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SPACE STATION MODULES

Brand N. Grif f int
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Abstract

' l 'he Space Stat ion accommodat ions requi red for  on-orb i t
zer ( ) -g  nra in tenal rce and repai r  were eva luated dur ing two
months o f  neut ra l  buoyancy test ing.  Boeing,  in  a  jo in t
e f for t  w i th  NASA,  used Shut t le- type pressure su i ts  and
t h e  s i m u l a t e d  w e i g h t l e s s n e s s  p r o v i d e d  b y  n e u t r a l
buoyancy to assess four areas of hrardware and operations.
These inc luded:  1)  Space Stat ion Systern Arch i tec ture;  2)
Common Module Exter ior ;  3)  Common Module In ter ior ;
and 4) Voice-Activated Systerns. Specif ical ly, the tests
foeused on servicing debris shield/body-rnounted radiator
panels ,  rep lacement  o f  ther .mal  b lankets  or  MuI t i -Layer
Insu la t i on  and  repa i r  t echn iques  f o r  deb r i s  damage .
Design engineers and astronauts part ieipated as pressure-
suited test subjects in evaluation of a broad range of
concept  opt ions.  The s ign i f  icant  f  ind ings f  rom these
tests  are:  1)  the ast ronaut  pos i t ion ing arm is  one of  the
most  usefu l  too ls  for  Space Stat ion EVA operat ions;  2)
the rn in imum separat ion between modules should  be ?8
inches ;  3 )  ax ia l  deb r i s  pane l s  we re  p re fe r red  ove r
circumferential;  4) on-orbit  repair te<lhniques for debris-
damaged modules were effect ive; and 5) voice-activated
s y s t e m s  a r e  i d e a l  f o r  E V A .  I m p r o v e d  s u i t  e o m -
municat ions,  however ,  are  requi red for  imple lnentat ion.

Neutral Buovancv Testing of Space Station l{ardware

Ex t raveh i cu la r  Ac t i v i t y  (EVA)  w i l l  be  requ i red  f o r
Space Stat ic ln  assernb ly ,  rna in tenance and repai r .  Boeing
and NASATs Marshal l  Space l . - l ight  Center  (MS} 'C)  havc
t a k e n  s t e p s  t o  d e f i n e  t l - r e  s t a t i o n  a c c o r n m o d a t i o r r s
requi red for  or r -orb i t  l lVA operat ions.  ' l 'wo ser ies  o f  tes ts
w e r e  c o n d u c t e d  i n  t h e  M S I r C  N e u t r a l  B u o y a n c y
S in tu la to r .  l n  Nove r r rbc r ,  1985 ,  t ec f rn i ques  f< - r r  r emov i r rg
and rep lac ing thre r r r< , rdu lers  debr is  sh ie ld /body-nrounted
rad ia to r  pane l s  we re  pe r fo r r r r ed  and ,  on  t h i s  bas i s ,
procedures for the repair of a darnaged rnodule pressure
sheil  were conducted in Mareh of 1986. The purpose of
these tests was to provide the program with formative
des ign  da ta  used  f o r  deve lop ing  requ i remen ts  and
concepts of the habitable modules.

Neut ra l  buoyancy has proven to  be an access ib le
a p p r o x i m a t i o n  o f  w e i g h t l e s s n e s s .  H a r d w a r e  a n d
procedures evolve with confidence knowing the neutral
buoyancy operations are a credible representation of on*
o r b i t  a c t i v i t i e s .  F ' o r  t h e s e  t e s t s ,  t h e  s p a c e - l i k e
env i ronment  was conta ined wi th in  the MSFC ?b- foot
diameter by a 4O-foot-deep test faei l i ty. EVA operations
were per formed in  Shut t le- type pressure su i ts  which
operated at 3.1 psi above ambient pressure. Before each
test, subjects were careful ly weighted to neutral ize the
buoyaney of their pressure suits. This form of test ing has
played a major role in manned space f l ight from its early
days to the recent EASE/ACCESS truss tests oerformed
on Shut t le  Miss ion 618.

*Lead Engineer, Configuration
Member AIAA
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Test Hardware

It is widely accepted that the module construction
wil l  be a two-wall  design. The outer skin serves as
protection from meteoroids and debris while the inner
shel i  retains the atmosphere. Sandwiched between the
two skins are approximately 30 layers of Mult i-Layer
Insulat io.n (MLI). Test hardware was conceived to drive
out EVA' operational discriminators for various design
conf  igurat ions.

1'he study area of the module was represented by an
alurninum half-eyele with provisions to evaluate internal
and external pressure suit  operations (see Figure 1).

ENO CO{E
ax/  o€8n15

5htEto

sPACE STATION MODULE

DEBRIS SHI€LD
PROTEMN6
PSESSURE
80nLES

Figure I Space Stotion -Modie Configured f or Neutrol
&.royancy Testrng

Color was used to code certain structural features of the
rrrodule. One end was painted blue indieating the debris
sh ie ld  oVer  externa l  pressure bot t les  and red l ines
portrayed the potential attach points along protruding
r i n g  f r a m e s .  I n  o r d e r  t o  a s s e s s  a l i g n m e n t  a n d
interference, the edge of adjacent panels wai represented
by aluminum channers posit ioned on either side of the
test panel. Three configurations and two lengths for each
panel were analyzed. A matrix comparing hardware to
operations is shown in Figure z. Two straight panels
running paral lel to the modulers axis explored- dif ierent

Tes t  Ma t r i x  Compor i ng  Ha rd . v ,a re
Procedural Options
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removal/replacement envelopes and a third eurved panel
evaluated 90o and 180o circurnferential arrangenients.
Since the panels may also double as radiators, removal
requi res d isconnect ing f lu id  coupl ings.  Three va lve
assemblies and one heat pipe/heat exchanger rnechanisrn
were evaluated. In the case of the heat pipe design, twp
1 8 r r  t u b e s  e x t e n d e d  f r o m  o n e  e n d  o f  e a e h  p a n e l
conf igurat ion.  A Radiator  Replacement /At tachment
Tool  (RRAT) was bu i l t  in  ant ic ipat ion o f  potent ia l
binding and al ignment dif f iculty (see F' igure 3). The
RRAT provided precise movement and al ignment of heat
pipes, al lowed posit ive handling about a pivot point and
served to guard the exposed heat pipes during translat ion.

Figrtre 3 Rqdiator Replacement/Attachment Tool

Shutt le and Soviet spacecraft have received debris
impac ts .  S ta t i s t i ca l  mode l i ng  o f  t he  env i ronmen t
indicates the space stat ion is also l ikely to be struck by
debris. In most cases, the outer panel will attenuate the
impaet and prevent penetration of the pressure shell.
The price of this proteetion is a hole in the debris shield
and damaged thermal insulat ion. Coneurrent bal l ist ic
tests have produced signif icant MLI damage indicating
the potential for impaired thermal control.  Restoration
of thermal integri ty, therefore, would require removal of
the debris shield then either repair or replacement of the
damaged  ML I .  Tes t s  we re  conduc ted  t o  eva lua te
techniques and toois for repairing various sizes of Ml,I
panels.

In the unl ikely event o1' a pressure shel l  penetrat ion
and loss of atmosphere, an on orbit  repair would avoid a
cost ly ,  t ime*consunr ing and d isrupt ive ground f ix .  A
port ion of the rnodulers interior was constructed to the
assess pressure suit  repair techniques. In order to get to
the damaged wall ,  equipment racks have to be removed
(see Figure 4). Neutrally buoyant raeks, therefore, were
positioned in front of the test hole. Before removing the
racks, ut i l i t ies must be disconnected. The test racks
were constructed with dif ferent ut i l i ty hook-up locations
w h i c h  a l l o w e d  c o m p a r i s o n  o f  a u t o m a t i e  r e m o v a l
operations. The surrounding rack faces of the module
interior were represented by alumihum and plexiglas
panels. These'panels establ ished the physical boundaries
yet allowed for observation and documentation through
the transparent plexiglas.

Figwe 4 Test Subject Removes Equipment Rock to
Provide Access to Domaged Shell
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Additional test hardware was eomprised of equipment
necessary  for  repai r ing the pressure she l l  damage.
Procedures, tools and patches patterned after eoncepts
developed under NASA contract NASS-36462, rtSpace

Station Wall  Design and Protection Damage Controlt f  for
MSFC, were used. The tools used for repair are displayed
in Figure 5.

Figwe 5 Tools Designed to Repoir o Hole in the
Presstrre Shell



Test  Operat ions

Consistent with the concept development phase of the
Spaee Station Program, test procedures and hardware
op t i ons  we re  i n ten t i ona l l y  comprehens i ve .  S ince
alternative methods of using the same hardware _often
p rodueed  a  d i f f e ren t  impac t  on  aecommoda t i ons ,
procedures were rehearsed on a eomputer graphic system
prior to gett ing into the water. Figure 6 shows an
examp le  o f  a  compu te r  s imu la t i on  image .  These
synthetic dry runs were used to seleet and depiet a
part icular test operation. When bound together, the
images formed a kind of story board proeedures document
used by test engineers in the control room. Tests were
designed to compare various methods of performing the
same task. The operations that were compared include:
(1) procedures using one and two test subjects; (2) single
and two hand operations; (3) restraint options inctuding
tether and handholds only and alternative foot restraint
locations; and (4) use of the Remote Manipulator System
(RMS) as an astronaut posit ioning arm, (see Figure ?) and
use of  the RMS as a handl ing a id  for  debr is  panel
operations and use of the Manned Maneuvering Unit
(MMU) for operational envelope analysis (see Figure 8).

Figwe 7 The Remote Manip,tlator System is Used as
the Spoce Stotton's Astronout Positioning Arm

Figure 6 Computer
Procedures

S i m u l a t i o n s  H e l p e d  R e f i n e
Bef ore Testing

A n  i m p o r t a n t  e l e m e n t  o f  t e s t  o p e r a t i o n s  w a s
evaluation of a voice-activated eheck l ist.  This feature
al lows the astronaut to perform routine or infrequent
tasks  w i t hou t  depend ing  on  t o ta l  r eca l l  o r  t u rn ing
c h e c k l i s t  p a g e s .  T h e  a r r a n g e m e n t  u s e d  E  M  U
communicat ions system coupled wi th  a  micro VAX I I ,
DECtalk PTC-01 and Verbex Series 4000 loeated in the
control room.

Evaluation

Evaluation of test hardware and procedures was a
team ef  for t .  Cont r ibut ions were made by Boeing,
Marshall and subcontractor designers, test subjects and
pa r t i c i pa t i ng  as t ronau ts .  Acco rd ing  t o  p l an ,  t es t
operations were directed by communications from the
control room. This l ink served as a record of comments
a n d  a n  o p p o r t u n i t y  f o r  r e a l - t i m e  p r o e e d u r a l
modi f  ica t ions.  Fur thermore,  there were f  ive  f  ixed
eameras and one swim camera providing continuous video
eoverage. Brief ings before and after the tests, combined
with control room records, virtual ly guaranteed eri t ical
assessment of test performance, value, appl icat ion and
improvements.

Figure 8 The Manned
Provides Doto

Maneuvering Unit Simulotor
on Access Envelopes



Ir indinEs

The s ign i f  icant  f  ind ings f  rom the neut ra l  buoyancy
test  can be c lass i f ied in  four  areas:  l )  space s ta t ion
sys tem a rch i t ec tu re l  2 )  modu le  ex te r i o r l  3 )  r nodu le
in ter ior ;  and 4)  vo ice act ivated system.

Space Station Svstem Architecture. 1) The singte
most useful tool was the remote manipulator system.
When used as an astronaut posit ion device, the RMS with
a manipulator foot restraint was an excel lent worksite
affording posit ive restraint,  posit ioning f lexibi l i ty and
two free hands. 2) Furthermore, RMS-based servicing
freed the module from addit ional weight and complexity
for foot restraint, as well as handhold aecommodations.
When debris paneis were f i t ted with a grapple f ixture, the
RMS performed well  as a third arm for panel restraint
and translat ion. An example is shown in Figure g. 3)
The manned maneuvering unit worked best as a means for
a s t r o n a u t  i n s p e c t i o n  o f  t h e  m o d u l e .  4 )  T h e
accommoda t i ons  requ i red  t o  enab le  adequa te  pane l
inspection are a ?8-inch minimum separation between
pressurized modules and an RMS with suff icient reach.

Figre 9 The Remote Maniptlotor System Gropples o
Panel to Assist in Removol

Module Exterior. 1) The axial debris panels were
more manageable than the circumferential paneis. Z)
Concentrat ing the mechanical and f luid intereonneets at
one end of the module simpli f ies operations, reduces EVA
time and prevents inadvertent damage to panels from
crew transiat ion and handling. 3) The panel continuity
and commonali ty are affected by window, trunnion, keel

and umbil ical intrusions. 4) When the panels are used as
radiators with exposed heat pipes, al ignment and handling
tools are necessary. F' igure 10 shows the RRAT in use.
5) The trunnions used to support the module in the Shutt le
cargo bay can be rrsed on-orbit  as support f ixtures for
EVA scaf  fo ld ing.  6)  Caref  u l  res t ra in t  pos i t ion ing is
essen t i a l  f o r  r each  w i t h  l a rge  ML I  pane l s ,  whe reas
smal ler  panels  are less sens i t ive  to  ast ronaut  pos i t ion ing
(see F' igure 11). 7) [ , ine-of-sight operations between crew
mentbers is an important factor in EVA productivi ty.

F ig t re  10 Radiotor  Replacement /At tachment  Tool
As.sists P anel Operotions

Figwe 11 Multi-Layer Inslotion is Being Prepared for
Attachment to the Mo&ie

Module In ter ior .  1)  Due to  the s ize o f  the pressure
su i t ,  a t  least  two s ing le  racks (42 inches)  must  be
removed for aceess to the wall .  2) Disconnecting the
equipment rack ut i l i t ies was easiest from the front. 3)

down the aisles. 4) Pressure shel i  repair procedures and
tools are adequate but could be ref ined. See Figure 12.

Voice-Act ivated Svstem.  The vo ice act ivated system
has considerable appl icat ions for EVA operations. 1) I t
el iminates cumbersome check l ists and 2) altows for both
hands to be in the job. 3) The system is ideai for Space
stat ion operat ions s ince ro ta t ing crews wi l l  be most
l ikely be unfamil iar with rarely used procedures; 4) The
vo i ce -ac t i va ted  compu te r  o f f e r s  an  oppo r tun i t y  f o r
art i f ic ial intel l igence applications.



Neutra l  buoyancy test ing revealed an unexpected
technieal problem. Voice recognit ion in the laboratory
and in a pressured EMU on the surface operated as
planned. There was l i t t le or no recognit ion, howeverr.
under water. Test t ime did not al low complete resolut ion
of this issue, but inrproved microphones in the suit  are
expected to  e l iminate the prob lem.  A eompar ison of
s igna l - to-no ise for  the vo ice communicat ions in  the
Neutral Buoyancy Simulator and the Shuti le Mission STS-
6 d isp layed a e lose s imi lar i ty  (see F igure t3) .  A
successful neutral buoyancy test, therefore, is presumed
to be applicable to space operations.

These init ial  Space Station neutral buoyancy tests are
the f irst steps along the evolut ionary path to design
maturi ty. As with any tests, some active coneerns have
been put to rest while other issues requir ing addit ional
test ing have surfaeed. tsoeing has plans to eontinue
neutral buoyancy test ing in support of NASA's Space
Station Program.

Figre 12 Test subject positrons potch over simutated
Hole in pressre Shell
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Voice ond Noise Comporison Between the
Neutrol &royoncy Focility and EVA on Mtssion
sTs-6
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