a  moveable n o z z l e  t h a t  c o u l d  i n d e x  t o  t h e  proper tube a t  
4-hour i n t e r v a l s .  Problems d i t h  t h i s  approach i n c l u d e d  t h e  need f o r  
m u l t i p l e  motors and a complicated c o n t r o l  system t o  ensure proper index- 
i n g  o f  t h e  nozzle. I n  add i t i on ,  s torage o f  c o l l e c t i o n  tubes i n  a  f l a t  
r e c t a n g u l a r  g r i d  d i d  n o t  p r o v i d e  e f f i c i e n t  usage o f  t h e  a v a i l a b l e  
space. It was determined t h a t  t he  space a v a i l a b l e  c o u l d  be  used more 
e f f i c i e n t l y  by a  system t h a t  employed a s t a t i ona ry  nozz le  and a round 
carousel assembly t h a t  cou ld  r o t a t e  n i ne  storage tubes pas t  t h e  nozzle. 



SYSTEM OPERATI3N --- --- --- 
The o p e r a t i o n  o f  t h e  u r i n e  c o l l e c t i o n  system i s  shown i n  F igure 

2. The monkey u r i na tes  a t  w i l l  i n t o  an e x t e r n a l  t r a n s f e r  t u b e  wh i ch  
a c t s  as s h o r t  - t e r m  s t o r a g e  and a  connec t ion  between t h e  monkey and 
co l lec t ion valve. A t  4-hour i n t e r v a l s  t he  c o l l e c t i o n  mechanism i s  a c t i v -  
a ted ,  wh ich  r o t a t e s  the  proper c o l l e c t i o n  con ta iner  i n t o  p o s i t i o n  and 
then t r ans la tes  forward. The forward motion moves t h e  c o l l e c t i o n  con-  
t a i n e r  towards t h e  c o l  l e c t i o n  va l ve ,  f o r c i n g  a  needis a t  t h e  end o f  
the co l lec t ion  valve through t h e  rubber septum i n  t h e  end o f  t h e  c o l l e c -  
t i o n  c o n t a i n e r .  The c o l  l e c t i o n  conta iners  are evacuated so t h a t  they 
w i l l  draw f l u i d  out o f  t h e  s o f t ,  c o l l a p s i b l e  t r a n s f e r  tube .  A s m a l l  
(1.6 mz 1.0.) t u b e  connects  t o  t h e  u r i n e  v a l v e  and runs i n s i d e  t h e  
l a r g e r  t r a n s f e r  tube +o prevent t h e  vacuum from c o l l a p s i n g  t h e  t r a n s f e r  
tube a t  t he  u r i n e  valve and ses l i ng  o f f  t h e  remainder o f  t h e  tube. After 
a  20 seconu dwel l  t ime, t he  c o l l e c t i o n  mechanism i s  a g a i n  a c t i v a t e d  
and t h e  ca rouse l  assembly i s  r e t r ac ted  from t h e  c o l l e c t i o n  valve. The 
c o l l e c t i o n  valve i s  sp r i ng  loaded t o  c l o s e  o f f  and p r e v e n t  any f l u i d  
from escaping when t he  carousel i s  no t  i n  contact  w i t h  it. 

Every 24 hours the f l i g h t  crew can remove t he  carousel assembly from 
the c o l l  ec t  ion mechanism and i n s t a l l  fresh, empty c o l  l e c t i o n  conta iners  
i n t o  the carousel. The caroucel i s  then reloaded i n t o  the  c o l l e c t i o n  
mechanism for the next cyc le .  

TRANSFE? TUBE -- ----- 

The design o f  t h e  t r a n s f e r  t u b e  i s  shown i n  F i g u r e  3. The t u b e  
f i t s  over t h e  monkey's penis and i s  supported i n  p lace  by an add ' t iona l  
f lange garment which s t raps t o  t he  monkey. The tube  i s  f a b r i c a t e d  f r o m  
s ? l i c o n e  rubbe r  and has a  w a l l  t h i c k n e s s  o f  approximately 0.25-0.38 
mm. The tube was o r i g i n a l l y  f ab r i ca ted  i n  a  mold t h a t  r e q u i  r e d  a  two-  
p a r t  compound, because a i r  dnd mois ture were sealed ou t  o f  t h e  mold. 
Tear s t reng th  o f  t h e  tube, however, was poor .  A sea rch  f o r  a  h i g h e r  
s t r e n g t h  , f l  i g h t  acceptab le  mz te r i a l  r e s u l t e d  i n  t h e  se lec t i on  of Do), 
Corning compound t3144  RTV. The d i f f i c u l t y  w i t h  t h e  3144 compound, 
however, was t h a t  i t  requ i red  mois ture t o  cure and t h e  mold was v i r tua l -  
l y  sealed. A new f a b r i - a t i o n  p rocess  was deve loped  u s i n g  a  mandre l  
t h e  exac t  s i z e  and shape o f  t h e  t r a n s f e r  tube. The 3144 compound was 
th inned w i t h  mois ture- f ree naphtha t o  a  v i s c o s i t y  t h a t  cou ld  be s p r a y -  
ed. The s o l u t i o n  was then sprayed over a  s low ly  r o t a t i n g  mandrel u n t i l  
cured. The f i n i s h e d  p a r t  was then r o l l e d  o f f  t he  mandrel. 

COLLECTION VALYE 

The u r i n e  c o l l e c t i o ~ l  valve, which prov ides t h e  i n t e r f a c e  between 
t h e  t r a n s f e r  tube and t he  c o l l e c t i o n  conta iners ,  a l s o  serves as a  pene- 
t r a t i o n  through a  Lexan p a r t  i t i o n  which seals t h e  cage's instrumentation 
area from the  monkey's area. The valve body forms a  90' a n g l e  ( F i g u r e  
4 )  t o  min imize i n t r u s i o n  i n t o  t he  monkey's area o f  t he  cage. The va lve 
plr~r lger i s  sp r ing  loaded t o  p rov ide  f l u i d  s e a l  when n o t  e rgaged  w i t h  



URINE MANAGEMENT SYSTEM 

Figure  2. System Opera t i on  Schanatic 
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Figure 4. Urine Va I v e  Assemb 
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a c o l l e c t i o n  tube. A 20-gage needle, 
enables t h e  va lve  t o  p e n e t r a t e  t h e  
conta iners .  

brazed i n t o  the  end o f  t h e  p lunger  
r u b b e r  septum on t h e  c o l  D e c t i o n  

COLLECTION MECHANISM 

The c o l l e c t i o n  mechanism i s  made up o f  t h r e e  subassembl ies :  t h e  
c o l  1 e c t i  on conta iners ,  carousel assembly, and t h e  c a r r i a g e  assembly. A 
c o l l e c t i o n  conta iner  i s  shown i n  F igure  5. The c o n t a i n e r  i s  made f r o m  
Pyrex  g l a s s  w i t h  a Lexan c o l l a r  and a rubber stopper. The t o t a l  volume 
o f  each con ta iner  i s  35cc. Each con ta iner  i s  evacuated t o  approximately 
29.0 i n c h e s  o f  mercury, which y i e l d s  a maximum f l u i d  capac i t y  o f  33.5- 
cc. The c o l l a r  i s  designed w i t h  a c i r c u m f e r e n t i a l  g roove  as seen i n  
F i g u r e  5, which enab les  i t  t o  be l o c k e d  i n t o  t h e  carousel  assembly 
by a cam ac t i va ted  l ock  wire. 

The c a r o u s e l  assembly shown i n  F i g u r e  6 i s  c a p a b l e  o f  ho l d i ng  
n i ne  c o l l e c t i o n  containers.  Each con ta iner  can be i n d i v i d u a l  l y  1 ocked 
i n ,  o r  r e l e a s e d  by r o t a t i n g  a s l o t t e d  cam actuator.  The assembly i s  
made from Lexan w i t h  an aluminum geneva gear  mounted on one s i de .  An 
aluminum a x l e  t h r o u g h  t h e  cen te r  o f  t h e  c,rousel s i t s  i n  t h r e e  saddle 
supports on t he  c a r r i a g e  assembly,  and i s  h e l d  secu re  by  a p i t  p i n  
through the  center  saddle support. 

The c a r r i a g e  assembly i s  shown i n  F igure 7 and F igure  8. The pur-  
pose o f  t h e  assembly i s  t o  r o t a t e  t h e  carousel  t o  t h e  p r o p e r  l o c a t i o n  
f o r  a1 ignment  o f  t h e  c o l  l e c t i o n  v a l v e  w i t h  a stopper on t h e  des i red  
co l lec t ion conta iner .  The ca r r i age  must then move t h e  carousel  1 i n e a r l y  
f o r w a r d  u n t i l  t h e  needle on t h e  c o l l e c t i o n  va lve punctures t h e  rubber 
stopper on t he  c o l l e c t i o n  conta iner .  A f t e r  a sho r t  d w e l l  t i m e ,  d u r i n g  
wh i ch  f l u i d  i s  drawn through t h e  c o l l e c t i o n  va lve  i n t o  t h e  c o l l e c t i o n  
conta iner ,  t he  ca r r iage  moves t h e  carouse l  back away f r om t h e  v a l v e .  
A f t e r  c l e a r i n g  t h e  t i p  o f  t h e  needle t h e  carousel i s  r o t a t e d  hal fway 
t o  t h e  next loca t ion .  

I n i t i a l  des i gns  o f  t h e  c a r r i a g e  assembly c a l l e d  f o r  two motors 
t o  accomplish the  dual motions o f  t he  carousel .  One motor would r o t a t e  
t h e  c a r o u s e l  t o  t h e  p r o p e r  l o c ~ t i o n ,  and a second motor would r o t a t e  
a lead screw d r i v i n g  t he  ca r r i age  i n  1 i nea r  motion. High cos t  f o r  space- 
f l  i g h t  e l e c t r i c  motors and a compl i ca ted  c o n t r o l  system made t h i s  design 
undesireable. The f i n a l  design, which couples a s c o t c h  yoke  mechanism 
w i t h  a n i n e  s l o t  geneva mechanism, was developed which requ i res  on l y  
one motor and a simple con t ro l  system. A schemat ic  o f  t h e  system i s  
shown i n  F i g u r e  9a. A 3 rpm ac synchronous motor i s  d i r e c t l y  coupled 
t o  t h e  pr imary gear, which has a cam b e a r i n g  l o c a t e d  1 5  mm f r o m  i t s  
r o t a t i o n a l  a x i s .  The cam bear ing r i d e s  i n  a s l o t  on a s t a t i o n a r y  p a r t  
o f  t h e  car r iage.  The two pa r t s  perform as a scotch yoke mechanism w i t h  
a t o t a l  l i n e a r  t r a v e l  o f  30 mm. Engaged w i t h  t h e  pr imary gear i s  t h e  
geneva d r i . i e  gear. I n i s  gear i s  t h e  same s i z e  as t h e  p r i m a r y  gea r  so 
t h a t  a 1:l r a t i o  i s  ma in ta i ned .  The geneva d r i v e  gear was designsd 
t o  mesh w i t h  t h e  n ine  s l o t  geneva gear mounted on t h e  c a r o u s e l  assem- 
b l y .  As t h e  geneva d r i v e  gear makes one f u l l  r evo lu t i on ,  t h e  carousel  
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PRIMARY GEAR 

SCOTCH YOKE 
(STATIONARY) 

Figure 9a. Carousel Trans1 a t ion ,  No Rota t ion  



i s  r o t a ted  e x a c t l y  40'. Actual  r o t a t i o ~  o f  the  carousel  occurred du r i ng  
o n l y  136' o f  pr imary gear r o t a t i o n .  The remaining 224' o f  r o t a t i o n  i s  
used by the  scotch yoke mechanism t o  prov ide 1 i nea r  mot ion o f  the  ca- 
rousel  w i thou t  r o t a t i o n .  

By c o r r e c t l y  t i m i n g  t h e  two gears i t  i s  poss ib le  t o  ob ta in  ro ta t ion  
o f  the carousel fo l l owed by approximately 24 mm o f  nonro ta t iona l  , l i n e a r  
t r a v e l  i n t o  t h e  c o l l e c t i o n  v a l v e  needle. F igures Za, 9b, and 9c show 
t h e  t h ree  stages o f  opera t ion .  I n  F i g u r e  9a, t h e  c a r o u s e l  has moved 
i t s  f u l l  t r a v e l  i n t o  t h e  c o l l e c t i o n  valve. F igure  9b shows t h e  carousel  
moved back away from t h e  needle and j u s t  ready t o  s t a r t  r o t a t i o n .  F igure  
9c shows t h e  carousel j u s t  as r o t a t i o n  i s  completed and l i n e a r  movement 
toward t h e  needle i s  i n  progress. 

FEEDER DESIGN REQUIREMENTS 

I n  a d d i t i o n  t o  t he  u r i n e  c o l l e c t i o n  system p r e v i o u s l y  d e s c r i b e d ,  
an e f f o r t  was d i r e c t e d  t o  c rea te  a s q u i r r e l  monkey-feeding system t h a t  
met a number of experiment ob jec t i ves  which inc luded t h e  f o l l  owing: 

a Cage I n t e g r a t i o n  - The feeder must i n t e g r a t e  w i t h  t h e  e x i s t i n g  
Space1 ab pr imate cage. 

a S i z e  - Shape and s i z e  must m i n i m i z e  impac t  on t h e  monkey's 
extremely l i m i t e d  space i n  t h e  pr imate cage. 

a C a p a c i t y  - Rep laceab le  f ood  c a r t r i d g e s  must h o l d  a minimum 
o f  600 190 mg, s p h e r i c a l l y  shaped, food  - . o - l e t s - - t h e  minimum 
c a p a c i t y  accep tab le .  Crew t i m e  constro, , .  ,= a re  such t h a t  72 
hout s could  elapse be fo re  a feeder  c a r t r i d g e  change c o u 7 d  b e  
made. The monkey usua l  l y  consumes approx imate ly  200 pe l  l e t s  
per day. 

a B i x o m p a t i  b i l  i t y  - T h i s  r equ i r emen t  ccivers t h e  p a r t s  o f  t h e  
design t h a t  i n t e r f a c e  w i t h  t h e  monkey and a f f e c t  h i s  w e l l  be-  
i ng .  Some o f  t h e s e  i n c l u d e  q u i e t  feeder operat ion,  a m e t k d  
o f  holding t h e  food p e l l e t  i n  0-g p r i o r  t o  t h e  monkey r e t r i e v i n g  
i t  when he d e s i r e s ,  and a p r o p e r l y  des igned  t a p  s w i t c h  f o r  
t h e  monkey t o  advance t h e  feeder on demand. 

8 Mechanical Design - The design must meet s t r i c t  design requ i re -  
ments t h a t  cover ma te r i a l s  requirements, s t r u c t u r a l  design 1 i m -  
i t s ,  and system r e l i a b i l i t y .  

a Improvements - The feeder needed t o  be an improvement over pre- 
v i o u s l y  designed feeders. One problem o f  some p e l l e t  type 
feeders i s  the  tendency t o  crumble the  p e l l e t s  so o n l y  p a r t i a l  
p e l l e t s  are de l i ve red  t o  the  monkey. Also food f i n e s  (dus t )  
r e s u l t i n g  from broken p e l l e t s  could jam the  feeder and h a l t  i t s  
operat ion.  The new feeder minimized these p o t e n t i a l  problems. 





FELDER DESIGN 

The Monkey Feeding System designed a t  NASA A R C  meets t h e  d e s i g n  
c o n s t r a i n t s  imposed by  t h e  expe r imen t  and p r e v i o u s l y  out1 ined. The 
system d e l i v e r s  one, whole, 190 mg food p e l l e t  t o  t h e  monkey an demand. 
Food c a r t r i d g e s ,  each h o l d i n g  600 p e l  l e t s ,  a r e  rep laced  du r i ng  t h e  
f l i g h t  by the  payload s p e c i d l i s t .  The f ood  c a r t r i d g e  i s  removed f r o m  
t h e  cage by opening t he  cage door (F igure  10). 

The feeder c a r t r i d g e  ( F  gu re  11 )  i n c o r p o r a t e s  an end less  c h a i  n  
made ?~p  o f  s ta in less -s tee l  ba r re ls ,  c u t  from seamless tub ing ,  and joined 
by Lexan connecting l i n k s  ( ~ i g u r e '  1 2 ) .  A food p e l l e t  i s  l oaded  i n t o  
t h e  c e n t e r  o f  each bar re l .  The chain  i s  routed through t h e  feeder car -  
t r i d g e  around aluminum sprockets w i t h  a  p i t c h  diameter o f  2.72 cm (1.07 
i n )  ( F i  gu r e  13)  . On one end o f  t h e  feeder e i gh t  sprockets freewheel ; 
on t h e  oppos i te  end seven s p r o c k e t s  a r e  mo to r  d r i v e n  t o  advance t h e  
cha in .  The d r i v e n  c h a i n  s p r o c k e t s  a r e  keyed t o  sha f t s  which a re  a l l  
ganged t o  t u r n  t o g e t h e r  by a  system o f  spu r  gears  ( F i g u r e  14 ) .  The 
p i n i o n  gear  o f  t h e  f e e d e r  d r i v e  m o t o r  engages a  s i n g l e  i d l e r  gear, 
and as t h e  motor turns,  t he  cha in  advances, d r i ven  by seven s p r o c k e t s .  
D r i v i n g  t h e  chain from m u l t i p l e  sprockets minimizes backlash and windup 
o f  t h e  system dur ing  operat ion.  The feeder motor i s  mounted permanently 
i n  t h e  cage (F igure 15) and remains i n  p lace whan a  c a r t r i d g e  i s  remov- 
ed. The motor i s  a  sma l l  ac synchronous moto r  d e l  i v e r i n g  1.27 N-m 
(180 oz - in )  torque a t  3 rpm output  speed. 

The chain  i s  advanced by t h e  m o t o r  on t h e  monkey's demand by  a  
t a p  s w i t c h  l o c a t e d  i n  t h e  monkey 's  compartment ( F i g u r e  16). As t h e  
chain moves, a  passive, spr ing-1 oaded t ogg le  removes t h e  f o o d  p e l  1  e t  s  
f r om  t h e  c h a i n  ( F i g u r e  17) .  The p e l l e t  i s  re ta ined  i n  a  t ransparent ,  
Lexan food receptac le  covered w i t h  a  f l e x i b l e ,  Dacron re in fo rced ,  S i l  as- 
t i c  septum (F igure 16). The septum i s  s l o t t e d  and t h e  monkey can reach 
through t o  r e t r i e v e  a food pe l  l e t  when he desires.  

A con t ro l  box, located i n  the  cage, can be adjusted t o  preset  the  
number o f  t aps  r e q u i r e d  t o  advance t h e  feeder  (1 t o  99 t a p s  p e r  
pel  l e t ) .  The minimum t ime Setween feeder advances can 21 so be set  ( 1  t o  
99 seconds per pe l  l e t ) .  This prevents a  hyperact ive r,ionkey from emptying 
t h e  c a r t r i d g e  i n  a  very shor t  t ime, and al lows feeder operat ion t o  be 
adjusted t o  a  p a r t i c u l a r  mnkey ' s  behavior. 

PROTOTYPE DEVELOPMENT ------ 
A one f i f t h  capac i ty  proto type was designed t o  demonstrate the  

f e a s i b i l i t y  o f  the endless chain feeder concept. This proto type was used 
t o  t e s t  t h e  c h a i n  des ign ,  m a t e r i a l s  s e l e c t i o n ,  and c h a i n  assembly 
procedures. Re1 i a b i i  i t y  o f  the  system was checked using actua l  l a b  t e s t s  
w i t h  s q u i r r e l  monkeys (F igure  18) w i t h  the  feeder mounted on a  t e s t  
stand. Several problems were found i n  the o r i q i n a l  desiqn. The chain  
tended t o  b ind occas iona l l y  going around the  sprockets,  and t he  pel  l e t  
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removal s p r i n g  b roke  f r om f a t i g u e  P-:rly i n  the  t es t i ng .  The o r i g i n a l  
chain design cons is ted o f  two 0.15? cm (0.060 i n )  t h i c k  l i n k s  snapped 
o n t o  each b a r r e l .  The l i n k s  were staggered from b a r r e l  t o  ba r re l .  As 
t he  chain was tensioned t he  b a r r e l s  tended t o  cant s l i g h t l y ,  i m p a i r i n g  
t h e i r  a b i l i t y  t o  pass around t he  sprockets. The cha in  design was revised 
by rep lac ing  t he  s tagge red  l i n k :  w i t h  a s i n g l e  0.152 cm (0.060 i n )  
t h i c k  l i n k  sandwiched between two 0.076 cm (0.030 i n )  t h i c k  l i nks .  Th is  
made a symmetrical chain which ran smoothly around t h e  sp rocke t s ,  and 
a1 1 owed the  ba r re l  design t o  remain unchanged. The pe l  l e t  removal spring 
was radiused t o  e l i m i n a t e  a s t r e s s  c o n c e n t r a t i o n  t h a t  e x i s t e d  a t  a 
sha rp  90° bend i n  t h e  o r i g i n a l  design. With these changes, t h e  proto-  
type feeder performed p e r f e c t l y  i n  t h e  lab. 

B e f o r e  p roduc t ion  o f  24 f l i g h t  feeders, a f u l l  s i z e  f l i g h t  proto-  
type feeder was constructed. This feeder was used f o r  cage i n t e g r a t i o n  
and v i b r a t i o n  t e s t i n g  t o  q u a l i f y  t h e  hardware f o r  f l i g h t .  To reduce 
t he  cos t  of f a b r i c a t i n g  chain l i n k s  f o r  t h e  product ion feeders (21,000 
l i n k s  r e q u i r e d ) ,  an i n j e c t i o n  mold was developed. The mold has e i g h t  
c a v i t i e s  f o r  l i n k s  t h a t  a re  0.097 cm (0.038 i n )  t h i ck .  O r i g i n a l l y  0.076 
cm (0.030 i n )  t h i c k  l i n k s  were molded; however, i t  was d i f f i c u l t  t o  
mainta in  the  to lerances requi red (+ o r  -0.0051 cm t h i c k ) .  The t h i c k e r  
1 i n k s  a r e  e a s i e r  t o  mold,  and a s i n g l e  mold can be used t o  produce 
a l l  t he  chain l i n k s  requi red ( t h ree  0.097 cm t h i c k  l i n k s  form t h e  chain 
r a t h e r  t h a n  a s i n g l e  0.152 cm t h i c k  l i n k  sandwiched between two 0.076 
cm t h i c k  l i n k s ) .  

CONCLUSIONS 

The endless chain feeder system and t h e  u r i n e  c o l l e c t i o n  system 
fo rm  a re1  i a b l e  expe r imen ta l  package t h a t  meets a l l  t h e  requirements 
o f  t he  Spacelab 4 m iss ion .  The u r i n e  c o l l e c t i o n  system has s e v e r a l  
important features, inc lud ing :  

0 The f i r s t  t o t a l l y  automatic u r i n e  c o l l e c t i o n  system f o r  space- 
f l  i g h t  app l i ca t i on  on s q u i r r e l  monkeys. 

0 A leak-proof system t h a t  provides up t o  10 days serv ice  wi thout  
any observable i r r i t a t i o n .  

0 Compact design and use o f  on ly  one motor f o r  improved re1 i a b i l -  
i t y  and reduced complexity. 

0 Carousel  assembly makes once-a-day changeouts o f  c o l l e c t i o n  
containers quick and z?sv. 

The feeder design a l so  incorporates several unique features includ- 
ing :  

0 S l i m  des ign  (maximum t h i c k n e s s  2.42 cm) t h a t  m in im izes  t h e  
impact on monkey's 1 im i t ed  space i n  t he  cage. 



e Each f ood  p e l  l e t  i s  sepa ra ted  f r om o t h e r  p e l l e t s ,  reduc ing 
chafe and excessive food f i nes  ( d u s t )  wh ich  c o u l d  accumula te  
and jam t h e  f eede r .  I n  add i t i on ,  t h e  low contact  f o r c e  on t h e  
p e l l e t s  reduces t he  p o s s i  b i l  i t y  o f  c r u s h i n g  a p e l  l e t  b e f o r e  
de l  i v e r y  t o  t he  monkey. 

e The f ood  cup, wh ich  r e t a i n s  t h e  food p e l l e t  u n t i l  t h e  monkey 
retr ieves i t  , may be repos i t i oned  w i thou t  s i g n i f i c a n t l y  changing 
t h e  f e e d e r  des ign .  T h i s  w i l l  enab le  t h e  feeder system t o  be 
easi ly adaptable t o  o ther  cage con f igu ra t ions  on f u t u r e  f i i gh ts .  

A t  p resen t ,  f a b r i c a t i o n  o f  1 2  f l i g h t  u r i n e  c o l l e c t i o n  systems 
and 24 feeders i s  underway. These u n i t s  w i l l  be used f o r  f l i g h t ,  ground 
t es t i ng ,  and t r a i n i n g .  




