
Redesign of Ariane 
Is Under Way s 

Failuue of the Eumpean launcher last May wuld slow 
development of newer ~ehicles fm putting satellites in mbit 

Pa* 

T HE next Aight of the European 
launcher Ariane has been delayed for 
at least 6 months to allow for a major 

redesign of the third-stage ignition system 
that failed during the rocket's last launch at 
the end of May. The failure has temporarily 
deprived the West of all its commercial 
satellite launching facilities as a result of 
U.S. space shuttle disaster and the subse- 
quent failures of both the U.S. Delta and 
Titan rockets. 

FrM6ric W e s t ,  chairman of Ariane- 
space, the company responsible for the com- 
mercial operation of Ariane, said here re- 
cently that the report of a board of inquiry 
set up to investigate the launch failure had 
concluded that there was a "fundamental 
and generic problem" in the current system 
used to ignite the mixture of liquid oxygen 
and hydrogen in the third-stage engine. 

However, he said that he hoped launches 
would be resumed "early next year." Ariane- 
space currently plans to keep to the present 
order of fights-the next, which had been 
planned for this month, would have 
launched a European and an American com- 
munications satellite-and is confident that, 
if all goes well with the design and testing of 
the new ignition system, it will still be able 
to make its target of eight launches next 
year. 

The failure of the 30 May launch has been 
embarrassing for Arianespace. Not merely 
was the company in the middle of signing 
up several customers who had previously 
been booked for the space shuttle, but the 
failure was the second in four launches (the 
earlier one occurred last September). 

Furthemore, on both occasions the prob- 
lem developed during the ignition proce- 
dures for the third, cryogenic stage, which 
places satellites in geostationary orbit. This 
procedure is initiated by an explosive charge 
that is set off in the combustion chamber in 
order to ignite the combination of hydrogen 
and oxygen, which have just been fed into it 
by a turbopump. 

The precise timing of the explosion of the 
charge has always been recognized as highly 
critical. In last September's launch, some 

hydrogen leaked through the valve &re 
the explosion took place, and although the 
amount involved was relatively small, it dis- 
turbed the conditions sufKciently in the 
combustion chamber to prevent ignition. 

At the time, the company responsible for 
making the engine, the Soci&6 Euroene  
de Propulsion (SEP), suggested that a new 
ignition system was needed. However, both 
Arianespace and the National Center for 
Space Studies (CNES)-which was respon- 
sible for developing Ariane on behalf of the 
European Space Agency (ESA)-decided 
that the problem could be resolved through 
various engineering modifications, since the 
ignition procedures had worked perfectly on 
the previous nine launches. 

For the next two launches, including that 
of France's remote sensing satellite SPOT, 
the modifications seemed to work. On the 
third, however, luck ran out, and the rocket 
had to be destroyed after the last stage had 
once again failed to fire. 

An investigation carried out after the fail- 
ure by an international board of inquiry has 
now reached the conclusion that a first, 
partial ignition of the third-stage engine had 
occurred, but it proved insficient to cause 
combustion. A second ignition took place 
0.12 seconds later. However, by this time 
the pressure level in the combustion cham- 
ber was "abnormally high," resulting in a 
%gh pressure peak" and the subsequent 
d c t i o n  of the engine. 

"Accordmg to all production documents, 
the quality control files show no faults con- 
cerned with the manufacturing of the en- 
gine," says Reimar Liist, the director general 
of ESA. "However, there is a high probabili- 
ty that the margins available for ignition 
were exceeded." 

On the advice of the board of inquiry, 
SEP, the engine manufacturer, has now 
been asked by Arianespace to make a de- 
tailed study of the ignition conditions inside 
the engine to design a new, more powerful 
third-stage igniter and to carry out a thor- 
ough schedule of firing tests in simulated 
flight with the new ignition system before 
the next launch of Ariane. 

According to Liist, the design and testing 

Europe's Ariane q m  launcher now has 
failed twk. 

program will, at a provisional estimate, cost 
"several tens of millions of dollars." This 
sum will be shared between ESA, Ariane- 
space, and SEP. 

First tests of the new ignition system, on 
which work had already begun last Novem- 
ber after the earlier launch failure, should 
take place in August. The board of inquiry is 
being kept together so that it can evaluate 
the results of these tests, and a decision will 
subseauentlv be made about when launches 
can 'restaked. Even an 8 month delay will 
be the longest between two successive 
Ariane fights since 1982. 

~emor&ratin~ the reliability of the new 
ignition system is seen by Arianespace as 
critical if it is to maintain the commercial 
momentum, boosted by the space shuttle's 
problems, that has already &owed it to 
capture 50% of the market for commercial 
satellite launches, with total contracts signed 
so far worth more than $1.5 billion. 

Since the same engines will be used on the 
more powem version, Ariane IV, whose 
first fli-ght was to have taken place later this 
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year, the technology is likely to be used "for 
at least the next 20 years," says d'Allest. 

Still unknown is the impact that the effort 
required for the redesign of the ignition 
system will have on work that is already 
under way at SEP and elsewhere on the 
development of a much larger cryogenic 
engine, known as HM60. This is currently 
planned to be the main engine for the much 
larger single-stage Ariane V, which CNES 
hopes will be ready for launch by 1995 and 
will be man-rated, in order to carry the mini- 
shuttle Hermts. 

The dangers that would be created by a 
similar malfunction in the HM60-recently 
renamed Vulcan-will be minimized by the 
fact that it will be ignited before the launch- 
er leaves the ground. And Jean Sollier, the 
chairman of SEP, said last week that the new 

work on the HM7 will provide usefil 
knowledge for the development of the Vul- 
can engine. 

However, he admitted that work on the 
Vulcan motor at SEP "will obviously be 
disturbed," and in particular that the skilled 
manpower and technical facilities available 
were likely to be stretched. "When you take 
a number of technical resources and dedicate 
them entirely to one project, then these 
resources are obviously not available to do 
anything else," he said. 

The problem with the Ariane engines has 
come at a particularly critical time for ESA, 
which is still locked in an internal debate 
over the major directions of its space tech- 
nology programs up to the end of the 
century. In particular, the prospects are 
growing for a heated battle for European- 

level finding between the Ariane VMermts 
combination, and Britain's proposal for a 
horizontal takeoff launcher (HOTOL), 
whose engines would operate on very differ- 
ent principles (Science, 17 January, p. 209). 

D'Allest of Arianespace is philosophical 
about the current problems with Ariane; 
"the technology in all these areas is such that 
we have to go slowly and envisage failures," 
he says, adding that "we are still signing 
launch contracts." D'Allest also denies the 
charge, made in an article in the Lor Angeles 
Times last week, that the French government 
is taking seriously the hypothesis that Ariane 
might have been sabotaged. "All the tests 
which have been carried out so far have 
given no positive indication along these 
lines, and we see no reason to support such a 
hypothesis." 4 DAVID DICKSON 

Small Colleges Strong 
m Science 
But there is concern that the ability t o  produce talented 
students for science ~raduate  schools may be diminished in the 
future 

A group of selective colleges that send 
more than their share of graduates 
into the sciences are worried about 

being able to do so in the future. At a recent 
conference on the fiture of science at liberal 
arts colleges, leaders of 50 private colleges 
and small universities met to discuss joint 
action to preserve their niche in science 
education. 

Meeting at Oberlin College in Ohio, col- 
lege presidents reviewed their recent science 
track records with satisfaction, noting that it 
puts them on an equal footing with the 
leading universities in turning out basic 
science majors. The colleges also rate well in 
the percentage of students completing doc- 
toral degrees in science and going on to 
distinguished scientific careers. According 
to a background reportY released at the 
meeting, a subgroup of fewer than a dozen 
of the colleges "stand filly on a par with 
leading research universities" in the quantity 
and quality of their science graduates. 

The colleges' partisans agree that the main 
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element in keeping them competitive is that 
they not only emphasize teaching but that 
their science faculties include practicing re- 
searchers. The report says that 60% of facul- 
ty at the 50 institutions averaged at least one 
article published in each of the past 5 years. 
It also notes that "students themselves are 
actively engaged in scientific research. Near- 
ly 30% of all scientific articles produced at 
the colleges are jointly authored by under- 
graduate students and their faculty men- 
tors." 

The report notes that among its conclu- 
sions, "The most important is that over the 
next decade America's top liberal arts col- 
leges must invest a total of one billion 
dollars above current commitments if they 
are to maintain and enhance their present 
strong position in basic science." The report 
was prepared by Oberlin provost Sam C. 
Carrier and director of institutional research 
David Davis-Van Atta. 

Comparisons are made generally with se- 
lective universities with which the colleges 
traditionally compete for undergraduates 
and to which they send graduate students. 
The colleges continue to do well. Compared 

to highly selective private universities, for 
example, the colleges have had a higher 
percentage of freshman majors in science 
and succeeded better in keeping the percent- 
age up. The figures for a group of highly 
selective universities were 26.4% in 1976 
and 15% in 1985. Comparable figures for 
the colleges based on a sample of 19 of the 
50 were 31.8% in 1976 and 29.2% in 1985. 
Both sets of institutions far exceed the na- 
tional average, which last year was between 
5 and 6%. 

The demographic outlook in the next 
decade is daunting. Not only will the size of 
the college-age cohort reach a low point in 
the mid-l99Oys, but the percentage of enter- 
ing freshmen interested in science has been 
declining-nationally it fell from 9.9 to 
5.5% between 1975 and 1985. The number 
of Ph.D.'s awarded in the sciences fell by 
some 11% in the same years. 

Postbaccalaureate, the colleges rate favor- 
ably both in percentages of science students 
going on to graduate school and on qualita- 
tive grounds. Among the ten institutions 
with-the highest per-capita production of 
winners of the prestigious National Science 
Foundation Fellowships from 1976 to 
1983, five were liberal arts colleges.t 

Faculty demographics look even more 
dismal to the small colleges. Like the univer- 
sities, the colleges hav; a bulge of faculty 
recruited in the heriod of major expansion in 
the 1960's and early 1970's. When these 
faculty members retire and have to be re- 
placed starting in the 19903, the colleges 

?The top ten institutions in order were Caltech, Swarth- 
more, Harvey Mudd, MIT, Haward, Reed, Chicago, 
Yale, Pomona, and Bryn Mawr. 
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