
The Space Station Is Losing Friends 
Even ardent space enthusiasts are low on patience: the ungainly structure NASA wants 
to build seems too big, too bureaucratic, and too risky. Is it time to start over? 

WITH ITS ESTIMATED COST NOW 

standing at some $37 billion, 
and its purpose as a "perma- 
nently manned" orbital labo- 
ratory still as vaguely defined 
as ever, NASA's proposed . . 

space station Freedom is no 
stranger to political contro- 
versy. Lately, however, the 
proposal has begun to draw 
- - 

some scathing reviews for its 
alleged technical shortcomings 
as well: "The work that's been 
done to date is crap," says one 
particularly frustrated space 
station insider, who asked not 
to be quoted by name. "It's 
not even good engineering." 

While other critics aren't 
quite so vehement on the sub- 

2 fiasco of  the  fuzzy-eyed 
Hubble Space Telescope. 
Former Air Force Secretary 
and NASA Advisory Council 
chairman John McLucas put 
it bluntly: "What can't be 
tested, can't be trusted." 

NASA officials, for their 
part, stoutly maintain that 
their space station design is 
the right design. "Early on in 
the decade we looked at more 
than a dozen structures" be- 
fore settling on this one, says 
William Raney, special assis- 
tant to NASA's space station 
program manager Richard 
Kohrs. Moreover, he says, the 
basic design concept has been 
reviewed and endorsed many 

L ject, there is nonetheless a ~ o o d  englnering? on a viewgraph the lmks greatdu; times since then 
widespread perception in the there's no way to test it before launch. groups such as the National 
space community that the Research Council. 
space station program is rapidly sinking ofits I came a top priority at NASA last spring after 1 "Right" or not, however, the current space 

.. - 

won't support it. Take Thomas Paine, ad- I up in this piece or that piece of thestation. I the end of December, NASA's own space 

own weight. ~ncreasin~li ,  even the space 
enthusiasts who would like to see it used as 
a stepping stone to the moon and Mars 

it was revealed in the New York Times. Nor, 
for that matter, are the critics concerned so 
much about technical flaws that might turn 

ministrator of NASA during the Apollo 
moon landings, chairman of the 1986 Na- 
tional Commission on Space, and now a 

station design is now headed for its most 
thoroughgoing technical examination ever. 
Starting in November and continuing until 

member of a White ~ousecommittee on the 
goals and purposes of the space program: 
"The current space station program is no 

Instead, say the critics, their concern is 
with the totality of the station: what's going 
to happen when all the individual systems are 

longer endorsed by most scidntiits," he de- 
clared in a 9 September letter to Martin 
Marietta chief Norman Augustine, who 
chairs the committee, "and is delaying, not 

station design team is planning to conduct 
the first station-wide "preliminary design 
review," in which they finally get to put all 

finally assembled in orbit. The space station 
is going to be so big, so complex, and such 
an enormous leap beyond anything ever 

advancing, the President's goals [for the 
exploration of the moon and Mars]." 

Like many of the other critics that Science 

the subsystems designs together and look for 
overall problems. Whether the official report 
will actually admit to any serious problems 

done before in space that nasty surprises are 
almost inevitable, they say. With no space 
station experience other than the long-fallen 
Skylab, last visited in 1974, NASA is trying 

interviewed for this article, Paine thinks 
NASA would be far better off if it scrapped 
its current plan and found some simpler, 

remains to be seen. But space station insiders 
speaking to Science off the record have 
pointed out several examples of the "Great 
Leap Forward" approach that they find wor- 

to jump straight to a football field-sized 
facility that will reliably support human habi- 
tation for 30 years-with little chance for the 

cheaper, mire evolutionary approach to  
working in space. 

What bothers these critics is not just that 
the station will have to be launched in at least 

nauts making hundreds of sorties per year in end-to-end test will be in orbit-an ap- else attached to it. So what will happen when 
clumsy spacesuits-an issue that only be- proach that is all too reminiscent of the the station's 90-minute orbit carries it from 

risome. 
Vibrations in the truss. The truss is 

the backbone of the station, the 120-meter 
engineers to experiment and learn along the 
way. "[The space station] has no period as a 
child. I t  immediately becomes an adult," 

28 separate payloads aboard the notoriously 
balky space shuttle, nor that it will have to be 
assembled and maintained in orbit by astro- 
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spar that anchors the four crew modules in 
the center and that carries the 75-kilowatt 
solar panels out at the ends. I t  will be a fairly 

says John McElroy, a former deputy director 
of NASA's Goddard Space Flight Center 
and now dean of engineering at the Univer- 
sity of Texas in Arlington. 

rigid bbject, being made as a latticework of 
stiff, graphite-epoxy rods. But nothing is 
ever perfectly rigid. The truss can therefore 
be expected to twist and oscillate in any 

Worse yet, say the skeptics, there seems to 
be no feasible way to assemble and test the 
station on the ground before launch. Its first 

number of subtle ways, all the while transfer- 
ring potentially dangerous vibrations into 
the modules, the solar arrays, and anythmg 



the nightside of  the earth to the dayside and 
the sunlit portion o f  the structure suddenly 

. 
peers  3rym1ea DY Chaos 
:ers at the working level of NASA's space station project say they woul 

Int hpver about their ability t o  make the station hnct ion properlyifthev thoub ... ...-. 
ency's management structure were capable of de; large-scale issues 
ntly. Experience, however, suggests othenvise. 
example, says one project insider speaking off the n u can't point t o  X 
I that's a bad design decision, 1 aject managers don' 
;ign is." It keeps changing. In tl ~ c e  the basic confipr 
the mid-1980s, budgetary re the post-Challenger 

,,,. ,,.. y have forced the station through several major redesigns and a host o. ......,. 
~t any given time there may be dozens ofchange orders for engineers to  keep track 
ituation that might as well have been created to help things fall through the cracks. 
: the issue ofweight. The target weight for the completed station is 512,000 
s, a figure >y constraints on the flight rate and lifting capacity of the 
,. Rut this , h e n  the station team finally started adding up the weight 
~e individ~ in preparation for the preliminary design review the station 

1s to  undergo in November, the answer came up some 150,000 pounds over that 
-enough  to require at least another four shuttle trips. The result has been a 
: for t  t o  "scrub" the design, t o  find everything that can be left offor pared down 
weight. The effort has been so fierce, in fact, that some engineers are beginning 
~ d e r  ifthis weight-lor isn't beginning t o  compromise safety, reliability, 
.rformance. 
:abating the chaos ( t retrofitting is the ovenveight structure of  space 

statlon management: "The space station is a nightmarishly large, complex project," 
explains a station engineer, "not because it has to  be, hut because of history and 
politics." Former NASA administrator James M. Beggs, who started lobbllng for a 
space station almost as soon as he was nominated for the post in 1981, has freely 
-.J-:-- ed that the project was largely intended t o  give the agency' 

ling t o  d o  after they got  the space shuttle flying. After : 
e d  the station in 1984, the project was accordingly divided 2 

--...-. ; (Johnson, Marshall, Goddard, and Lewis), each of which then subcontracted 
most of  the actual work t o  an aerospace company. The estimated cost o f  the station 
immediately began t o  soar. And by 1986, intercenter bickering had fragmented and 
stalled the project so badlv that NASA headquarters was forced t o  add a whole new 

fcentralized authority: the spa( nanagement office in the Wash 
suburb of Reston, Virginia. 
then the Reston office develop I instability. Managers deputiz~ 

..., ..,Id centers would come in, stay a year o r  two, and go  back home. Few L. ...,... 
have wanted to make a permanent move and pay Washington-area housing prices. 

One consequence: Reston is only just now putting together an overall "verificationn 
plan for the space station-the schedule laling out precisely how all the components 

bsystems of  the station will be simulated before  la^: 
ork as required. Verification is ew concern. Engine! 
lual s~ibsvstem level have beer and worrying a b o u ~  

year, a National Research Council panel srngied verification out  as a cntlca~ unrPcnllrPfl 
issue for the station as a whole.' And just this past summer, NASA's own space 
advisory committee delivered a stinging critique of the central management' 
tinuing weakness" and underfunding of this area: "The baseline Verification : 

Station re( siderable corrective action t o  correct significant d 
wrote the ired by Martin Marietta president Tom Young. 
airness, oi Young's panel also said that the program's new 

verification plan does look promising. Moreover, even some of the more s..-,.---. 
insiders admit that NASA's leadership is p i n g  hard t o  get issues such as wei 
verification under control. Rut then, says one, the agency has already spent 6 yc 
$4 billion on this project. "It's amazing to me that the program got this far 

:e statron knglneenng ueslgn Issues" ( ~ a t ~ o n a l  Acaaemy I'ress, Wash ...,--.., 
1989). 

starts heating up  and expanding ever so 
slightly? Then there's atmospheric drag, not  
a trivial matter for something as large as the 
station orbiting at the relatively low altitude 
of  400 kilometers: what kind of  forces will 
drag exert o n  the truss and the sail-like solar 
arrays? And what kind of  vibrations will be 
set up  in the structure when drag brings the 
station into lower orbit, as it will, and the 
crew has to fire the built-in thrusters to 
regain altitude? 

Since there is n o  way to reproduce the 
free-floating environment of  space o n  the 
ground, the only way to answer such ques- 
tions is to simulate the station o n  computers. 
Very large computers. And since the station 
will actually have to be assembled in at least 
28 stages, with each partial structure flying 
o n  its own for a time, that analysis will have 
to be repeated at  least 28 times. 

O f  course, there's nothing wrong with 
computer simulations in principle. The  
problem is that in this case, there's n o  way to 
know for sure how accurate the simulations 
might be because there's n o  way to test them 
against reality. N o  one has ever built a 
graphite-epoxy structure in space that's re- 
motely the size o f  this one. Moreover, it's 
worth remembering that the Hubblespace 
telescope, quite aside from its optical prob- 
lems, is plagued by a "jitter" in its solar arrays 
that all the elaborate analyses done before 
launch failed to identify. 

Thermal control. Space is often 
thought of  as cold. But in fact, the space 
station modules are going to be accumulat- 
ing quite a bit of  heat from experimental 
equipment, people, and sunlight. The trick 
will be to get rid o f  it. 

The designers' current plan for thermal 
management calls for air-conditioners and 
heat exchangers inside the modules to dump 
the excess heat into pipes h l l  ofwater, which 
will then circulate ou t  of  the modules and 
transfer the heat to a second set o f  pipes 
carrying a mixture o f  liquid and gaseous 
ammonia-a fluid that happens to be ex- 
tremely efficient a t  moving heat around, but 
so toxic that n o  one wants it anywhere near 
the crew compartments. This second set of  
pipes will circulate the ammonia through a 
pair o f  fins ou t  o n  the truss, where the heat 
will be radiated into space. 

The ammonia system is a good example o f  
off-the-shelf design, say those familiar with 
the program, since a similar thermal man- 
agement system has long been used o n  the 
shuttle. But therein lies the problem. The 
shuttle system is not  only an order of  magni- 
tude smaller than what's being proposed for 
the station, but it can be flushed ou t  and 
rehrbished if necessary every time the shuttle 
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comes back to the ground. P 
The space station version will 
have to operate 24 hours a 2 
day for 30 years, with no 
chance of having the station 2 
brought into drydock for an 5 
overhaul. E 

What makes this especially 
worrisome is that ammonia 
is not only toxic but corro- 
sive, with a nasty habit of 
eatkg into d v e s  and seals. 
So how are the astronauts 
going to do on-orbit main- 
tenance if and when the sys- 
tem springs a leak? A careful 
design might eliminate that 
problem-but then, careful I 
design was also supposed to 
eliminate the possibility of 
hydrogen leaks in the shuttle. 
Or what happens if the am- =- An 9 r s .  The space station is &hying sdar system - - LJW UlI m 

mOnia stam seeping into the expZodn, llKl '.-- .' UslK. 

water loov. and h m  there 
into the rkdulcs themselves? At 400 kilo- tive" for exploring the moon and Mars. On 

built by NASA f .  sleeping, eating, and 
relaxation; and one laboratory module apiece 
from NASA, Japan, and the European Space 
Agency. According to the modrups built so 
far, these modules will be bright, spacious, 
and engineered with painstaking attention 
to such "human factors" as comfort, ease, 

meters up, there's no stepping out for a 
breath of fksh air. 

On-orbit housekeeping. The current 
design calls for the crew to occupy four 
modules on the station: one habitat module 

AMM, the second man to -walk on the 
moon; Maxime Fagct, one of NASA's chief 
engineers on Mercury, Gemini, Apollo, and 
the shuttle; and Owen Garriott, a crew 
member on both Skylab and the shuttle. 
And shortly b e h  that, on 9 September, 
members ofthe Augustine commime on the 

19 September, for example, at a meeting on 
space station alternatives convened by a na- 
tionwide space interest group known as the 
Planetary society,participants hcardaltema- 
tive plans discussed by such figures as Buzz 

and privacy. But they an also supposed to 
remain in space for 30 years. So, even leaving 
aside the possibility of ammonia leaks, how 
is the crew supposed to prevent all the thou- 

fuwe ofspace exp6ration heard yet another 
alternative plan from Painc. 

The specific details of these suggestions 
varied considerably. But their philosophy 

sands ofnooks and crannies h m  accumulat- 
ing dirt, molds, bacteria, and ever increasing 
levels of subtle toxins? Imagine a submarine 

The lesson of all this is not that such I science experiments, which would be visited 

was basically the same: break the space sta- 
tion up into smaller, simpler, more self- 
contained components. One piece might be 

that's been continuously at sea since 1960, 
says one project engineer, and you'll know 
what those modules will be like afkr awhile. 

an orbital fuel depot for deep space probes, 
for example, while another might be a "man- 
tended" module MI of automated materials 

problems can't be solved, say project engi- 
neers, nor that NASA should never try any- 
thing new in space. It's.that, when the 

and serviced by space shuttle astronauts only 
once or twice per year. The European Space 
Agency already has such a module under 

agency does try something new, it should 
walk before it runs. After all, the Apollo 11 
moon landing in 1969 was a Great Leap 

- - 

through 10. I surprises won't be so devastating. And most 

development, as does Faget's own start-up 
company, the Houston-based Space Indus- 
tries (Science, 21 April 1989, p. 282). But in 

Forward, too--but it was preceded by nearly 
a decade of experimentation in the Mercury 
and Gemini programs and in Apollos 1 

any case, say the critics, NASA should build 
up its capabilities step by step, so that it can 
learn as it goes, and so that mistakes and 

This argument seems to be resonating 
with a good many critics of the station- 
including a surprising number of NASA vet- 

president of the Planetary Sodety and a 
fonner director of NASA's Jet Propulsion 
Laboratory, "a progressively less interesting, 

importanqthe agencyshouldgetsomething 
up there quickly, so that it can start getting 
some real work done in space and so that the 

erans and other space a%icianados who makc 
no secret of their enthusiasm for President 

more costly, and more delayed U.S. space 
station program will become irrelevant to 
the United States.. . [and] there will be no 
future space program fix the United States 
of importance." 

When confronted with such suggestions, 
NASA officials quickly point to the serious 

country can see something happening. 
Without some such restructuring, says 

political obstacles that prevent any real 
changes to the space station program. For 
one thing, they say, the agency is now en- 
meshed in a web ofinternational agreements 
with Japan and the European Space Agency 
for their laboratory modules, and with 

Bush's year-old "Space Exploration Initia- Caltech planetary scientist Bruce Murray, 

Canada, which will provide a remotely con- 
trolled manipulator arm for servicing the 
station. In this country, moreover, the 
agency is embedded in a web of legal agree- 
ments with its space station contractors. 

Nevertheless, the looming deficit may 
soon force NASA to take a more evolution- 
ary course with the space station. Desperate 
to meet its deficit reduction targets, the 
Senate's VA-HUD-Independent Agencies 
subcommittee recently hacked out $864 
million from NASA's $2.451-billion space 
station budget request; if that cut is upheld 
in confirence with the House, NASA's 199 1 
space station budget will actually be lower 
than it was in fiscal 1990. With NASA itself 
estimating that the completed station will 
cost some $37 biion by the year 20-a 
figure that indudes not just hardware, but 
salaries, facility costs, and launch expenses- 
it's dear that something has to give. 

William Lenoir, the astronaut who is now 
NASA's associate administrator for both the 
shuttle and space station programs, admit- 
ted as much in recent testimony before 
House space authorization subcommittee 
under Representative William Nelson (D- 
FL): Ifspace station budgets are kept as tight 
as they now seem to be, said Lenoir, "We 
would have to go into what I would call 
architectural redesignma major rethinking 
of the space station. 

Another strong push for change could 
come from the Augustine commission, cre- 
ated by the White House's National Space 
Council to reexamine the U.S. space 
program's overall direction and fundarnen- 
tal assumptions. The commission is sched- 
uled to 'port on 15 December. And mem- 
bers say the space station question is dearly 
one they cannot ignore. 

"If the Space Station Program is in good 
shape, our independent committee should 
establish this fact and endorse it," wrote 
Paine in a 9 September letter to Augustine. 
"If not, we m k t  say so and recommend 
timely action." 

M.MrIuiEuw- 
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