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Introduction

he Space Shuttle took shape and won support, and criticism, as part
of NASA’s search for a post-Apollo future. As with the Army and
Navy in World War II, NASA had grown rapidly during the 1960s.
Similarly, just as those military services saw a sharp falloff in funding in the
wake of victory, the success of the piloted Moon landings brought insistent
demands that NASA should shrink considerably. In facing those demands,
and in overcoming them to a degree, NASA established itself as a permanent
player in Washington.

In civics books, we learn that the three branches of government include
the White House, Congress, and the Supreme Court. In making policy and in
carrying it out, however, the judiciary rarely plays a significant role. One may
speak of a tripartite government with a different set of participants: the White
House, Congress, and the Office of Management and Budget (OMB). Though
the OMB is part of the Executive Branch and responds to the wishes of the
President, its officials have considerable leeway to shape policy in their own
right, by cutting budgets. In seeking its post-Apollo future, NASA repeatedly
had to accept such cuts, as its senior officials struggled to win support within
the White House.

During 1969, with Nixon newly elected and the first astronauts setting
foot on the Moon, NASA Administrator Thomas Paine led a push for a future
in space that promised to be expansive. He aimed at nothing less than a
piloted expedition to Mars, propelled by nuclear rocket engines that were
already in development. En route to Mars, he expected to build space stations
and large space bases. Almost as an afterthought, he expected to build a space
shuttle as well, to provide low-cost flight to these orbiting facilities.

Soon after Neil Armstrong made his one small step in the lunar Sea of
Tranquillity, Paine received a cold bath in the Sea of Reality. Nixon’s budget
director, Robert Mayo, chopped a billion dollars from Paine’s request. This
brought an end to NASA’s hopes for a space base and for flight to Mars. It
appeared possible, however, to proceed with the space station and the shuttle,
as a joint project. The shuttle drew particular interest within the Air Force,
which saw it as a means to accomplish low-cost launches of reconnaissance
satellites and other military spacecraft.



WAY STATION TO SPACE

Congress, however, was deeply skeptical toward the proposed shuttle/sta-
tion, as both the House and Senate came close to killing it in 1970. NASA
responded to this near-death experience by placing the station on the shelf and
bringing the Shuttle to the forefront. Its officials needed political support that
could win over doubters in Congress, and they found this support within the
Department of Defense.

The Air Force now found itself in a most unusual position. Its generals had
worked through the 1960s to pursue programs that could put military astro-
nauts in space. These programs had faltered, with the main ones, the
Dyna-Soar and the Manned Orbiting Laboratory, being canceled in 1963 and
1969 respectively. Yet here was NASA offering the Pentagon a piloted Space
Shuttle, and promising to design it to meet Air Force needs. Indeed, the Air
Force would receive the Shuttle on a silver platter, for NASA alone would fund
its development and construction. It is a measure of NASA’s desperation that
it accepted the Shuttle project on those terms. The ploy, however, worked. The
Air Force gave its political support to the Shuttle, and NASA went on to quell
the opposition on Capitol Hill.

The OMB was a tougher opponent. NASA tried to win it over by com-
missioning cost-benefit studies that sought to support the Shuttle on economic
grounds. These studies, however, merely provided more ammunition for the
OMB’s critics. In mid-1971, these critics forced NASA to abandon plans for a
shuttle with two fully reusable liquid-fueled stages, and to set out on a seaich
for a shuttle design that would cost half as much to develop. Then, when the
resulting design exercises promised success in meeting this goal, the OMB
responded by arguing that this success showed that NASA could do still more
to cut costs. Budget officials demanded a design that would be smaller and less
costly, even though such a shuttle would have significantly less capability than
the Air Force wanted.

By shrinking the Shuttle, however, NASA won support where it counted.
Caspar Weinberger, the OMB’s deputy director, gave his endorsement late in
1971. Nixon also decided that the nation should have the Shuttle. On the eve of
decision, the key player proved to be OMB Director George Shultz. He decided
- that since the Shuttle was to serve the entire nation, it should have the full capa-
bility for which NASA hoped and the Air Force demanded. Shultz’s decision
reinforced Nixon’s, putting an end to the OMB’s continuing demands to down-
size the design. The consequence was the Space Shuttle as we know it today.
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Space Stations and
Winged Rockets

efore anyone could speak seriously of a space shuttle, there had
: to be widespread awareness that such a craft would be useful

|\ and perhaps even worth building. A shuttle would necessarily
L find its role within an ambitious space program. While science
fiction writers had been prophesying such wonders since the days of Jules
Verne, it was another matter to present such predictions in ways that smacked
of realism. After World War II, however, the time became ripe. Everyone
knew of the dramatic progress in aviation, which had advanced from biplanes
to jet planes in less than a quarter-century. Everyone also recalled the sudden
and stunning advent of the atomic bomb. Rocketry had brought further sur-
prises as, late in the war, the Germans bombarded London with long-range
V-2 missiles. Then, in 1952, a group of specialists brought space flight clearly
into public view.

The Collier’s Series

One of these specialists, the German expatriate Willy Ley, had worked with
some of the builders of the V-2 personally and had described his experiences,
and their hopes, in his book Rockets, Missiles, and Space Travel.! The first
version, titled Rockets, appeared in May 1944, just months before the first

1. Citation in bibliography.
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firings of the V-2 as a weapon. Hence, this book proved to be very timely.
His publisher, Viking Press, issued new printings repeatedly, while Ley
revised it every few years, expanding both the text and the title to keep up
with fast-breaking developments.?

One day in the spring of 1951, Ley had lunch with Robert Coles, chairman
of the Hayden Planetarium in Manhattan. He remarked that interest in astro-
nautics was burgeoning in Europe. An international conference, held in Paris
the previous October, had attracted over a thousand people. None had come
from the U.S., however, and this suggested to Ley that Americans should orga-
nize a similar congress. Coles replied, “Go ahead, the planetarium is yours.”

Ley proceeded to set up a symposium that took place on Columbus Day.
Admission was by invitation only. Some invitations, however, went to mem-
bers of the press. Among the attendees were a few staffers from Collier’s, a
magazine with a readership of ten million. Two weeks later, the managing
editor, Gordon Manning, read a brief news item about an upcoming Air Force
conference, in San Antonio, on medical aspects of space flight. He sent an
associate editor, Cornelius Ryan, to cover this meeting and to see if it could
be turned into a story.?

While no space enthusiast, Ryan was a meticulous reporter, as he would
show in such books as The Longest Day and A Bridge Too Far. At the meet-
ing, he fell in with Wernher von Braun, who had been the technical director
of the V-2 project. Von Braun, a consummate salesman, had swayed even
Hitler.* Over cocktails, dinner, and still more cocktails, Von Braun proceeded
to deliver his pitch. It focused on a space station with an onboard crew living
and working in space. Von Braun declared that it could be up and operating
in orbit by 1967. It would have the shape of a ring, 250 feet in diameter, and
would rotate to provide centrifugal force that could substitute for gravity in
weightless space. The onboard staff of 80 people would include astronomers
operating a major telescope. Meteorologists, looking earthward, would study
cloud patterns and predict the weather.’

To serve the needs of the Cold War, von Braun emphasized the use a
space station could have for military reconnaissance. He also declared that it

2. Expanded versions appeared in 1945, 1948, and 1952.

3. Ley, Rockets, pp. 330-331; AAS History Series, vol. 15, pp. 235-242.
4. Dornberger, V-2, pp. 103-111.

5. AAS History Series, vol. 15, pp. 235-242.
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could operate as a high-flying bomber, dropping nuclear weapons with great
accuracy. To build it, he called for a fleet of immense piloted cargo rockets
(space shuttles, though the term had not yet entered use) each weighing 7,000
tons, 500 times the weight of the V-2. Yet the whole program—rockets, sta-
tion and all—would cost only $4 billion, twice the budget of the wartime
Manhattan Project that had built the atomic bomb.5

With its completion, the space station could serve as an assembly point
for a far-reaching program of exploration. An initial mission would send a
crew on a looping flight around the Moon, to photograph its unseen far side.
Later, perhaps by 1977, a fleet of three rockets would carry as many as 50
people to the Moon’s Bay of Dew for a six-week period of wide-ranging
exploration using mobile vehicles.” Eventually, perhaps a century in the
future, an even bolder expedition would carry astronauts to Mars.?

By the end of that evening, von Braun had converted Ryan, who now
believed that piloted space flight was not only possible but imminent.
Returning to New York, Ryan persuaded Manning that this topic merited an
extensive series of articles that eventually would span eight issues of the mag-
azine.® Manning then invited von Braun, together with several other
specialists, to Manhattan for a series of interviews and discussions. These spe-
cialists included Willy Ley; the astronomer Fred Whipple of Harvard, a moon
and Mars specialist; and Heinz Haber, an Air Force expert in the nascent field
of space medicine.!”

In preparing the articles, Collier’s placed heavy emphasis on getting the
best possible color illustrations. Artists included Chesley Bonestell, who had
founded the genre of space art by presenting imagined views of planets such
as Saturn, as seen closeup from such nearby satellites as its large moon Titan.
Von Braun’s engineering drawings and sketches of his rockets and spaceships
were used by Bonestell and the other artists to create working drawings for
Von Braun’s review. They would execute the finished paintings only after
receiving Von Braun’s corrections and comments. !

. Ibid.; Time, December 8, 1952, pp. 67, 71; Collier’s, March 22, 1952, pp. 27-28.

. Collier’s, October 18, 1952, pp. 51-59; October 25, 1952, pp. 38-48.

. Ibid., April 30, 1954, pp. 22-29.

. Ibid., March 22, October 18 and October 25, 1952; February 28, March 7, March 14, and June 27, 1953;
April 30, 1954. Reprinted in part in NASA SP-4407, vol. I, pp. 176-200.

10. Collier's, March 22, 1952, p. 23.

11. AAS History Series, vol. 15, p. 237; vol. 17, pp. 35-39.
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Collier's, March 22, 1952,

Co’lie r’s ‘3:: quf | spurred a surge of interest in

Maveh 22, 1952 @ Fiffeen Cenrs : Spqce Soon | space ﬂlght'

TOP SCIENTISTS (Courtesy of Ron Miller)
TELL HOW IN |

5 15 STARTLING PAGES

The first set of articles appeared in March 1952, with the cover illustra-
tion of a space shuttle at the moment of staging, high above the Pacific. “Man
Will Conquer Space Soon,” blared the cover. “Top Scientists Tell How in 15
Startling Pages.” Inside, an editorial noted “the inevitability of man’s con-
quest of space” and presented “an urgent warning that the U.S. must
immediately embark on a long-range development program to secure for the
West ‘space superiority.”"

The series appeared while Willy Ley was bringing out new and updated
editions of his own book. It followed closely The Exploration of Space by
Arthur C. Clarke, published in 1951 and offered by the Book-of-the-Month
Club.”® The Collier’s articles, however, set the pace. Late in 1952, Time maga-
zine ran its own cover story on von Braun’s ideas."* In Hollywood, producer

12. Collier's, March 22, 1953, p. 23.
13. Citation in bibliography.
14. Time, December 8,.1952.

4
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Cargo rocket of the Collier’s series,
with winged upper stage. (Art by
Rolf Klep; courtesy of Ron Miller)

George Pal was working already with Bonestell, and had brought out such sci-
ence fiction movies as Destination Moon (1950) and When Worlds Collide
(1951). In 1953, they drew on von Braun’s work and filmed The Congquest of
Space, in color. Presenting the space station and Mars expedition, the film pro-
posed that the Martian climate and atmosphere would permit seeds to sprout
in that planet’s red soil.”®

Walt Disney also got into the act, phoning Ley from his office in Burbank,
California. He was building Disneyland, his theme park in nearby Anaheim,
and expected to advertise it by showing a weekly TV program of that name
over the ABC television network. With von Braun’s help, Disney went on to
produce an hour-long feature, Man in Space. It ran in October 1954, with sub-
sequent reruns, and emphasized the piloted lunar mission. Audience-rating
organizations estimated that 42 million people had watched the program.'®

15. Miller and Durant, Worlds Beyond, pp. 100-102.
16. Ley, Rockets, p. 331.
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In its 1952 article, Time referred to von Braun’s cargo rockets as “shut-
tles” and “shuttle rockets,” and described the reusable third stage as “a winged
vehicle rather like an airplane.” His payload weight of 72,000 pounds proved
to be very close to the planned capacity of 65,000 pounds for NASA’s space
shuttle.”” He expected to fuel his rockets with the propellants nitric acid and
hydrazine, which have less energy than the liquid hydrogen in use during the
1960s. Hence, his rockets would have to be very large. While his loaded
weight of 7,000 tons would compare with the 2,900 tons of America’s biggest
rocket, the Saturn V,"® his program cost of $4 billion was wildly optimistic.

Still, the influence of the Collier’s series echoed powerfully throughout
subsequent decades. It was this eight-part series that would define nothing
less than NASA’s eventual agenda for piloted space flight. Cargo rockets such
as the Saturn V and the space shuttle, astronaut Moon landings, a space sta-
tion, the eventual flight of people to Mars—-all these concepts would
dominate NASA’s projects and plans. It was with good reason that, in the
original Collier’s series, the space station and cargo rocket stood at the fore-
front. By 1952, the concept of a space station had been in the literature for
nearly 30 years, while large winged rockets were being developed as well.

Background to the Space Station

The concept of a space station took root during the 1920s, in an earlier era of
technical change that focused on engines. As recently as 1885, the only
important prime mover had been the reciprocating steam engine. The advent
of the steam turbine yielded dramatic increases in the speed and power of both
warships and ocean liners. Internal-combustion engines, powered by gasoline,
led to automobiles, trucks, airships, and airplanes. Submarines powered by
diesel engines showed their effectiveness during World War 1."

After that war, two original thinkers envisioned that another new engine,
the liquid-fuel rocket, would permit aviation to advance beyond the Earth’s
atmosphere and allow the exploration and use of outer space. These inventors
were Robert Goddard, a physicist at Clark University in Worcester,
Massachusetts, and Hermann Oberth, a teacher of mathematics in a gymnasium

17. Time, December 8, 1952, pp. 67, 68.
18. NASA SP-4012, vol. I, p. 27.
19. Scientific American, May 1972, pp. 102-111; April 1985, pp. 132-139.
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in a German-speaking community in Romania.?’ Goddard experimented much,
wrote little, and was known primarily for his substantial number of patents.*!
Oberth contented himself with mathematical studies and writings. His 1923
book, Die Rakete zu den Planetenraumen (The Rocket into Interplanetary
Space), laid much of the foundation for the field of astronautics.

Both Goddard and Oberth were well aware of the ordinary fireworks
rocket (a pasteboard tube filled with blackpowder propellant). They realized
that modern technology could improve on this centuries-old design in two
critical respects. First, a steel combustion chamber and nozzle in a rocket
engine could perform much better than pasteboard. Second, the use of pro-
pellants such as gasoline and liquid oxygen would produce far more energy
than blackpowder. Oberth produced two conceptual designs: the Model B, an
instrument-carrying rocket for lipper—atmosphere research, and the Model E,
a spaceship.?

Having demonstrated to his satisfaction that space flight indeed was
achievable, Oberth then considered its useful purposes. While he was not
imaginative enough to foresee the advent of automated spacecraft (still well
in the future), the recent war had shown that, using life support systems, sub-
marines could support sizable crews underwater for hours at a time.
Accordingly, he envisioned that similar crews, with oxygen provided through
similar means, would live and carry out a variety of tasks in a space station as
it orbited the Earth.

Without describing the station in any detail, he wrote that it could develop
out of a plans for a large orbiting rocket with a mass of “at least 400,000 kg”:

But if we should let a rocket of this size travel around the earth, it would con-
stitute a sort of miniature moon. It would then no longer need to be designed
or equipped for descent and landing. Traffic between this satellite and earth
could be carried out with smaller vehicles and these large rockets (let us call
them observation stations) could be built to further dimensions for their par-
ticular purpose. If ill effects result from experiencing weightlessness over
long periods of time (which I doubt), two such rockets could be connected
with a cable and caused to rotate about each other.

20. Ley, Rockets, pp. 107, 116.
21. Lehman, High Man, pp. 360-363.
22. Ley, Rockets, pp. 108-112; NASA TT-F-9227, p. 98.
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The station could serve as an astronomical observatory:

In space, telescopes of any size could be used, for the stars would not
flicker.... Sufficient for an objective glass would be a large, lightly shaded,
concave mirror made of sheet metal. If this were mounted by means of three
metal rods at a distance of several kilometers from the rocket, we would have
a telescope which, for most purposes, would be one hundred times superior
to the best instruments on earth.

The station could also carry out Earth observations, while serving as a
communications relay:

With their sharp instruments they could recognize every detail on the earth
and could give light signals to earth through the use of appropriate mirrors.
They would enable telegraphic comnections with places to which neither
cables nor electrical waves can reach.... Their value to military operations
would be obvious, be it that they are controlled by one of the belligerents or
be it that high fees could be charged for the reports they could render. The
station could observe every iceberg and could warn shipping, either directly
or indirectly. The disaster of the Titanic of 1912, for example, could have
been prevented in this way.

Oberth also considered the building of immense orbiting mirrors, with
diameters as large as 1,000 kilometers:

For example, routes to Spitzbergen or to the northern Siberian ports could be
kept free of ice. If the mirror had a diameter of only 100 km, it could make
broad areas in the northern regions of the earth inhabitable through diffused
light, and in our latitude it could prevent the fearful spring freezes and pro-
tect fruit crops from damage by night frosts in both spring and winter.

He recommended sodium as a lightweight construction material. While it
reacts strongly with oxygen, sodium would remain inert in airless space. He
~ also described how the observation station also could serve as a fuel station:

... If the hydrogen and oxygen are shielded from the sun’s rays, they could be
stored here for as long as desired in a solid state. A rocket which is filled here
and launched from the observation station has vo air resistance to over-
come.... If we couple a large sphere of sodium sheet which is produced and
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filled with fuel on location with a small, stoutly built rocket which pushes its
fuel supply ahead of it and is continually supplied by it, then we have a very
powerful and long-range vehicle which is easily capable of making the trip
to other bodies of the universe.”

Although Oberth was shy and retiring by nature, the impact of his ideas,
during subsequent decades, would rival that of von Braun’s a generation later.
Die Rakete spurred the founding of rocket-research groups in Germany, the
U.S., and the Soviet Union. As early as 1898, Russia’s Konstantin
Tsiolkovsky, a provincial math teacher like Oberth, had developed ideas sim-
ilar to those of Oberth’s. Officials of the new Bolshevik government then
dusted off Tsiolkovsky papers, showing that he had been ahead of the
Germans. As his writings won new attention, the Soviet Union emerged as
another center of interest in rocketry.*

Fritz Lang, a leading German film producer, then became interested. More
than a filmmaker, Lang was a leader in his country’s art and culture. Later,
Willy Ley noted that at one of his premieres, “The audience comprised liter-
ally everyone of importance in the realm of arts and letters, with a heavy
sprinkling of high government officials.”” In 1926, Lang released the classic
film Metropolis, with a robot in the leading role. Two years later, he set out to
do the same for space flight with Frau im Mond (The Girl in the Moon).

Drawing heavily on Oberth’s writings, Lang’s wife, actress Thea von
Harbou, wrote the script for Frau im Mond. Fritz Lang hired Oberth as a tech-
nical consultant. Oberth then convinced Lang to underwrite the building of a
real rocket. After all, it would be great publicity for the movie were such a
rocket to fly on the day of the premiere. The project attracted a number of
skilled workers who went on to build Germany’s first liquid-fuel rockets.
Among them, a youthful Wernher von Braun went on to develop the V-2 with
support from the German army.”

Even during the 1920s, Oberth’s ideas drew enough attention to encour-
age other theorists and designers to pursue similar thoughts and to write their
own books. Herman Poto¢nik, an engineer and former captain in the Austrian

23. NASA TT F-9227, pp. 92-97.

24. Ley, Rockets, pp. 100-104.

25. Ibid., p. 124.

26. Ibid., pp. 124-130; Neufeld, Rocket and Reich, pp. 11-23.
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Hermann Noordung's space
station concept of 1929. K is
the electric cable to an exter-

nal observatory; S is the

airlock; Kondensatorrohre
are condenser pipes;
Verdampfungsrohr is a boiler
pipe; Treppenschacht is a
stairwell; Augzugschacht is
an elevator shaft. (California
Institute of Technology)

army, wrote under the pen name of Hermann Noordung. In 1929, he pub-
lished The Problem of Space Travel, a book that addressed the issue of space
station design. It was to be his last publication, however, for later that same
year, he died of tuberculosis at the age of 36.”

Poto¢nik introduced the classic rotating wheel shape, proposing a diame-
ter of 100 feet with an airlock at its hub. The sun would provide electric power,

27. NASA SP-4026, pp. xv-xvi.
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though not with solar cells; these, too, lay beyond the imagination of that gen-
eration. Instead, a large parabolic mirror would focus sunlight onto boiler pipes
in a type of steam engine. For more power, a trough of mirrors would run
around the station’s periphery concentrating solar energy on another system of
pipes. Like a flower, the station would face the sun.2®

Except for being two and a half times larger, von Braun’s Collier’s space
station closely resembled that of Poto¢nik, and it is tempting to view von
Braun as the latter’s apt pupil. He certainly had the opportunity to read
Potocnik’s book (though published initially in its author’s native language of
Slovenian, it appeared quickly in German translation).” Moreover, von
Braun’s concept included a circumferential trough of solar mirrors for power.
This, however, came not from PotoCnik but rather from a suggestion of Fred
Whipple (who had not read Potoénik’s book), and thus represented an inde-
pendent invention.*® The influence of Potocnik on von Braun may have been
only indirect.

The historian J.D. Hunley, who has prepared an English translation of
Poto¢nik’s book, describes its influence on von Braun as “probable but spec-
ulative.” Nevertheless, he states unequivocally that “Poto¢nik’s book was
widely known even to people who may have seen only photographs of sec-
tions from the book in translation.”® His concept of a large rotating wheel was
sufficiently simple to permit von Braun and others to carry it in their heads
for decades, developing this concept with fresh details when using it as the
point of reference for an original design.

In the popular mind, if not for aerospace professionals, the Collier’s
series introduced the shape of a space station in definitive form. It carried over
to Disney’s Man in Space, and to George Pal’s Conquest of Space. Fifteen
years later, when producer Stanley Kubrick filmed Arthur C. Clarke’s 2001:
A Space Odyssey, he too used the rotating-wheel shape, enlarging it anew to
a diameter of a thousand feet.*?

28. Ibid., pp. 101-113.

29. Ibid., pp. ix, xii.

30. Ley, Rockets, pp. 372-373.

31. NASA SP-4026, pp. xxii-xxiii.
32. Clarke, 2001, photo facing p. 112.
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Winged Rockets: The Work of Eugen Singer

While space stations came quickly to the forefront in public attention, it was
another matter to build them, even in versions much smaller than von Braun’s
250-foot wheel. Between 1960 and 1980 the concept flourished only briefly,
in the short-lived Skylab program. The second major element of the Collier’s
scenario, the winged rocket, enjoyed considerably better prospects. At first
merely topics for calculation and speculation, the development of long-range
winged rockets during World War II was the departure point for a number of
serious postwar projects.

In the 1930s, work on winged rockets foreshadowed the development of
a high-speed airplane able to land on a runway for repeated flights. The first
important treatment came from Eugen Sénger, a specialist in aeronautics and
propulsion who received a doctorate at the Technische Hochschule® in Vienna
and stayed on to pursue research on rocket engines. In 1933, he published
Raketenflugtechnik (Rocket Flight Engineering). The first text in this field, it
included a discussion of rocket-powered aircraft performance and a set of
drawings. Sénger proposed achieving velocities as high as Mach 10, along
with altitudes of up to 70 kilometers.*

While the turbojet engine was unknown at that time, it was this engine,
rather than the rocket, that would offer the true path to routine high perfor-
mance. Because a turbojet uses air from the atmosphere, a jet plane needs to
carry fuel only, while its wings reduce the thrust and fuel consumption.
Hence, it can maintain longer flight times. By contrast, a rocket must carry
oxygen as well as fuel, and thus, while capable of high speeds, it lacks
endurance. After World War II, rocket airplanes as experimental aircraft went
on to reach speeds and altitudes far exceeding those of jets. Jet planes, how-
ever, took over the military and later the commercial realms.

During World War I, Singer made a further contribution, showing how
the addition of wings could greatly extend a rocket’s range. Initially, & winged
rocket would fly to modest range, along an arcing trajectory like that of an
artillery shell. Upon reentering the atmosphere, however, the lift generated by

33. A technical institute that does not qualify as a university but that offers advanced academic studies, partic-
ularly in engineering.
34. AAS History Series, vol. 7, Part I, pp. 195, 203-206; vol. 10, pp. 228-230; Ley, Rockets, pp. 408-410.
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The A-4b, a winged V-2 of
1945. (Smithsonian Institution
Photo No. 76-7772)

the rocket’s wings would carry it upward, causing it to skip off the atmosphere
like a flat stone skipping over water. Sidnger calculated that with a launch
speed considerably less than orbital velocity, such a craft could circle the
globe and return to its launch site.3> After World War II, this concept drew
high-level attention in Moscow, where, for a time, Stalin sought to use it as a
basis for a serious weapon project.’

35. Ley; Rockets, pp. 428-434.
36. Zaloga, Target, pp. 121-124.
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The Navaho and the Main Line of
American Liquid Rocketry

In haste and desperation, winged rockets entered the realm of hardware late
in the war, as an offshoot of the V-2 program. The standard V-2 had a range
of 270 kilometers. Following the Normandy invasion in 1944, as the Allies
surged into France and the Nazi position collapsed, a group of rocket engi-
neers led by Ludwig Roth sought to stretch this range to 500 kilometers by
adding swept wings to allow the missile to execute a supersonic glide.

The venture was ill-starred from the outset. When winds blew on the wings
during liftoff, the marginal guidance system could not prevent the vehicle from
rolling and going out of control. In this fashion, the first winged V-2 crashed
within seconds of its December 1944 launch. A month later, a second attempt
was launched successfully and had transitioned to gliding flight at Mach 4.
Then a wing broke off, causing the missile to break up high in the air.*’

Nevertheless, this abortive effort provided an early point of departure for
America’s first serious long-range missile effort. In the Army Air Forces
(AAF), the Air Technical Service Command (ATSC; renamed Air Materiel
Command in March 1946) began by defining four categories of missiles: air-
to-air; air-to-surface, surface-to-air, and surface-to-surface. The last of these
included the V-2 and its potential successors.*®

The program began with a set of military characteristics, outlined in
August 1945, that defined requirements for missiles in these categories. AAF
Headquarters published these requirements as a classified document. In
November 1946, ATSC invited 17 contractors, most of them aircraft manu-
facturers, to submit proposals for design studies of specific weapons. One of
these firms was North American Aviation (NAA) in Los Angeles.®

NAA had been a mainstay in wartime aircraft production. At the end of
World War I1, amid sweeping contract cancellations, the company dropped
from 100,000 to 6,500 employees in about two months.*’ The few remain-
ing contracts were largely in the area of jet-powered bombers and fighters.
To NAA’s president, James “Dutch” Kindelberger, these bombers repre-

37. Neufeld, Rocker and Reich, pp. 248-251,281.
38. Neufeld, Ballistic Missiles, p. 26.

39. Fahrney, History, p. 1291; Neal, Navaho, pp. 1-2.
40. AAS History Series, vol. 20, pp. 121-132.
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Test of a small rocket engine in a parking lot at North American Aviation. (Rocketdyne)

sented the way into the future. He decided to bring in the best scientist he
could find and have him build a new research lab, staffed with experts in
such fields as jet propulsion, rockets, gyros, electronics, and automatic con-
trol. The lab’s purview, which would go well beyond the AAF study, was to
work toward bringing in new business by extending the reach of the firm’s
technical qualifications.*!

An executive recruiter, working in Washington, D.C., recommended
William Bollay to head this lab. Bollay, who held a Ph.D. in aeronautical
engineering from Caltech, had been a branch chief in the Navy’s Bureau of
Aeronautics, with responsibility for the development of turbojet engines. He
came to NAA by November 1946, in time to deal with the AAF request for
proposals. Working with the company’s chief engineer, Raymond Rice,
Bollay decided to pursue the winged V-2, which the Germans had designated
as the A-9. During World War 11, the Germans had regarded this missile as the
next step beyond the standard V-2, hoping that its wings would offer a simple
way to increase its range. The V-2’s overriding priority had prevented serious

41. Author interview, J. Leland Atwood, Los Angeles, July 18, 1988.
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work on its winged version. Late in 1945, however, the NAA proposal offered
to “essentially add wings to the V-2 and design a missile fundamentally the
same as the A-9.7%

A letter contract, issued to the firm in April 1946, called for the study and
design of a supersonic guided missile designated MX-770, with a range of 175
to 500 miles.* Meanwhile, rocket research was under way in an NAA company
parking lot, with parked cars only a few yards away. A boxlike steel frame held
a rocket motor; a wooden shack housed instruments. The steel blade of a bull-
dozer’s scraper was used as a shield to protect test engineers in the event of an
explosion.* A surplus liquid-fueled engine from Aerojet General, with a 1,000
pounds of thrust, served as the first test motor. The rocket researchers also built
and tested home-brewed engines, initially with 50 to 300 pounds of thrust.*
Some of these engines were so small that they seemed to whistle rather than
roar. In the words of J. Leland Atwood, who became company president in
1948, “We had rockets whistling day and night for a couple of years.”*

In June 1946, the first step toward a coordinated plan came in the form of
a new company proposal. In the realm of large rocket-engine development,
Bollay and his associates proposed a two-part progran:

Phase I: Refurbishment and testing of a complete V-2 propulsion system, to
be provided as government-furnished equipment.

Phase II: Redesign of this engine to American engineering standards and
methods of manufacture, along with construction and testing.

In the spring of 1947, the company added a further step:

Phase I1I: Design, construction and testing of a new engine, drawing on V-2
design but incorporating a number of improvements.*’

Bollay and his colleagues also launched an extensive program of consul-
tation with Wernher von Braun and his wartime veterans. These included

42. Ibid.; author interview, Jeanne Bollay, Santa Barbara, California, January 24, 1989; Report AL-1347 (North
American), pp. 1-4; Neufeld, Rocket and Reich, p. 249.

43. Report AL-1347 (North American), pp. 5-6.

44. Threshold, Summer 1993, pp. 40-47.

45. Report AL-1347 (North American), p. 37.

46. Author interview, J. Leland Atwood, Los Angeles, July 18, 1988.

47. Report AL-1347 (North American), pp. 9-10, 34.
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Walther Riedel, Hans Huter, Rudi Beichel, and Konrad Dannenberg. In addi-
tion, Dieter Huzel, a close associate of von Braun, went on to join NAA as a
full-time employee.*®

Bollay wanted to test-fire V-2 engines. Because their thrust of 56,000
pounds was far too great for the company’s parking lot test center, Bollay
needed a major set of test facilities. Atwood was ready to help. “We scoured
the country,” Atwood recalls. “It wasn’t so densely settled then—and we
located this land.”* It was in the Santa Susana Mountains, at the western end
of the San Fernando Valley. The landscape—stark, sere, and full of rounded
reddish boulders—offered spectacular views. In March 1947, NAA leased
the Jand and built a rocket test center on it as part of a buildup of facilities
costing upwards of $1 million in company money and $1.5 million from the
Air Force.™® :

In 1946, two government-furnished V-2 engines arrived at the site.
Detailed designing of the Phase II engine began in June 1947; the end of
September brought the first release of drawings and of the first fabricated
parts. Early in 1949, the first such engine was completed. Two others followed
shortly thereafter.’!

Still very much a V-2 engine, it had plenty of room for improvement.
Lieutenant Colonel Edward Hall, who was funding the work, declared that “it
wasn’t really a very good engine. It didn’t have a proper injector, and that
wasn’t all. When we took it apart, we decided that was no way to go.”** By
fixing the deficiencies during Phase HI, NAA expected to lay a solid founda-
-tion for future rocket engine development.

A particular point of contention involved this engine’s arrangements for
injecting propellants into its combustion chamber. Early in the German rocket
program, Walter Riedel, von Braun’s chief engine designer, had built a rocket
motor with 3,300 pounds of thrust with a cup-shaped injector at the top of the
thrust chamber. For the V-2, a new chief of engine design, Walter Thiel,
grouped 18 such cups to yield its 56,000 pounds. Unfortunately, this arrange-
ment did not lend itself to a simple design wherein a single liquid-oxygen line

48. Threshold, Summer 1991, pp. 52-63, Huzel, Peenemiinde, pp. 226-228.

49. Author interview, J. Leland Atwood, Los: Angeles, July 18, 1988.
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could supply all the cups. Instead, his “18-pot engine” required a separate
oxygen line for each individual cup.*

Thiel had pursued a simpler approach by constructing an injector plate,
resembling a showerhead, pierced with numerous holes to permit the rapid
inflow and mixing of the rocket propellants. By the end of World War 11,
Thiel’s associates had tested a version of the V-2 engine successfully that
incorporated this feature, though it never reached production.’™® Bollay’s
rocket researchers, still working within the company parking lot, were upping
their engines’ thrust to 3000 pounds, and were using them to test various types
of injector plates.”” The best injector designs would be incorporated into the
Phase Il engine, bringing a welcome simplification and introducing an
important feature that could carry over to larger engines with greater thrust.
In September 1947, preliminary design of Phase III began, aiming at the
thrust of the V-2 engine but with a weight reduction of 15 percent.>

Bollay had initially expected to design the 500-mile missile as a V-2 with
swept wings and large control surfaces near the tail, closely resembling the A-
9. Work in a supersonic wind tunnel built by Bollay’s staff showed that this
design would encounter severe stability problems at high speed. Thus, by early
1948, a new configuration emerged. With small forward-mounted wings
(known as canards) that could readily control such instability, the new design
moved the large wings well aft, replacing the V-2’s horizontal fins. In January
1948, four promising configurations were tested in the Ordnance Aerophysics
Laboratory wind tunnel in Daingerfield, Texas. By March, a workable prelim-
inary design of the best of these four configurations was largely in hand.”

When it won independence from the Army, the U.S. Air Force received
authority over programs for missiles with a range of 1,000 miles or more.
Shorter-range missiles remained the exclusive domain of the Army.
Accordingly, at a conference in February 1948, Air Force officials instructed
NAA to stretch the range of their missile to 1000 miles.*®

The 300-mile missile had featured a boost-glide trajectory. It used rocket
power to arc high above the atmosphere and then its range was extended with
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a supersonic glide. This approach was not well suited when the range was
doubled. At the Air Force developmental center of Wright Field, near
Dayton, Ohio, Colonel M. S. Roth proposed to increase the missile range
anew by adding ramjets.”® Unlike the turbojet engines of the day, the
ramjet—which worked by ramming air into the engine at high speed—could

59. Letter, Colonel M. S. Roth to Power Plant Lab, 11 February 1948 (cited in Fahrney, History, p. 1294).

19



THE SPACE SHUTTLE DECISION

Navaho concept of 1948. (U.S. Air Force)

fly supersonically. A turbojet, however, could take off from a standing start
whereas a ramjet needed a rocket boost to reach the speed at which this air-
ramuming effect would come into play.

A Navy effort, Project Bumblebee, had been under way in this area since
World War II and NAA had done several relevant aerodynamic studies. In
addition, at Wright Field, the Power Plant Laboratory included a Nonrotating
Engine Branch that was funding the development of ramjets as well as rocket
motors. Its director, Weldon Worth, dealt specifically with ramjets; Lieut. Col.
Hall, who dealt with rockets, served as his deputy.®

Though designed for boost-glide flight, the new missile configuration
readily accommodated ramjets and their fuel tanks for supersonic cruise. The
original boost-glide missile thus evolved into a cruise missile when a modifi-
cation of the design added two ramjet engines, mounting one at the tip of each
of two vertical fins. These engines and their fuel added weight, which neces-
sitated an increase in the planned thrust of the Phase III rocket motor.
Originally it had been planned to match the 56,000 pound thrust of the V-2.
In March 1948, however, the thrust of this design went up to 75,000 pounds.
The missile was named the Navaho, reflecting a penchant at NAA for names
beginning with “NA.®!

60. Report AL-1347 (North American), p. 6; Jet Propulsion, vol. 25 (1955}, pp. 604-614; author interview,
Edward Hall, Los Angeles, August 29, 1996.
61. Report AL-1347 (North American), pp. 39, 42-43.
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By late November of 1949, the first version of this engine was ready for
testing at the new Santa Susana facility. Because it lacked turbopumps, pro-
pellants were pressure-fed from heavy-walled tanks. Thus, this version of the
engine was much simpler than its later operational type, which would rely on
turbopumps to force propellants into the engine. Proceeding cautiously, the
rocket crew began with an engine-start test at 10 percent of maximum pro-
pellant flow for 11 seconds. It was successful and led to somewhat longer
starting tests in December. Then, as the engineers grew bolder, they hiked up
the thrust. In March 1950, this simplified engine first topped its rated level of
75,000 pounds—for four and a half seconds. During May and June, the full-
thrust runs went well, exceeding a minute in duration.

Meanwhile, a separate developmental effort was building the turbo-
pumps. Late in March 1950, the first complete engine, turbopumps included,
was assembled. In August, this engine fired successfully for a full minute—
at 12.3 percent of rated thrust. Late in October, the first full-thrust firing
reached 70,000 pounds—for less than five seconds. In seven subsequent tests
during 1950, however, only one, in mid-November, topped its rated thrust
level. This was due to problems with rough combustion during the buildup
to full thrust.®?

The pressure-fed tests exhibited surges in combustion-chamber pressure
(known as “hard starts”) that were powerful enough to blow up an engine.
Walther Riedel, one of the German veterans, played an important role in intro-
ducing design modifications that brought this problem under control. The
problem of rough combustion was new, however, and went beyond the
German experience. It stemmed from combustion instability in the engirie’s
single large thrust chamber. Ironically, the V-2’s 18-pot motor had avoided
this difficulty. Acting as preliminary burners, its numerous injector cups were
too small to permit such instabilities.5

Following the successful full-thrust test of November 1950, it was not
until March 1951 that problems of unstable combustion came under control.**
However, this marked another milestone. For the first time, the Americans had
encountered and solved an important problem that the Germans had not expe-
rienced. While combustion instabilities would recur repeatedly during

62. Ibid., pp. 75-81.
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subsequent engine programs, the work of 1950 and 1951 introduced NAA to
methods for solving this problem.

By then, the design and mission of the Navaho had changed dramatically.
The August 1949 detonation of a Soviet atomic bomb, the fall of China to
communism, and the outbreak of the Korean War in mid-1950 combined to
signal to the nation that the rivalry with the Soviet Union was serious and that
Soviet technical capability was significant. The designers at North American,
working with their Air Force counterparts, accordingly sought to increase the
range of the Navaho to as much as 5,500 nautical miles, and thereby give it
intercontinental capability.

At the Pentagon in August 1950, conferences among Air Force officials
brought a redefinition of the program that set this intercontinental range of
5,500 miles as a long-term goal. A letter from Major General Donald L. Putt,
director of research and development within the Air Materiel Command,
became the directive instructing NAA to pursue this objective.®® An interim
version, Navaho II, with range of 2,500 nautical miles, seemed technically
feasible. The full-range version, Navaho I, represented a long-term project
that would go forward as a parallel effort.%

“The 1,000-mile Navaho of 1948, with its Phase III engine, had amounted
to a high-speed pilotless airplane fitted with both rocket and ramjet propul-
sion. This design, however, had taken approaches based on winged rockets to
their Iimit. The new Navaho designs separated the rocket engines from the
ramjets, assigned each to a separate vehicle, and turned Navaho into a two-
stage missile. The first stage or booster, powered by liquid-fuel rockets,
accelerated the missile to Mach 3 and 58,000 feet. The ramjet-powered
second stage rode this booster during initial ascent—similar to the way in
which the Space Shuttle rides its external tank today—and then cruised to its
target at Mach 2.75 (about 1,800 mph.).”

Lacking the thrust to boost the Navaho, the 75,000-pound rocket motor
stood briefly on the brink of abandonment. Its life, however, was only begin-
ning. This engine was handed over to von Braun, who was at Redstone Arsenal

65. Letter, Maj. Gen. D: L. Puit to Commanding General, Air Materiel Command, 21 August 1950 (cited in
Fahroey, History, p. 1297).

66. Report AL-1347 (North American), p. 88; Fahmey, History, pp. 1296-1297; Neal, Navaho, pp. 12-14.

67. “Standard Missile Characteristics: XSM-64 Navaho” U.S. Air Force, November 1, 1956, Air Force Museum,
Wright-Patterson AFB, Ohio. )
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half as much as the V-2’s 18-pot engine (1,475 pounds versus 2,484), this
motor delivered 34 percent more thrust than that of the V-2,

For Navaho 1I, this basic engine would be replaced by a new one with
120,000 pounds of thrust. A twin-engine installation, totaling 240,000
pounds, provided the initial boost. For Navaho III, NAA upgraded the engine
to 135,000 pounds of thrust and designed a three-engine cluster for that mis-
sile’s booster.%’

In 1954 and 1955, the Air Force and Army made a major push into long-
range missiles—but these were not Navahos. Instead, they were the Air
Force’s Atlas, Titan, and Thor, along with the Army’s Jupiter. When these
new programs needed engines, however, it was again NAA that produced the
rocket motors that would do the job. The Navaho’s 135,000 pounds of thrust
was upgraded to 139,000 and then again to 150,000 pounds. In addition to
this, a parallel effort at Aerojet General developed very similar engines for
the Titan.™ '

“We often talked about this basic rocket as a strong workhorse, a ragged
engine,” says Paul Castenholz, a test engineer who worked at Santa Susana.
“I think a lot of these programs evolved because we had these engines. We
anticipated how people would use them; we weren’t surprised when it hap-
pened. We’d hear a name like Atlas with increasing frequency, but when it
became real, the main result was that we had to build more engines and test
them more stringently.””!

The Navaho of 1948, designed as a winged rocket with ramjets, stood two
steps removed from the missiles that later would go on to deployment and
operational status. First, the versions of 1950 and after were designed and
built as high-speed aircraft with a separate rocket booster. Subsequently, those
versions were replaced by the Atlas and other missiles of that era.

Even though the Air Force cancelled the Navaho program in 1957, its
legacy lived on. Bollay’s research center, called the Aerophysics Laboratory,
became the nucleus that allowed NAA to take the lead in piloted space flight.
In 1955, this laboratory split into four new corporate divisions: Rocketdyne,
Autonetics, the Missile Division, and Atomics International. Rocketdyne

68. Threshold, Summer 1991, p. 63.

69. Neal, Navaho, pp. 30-31; AAS History Series, vol. 20, pp. 133-144.
70. AAS History Series, vol. 13, pp. 19-35; vol. 20, pp. 133-144.

71.. Author interview, Paul Castenholz, Colorado Springs, August {8, 1988.
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became the nation’s premier builder of rocket engines. Autonetics emerged as
a major center for guidance and control. The Missile Division, later renamed
Space and Information Systems, built the Apollo spacecraft as well as the
second stage of the Saturn V Moon rocket.”

The Navaho also left a legacy in its people. Sam Hoffman, who brought
the 75,000-pound engine to success, presided over Rocketdyne as it built the
main engines for the Saturn V. Paul Castenholz headed development of the J-
2, the hydrogen-fueled engine that powered Saturn V’s upper stages. John R.
Moore, an expert in guidance, became president of Autonetics. Dale Myers,
who served as Navaho project manager, went to NASA as Associate
Administrator for Manned Space Flight.”

Navaho’s engines, including those built in the parallel effort at Aerojet
General, represented a third legacy. Using such engines, Atlas, Thor, and
Titan were all successful as launch vehicles. Upper stages were added to Thor
which evolved into the widely-used Delta. Additional upgrades raised the
thrust of its engine to 205,000 pounds. A cluster of eight such engines, pro-
ducing up to 1.6 million pounds of thrust, powered the Saturn I and Saturn
I-B boosters, which flew repeatedly in both the Apollo and Skylab pro-
grams.” Between 1946 and 1950, the winged rockets of the Navaho program
played a pioneering role, planting seeds that would flourish for decades in
aerospace technology.

The X-15: An Airplane for Hypersonic Research

During the 1940s and 50s, the nation’s main centers for aeronautical research
operated within a small federal agency, the National Advisory Committee for
Aeronautics (NACA; it became the National Aeronautics and Space
Administration, NASA, in 1958). After World War II, NACA and the Air
Force became increasingly active in supersonic flight. Rocket-powered air-
craft such as the Bell X-1 and the Douglas Skyrocket D-558 set the pace. The
X-1 broke the sound barrier in 1947; the Skyrocket approached Mach 2 only

72. Murray, Lee Atwood, pp. 47, 56, 62-64, T1.
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four years later. Also, between 1949 and 1951, NAA designed a new fighter,
the F-100, planning it to be the first jet plane to go supersonic in level flight.”

Supersonic aviation brought difficult problems in aerodynamics, propul-
sion, aircraft design, and stability and control in flight. Still, at least for flight
speeds of Mach 2 and somewhat higher, it did not involve the important issue
of aerodynamic overheating. Though fitted with rocket engines, the cited air-
craft were built of aluminum, which cannot withstand high temperatures. At
speeds beyond Mach 4 lay the realm of hypersonic flight, where problems of
heating would dominate.

Nevertheless, by the early 1950s, interest in such flight speeds was
increasing. This was due in part to the growing attention given to prospects
for an intercontinental ballistic missile (ICBM), a rocket able to carry a
nuclear weapon to Moscow. In December 1950, the Rand Corp., an influen-
tial Air Force think tank, reported that such missiles now stood within reach
of technology. The Air Force responded by giving a study contract to the firm
of Convair in San Diego, where, a few years earlier, the designer Karel
Bossart had nurtured thoughts of such missiles. Bossart’s new design, devel-
oped during 1951, called for the use of the Navaho’s 120,000-pound-thrust
rocket engine. The design was thoroughly unwieldy; it would stand 160 feet
tall and weigh 670,000 pounds. Nevertheless, it represented a milestone. For
the first time, the Air Force had an ICBM design concept that it could pursue
using rocket engines that were already being developed.”®

Among the extraordinarily difficult technical issues faced by the ICBM,
the problem of reentry was paramount. Because an ICBM’s warhead would
reenter the atmosphere at Mach 20 or more, there was excellent reason to
believe that it would burn up like a meteor. As early as 1951, however, the
NACA aerodynamicist H. Julian Allen offered a solution. Conventional think-
ing held that hypersonic flight would require the ultimate in slender
needle-nose shapes. Allen broke with this approach, showing mathematically
that the best design would introduce a nose cone as blunt or flat-faced as pos-
sible. Such a shape would set up patterns of airflow that would carry most of
the heat of reentry away from the nose cone, rather than delivering this heat
- to its outer surface.”

75. Ley, Rockets, pp. 423-425; Gunston, Fighters. pp. 170-171.
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There was further interest in hypersonics at Bell Aircraft Corp. in
Buffalo. Here Walter Dornberger, who had directed Germany’s wartime
rocket development, was proposing a concept similar to Eugen Singer’s
skip-gliding rocket plane. The design of the rocket (known as the Bomi—
Bomber Missile) required a two-stage vehicle with each stage winged,
piloted, and rocket-powered. Dornberger argued that Bomi would have the
advantage of being able to fly multiple missions like any piloted aircraft,
and it could be recalled once in flight. By contrast, an ICBM could fly only
once and would be committed irrevocably to its mission once in flight.”®

Bell Aircraft, very active in supersonic flight research, had built the
X-1, which was the first through the sound barrier. Also, Bell Aircraft
was building the X-1A that would approach Mach 2.5 and the X-2 that
would top Mach 3.7° Robert Woods, co-founder of the company and a
member of NACA’s influential Committee on Aerodynamics, had been a
leader in the design of these aircraft. He also took a strong interest in
Dornberger’s ideas.

In October 1951, at a meeting of the Committee on Aerodynamics,
Woods called for NACA to develop a new research airplane resembling the
V-2, to “obtain data at extreme altitudes and speeds, and to explore the prob-
lems of reentry into the atmosphere.” In January 1952, Woods wrote a letter
to the committee, urging NACA to pursue a piloted research airplane capa-
ble of reaching beyond Mach 5. He accompanied this letter with
Dornberger’s description of Bomi. That June, at Woods’s urging, the com-
mittee passed a resolution proposing that NACA increase its program in
research aircraft to examine “problems of unmanned and manned flight in
the upper stratosphere at altitudes between 12 and 50 miles.”*

NACA already had a few people who were active in hypersonics, notably
the experimentalists Alfred Eggers and John Becker, who had already built
hypersonic wind tunnels.®' At NACA’s Langley Aeronautical Laboratory,
Floyd Thompson, the lab’s associate director, responded to the resolution by
setting up a three-man study group chaired by Clinton Brown, a colleague of
Becker. In Becker’s words, “Very few others at Langley in 1952 had any
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knowledge of hypersonics. Thus, the Brown group filled an important educa-
tional function badly needed at the time.”®?

According to Thompson, he was looking for fresh unbiased ideas and the
three study-group members had shown originality in their work. Their report,
in June 1953, went so far as to propose commercial hypersonic flight, sug-
gesting that airliners of the future might evolve from boost-glide concepts
such as those of Dornberger. At the more practical level, however, the group
warmly endorsed building a hypersonic research aircraft. NACA-Langley
already had a Pilotless Aircraft Research Division (PARD), which was using
small solid-fuel rockets to conduct supersonic experiments. Brown’s group
now recommended that PARD reach for higher speeds, perhaps by launching
rockets that could cross the Atlantic and be recovered in the Sahara Desert.®

PARD, a NACA in-house effort, went forward rapidly. In November
1953, it launched a research rocket that carried a test nose cone to Mach 5.0.
The following October, a four-stage rocket reached Mach 10.4.** To proceed
with a piloted research airplane, NACA’s limited budget needed support from
the Air Force. Here too there was cross-fertilization. Robert Gilruth, head of
PARD and an assistant director of NACA-Langley, was also a member of the
Aircraft Panel of the Air Force’s Scientific Advisory Board. At a meeting in
October 1953, this panel stated that “the time was ripe” for such a research
airplane, and recommended that its feasibility “should be looked into.”®

The next step came at a two-day meeting in Washington of NACA’s
Research Airplane Projects Panel. Its chairman, Hartley Soulé, had directed
NACA’s participation in research aircraft programs since the earliest days of
the X-1 project in 1946. The panel considered specifically a proposal from
Langley, endorsed by Brown’s group, to modify the X-2 for flight to Mach
4.5. They rejected this concept, asserting that the X-2 was too small for hyper-
sonic work. The panel members concluded instead that “provision of an
entirely new research airplane is desirable.”

NACA'’s studies of such an airplane would have to start anew. In March
1954, John Becker set up a new group that took on the task of defining a
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design. Time was of the essence; everyone was aware that the X-2 project,
underway since 1945, had yet to make its first powered flight.®” Becker stip-
ulated that “a period of only about three years be allowed for design and
construction.” Hence NACA would move into the unknown frontiers of
hypersonics using technology that was already largely in hand.

Two technical problems stood out: overheating and instability. Because
the plane would fly in the atmosphere at extreme speeds, it was essential that
it be kept from tumbling out of control. As on any other airplace, tail sutfaces
were to provide this stability. Investigations had shown that these would have
to be excessively large. A Langley aerodynamicist, Charles McLellan, came
to the rescue. While conventional practice called for thin tail surfaces that
resembled miniature wings, McLellan now argued that they should take the
form of a wedge. His calculations‘showed that at hypersonic speeds, wedge-
shaped vertical fins and horizontal stabilizers should be much more effective
than conventional thin shapes. Tests in Becker’s hypersonic wind tunnel ver-
ified this approach.®

The problem of overheating was more difficult. At the outset, Becker’s
designers considered that, during reentry, the airplane should point its nose in
the direction of flight. This proved unacceptable because the plane’s stream-
lined shape would cause it to enter the dense lower atmosphere at excessive
speed. This would subject the aircraft to disastrous overheating and to aero-
dynamic forces that would cause it to break up. These problems, however,
appeared far more manageable if the plane were to enter with its nose high,
presenting its flat undersurface to the air. It then would lose speed in the upper
atmosphere, easing both the overheating and the aerodynamic loads. In
Becker’s words, “It became obvious to us that what we were seeing here was
a new manifestation of H. J. Allen’s ‘blunt body’ principle. As we increased
the angle of attack, our configuration in effect became more ‘blunt.””’*® While
Allen had developed his principle for missile nose cones, it now proved
equally useful when applied to hypersonic airplanes.

Even so, the plane would encounter far more heat and higher tempera-
tures than any aircraft to date had received in flight. New approaches in the
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structural design of these aircraft were imperative. Fortunately, Dornberger’s
group at Bell Aircraft had already taken the lead in the study of “hot struc-
tures.”” These used temperature-resistant materials such as stainless steel.
Wings might be covered with numerous small and very hot metal panels
resembling shingles that would radiate the heat away from the aircraft. While
overheating would be particularly severe along the leading edges of the
wings, these could be water-cooled. Insulation could protect an internal struc-
ture that would stand up to the stresses and forces of flight; active cooling
could protect a pilot’s cockpit and instrument compartment. Becker described
these approaches as “the first hypersonic aircraft hot structures concepts to be
developed in realistic meaningful detail.”

His designers proceeded to study a hot structure built of Inconel X, a
chrome-nickel alloy from International Nickel. This alloy had already demon-
strated its potential, when, during the previous November, it was used for the
nose cone in PARD’s rocket flight to Mach 5.7 The hot structure would be of
the “heat sink” type, relying on the high thermal conductivity of this metal to
absorb heat from the hottest areas and spread it through much of the aircraft.

As an initial exercise, they considered a basic design in which the Inconel
X structure would have to withstand only conventional aecrodynamic forces
and loads, neglecting any extra requirements imposed by absorption of heat.
A separate analysis then considered the heat-sink requirements, with the
understanding that these might greatly increase the thickness and hence the
weight of major portions of the hot structure. When they carried out the exer-
cise, the designers received a welcome surprise. They discovered that the
weights and thicknesses of a heat-absorbing structure were nearly the same as
for a simple aerodynamic structure.” Hence, a hypersonic research airplane,
designed largely from aerodynamic considerations, could provide heat-sink
thermal protection as a bonus. The conclusion was clear: piloted hypersonic
flight was achievable.

The feasibility study of Becker’s group was intended to show that this air-
plane indeed could be built in the near future. In July 1954, Becker presented
the report at a meeting in Washington of representatives from NACA, the Air
- Force’s Scientific Advisory Board, and the Navy. (The Navy, actively involved
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with research aircraft, had built the Douglas Skyrocket.) Participants at the
meeting endorsed the idea of a joint development program that would build
and fly the new aircraft by drawing on the powerful support of the Pentagon.**

Important decisions came during October 1954, as NACA and Air Force
panels weighed in with their support. At the request of General Nathan
Twining, the Air Force Chief of Staff, the Aircraft Panel of the Scientific
Advisory Board presented its views on the next 10 years of aviation. The
panel’s report paid close attention to hypersonic flight:

In the aerodynamic field, it seems to us pretty clear that over the next ten
years the most important and vital subject for research and development is
the field of hypersonic flows.... This is one of the fields in which an ingenious
and clever application of the existing laws of mechanics is probably not ade-
quate. It is one in which much of the necessary physical knowledge still
remains unknown at present and must be developed before we arrive at a true
understanding and competence....

[A] research vehicle which we now feel is ready for a program is one
involving manned aircraft to reach something of the order of Mach 5 and alti-
tudes of the order of 200,000 to 500,000 feet. This is very analogous to the
research aircraft program which was initiated ten years ago as a joint ven-
ture of the Air Force, the Navy, and NACA. It is our belief that a similar
cooperative arrangement would be desirable and appropriate now.”

In addition to this, NACA’s Committee on Aerodynamics met in execu-
tive session to make a formal recommendation concerning the new airplane.
The committee included representatives from the Air Force and Navy, from
industry, and from universities.”® Its member from Lockheed, Clarence
“Kelly” Johnson, vigorously opposed building this plane, arguing that expe-
rience with earlier experimental aircraft had been “generally unsatisfactory.”
New fighter designs were advancing so rapidly as to actually outpace the per-
formance of research aircraft. To Johnson, their high-performance flights had
served mainly to prove the bravery of the test pilots. While Johnson pressed
his views strongly, he was in a minority of one. The other committee mem-
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bers passed a resolution endorsing “immediate initiation of a project to design
and construct a research airplane capable of achieving speeds of the order of
Mach number 7 and altitudes of several hundred thousand feet.””’

With this resolution, Hugh Dryden, the head of NACA, could approach
his Air Force and Navy counterparts to discuss the initiation of procurement.
Detailed technical specifications were necessary and would come, by the end
of 1954, from a new three-member committee, with Hartley Soulé as the
NACA representative. The three members used Becker’s study as a guide in
deriving the specifications, which called for an aircraft capable of attaining
250,000 feet and a speed of 6600 feet per second while withstanding reentry
temperatures of 1200 degrees Fahrenheit.*®

In addition to this, as NACA and the military services reached an agree-
ment on procurement procedures, a formal Memorandum of Understanding
came from the office of Trevor Gardner, Special Assistant for Research and
Development to the Secretary of the Air Force. This document stated that
NACA would provide technical direction, that the Air Force would adminis-
ter design and construction, and that the Air Force and Navy would provide
the funding. It concluded, “Accomplishment of this project is a matter of
natiohal urgency.”®

Now the project was ready to proceed. Under standard Air Force prac-
tices, officials at Wright-Patterson Air Force Base would seek proposals from
potential contractors. Early in 1955, the aircraft also received a name: the X-
15. Competition between proposals brought the award of a contract for the
airframe to NAA. The rocket engine was contracted to Reaction Motors,
Inc.'® The NAA design went into such detail that it even specified the heat-
resistant seals and lubricants that would be used. Nevertheless, in many
important respects it was consistent with the major features of the original
feasibility study by Becker’s group. The design included wedge-shaped tail
surfaces and a heat-sink structure of Inconel X.!!

The X-15 was to become the fastest and highest flying airplane until the
space shuttle flew into orbit in 1981. In August 1963, the X-15 set an altitude
record of 354,200 feet (67 miles), with NASA’s Joseph Walker in the cockpit.
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X-15. (NASA)(E-5251)

Four years later, the Air Force’s Captain William Knight flew it to a record
speed of 4,520 miles per hour, or Mach 6.72.1%? In addition to setting new
records, the X-15 accomplished a host of other achievements.

A true instrument of hypersonic research, in 199 flights it spent nearly
nine hours above Mach 3, nearly six hours above Mach 4, and 82 minutes
above Mach 5. Although the NACA and the Air Force had hypersonic wind
tunnels, the X-15 represented the first application of aerodynamic theory and
wind tunnel data to an actual hypersonic aircraft. The X-15 thus enhanced the
usefulness of these wind tunnels, by providing a base of data with which to
validate (and in some instances to correct) their results. This made it possible
to rely more closely on results from those tunnels during subsequent pro-
grams, including that of the Space Shuttle.

The X-15 used movable control surfaces that substituted for ailerons. It
also introduced reaction controls: small rocket thrusters, mounted to the air-

102. Hallion, ed., Hypersonic, pp. I-v, I-viii.
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craft, that controlled its attitude when beyond the atmosphere. As it flew to
the fringes of space and returned, the X-15 repeatedly transitioned from aero-
dynamic controls to reaction confrols and back again. Twenty years later, the
Space Shuttle would do the same.

In another important prelude to the shuttle, the X-15 repeatedly flew a tra-
jectory that significantly resembled flight to orbit and return. The X-15
ascended into space under rocket power, flew in weightlessness, then re-
entered the atmosphere at hypersonic speeds. With its nose high to reduce
overheating and aerodynamic stress, the X-15 used thermal protection to
guard the craft against the heat of reentry. After reentry, the X-15 then main-
tained a stable attitude throughout its deceleration, transitioned to gliding
flight, and landed at a preselected location. The shuttle would do all these
things, albeit at higher speeds.

The X-15 used a rocket éngine of 57,000 pounds of thrust that was throt-
tleable, reusable, and “man-rated”’—safe enough for use in a piloted aircraft.
The same description would apply to the more powerful Space Shuttle Main
Engine.

The demands of the project pushed the development of practical hyper-
sonic¢ technology in a number of areas. Hot structures required industrial
shops in which Inconel X could be welded, machined, and heat-treated. The
pilot required a pressure suit for use in a vacuum. The X-15 required new
instruments and data systems including the “Q-ball,” which determined the
true direction of airflow at the nose. Cooled by nitrogen, the “Q-ball” oper-
ated at temperatures of up to 3,500 degrees Fahrenheit and advised the pilot
of the angle of attack suitable for a safe reentry.'®

Like the Navaho, the X-15 also spurred the rise of people and institutions
that were to make their mark in subsequent years. At NACA-Langley, the X-
15 combined with the rocket flights of PARD to put an important focus on
hypersonics and hypervelocity flight. Leaders in this work included such vet-
erans as Robert Gilruth, Maxime Faget, and Charles Donlan.'® A few years
later, these researchers parlayed their expertise into leadership in the new field
of piloted space missions. In addition to this, part of NACA-Langley split off

- to establish the new Manned Spacecraft Center in Houston as NASA’s princi-
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pal base for piloted space flight. Gilruth headed that center during the Apollo
years, while Faget, who had participated in Becker’s 1954 X-15 feasibility
study, became a leading designer of piloted spacecraft.'®

The X-15 program brought others to the forefront as well. At NAA the
vice president of the program, Harrison “Stormy” Storms, became president
of that company’s Space Division in 1960. While Gilruth was running the
Manned Spacecraft Center, Storms had full responsibility for his division’s
elements of Apollo: the piloted spacecraft and the second stage of the Saturn
V Moon rocket.'% In addition to this, Neil Armstrong, the first man to set foot
on the Moon, was among the test pilots of the X-15.1%7

Lifting Bodies: Wingless Winged Rockets

Although the X-15 emerged as a winged rocket par excellence, an alternate
viewpoint held that future rocket craft of this type could have many of the
advantages of wings without actually having any of these structures. Such
craft would take shape as “lifting bodies,” wingless and bathtub-shaped craft
that were able to generate lift with the fuselage. This would allow them to
glide to a lémding. At the same time, such craft would dispense with the
weight of wings, and with their need for thermal protection.

How can a bathtub generate lift, and fly? Lift is force that is generated
when the aerodynamic pressure is greater below an aircraft than above it.
Wings achieve this through careful attention to their shape; a properly-shaped
aircraft body can do this as well. The difference is that wings produce little
drag, whereas lifting bodies produce a great deal of drag. Hence the lifting
body approach is unsuitable for such uses as commercial aviation, where
designers of airliners seck the lowest possible drag. Space flight, however, is
another matter.

The lifting body concept can be traced back to the work of H. Julian Allen
and Alfred Eggers, at NACA’s Ames Aeronautical Laboratory near San
Francisco. Allen developed the blunt-body concept for a missile’s nose cone,
shaping it with help from Eggers. They then considered that a reentering
body, while remaining blunt to reduce the heat load, might have a form that
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would give lift, thus allowing it to maneuver at hypersonic speeds. The 1957
M-1 featured a blunt-nose cone with a flattened top. While it had some capac-
ity for hypersonic maneuverability, it could not glide subsonically or land
horizontally. It was hoped that a new shape, the M-2, would do these things
as well. Fitted with two large vertical fins for stability, it was a basic config-
uration suitable for further research.'®

Beginning in 1959, a separate line of development took shape within the
Flight Dynamics Laboratory of Wright-Patterson Air Force Base. The pro-
gram that developed sbught to advance beyond the X-15 by building small
hypersonic gliders, which would study the performance of advanced hot
structures at speeds of up to 13,000 miles per hour, three-fourths of orbital
velocity. This program was called ASSET-—Aerothermodynamic/elastic
Structural Systems Environmental Tests.!®

The program went forward rapidly by remaining small. The project’s
manager, Charles Cosenza, directed it with a staff of four engineers plus a sec-
retary, with 17 other engineers at Wright-Patterson providing support.'® In
April 1961, the Air Force awarded a contract to McDonnell Aircraft Corp. for
development of the ASSET vehicle. McDonnell was already building the
small piloted capsules of Project Mercury; the ASSET vehicle was also small,
with a length of less than six feet. Not a true lifting body, it sported two tiny
and highly-swept delta wings. Its bottom, which would receive the most heat,
was a flat triangle. For thermal protection, this triangle was covered with
panels of columbium and melybdenum. These would radiate away the heat,
while withstanding temperatures up to 3,000 degrees Fahrenheit. The nose
was made of zirconium oxide that would deal with temperatures of up to
4,000 degrees.!!

Beginning in September 1963 and continuing for a year and a half, five
of the six ASSET launches were successful. They used Thor and Thor-Delta
launch vehicles, the latter being a two-stage rocket that could reach higher
velocities. The boosters lofted their ASSETSs to altitudes of about 200,000
feet. The spacecraft then would commence long hypersonic glides with
ranges as great as 2,300 nautical miles. Onboard instruments transmitted data

108. Hallion, ed., Hypersonic, pp. 529, 535, 864-866.
109. Ibid., pp. 449-450, 505.

110. Ibid., p. 459.

111, Ibid., pp. 451, 452, 464-469.
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Aerodynamic Control
Surface Experiment

Panel Flutter Experiment

ASSET’s use of metallic shingle-like panels as thermal protection permitted use of indivudual
panels for specific experiments. (U.S. Air Force)

on temperature and heat flow. The craft were equipped to float following
splashdown; one of them actually did this, permitting direct study of an
advanced hot structure that had survived baptism by fire.!*

The success of ASSET led to the development of Project PRIME—
Precision Recovery Including Maneuvering Entry. Beginning in late 1964, the
contract for this Air Force project went to the Martin Co., where interest in
lifting bodies had flourished for several years. Unlike ASSET, PRIME fea-
tured true lifting bodies, teardrop-shaped and fitted with fins. PRIME was
slated to ride the Atlas, which was more powerful than the Thor-Delta and
could reach near-orbital speeds.'

Whereas ASSET had executed simple hypersonic glides, PRIME carried
out the more complex maneuver of achieving crossrange, namely, flying far
to the left or right of its flight path. Indeed, to demonstrate such reentry

112. 1bid., pp. 504-519.
113. Hallion, Path, pp. 30-31.
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The homebuilt M2-F1 lifting body, left, and the Northrop M2-F2. (NASA)(E-14339)

maneuvering was its reason for being. PRIME did not attempt to produce data
on heating, for ASSET had covered this point nicely, nor did it break new
ground in its construction. Slightly larger than ASSET, it used a conventional
approach for missile nose cones that featured an aluminum structure covered
with a thermally-protective “ablative” layer that would carry away heat by
vaporizing in a controlled fashion during reentry. The ablative material also
served as insulation to protect the underlying aluminum.

With its peak speed topping 17,000 mph, PRIME could bridge the
Pacific, flying from Vandenberg Air Force Base in California to Kwajalein,
not far from New Guinea. In April 1967, during its best performance, PRIME
achieved a crossrange of 710 miles, puting it within five miles of its target. A
waiting recovery plane snatched PRIME in mid-air as it descended by para-
chute.!*

ASSET and PRIME demonstrated the value of lifting bodies at the hyper-
sonic end of the flight path: gliding, maneuvering, surviving reentry using

L14. Hallion, ed., Hypersonic, pp. V-ii, V-iv; 702-703.
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Martin Marietta’s X-24A, built for subsonic flight, duplicated the shape of PRIME, which
flew at near-orbital velocity. (NASA)(E-18769)

advanced hot structures. Both types of craft, however, used parachutes for
final descent, making no attempt to land like conventional aircraft. If lifting
bodies were to truly have merit, they would have to glide successfully not
only at hypersonic speeds but at the slow speed of an aircraft on a final
approach to a runway. Under the control of a pilot, lifting bodies would have
to maintain stable flight all the way to a horizontal touchdown.

These requirements led to a second round of lifting-body projects focus-
ing on approach and landing. These projects went forward with ASSET and
PRIME at the same time. R. Dale Reed, the initiator of this second round of
projects, was a sailplane enthusiast, a builder of radio-controlled model air-
planes, and a NASA engineer at Edwards Air Force Base. He had followed
with interest the work at NASA-Ames on the M-2 lifting-body shape, and he
resolved to build it as a piloted glider. He drew support from the local com-
munity of aircraft homebuilders. Designated as the M2-F1, the aircraft was
built of plywood over a tubular steel frame. Completed in early 1963, the air-
craft was 20 feet long and 13 feet across.
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The M2-F1 needed a vehicle that could tow it along the ground to help get
it into the air for initial tests. The M2-F1, however, produced a lot of drag and
needed a tow car with more power than NASA’s usual vans and trucks. Reed
and his friends bought a stripped-down Pontiac with a big engine and a four-
barrel carburetor that could reach speeds of 110 mph. The car was turned over
to a funny car shop in Long Beach for modification. Like any other flight-line
vehicle it was sprayed yellow and “National Aeronautics and Space
Administration” was added on its side. Initial piloted tow tests showed rea-
sonable success, allowing the project to use a C-47, called the Gooney Bird,
for true aerial tests. During these tests, the Gooney Bird towed the M2-F1
above 10,000 feet, then set it loose to glide to an Edwards AFB lake bed.
Beginning in August 1963, the test pilot Milt Thompson did this repeatedly.
Through these tests, Reed, working on a shoestring budget, showed that the M-
2 shape, optimized for hypersonic reentry, could glide down to a safe landing.

During much of this effort, Reed had support from the NASA director
at Edwards, Paul Bikle. As carly as April 1963, he alerted NASA
Headquarters that “the lifting-body concept looks even better to us as we get
more into it.” The success of the M2-F1 spurred interest in the Air Force as
well,’ as some of its officials, along with their NASA counterparts, set out to
pursue piloted lifting-body programs that would call for more than plywood
and funny cars.'®

NASA contracted with the firm of Northrop to build two such aircraft, the
M2-F2 and HL-10. The M2-F2 amounted to an M2-F1 built to NASA stan-
dards; the HL-10 drew on an alternate lifting-body design by Eugene Love of
NASA-Langley. This meant that both NASA-Langley and NASA-Ames
would each have a project. In addition to this, Northrop had a penchant for
oddly-shaped aircraft. During the 1940s, the company had built flying wings
that essentially were aircraft without a fuselage or tail. With these lifting
bodies, Northrop would build craft now that were entirely fuselage and lacked
wings. The Air Force project, the X-24A, went to Martin Co., which built it
as a piloted counterpart of PRIME, maintaining the same shape.!'¢

All three flew initially as gliders, with a B-52 rather than a C-47 as the
" mother ship. The B-52 could reach 45,000 feet and 500 mph, four times the

115. NASA SP-4303, pp. 148-152.
116. Halion, Path, pp. 29, 31-32.
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altitude and speed of the old Gooney Bird.!”” It had routinely carried the X-
15 aloft, acting as a booster for that rocket plane; now it would do the same
for the lifting bodies. Their shapes differed, and as with the M2-F1, a major
goal was to show that they could maintain stable flight while gliding, land
safely, and exhibit acceptable pilot handling qualities.''®

These goals were not always met. Under the best of circumstances, a lift-
ing body flew like a brick at low speed. Lowering the landing gear made the
problem worse by adding drag. In May 1967, the test pilot Bruce Peterson,
flying the M2-F2, failed to get his gear down in time. The aircraft hit the lake
bed at more than 250 mph, rolled over six times, and then came to rest on its
back, minus its cockpit canopy, main landing gear, and right vertical fin.
Peterson, who might have died in the crash, got away with a skull fracture, a
mangled face, and the loss of an eye. While surgeons reconstructed his face
and returned him to active duty, the M2-F2 needed surgery of its own. In addi-
tion to an extensive reconstruction back at the factory, Northrop engineers
added a third vertical fin that improved its handling qualities and made it safer
to fly. Similarly, while the rival HL-10 had its own problems of stability, it
flew and landed well after receiving modifications.''’

These aircraft were mounted with small rocket engines that allowed accel-
eration to supersonic speeds. This made it possible to test stability and
handling qualities when flying close to the speed of sound. The HL-10 set
records for lifting bodies by making safe approaches and landings from speeds
up to Mach 1.86 and altitudes of 90,000 feet.'® The Air Force continued this
work through 1975, having the Martin Co. rebuild the X-24A with a long
pointed nose, a design well-suited for supersonic flight. The resulting craft, the
X-24B, looked like a wingless fighter-plane fuselage. It also flew well.'”!

In contrast to the Navaho and X-15 efforts, work with lifting bodies did
not create major new institutions or lead existing ones in important new direc-
tions. This work, however, did extend that of the X-15 with the hot-structure
flights of ASSET and the maneuvering reentries of PRIME. The piloted lift-
ing bodies then demonstrated that, with the appropriate arrangements of fins,

117. Miller, X-Planes, p. 153.
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The X-24B, a lifting body capable of supersonic flight. (NASA)(E-25283)

they could remain stable and well-controlled when decelerating through the
sound barrier and gliding to a landing. They thus broadened the range of
acceptable hypersonic shapes.

Solid-Propellant Rockets: Inexpensive Boosters

The X-15 and lifting-body programs demonstrated many elements of a
reusable launch vehicle in such critical areas as propulsion, flight dynamics,
structures, thermal protection, configurations, instruments, and aircraft stabil-
ity and control. However, the reason for reusability would be to save money,
and an airplane-like orbiter would need a low-cost booster as a first stage.
During the 1950s and 1960s, the Navy, Air Force, and NASA laid groundwork
for such boosters by sponsoring pathbreaking work with solid propellants.
The path to such propellants can be traced back to a struggling firm called
Thiokol Chemical Corp. Its initial stock-in-trade was a liquid polysulfide
polymer that took its name (Thiokol) from the Greek for “sulfur glue” and
could be cured into a solvent-resistant synthetic rubber. During World War II,
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it found limited use in sealing aircraft fuel tanks—a market that disappeared
after 1945. Indeed, business was so slow that even small orders would draw
the attention of the company president, Joseph Crosby.

When Crosby learned that California Institute of Technology (CIT) was
buying five- and ten-gallon lots in a steady stream, he flew to California to
investigate the reason behind the purchases. He found a group of rocket
researchers, loosely affiliated with CIT, working at a place they called the Jet
Propulsion Laboratory. They were mixing Crosby’s polymer with an oxidizer
and adding powdered aluminum for extra energy. They were using this new
propellant in ways that would make it possible to build solid-fuel rockets of
particularly large size.'”

Crosby soon realized that he too could get into the rocket business, with
help from the Army. While Army officials could spare only $250,000 per year
to help him. get started, to Crosby this was big money. In 1950, Army
Ordnance gave him a contract to build a rocket with 5,000 pounds of propel-
lant. A year and a half later it was ready, with a sign on the side, “The Thing.”
Fourteen feet long, it burned for over forty seconds and delivered a thrust of
17,000 pounds.'?*

The best solid propellants of the day were of the “double base” type,
derived from the explosives nitroglycerine and nitrocellulose. Some versions
could be cast in large sizes. These propellants, however, burned in a sudden
rush, and could not deliver the strong, steady push needed for a rocket booster.
The new Thiokol-based fuel emerged as the first of a type that performed well
and burned at a reasonable rate. These fuels drew on polymer chemistry to
form as thick mixtures resembling ketchup. Poured into a casing, they then
polymerized into resilient rubbery solids.'**

The Navy also took an interest in solid propellants, initially for use in anti-
aircraft missiles. In 1954, a contractor in suburban Virginia, Atlantic Research,
set out to achieve further performance improvements. Two company scientists,
Keith Rumbel and Charles Henderson, focused their attention on the use of
powdered aluminum. Other researchers had shown that propellants gave the
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Military uses of solid propellants. Left, Minuteman ICBM. Right, three gener-
ations of the Nawy’s Polaris submarine-launched missile, with a range of up to

2,500 nautical miles. Human figure indicates scale. (Are by Dan Gauthier)
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best performance with an aluminum mix of five percent; higher levels caused a
falloff. Undiscouraged, Rumbel and Henderson decided to try mixing in really
large amounts. The exhaust velocity, which determines the performance of a
rocket, took a sharp leap upward. By early 1956, they confirmed this discovery
with test firings. Their exhaust velocities, 7,400 feet per second and greater,
compared well with those of liquid fuels such as kerosene and liquid oxygen.'

By then the Navy was preparing to proceed with Polaris, a program that
sought to send strategic missiles to sea aboard submarines. Initial design con-
cepts were unpleasantly large; a submarine would be able to carry only four
such missiles, and the submarine itself would be excessive in size. The break-
through in propellants coincided with an important advance that markedly
reduced the weight of thermonuclear weapons. Lighter warheads meant
smaller missiles. These developments combined to yield a solid-fueled
Polaris missile that was very compact. Sixteen of them would fit into a con-
- ventional-sized submarine.'”

125. Baar and Howard, Polaris?, pp. 31-32.
126. Journal of Spacecraft and Rockets, vol. 15 (1978), pp. 265-278.
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The new propellants, and the lightweight warheads, also drew interest
within the Air Force, though its needs contrasted sharply with those of the
Navy. Skippers could take time in firing undersea missiles, for a submarine
could hide in the depths until it was ready for launch. Admirals, however,
preferred solid fuels over liquids because they presented less of a fire hazard.
While the Air Force was prepared to use liquid propellants in its ICBMs,
these would take time to fuel and prepare for launch—and during that time
they would lie open to enemy attack. With solid propellants, a missile could
be fueled in advance and ready for instant launch. Moreover, such a missile
would be robust enough to fire from an underground chamber. Prior to
launch, that chamber would protect the missile against anything short of a
direct nuclear hit.

Lieutenant Colonel Edward Hall, who had midwifed the birth of the
Navaho during the 1940s, now played a leading role in this newest project. He
was the propulsion officer on the staff of Major General Bernard Schriever
who was responsible for the development of the Atlas, Titan, and Thor. Hall
developed a passionate conviction that an Air Force counterpart of Polaris
would offer considerable advantage in facing the Soviet ICBM capability. At
the outset of the new project, he addressed the problem of constructing very
large solid-fuel charges, called grains. He could not draw on the grains of the
Polaris for that missile had grains of limited size.

Hall gave contracts to all of the several solid-fuel companies that were in
business at that time. Thiokol’s Crosby, who had lost the Polaris contract to
Aerojet General, now saw a chance to recoup. He bought a large tract of land
near Brigham City, Utah, a remote area where the shattering roar of rockets
would have plenty of room to die away. In November 1957, his researchers
successfully fired a solid-fuel unit with 25,000 pounds of propellant, the
fargest to date.

Meanwhile, Hall had taken charge of a working group that developed a
preliminary design for a three-stage solid-fuel ICBM. Low cost was to be its
strong suit, for Hall hoped to deploy it in very large numbers. Early in 1958,
with the test results from Thiokol in hand, Hall and Schriever went to the
Pentagon and pitched the concept to senior officials, including the Secretary
of Defense. But while that missile, named the Minuteman, might be launched
on a minute’s notice, it would take most of 1958 to win high-level approval
for a fast pace of development.
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Barely two years later, in early 1961, the Minuteman was ready for its
first flight from Cape Canaveral. It scored a brilliant success as all three stages
fired and the missile flew to full range. The Air Force proceeded to raise the
Minuteman to the status of a crash program. The first missiles were opera-
tional in October 1962, in time for the Cuban Missile Crisis. Because its low
cost made it the first strategic weapon capable of true mass production, the
Air Force went on to deploy 1,000 of the Minuteman rockets.'?’

The Air Force and NASA also prepared to build solid-fuel boosters of
truly enormous size for use with launch vehicles. In contrast to liquid rockets
that were sensitive and delicate, the big solids featured casings that a ship-
yard—specifically, the Sun Shipbuilding and Dry Dock Company, near
Philadelphia—would manufacture successfully.

The Minuteman’s first stage had a 60-inch diameter. In August 1961,
United Technology Corp. fired a 96-inch solid rocket that developed 250,000
pounds of thrust. The following year saw the first 120-inch tests—twice the
diameter of the Minuteman—that reached 700,000 pounds of thrust. The
next milestone was reached when the diameter was increased to 156 inches,
the largest size compatible with rail transport. During 1964, both Thiokol
and Lockheed Propulsion Co. fired test units that topped the million-pound-
thrust mark.

Large rocket stages can be moved by barges over water as well as by land.
Aerojet was building versions with 260-inch diameters. It took some doing just
to ignite such a behemoth. The answer called for a solid rocket that itself devel-
oped a quarter-million pounds of thrust, producing an eighty-foot flame that
would ignite the inner surface of the big one- all at once. This igniter rocket
needed its own igniter, a solid motor that weighed a hundred pounds and gener-
ated 4,500 pounds of thrust. The 260-inch motor was kept in a test pit with its
nozzle pointing upward. In February 1966, a night firing near Miami shot flame
and smoke a mile and a half into the air that was seen nearly a 100 miles away.
In June 1967, another firing set a new record with 5.7 million pounds of thrust.'®

At NASA’s Marshall Space Flight Center, a 1965 study projected that
production costs for a 260-inch motor would run to $1.50 per pound of
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Titan I ICBM; Titan I ICBM; Titan 111
laurich vehicle. Human figure indicates scale.
(Art by Dan Gauthier)
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weight, or roughly a dollar per pound of thrust. This contrasted sharply with
the liquid-fueled Saturn V, which, with 7.5 million pounds of thrust versus 6
million for the big solid, was in the same class. Even without its Apollo moon-
ship, however, the Saturn V cost $185 million to purchase, over thirty times
more than the 260-inch motor. By 1966, NASA ofticials were looking ahead
already to sizes as large as 600 inches, noting that “there is no fundamental
reason to expect that motors 50 feet in diameter could not be made.”'?
Meanwhile, the Air Force not only was testing big solids but it was
preparing to use them operationally as part of the Titan program which, in a
decade, had evolved from building ICBMs to assembling a launch vehicle of
great power. At the outset, Titan I was a two-stage ICBM project that ran in
paralle] with Atlas and used similar engines in the first stage. While it was
deployed as a weapon, it was never used to launch a spacecraft or satellite.!*
The subsequent Titan IT represented a major upgrade as the engine con-
tractor, Aerojet General, developed new engines that markedly increased the
thrust in both stages. It too reached deployment, carrying a heavy thermonu-
clear warhead with a yield of nine megatons. By lightening this load
somewhat, the Titan Il was able to thrust a payload into orbit repeatedly. In
particular, during 1965 and 1966, the Titan II carried 10 piloted Gemini
spacecraft, each with two astronauts. Their weight ran above 8,300 pounds.’®!
The Air Force’s Titan II-A added, to the Titan II, a third stage (the
“transtage”) which enhanced its ability to carry large payloads. It never served
as an ICBM, but worked as a launch vehicle from the start. In particular, it
served as the core for the Titan III-C, which flanked that core with a pair of
120-inch solid boosters. The rocket that resulted had more than a casual
resemblance to the eventual Space Shuttle, which would use two somewhat
larger solid boosters in similar fashion. After lifting the Titan III-C with 2.36
million pounds of thrust, its boosters then fell away after burnout, leaving the
core to ignite its first stage, high in the air.
The Titan ITI-C had a rated payload of 23,000 pounds. NASA replaced the
transtage with the more capable Centaur upper stage, which used liquid
hydrogen as a high-energy fuel. This version, the Titan HI-E Centaur,
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increased the payload to 33,000 pounds. Martin Marietta, the Titan III con-
tractor, also proposed to delete the third stage while increasing the thrust of
both the solid boosters and the core. This version, the Titan III-M, was never
built, but it would have lifted a payload of 38,000 pounds.'**

Hence during the 1960s, the X-15, ASSET, PRIME, lifting body and
solid-booster efforts all combined to provide a strong basis for the Space
Shuttle program. Such a program might build an orbiter in the shape of a lift-
ing body with a hot structure for thermal protection. Piloted and crewed, it
could maneuver during atmosphere entry, ride through the heat of reentry
with its nose up, then transition to gliding flight and fly to a landing, perhaps
at Edwards Air Force Base. Moreover, long before those early projects had
reached completion (and even before some of them were underway), the Air
Force set out to build a mini-shuttle that would ride a Titan III-C to orbit and
then return. This project was called Dyna-Soar and, later, the X-20.

Dyna-Soar: A Failure in Evolution

During the mid-1950s, with the Bomi studies of Bell Aircraft in the back-
ground and the X-15 as an ongoing program, a number of people eagerly
carried out further studies that sought to define the next project beyond the
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X-15. The ideas studied included Hywards (a piloted hypersonic boost-glide
research aircraft), the Robo (Robot Bomber), and two reconnaissance vehi-
cles, the System 118-P and the Brass Bell. With so many cooks in the kitchen,
the Air Force needed a coordinated program in order to produce something as
specific as the X-15. Its officials were in the process of defining this program
when, in October and November 1957, the Soviet Union launched the world’s
first satellites. Very quickly, hypersonic flight became one of the means by
which the U.S. might turn back the challenge from Moscow.

Having read the work of Sanger, hypersonic specialists knew of his ideas
for skipping entry as a way to extend the range of a suborbital aircraft. The
Air Force described this maneuver as “dynamic soaring.” The craft that would
do this acquired the name Dyna-Soar. By early 1958, this idea was being stud-
ied seriously by a number of aeronautical contractors with the clear
understanding that the Air Force intended to request proposals and build a
flying prototype. In June 1958, the Air Force narrowed the competition to two
contenders: Boeing and a joint Bell Aircraft and Martin Co. team.'®

By then, Dyna-Soar was caught up in the first round of a controversy as to
whether this craft should be the prototype of a bomber. While the powerful Air
Research and Development Command (ARDC) firmly believed that Dyna-Soar
should be the prototype of a piloted military spaceplane, it found it difficult to
point to specific military missions that such a craft could carry out. For nuclear
weapons delivery, the Air Force was already building the Atlas, Titan, and Thor:
For strategic reconnaissance, the Central Intelligence Agency had launched, in
1958, a program that aimed to build automated camera-carrying satellites and
put the first ones into orbit in as little as one year.'**

Air Force Headquarters, however, with support from the Office of the
Secretary of Defense, refused to consider weapon-system objectives unless
ARDC could define suitable military missions. Early in 1959, Deputy
Secretary of Defense Donald Quarles wrote that his approval was only “for a
research and development project and did not constitute recognition of Dyna-
Soar as a weapon system.”

In April, the Defense Director of Research and Engineering, Herbert
York, made a clear statement of the program’s objectives. Its primary goal

133. AAS History Series, vol. 17, pp. 255-259.
134, Ibid., p. 260; Ruffner, ed., Corona, pp. 3-14.

50



Space Stations and Winged Rockets

would involve hypersonic flight up to a speed of 15,000 miles per hour, which
would fall short of orbital velocity. The vehicle would be piloted, maneuver-
able, and capable of landing at a preselected base. York also threw a bone to
ARDC, stating that it could pursue its own goal of testing military systems—
provided that such tests did not detract from the primary goal. ARDC officials
hastened to affirm that there would be no conflict. They promptly issued
System Requirement 201, stating that Dyna-Soar would “determine the mili-
tary potential of a boost-glide- weapon system.”'>

In November 1959, the contract award went to Boeing. Two weeks later,
the Air Force’s Assistant Secretary for Research -and Development; Joseph
Charyk, said “not so fast.” He was well aware that the project already faced
strong criticism because of its cost, as well as from Eisenhower Administration
officials who opposed space-based ‘weapon systems. In addition to this, a
number of technical specialists doubted that the concept could be made to
work. Charyk therefore ordered a searching reexamination of the project that
virtually re-opened the earlier competition. In April 1960, the Aerospace
Vehicles Panel of the Air Force Scientific Advisory Board gave Dyna-Soar a
go-ahead by approving Boeing’s design concept, with minor éhanges.

During the next three and a half years, the program went forward as its man-
agers reached for higher performance. The 1960 plan called for the use of a Titan
I as the launch vehicle. Because the Titan I lacked the power to put it in orbit, the
Dyna-Soar would fly suborbital missions only. Over the next year and a half,
however, the choice of booster changed to the Titan I and then the powerful
Titan III-C. A pew plan, approved in December 1961, dropped suborbital flights
and called for “the early attainment of orbital flight, with the Titan HI booster.”

This plan called initially for single-orbit missions that would not require
the craft to carry an onboard retro-rocket for descent from orbit. Instead the
booster, launched from Cape Canaveral, would place the craft on a trajectory
that would re-enter the atmosphere over Australia. It then would cross the
Pacific in a hypersonic glide, to land at Edwards Air Force Base. In May
1962, the plan broadened anew to include multi-orbit flights. Dyna-Soar now
would ride atop the Titan III transtage that would inject it into orbit and
remain attached to serve as a retro-rocket at mission’s end.'* -

135. AAS History Series, vol. 17, p. 260.
136. Ibid., pp. 261-269.
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Mockup of Dyna-Soar displayed in 1962. (Boeing) (P-30793)

The piloted Dyna-Soar spacecraft also emerged with highly-swept delta
wings and two upturned fins at the wingtips. With a length of 35 feet, it lacked
an onboard rocket engine and provided room for a single pilot only. Like
ASSET, it relied on advanced hot structures, with a heat shield of columbium,
well insulated, atop a main structure built from a nickel alloy that had been
developed for use in jet engines.”” In September 1962, a full-scale mockup
was the hit of the show at an Air Force Association convention in Las Vegas.
In addition to this, the Air Force named six test pilots who would fly Dyna-
Soar as its astronauts.'*®

137. Ibid., pp. 277-279.
138. Ibid., p. 269.
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Space Stations and Winged Rockets

The question of military missions raised its head again when in mid-1961
the new Defense Secretary, Robert McNamara, directed the Air Force to jus-
tify Dyna-Soar on military grounds. Air Force officials discussed orbital
reconnaissance, rescue, inspection of Soviet spacecraft, orbital bombardment,
and use of the craft as a ferry vehicle. While McNamara found these reasons
unconvincing, he nevertheless remained willing to let the program proceed as
a research effort, dropping all consideration of a possible use of the craft as a
weapon system. In an October 1961 memo to President Kennedy, McNamara
proposed to “re-orient the program to solve the difficult technical problem
involved in boosting a body of high lift into orbit, sustaining man in it and
recovering the vehicle at a designated place.”'*

This reorientation gave the project another two years of life. With its new
role as an experimental craft, it was designated by Air Force Headquarters as
the X-20. In this new role, however, the program could not rely on a military
justification; it would have to stand on its value as research. By 1963, this
value was increasingly in question. ASSET, with its unpiloted craft, was
promising to demonstrate hypersonic gliding entry and hot-structure technol-
ogy at far lower cost. In the realm of piloted flight, NASA now was charging
ahead with its Gemini program. Air Force officials were expecting to partici-
pate in this program as well.

These officials still believed that their service in time would build piloted
spacecraft for military purposes. In March 1963, McNamara ordered a study
that would seek to determine whether Gemini or the X-20 could better serve
the role of a testbed for military missions. The results of the study gave no
clear reason to prefer the latter.

In October, Air Force officials, briefing the President’s Scientific
Advisory Committee, encountered skepticism in this quarter as well. Two
weeks later, McNamara and other senior officials received their own briefing.
McNamara asked what the Air Force intended to do with the X-20 after using
it to demonstrate maneuvering reentry. He insisted he could not justify con-
tinuing the project if it was a dead-end program with no ultimate purpose.

He canceled the program in December, stating that the purpose of the pro-
gram had been to demonstrate maneuvering reentry and precision landing.
The X-20 was not to serve as a cargo rocket, could not carry substantial pay-

139. Spaceflight, vol. 21 (1979), pp. 436-438.
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loads, and could not stay in orbit for long-duration missions. He could not jus-
tify continuing with the program because it was costly and would serve “a
very narrow objective.’ 1%

At that moment, the program, well past the stage of paper studies, called
for the production of 10 X-20 vehicles. Boeing had completed nearly 42 per-
cent of the necessary tasks. While McNamara’s decision drew hot criticism, he
had support where it counted; the X-20 did not. Eugene Zuckert, the Air Force
Secretary, continued to endorse the program to the end, but the project had
little additional support among the Pentagon’s civilian secretaries. In the Air
Force, the Space Systems Division (SSD) was to conduct pilot training and
carry out the flights. Support for the X-20, however, was lukewarm both at the
SSD and at Aerospace Corp., its source of technical advice. General Bernard
Schriever, commander of the ARDC,'*! was also lukewarm. So was his deputy
commander for aerospace systems, Lieutenant General Howell Estes.'**

This was the life and death of the Dyna-Soar. From its demise one can
draw several conclusions. By 1963, the program’s technical feasibility was no
longer in question; it was just a matter of putting the pieces together. Although
aerospace vehicles were continuing to evolve at a rapid pace, no technical
imperative existed that could call the X-20 into existence. The program
needed a mission, a justification sufficiently compelling to win political sup-
port from high-level officials. Dyna-Soar demonstrated that even though the
means were in hand to pursue the development of a vehicle resembling the
Space Shuttle, such a project would stand or fall on its merits. To be built, it
would require a reason capable of attracting and winning endorsement from
presidential appointees and other leaders at the highest levels.

140. AAS History Series, vol. 17, pp. 271-275.
141. Redesignated Air Force Systems Command in 1961.
142. Ibid., p. 275; Hallion, ed., Hypersonic, p. I-xvii.

54


http:Estes.14

CHAP

NASA’s Uncertain Future

Technology Bypasses the Space Station

During the 1950s, as Walt Disney and Collier’s presented the space station and
shuttle concept to the American public, the rapid pace of technical development
was making it obsolete before it could ever be built. The concept had taken
form in an era when radio was the only well-developed electronic technology.
It was easy, therefore, to imagine that space flight would demand large orbiting
crews to conduct satellite communications, weather observation, and military
reconnaissance. Like a base in Antarctica, the space station would support these
crews with comfortable accommodations inside a centralized facility.

This point of view appeared not only in the writings of Wernher von
Braun, but in the work of his fellow visionary Arthur C. Clarke. In 1945,
Clarke proposed building communications satellites in geosynchronous orbit,
at an altitude of 22,300 miles. They would circle the Earth every 24 hours, to
remain fixed in position in the sky:

Using material ferried up by rockets, it would be possible to construct a
“space-station” in such an orbit. The station could be provided with living
quarters, laboratories and everything needed for the comfort of its crew,
who would be relieved and provisioned by a regular rocket service.... Since
the gravitational stresses involved in the structure are negligible, only the
very lightest materials will be necessary and the station could be as large
as required.
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Let us now suppose that such a station were built in this orbit. It could
be provided with receiving and transmitting equipment...and could act as a
repeater to relay transmissions between any two points on the hemisphere
beneath, using any frequency which will penetrate the ionosphere.'

Even then, in 1945, rocket researchers were broadening the use of radio
by introducing telemetry: the automated transmission of instrument readings.
Telemetry developed in the technology of weather balloons, which could
carry meteorological instruments to high altitudes. By transmitting the instru-
ment readings, telemetry eliminated the need to physically recover the
instruments following a long flight. In addition to this, weather balloons (and
rockets) required equipment of minimal weight. During World War 11, teleme-
try was used actively during test flights of the V-2. After that war, when von
Braun brought his V-2s to the U.S. and carried out a program of instrumented
flights in New Mexico, telemetry again played an important role.”

In space flight, telemetry made it possible to envision automated space-
craft. As part of the Collier’s series, von Braun offered a proposal for such a
craft in 1953, It was to carry rhesus monkeys, along with a TV camera for
obsérvation of clouds and weather patterns. Collier’s called it a “baby space
station,” describing it as the “first step in the conquest of space.” Chesley
Bonestell, in his lyric style, portrayed it in a closeup view, soaring high over
New York City.

This spacecraft, however, would serve as a prelude to the full-size space
station; in no way would it represent a substitute. In von Braurn’s words, “We
scientists can have the baby rocket within five to seven years if we begin work
now. Five years later, we could have the manned space station.” Though the
automated spacecraft could carry a TV camera, “most of the weather research
must await construction of a man-carrying space station.”

Two other technical developments allowed automated satellites to come
into their own. The first was the development of electronic circuits that had
long life. This drew on work at Bell Telephone Laboratories, where the first
transistors took form. Bell Labs also introduced the solar cell, a thin wafer of
silicon that could transform sunlight directly into electric current. In addition

1. Pierce, Beginnings, pp. 38-39.
2. Ley, Rockets, pp. 263-265.
3. Collier’s, June 27, 1953, pp. 33-40.
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The Colliers series introduced
a concept for an automated
Earth satellite, described as a
“baby space station.” (Don

Davis collection)

to this, while Arthur Clarke wrote of communications satellites, it was another
of Bell Labs’ specialists, John Pierce, who developed the invention that
allowed these spacecraft to emerge as working technology. This was the trav-
eling-wave tube, an electronic amplifier that could work with a broad range
of frequencies.*

In his 1945 paper, Clarke was more able to envision frequent space supply
flights in high orbits than to foresee electronic circuitry that would operate rou-
tinely and reliably for years, without maintenance. Crews in their orbiting
stations would spend a great deal of time replacing vacuum tubes. The situa-
tion was not much different in 1953, when von Braun proposed his “baby
space station.” He envisioned a time in orbit of only 60 days, which was about
as much as he could expect given the limits of circuitry at that time. As early

4. Bernstein, Three Degrees, pp. 15-75, 91-95, 102-105; Pierce, Beginnings, pp. 1-9; New Yorker, September
21, 1963, pp. 60-66.
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as 1958, however, the Vanguard 1 satellite demonstrated the prospect of long
life. Though it lacked instruments and carried only a radio transmitter, it was
powered by solar cells and was able to transmit for over six years.’

Another important development brought the advent of spacecraft that
could operate autonomously and return from orbit. This project, known as the
Corona program, was run by the Central Intelligence Agency, with Lockheed
as the contractor. Their spacecraft, called Discoverer, was able to stabilize
while in orbit and point a lens at the Earth below. It also operated an auto-
mated camera, winding the exposed film into a protected cassetfe. At an
appropriate moment, the spacecraft then released a reentry capsule that fired
a retro-rocket. The capsule deployed a parachute to land within a specified
target area. Air Force cargo planes were then often able to snatch the capsule
in mid-air.® )

It took over a dozen satellite launches before the CIA got this complex
system to work successfully. While the first launch, Discoverer 1, flew in
February 1959, it was not until Discoverer 13 and 14, in August 1960 that the
program achieved success.” Its significance then was undeniable. The analyst
Jeffrey Richelson described space reconnaissance as “one of the most signif-
icant military technological developments of this century and perhaps in all
history. Indeed, its impact on postwar international affairs is probably second
only to that of the atomic bomb. The photo-reconnaissance satellite, by damp-
ening fears of what weapons the other superpower had available and whether
military action was imminent, has played an enormous role in stabilizing the
superpower relationship.”®

These developments—telemetry, long-life electronics, onboard auton-
omy—completely changed the prospects for space flight. No longer would it
be necessary to build von Braun’s 7000-ton cargo rockets or to support large
crews in orbiting stations. Instead, the nation would proceed by developing
launch vehicles from the ICBMs and similar missiles that the military was
building for defense purposes. Satellites would take shape as instrumented
craft of modest size and weight. In turn, the space station ceased to hold the
attention of visionaries such as von Braun, who went on to influence policy.

. Emme, ed., History, p. 138; Thompson, ed., Space Log, vol. 27 (1991), p. 50.
. Ruffner, ed., Corona, pp. 3-39.

. Ibid., pp. 16-24.

. Richelson, Secret Eyes, p. 265.
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Cutaway view of the Corona satellite reconnaissance system. (Central Intelligence Agency)

Rather than emerging as a matter of urgency for the near future, the space sta-
tion became something that might be built in the distant future.

In May 1961, President Kennedy committed NASA and the nation to a
major effort in piloted space flight that had nothing to do with a space station.
The goal, instead, was to land astronauts on the Moon. In doing this, NASA
completely bypassed the classic approach of first building a space station and
then using it as a base or staging area for the lunar mission. Instead, as a single
Saturn V rocket carried a complete moonship with a crew of three, NASA
went for the Moon in one fell swoop,.

The concept of an orbiting station, however, did not go away. If it now
offered no obvious path for use in space applications, the space station still
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promised considerable value as a science center, supporting astronomy and
studies of the Earth. Kennedy’s effort aimed at a Moon landing; it was easy
to imagine a permanent base on the Moon. A space station, in Earth orbit,
could demonstrate and test many critical technologies. As an essential prelude
to an eventual mission to Mars, it also could test the ability of astronauts to
remain healthy when living for long periods in zero gravity.

The architecture of such stations also changed. The concept of a big rotat-
ing wheel fell by the wayside, in favor of designs that could fit atop a rocket
as a single payload. The Saturn V could carry close to 300,000 pounds to
orbit,” a capacity that spurred far-reaching thoughts. After 1965, attempts by
NASA officials to use this capacity led to the development of a space station
called Skylab.

Apollo Applications: Prelude to a Space Station

The ubiquitous von Braun played a key role in initiating this new effort, not
because he succeeded in convincing senior NASA officials of the merits of a
space station, but rather because he knew that his staff would soon need new
work. During the 1960s, he was director of NASA’s Marshall Space Flight
Center, where large launch vehicles were a specialty. As he stated in 1962,
“we can still carry an idea for a space vehicle... from the concept through the
entire development cycle of design, development, fabrication, and testing.”
His domain included the Michoud Assembly Facility near New Orleans,
where complete Saturn V first stages were assembled. It also included the
nearby Mississippi Test Facility, where these five-engine stages could operate
as complete units on a test stand.'?

The development of the Saturn V set the pace for the entire Apollo pro-
gram. This Moon rocket, however, would have to reach an advanced state of
reliability before it could be used to carry astronauts. The Marshall staff also
was responsible for development of the smaller Saturn I-B that could put a
piloted Apollo spacecraft through its paces in Earth orbit. Because both rock-
ets would have to largely complete their development before Apollo could hit
its stride, von Braun knew that his center would pass its peak of activity and

9. NASA SP-4012, vol. 111, p. 27.
10. NASA SP-4208, p. 4; NASA SP-4206; see index references.
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George E. Mueller, NASA
Associate Administrator for
Manned Space Flight in 1968.
(NASA)

would shrink in size at a relatively early date. He would face large layoffs
even while other NASA centers would still be actively preparing for the first
mission to the Moon."

At NASA Headquarters in Washington, D.C., George E. Mueller (pro-
nounced “Miller”), Associate Administrator for Manned Space Flight,
understood von Braun’s situation for he had helped to create it. Mueller had
been vice president of the firm of Space Technology Laboratories in Los
Angeles, a division of TRW and a prime source of technical support for the
Air Force’s principal missile programs. Mueller had been deeply involved in
the Minuteman ICBM effort, and had pushed successfully for “all-up testing,”
during which that missile fired all three stages and flew to its full range on its
first flight.

11. NASA SP-4208, p. 5.
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Coming to NASA in 1963, he quickly became convinced that he could do
the same with the Saturn V. von Braun had used a cautious step-by-step
approach in developing the earlier Saturn I, flight-testing only the first stage
before committing to flights of the complete two-stage launch vehicle. Mueller
decided that similar caution in flight testing of Saturn V’s three stages would
push the first lunar landing into the next decade. He won von Braun’s consent to
allow Saturn V to fly “all-up” on its first flight by firing all three of its stages."?

This quickened the pace of development on the Apollo program, making
it likely that the Saturn V would become available at a relatively early date. It
also hastened the day when von Braun’s center would largely complete its
work and face layoffs. Mueller’s decision, however, also made it likely that
surplus Saturn-class rockets would become available for purposes other than
direct support of Moon landings.

In August 1965, Muéller set up a new Saturn-Apollo Applications
Program Office. The Saturn I-B emerged as an early focus for attention. This
powerful rocket conducted only a limited program of developmental flights
for Apollo before giving way to the much larger Saturn V. The Saturn I-B’s
second stage, the S-IVB, had a liquid-hydrogen propellant tank with a volume
of nearly 10,000 cubic feet. There was interest in turning the S-IVB into an
orbiting workshop. Mueller later stated that this would match the volume of
“a small ranch house. The kind I can afford to buy.”

By early 1967, the program called for an initial mission featuring two
launches. The first would carry an Apollo spacecraft with its crew of three; the
second would launch the workshop, mounted to an airlock and docking
adapter. The S-IVB, modified for use in orbit, was to sprout large solar panels
along with two floors within the 21-foot wide hydrogen tank. These floors
would provide living quarters and work areas. The flight crew would ren-
dezvous with the workshop and dock with the adapter. Inside the spent fuel
tank, these astronauts would find an empty, bare-walled space that would
require four days of fitting-out to turn into habitable living quarters. The crew
would then stay in space for 28 days conducting biomedical tests as their prin-
cipal activity. A subsequent mission to the workshop would bring a fresh crew
to live in space for 56 days."

12. Ibid., pp. 6-7; NASA SP-4012, vol. IL, pp. 54-58.
13. NASA SP-4208, pp. 20-21, 26-27, 53-55.
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In addition to Muelier’s powerful Office of Manned Space Flight, a sep-
arate NASA program center, the Office of Space Science and Applications
(OSSA), made its own contribution to the new post-Apollo effort. Within the
field of space science, OSSA supported solar astronomy, using spacecraft to
observe the Sun at ultraviolet and x-ray wavelengths that do not penetrate the
atmosphere. In 1962 and 1965, two Orbiting Solar Observatory spacecraft
returned a great deal of useful data and sparked interest in an advanced auto-
mated solar observatory. Such plans fit the cyclic activity of the Sun itself,
which, every 11 years, rises to a peak in the number of sunspots, radiation
levels, and magnetic activity. The next such peak was to occur in 1969, leav-
ing ample time for development of the new spacecraft.

OSSA’s plans fit the solar cycle much better than the budget cycle. OSSA
had little clout, and the demands of Apollo were all-consuming; pressed by its
budgetary needs, scientific satellites tended to fall by the wayside. The head
of OSSA, Homer Newell, was undismayed. Though his advanced automated
observatory failed to win support and had to be canceled, Newell saw that he
could seek an even more ambitious solar observatory by hitching his wagon
to the star of piloted space flight. Working with Mueller, Newell developed a
concept for an Apollo Telescope Mount (ATM), as a second important com-
ponent of Apollo Applications.

This ATM took shape as a substantial spacecraft in its own right.
Requiring its own Saturn I-B to carry it aloft, it also called for its own set of
solar panels that would unfold to form a large cross. The program plan called
for it to rendezvous with the orbiting workshop early in the 56-day second
mission. The astronauts would move it into position and install it as part of
the complete space laboratory. With a dozen instruments, the ATM would test
the ability of astronauts to conduct useful scientific research by operating
sophisticated equipment in orbit."

These missions were to herald a major program. Released in March 1966,
NASA’s initial schedule envisioned 26 launches of the Saturn I-B and 19 of
the Saturn V. Flight hardware would include three S-IVB stages intended for
on-orbit habitation, four ATMs, and three more capable space stations that
would ride atop the Saturn V. The Bureau of the Budget (BoB), an arm of the
White House, was not encouraging. Bureau officials were concerned that

14. Ibid., pp. 36-37, 69-71.

63


http:orbit.14

THE SPACE SHUTTLE DECISION

Lunar Modute/ -
Orbital Workshop

Apollo Tetescope Mount - v\
ATM Solar
-\ ANy, Array Panels l‘

x OWS Solar

Instrumentation Unit Arfay Panels

Spacecraft LM Adapter (Fixed)
Airlock Module

Service Comm: N )
Module < Module Structural Transition Section
Multiple
Docking
Adapter

Apollo Applications wet workshop, derived from an S-IVB upper stage. Note rvocket engine at
right. (NASA)

Apollo Applications might wastefully duplicate an Air Force program, the
Manned Orbiting Laboratory. In addition to this, with Apollo reaching the
peak of its funding, those officials were in no mood to allow NASA to launch
another costly program.

Initial discussions focused on the budget request for FY 1967 that
President Lyndon B. Johnson would present to Congress early in 1966.
Mueller hoped at first for $450 million, with over $1 billion in FY 1968.
Bureau of the Budget officials preferred to start by offering $100 million,
though they were willing to listen to arguments for $250 million. This part of
NASA’s budget included Apollo. To keep it on schedule, Mueller had to put
Apollo Applications under a particularly severe squeeze with only $42 mil-
lion (less than a tenth of his initial budget mark) for FY 1967.1%

The FY 1968 budget brought more of the same. Initial discussions
between NASA and the BoB chopped the request from $626 million to $454

15. Ibid., pp. 42-43; NASA SP-4011, p. 71.
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million, a sum that at least would get the program off to a good start. In his
budget message to Congress, Johnson endorsed this figure with an argument
that would be heard again in subsequent years: “We have no alternative unless
we wish to abandon the manned space capability we have created.” Though
Johnson and the BoB were now on board, Congress, which cut the authoriza-
tion to $347 million, was not. Not even the appropriation—more bad news at
$300 million—was safe, as the NASA Administrator, James E. Webb, trans-
ferred part of it to other activities. Apollo Applications was left with only
$253 million, the lowest level Mueller could accept.'

It nevertheless was enough, barely, to get the program under way and turn
it into something more than a design exercise. As serious engineering activity
got under way, however, designers came to realize that they were pursuing an
approach marked with pitfalls. The approach continued to call for a “wet
workshop,” a propulsive stage that would then serve as living and working
quarters while in orbit. After reaching orbit, however, astronauts would have
to convert the empty fuel tank into these quarters and install a good deal of
equipment. As studies proceeded, it became increasingly doubtful that all this
could be done.

The alternative would be to build the space station as a “dry workshop”
with no provision for use as a rocket stage. Unable to propel itself into orbit,
the dry workshop would need the heavy lifting power of a Saturn V. That
rocket’s payload capacity would make it possible to incorporate the ATM
from the outset, rather than having to bring it up on a separate flight. The
complete, well-integrated space station could undergo tests and verification
on the ground.

While studies of a dry workshop were being conducted at the same time
as those of the wet version, they were never endorsed by NASA Administrator
James Webb. The sticking point was the need for a Saturn V. The historians
Charles Benson and David Compton note that “it had taken all of Webb’s
power of persuasion to convince Congress and the BoB that Apollo required
at least 15 Saturn V launch vehicles, and he would tolerate no suggestion that
any could be used for something else.”’” When Webb resigned from NASA in
October 1968, he took his objections with him. In addition to this, in

16. NASA SP-4208, pp. 53, 86-87.
17. Ibid., pp. 105-109.
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December 1968, Apollo 8 carried three astronauts on a successful flight that
orbited the Moon and returned safely. This was only the third flight of a
Saturn V, making it highly plausible that it would indeed be possible to spare
one of those behemoths for Apollo Applications.'

With the mounting technical problems of the wet workshop approach,
Mueller became convinced that it simply was not practical. Hence, only a dry
workshop could save the program. The new NASA Administrator Thomas
Paine became convinced in 1969 that it was necessary to make the switch. His
decision was subject only to the success of Apollo 11, the planned first lunar-
landing mission. He signed the project-change document on July 18, while
Apollo 11 was en route to the Moon. Four days later, with the landing accom-
plished and the astronaunts homeward bound, the Apollo Applications program
manager, William Schneider, sent telexes to the NASA centers that directed
them to proceed with the dfy workshop.

Program cutbacks, however, had taken their toll. Apollo Applications, ini-
tially conceived as a long-running extension of Apollo, was down to a single
workshop supported by three astronaut crews flying the Saturn I-B. There was
hope for a second workshop that would carry different equipment. The pro-
gram needed a new name; a committee considered close to a hundred
possibilities, including “Socrates” and “LSD.” The winning name, “Skylab,”
came from Lieutenant Colonel Donald Steelman, an Air Force officer on duty
with NASA. The new name, which replaced Apollo Applications, was for-
mally adopted in February 1970."

Space Station Concepts of the 1960s

There was only a single Skylab orbiting workshop in existence. Though
NASA had built a second model, there were no funds to launch this space-
craft, and it wound up on display at the National Air and Space Museum.* To
this day, Skylab remains the closest thing to a true space station that NASA
has ever built and operated. Nevertheless, it represented no more than a small
step toward that goal.

18. NASA SP-4012, vol. II, p. 61.
19. NASA SP-4208, pp. 107-110, 112, 114-115.
20. Ibid., p. 353.
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Skylab grew out of Apollo Applications, which merely sought to make
good use of Apollo launch vehicles and equipment. Though the Skylab space-
craft strongly modified the standard S-IVB rocket stage, its design was
heavily constrained. The 22-foot diameter of Skylab followed from the diam-
eter of the S-IVB, even though the Saturn V could accommodate payloads of
up to 33 feet across. Similarly, although Skylab included the ATM as part of
its package, its total weight, 165,000 pounds, fell well short of the lifting
power of the Saturn V. These restrictions arose because the dry workshop,
which used the Saturn V, developed out of the wet workshop, which was to
have used the much smaller Saturn I-B.*!

In addition, Skylab was not permanently inhabited. It supported three
crews in orbit, during 1973 and 1974, who stayed respectively for 28, 59 and
84 days. Though the last such mission continues to hold the record for dura-
tion in U.S.-built spacecraft, Soviet and Russian cosmonauts have stayed in
orbit for up to 437 days in the Mir station. Following the return of the third
Skylab crew, in February 1974, NASA made no further attempt to use this
valuable facility. Skylab’s orbit, left to decay, caused it to burn up in the
atmosphere in July 1979.%2

In spite of its limitations and its shrinking budgets, Apollo Applications
was important. Not just a paper study, it was a true and funded program, with
a project office at NASA Headquarters that stood alongside similar offices for
Gemini and Apollo.? It thus gave considerable hope to those in both NASA
and the industry who were carrying out studies for the next space station.
During the 1960s, a number of studies sought to define such a station.

NASA’s Langley Research Center took an early interest in such studies, set-
ting up a space station office within its Applied Mechanics and Physics
Division. Early work, from 1959 to 1962, focused anew on the rotating-wheel
configuration. At the outset, the Langley designers considered a range of shapes
that could rotate to provide artificial gravity. Like Poto¢nik and von Braun
before them, they decided the wheel was best. With a radius of 75 feet, it would
rotate at four revolutions per minute, producing two-fifths of normal gravity.

Langley then contracted with North American Aviation (NAA) to carry
out further studies. A prime question was how to fit so large a structure into

21. Ibid., pp. 107-108; Thompson, ed., Space Log, vol. 27 (1991), p. 137.
22. Thompson, Space Log, vol. 27 (1991), pp. 137, 138, 141; vol. 31 (1995), p. 68.
23. NASA SP-4208, pp. 20-21.
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the cargo volume of a Saturn V. NAA changed the wheel to a hexagon com-
poséd of six long cylinders joined at their ends. These would fold into a
package 103 feet long by 33 feet in diameter. Once in orbit, mechanical screw
jacks would unfold the hinged parts. The complete space station would
include a hub with a docking facility for Apollo spacecraft. With telescoping
spokes joining the hub to the hexagon, the station’s volume of 45,000 cubic
feet would accommodate up to 36 crew members.**

In size between Potocnik’s concept of 1928 and von Braun’s of 1952,
NASA'’s concept represented a brilliant attempt to bring the rotating wheel
into an era in which major tasks, including piloted flight to the Moon, would
be carried out in space. Even so, it was behind the times. The project’s empha-
sis on artificial gravity was better suited to an earlier age when large crews
were expected to live in comfort. At the same time, by 1960, tasks that were
to be conducted by astronauts were ready for automated electronics. In addi-
tion to this, by 1963 it was clear that studies of human physiology during
- extended durations in weightlessness would represent an important rationale
for a space station. Subsequent concepts reflected these changes.

24. Ibid., pp. 9-10; AAS History Series, vol. 14, pp. 80-83.
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Langley’s next round of studies, called the Manned Orbiting Research
Laboratory (MORL), rejected the rotating wheel once and for all. Late in 1963,
Douglas Aircraft won this study contract. In many ways, MORL illustrated
what Apollo Applications might have accomplished if it had been given high
priority and ample funding.

Rather than seeking to support large crews in the comfort of artificial
gravity, MORL emphasized small crews that would live in weightlessness in
versatile, compact stations. The basic station was to fly atop a Saturn I-B- and
hence had that rocket’s diameter of 22 feet. Weighing 30,000 pounds at
launch, MORL would enclose 9,000 cubic feet of internal volume, with a
crew of six. Each astronaut would serve a six-month tour of duty. A modified
Apollo spacecraft, riding its own Saturn I-B, would carry supplies along with
new three crew members to the space station.

Specialized equipment would enhance the usefulness of MORL. It would
carry astronomical telescopes. A crew-tended radar would support large-scale
topographical mapping. Douglas Aircraft also proposed to install a nine-lens
camera system for observation of the Earth’s surface and weather at a variety
of wavelengths. With astronauts tending a lab full of plants, animals and
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bacteria, additional modules would research new fields such as life sciences.
The addition of other such modules would allow the basic station to expand
to house nine astronauts rather than the original six. Selected crew members
would remain in orbit for as long as a year.

Use of the Saturn V would enable the MORL. to fly in orbits as high as
23,000 miles while continuing to receive resupply. The MORL would be able
to fly to lunar orbit to map the Moon’s surface. It would be able to land on the
Moon and to serve as a base. Serving as a test bed for systems intended for
use in a piloted mission to Mars, MORL aiso might evolve into an important
element of a spacecraft built to carry out such a mission.?

At the Manned Spacecraft Center (renamed the Johnson Space Center in
1973) in Houston, other investigators agreed that a space station could repre-
sent an intermediate step toward a mission to Mars. That center had its own
space station group that had contracted with the Space Division of the Boeing
Co. to conduct the pertinent study. Completed in 1967, that study envisioned
a Mars spaceship that also could serve as an Earth-orbiting station.

The Mars ship would take the form of a two-deck module, 22 feet in
diameter, with room for both crew members and equipment. For use as a
space station, the vehicle would add a second module, together with a central
section, midway along the station, that could accommodate the docking of
two Apollo spacecraft. With a weight of 248,000 pounds, this complete sta-
tion would ride a Saturn V to orbit. It would support a crew of eight, with
these astronauts flying on the Saturn I-B, in Apollo craft modified to carry
four rather than the usual three people. Two such launches would provide the
initial staff. Subsequent flights every 90 days would bring fresh crew mem-
bers as well as new supplies. The station would remain continuously occupied
for two years.

Without resupply or revisit en route, the Mars mission would also last two
years. Mission designers would chop the space station in two, retrieving the
basic two-deck module and staffing it with a crew of four. After being placed
in orbit by a single Saturn V launch, additional Saturn V flights would carry
fully-fueled S-IVB stages to boost the Mars ship toward its destination. While

it would fly past and not land on that planet or even orbit it, the mission would
drop off planet probes, landers, and an orbiter during this flyby. During the

25.. Astronautics & Aeronautics, March 1967, pp. 34-46; NASA SP-4308, pp. 293-300.
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close approach to that planet, the flight to Mars would culminate in an 11-day
period of intense crew activity followed by the long voyage home.?

Not everyone agreed that a space station should serve as a way station for
flight to Mars. An alternate viewpoint stressed the usefulness of such stations
for science alone. This view found support at NASA’s Marshall Space Flight
Center. A 1966 study there noted that a proper science station could not be all
things to all people. It was argued that different sciences would impose char-
acteristic demands that would be mutually incompatible.

Astronomy in space, for example, would require gamma-ray, x-ray, opti-
cal, and radio telescopes. These would have to point in fixed directions during
their observations, maintaining stability to within 0.001 degrees. A due-east
launch from Cape Canaveral could put them in orbit, with an inclination to the
equator of 28 degrees. By contrast, observation of the Earth’s surface and
weather would ideally require a polar orbit that demands more energy at
launch. An Earth-observing station would have to turn slowly to point con-
tinually downward, rather than stare at a fixed position in space. It could work

26. Report D2-114012-1 (Boeing).
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with a stability of 0.05 degrees. Biomedical experiments, including long-
duration studies of the human response to weightlessness, would be even less
demanding. Able to work in any orbit, they would dispense with the costly
control systems necessary for pointing and stabilization.

The Marshall study thus called for two stations, each with a crew of nine
and a lifetime of five years for the station. They would fly to orbit atop the
Saturn V. One station, supporting astronomy, would fly due east from the
Cape. The second station, supporting meteorology and Earth observations,
would not use the hard-to-reach polar orbit, but would achieve an intermedi-
ate inclination of 55 degrees. This inclination would still permit coverage of
the world’s major land masses. Biologists and life-science specialists, not
requiring a specific orbit, could build a specialized module that could fly as
part of either station.”’

It is important to note that these studies lacked the support of a NASA
Headquarters program office similar to that of Apollo Applications after 1965.
These studies, however, did have the attention of center directors. In 1963, the
original MORL Studies Office reported directly to Floyd Thompson, the direc-
tor of NASA-Langley.? Similarly, it was no secret that Wernher von Braun,
director of NASA-Marshall, bad a strong and ongoing interest in space stations.
With no one at Headquarters who was ready to take those studies and push for
their fulfillment, the space station represented only a possible new direction for
NASA. In no way was there a commitment to pursue that direction.

In addition, these studies reflected the characteristic point of view that
space stations could offer intrinsic advantages. In 1968, Robert Gilruth, direc-
tor of the Manned Spacecraft Center, defined such a station as “a site in space
developed to support men, experimental equipment, and operations perma-
nently and to take advantage of the favorable economies of size,
centralization, and permanency—in terms of power, volume, instruments,
communications, data reduction, and logistics.”? This amounted to an asser-
tion that those “favorable economies™ actually existed, a point from which
both Congress and the Budget Bureau soon would differ.

Likewise, it was not easy to assume that space stations would win support

“on their merits for use in science. The concepts of the day anticipated the rou-

27. AAS History Series, vol. 14, pp. 83-86.
28. NASA SP-4308, p. 294.
29. Astronautics & Aeronautics, November 1968, p. 54.
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tine use of the Saturn I-B with the Apollo spacecraft for resupply and crew
rotation. The Apollo 7 mission, which had flown atop the Saturn I-B in 1968,
cost $145 million. Two years later, a single flight of a Saturn V with its moon-
ship would cost up to $375 million. By contrast, in FY 1970, the National
Science Foundation, which sponsors a broad range of basic research in a large
number of fields, received a budget of $440 million.*° Indeed, it would take a
true believer to assert that a Saturn V, even with an Apollo mission, could offer
the scientific return of a year’s worth of grants from the NSF to the nation’s
universities and research centers.

This point was not lost on the advanced-planning designers who were
nurturing their space stations. They saw that the expensive Saturn V might not
remain the only way to launch a large station; a reusable launch vehicle might
cut costs while offering even greater lifting power. In addition to this, it might
prove feasible to dispense with the Saturn I-B, replacing it with a low-cost
launcher of intermediate size. A number of specialists pursued these hopes
during the 1960s, as they allowed their imaginations to run free. In pursuing
their designs, they laid a considerable amount of groundwork for the serious
studies for a practical space shuttle that followed.

Early Studies of Low-Cost Reusable Space Flight

No one could deny that space flight was expensive. Launch vehicles flew only
once. There was no way to reuse them; they launched their payloads and then
splashed into the ocean. A Saturn I-B came to $45 million, excluding its Apollo
spacecraft and flight operations; a Saturn V cost $185 million. For these rock-
ets to carry three astronauts cost as much as $60 million per person.*!

~ Advocates of reusable launch vehicles said that using throwaway Saturns
was tantamount to flying a planeload of passengers across the Atlantic and
having that airliner fly only once. It is a measure of the truly enormous cost
of space flight that this comparison was off by three orders of magnitude. The
Boeing 727, a popular jet of the 1960s, had a sticker price of $4.2 million. It
carried 131 passengers. Had each such plane made only a single flight, the
cost of a ticket would have been some $30,000.%2 The corresponding price for

30. NASA budget data, February 1970; Science, 5 February 1971, p. 460.
31. NASA budget data, February 1970.
32. Serling, Legend, p. 186; Pedigree, p. 58.
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a ticket on a Saturn V was 2,000 times greater. A more appropriate if less
exact simile came from Newsweek in 1961.% It compared the space race to
the potlatch ceremony of the Kwakiutl tribe of the Pacific Northwest, whose
members vie to throw the most valuable objects into a fire. Clearly, the nation
was unlikely to persist in this celestial potlatch unless it had the most com-
pelling of reasons.

An initial step toward reusability came at NASA-Marshall during 1961
and 1962, where engineers sought to learn whether a high-performance rocket
engine could survive a dunking in seawater. They worked with the H-1, a
standard engine from Rocketdyne that went on to power the Saturn I-B.
Following immersion, investigators dismantled the engine, checked its parts
for corrosion, reassembled it, and ran it successfully on a test stand. Thus, it
was proven that this powerful engine, rated at 187,000 pounds of thrust, could
withstand a bath in seawater and return to service.*

The next question was whether a Saturn-class first stage could be recov-
ered for reuse. There was considerable interest in using a flexible and
deployable wing invented by Francis Rogallo of NASA-Langley. The
“Rogallo wing” later found its niche as a type of hang glider, allowing enthu-
siasts to fly from clifftops and soar on uprising air like birds. Advocates hoped
to use it as a directional parachute, permitting a large booster to descend by
gliding to a designated recovery point.

Studies showed that this approach would not work with existing first
stages such as the Saturn I-B. Because they had not been designed for recov-
ery, they lacked the storage room for the furled Rogallo wing.* Thus, it would
not be possible to introduce reuse by the simple approach of mounting a
deployable wing to a Saturn booster. Studies funded by NASA-Marshall,
under the name “50- to 100-Ton Payload Reusable Orbital Carrier,” showed,
however, that NASA might achieve better results by installing fixed wings on
the Saturn V’s first stage.

The new first stage would use that booster’s standard engines, adding
landing gear, a pilot compartment, insulation to protect against the heat of

atmosphere reentry, and large wings, sharply swept, with big vertical fins at
the tips. These modifications would add 300,000 pounds of weight. The

33. Newsweek, January 2, 1961, p. 42.
34. Akridge, Space Shuttle, pp. 8-9; NASA SP-4012, vol. I, p. 56.
35. Akridge, Space Shuttle, p. 9; Astronautics & Aeronautics, August 1968, pp. 50-54.
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second stage, however, would retain its full lifting power. Thus, the payload
would be decreased by only 20 percent.

Smaller winged rockets also drew interest, as analyses showed that even
with parachutes, recovery of any craft at sea would be both costly and clumsy.
Leonard Tinnan, a manager at North American Aviation (NAA), wrote that “in
comparing parachute or other so-called ‘simple’ means of booster recovery
with the ‘sophisticated’ fixed-wing approach, for example, it becomes rather
easy to demonstrate that the former is economically superior—if the time and
costs associated with the mid-ocean retrieval and refurbishment of booster
stages, and the impact of corresponding extension of turnaround time, are
omitted or minimized. In the final analysis, however, all such factors must be
fully considered.”

A review of design concepts of the early 1960s shows that engineers were
of two minds on approaches to reuse. The prospect of aircraft-type operation
tantalized a number of these people, with the X-15 offering inspiration by
flying routinely in flight test. Designers expected that their reusable launch
vehicles would fly often. For this they would need wings and runways because
recovery at sea would hamper frequent flight schedules. Other investigators
wanted reusable launchers that would carry far more payload than a Saturn V.
Far too large for wings, such leviathans would have to come down in the ocean.

Perhaps the largest of these reusable launchers was the Nexus. The work
of a group at General Dynamics led by Krafft Ehricke, the Nexus was to rep-
resent the next leap beyond the Saturn V, carrying up to eight times more
payload. Fully fueled, it would weigh 24,000 tons, as much as an ocean-going
freighter. It would carry a 1,000 tons to orbit, allowing it to launch a space-
ship bound for Mars. This behemoth would have a diameter of 202 feet with
its height approaching that of the Washington Monument. It would fly as a
single-stage launch vehicle. Fully recoverable, it would touch down in the
ocean following a return from orbit. Parachutes would slow its descent. Retro-
rockets, firing during the last seconds, would assure a gentle landing.’

Others hoped to develop new types of engines. The years since World War
II had brought enormous advances in turbojets, rockets, and ramjets. By 1960,
all three offered tested paths to high-speed flight. With such further develop-

36. Astronautics, January 1963, pp. 50-56.
37. Astronautics & Aeronautics, January 1964, pp. 18-26.
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ments in the offing, advocates of advanced propulsion saw their prospects in
two novel concepts: LACE (Liquid Air Cycle Engine), an airbreathing rocket;
and the scramjet, a hypersonic jet engine.

LLACE sought to overcome the requirement that a rocket must carry its
oxygen as a heavy quantity of liquid in an onboard tank. Instead, this con-
cept sought to allow a rocket to get its oxygen from air in the atmosphere.
Because rocket engines operate at very high pressure, no air compressor
could compress the ambient air so as to allow it to flow into a thrust cham-
ber. If the air could be liquefied, however, it would form liquid air, which
could be pumped easily to high pressure. LACE sought to do this by passing
the incoming air through a heat exchanger that used supercold liquid hydro-
gen, chilling the air into liquid form. The engine then would use the
hydrogen and liquefied air as propellants.®®

This approach drew strong interest at Marquardt Co., a Los Angeles
propulsion-research firm. In tests at Saugus, California, in 1960 and 1961,
Marquardt engineers successfully demonstrated a LACE design that used heat
exchangers built by Garrett AiResearch. A film of those tests, shown at a con-
ference of the Institute of the Aeronautical Sciences in March 1961, shows
liquid air coming down in a torrent, as seen through a porthole. Marquardt
went on to operate test engines with thrusts of up to 275 pounds. During these
tests, LACE performed twice as well as conventional hydrogen-fueled rockets.

There were further innovations as well. Four-fifths of air is nitrogen,
which does not burn. The presence of this nitrogen reduced the performance
of LACE by cooling the exhaust and demanding extra liquid hydrogen to
accomplish liquefaction. Oxygen, however, liquefies at 90 degrees Kelvin
while nitrogen liquefies at the lower temperature of 77 degrees Kelvin. Thus,
by carefully controlling the heat-exchange process, oxygen in the air could be
liquefied preferentially. This represented a topic for further research. In 1967,
at General Dynamics, a test of this concept demonstrated 90 percent effec-
tiveness in excluding the nitrogen.*

While LACE represented a new direction in rocket research, the scramjet
represented advances in the design of the ramjet. Ramjet engines showed their
power during the 1950s when the Lockheed X-7, an unpiloted missile,

38. Heppenheimer, Hypersonic, pp. 15-16.
39.. Ibid., p. 16; Aviation Week, May 8, 1961, p. 119. Film courtesy of William Escher, Kaiser Marquardt, Van
Nuys, California.
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reached Mach 4.31 or 2,881 miles per hour setting a record for the flight of
airbreathing engines.” This was close to the speed limit of a ramjet. Air in
such a ramjet, flowing initially at supersonic speeds, had to slow to subsonic
velocity in order to burn the fuel. When it slowed, an engine became hot and
lost power.

For a ramjet to reach speeds well beyond Mach 4, this internal airflow
would have to remain supersonic. This would keep the engine cool and pre-
vent it from overheating. This also imposed the difficult problem of injecting,
mixing, and burning fuel in such a supersonic airflow. Nevertheless, a number
of people hoped to build such an engine, which they called a scramjet.*

Scramjet advocates included Alexander Kartveli, the vice president for
research and development at Republic Aviation, and Antonio Ferri, a profes-
sor at Brooklyn Polytechnic Institute. During World War I, Ferri had been
one of Europe’s leading ‘aerodynamicists and had directed Italy’s premier
research facility, a supersonic wind tunnel. Kartveli was one of America’s
leading airplane designers, crafting such fighter aircraft as the F-84 and the F-
105. During the 1950s, his focus was on another proposed fighter, the
XF-103. It was to use a ramjet to reach speeds of Mach 3.7 (2,450 mph) and
altitudes of 75,000 feet.**

Ferri, who worked as a consultant on this project, formed a close friend-
ship with Kartveli. They complemented each other professionally, Kartveli
studying issues of aircraft design, Ferri emphasizing the details of difficult
problems in aerodynamics and propulsion. As they worked together on the
XF-103 they each stimulated the other to think bolder thoughts. Among the
boldest put forth first by Ferri, and then supported by Kartveli with more
detailed studies, was the idea that scramjet-powered aircraft would have no
natural limits to speed or performance. They could fly to orbit, reaching
speeds of Mach 25.%

In the Air Force, concepts such as LACE and scramjets drew support from
Weldon Worth, technical director at the Aero Propulsion Lab of Wright-
Patterson Air Force Base. Beginning in about 1960, Worth built up a program
of basic research called Aerospaceplane. Not aiming at actually building an

40. Miller, X-Planes; p. 72.

41. Heppenheimer, Hypersonic, pp. 12-14.

42. Ibid., pp. 10-12; Gunston, Fighters, pp. 184, 193-195.
43. Republic Aviation News, September 9, 1960, pp. 1, 5.
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airplane that would fly to orbit, the program pursued design studies and
propulsion research that might lead to such aircraft in the distant future. The
propulsion efforts were often very basic. When, in November 1964, Ferri suc-
ceeded in getting a scramjet to deliver thrust, it was impressive enough to
merit an Air Force news release. Ferri went on to set a goal of 644 pounds of
thrust for his test engine; he managed 517 pounds, 80 percent of his goal.*

Aerospaceplane was too hot to keep under wraps. A steady stream of
leaks brought continuing coverage in the trade magazine Aviation Week.* At
the Los Angeles Times, the aerospace editor Marvin Miles developed his own
connections, which led to banner headlines: “Lockheed Working on Plane
Able to Go Into Orbit Alone”; “Huge Booster Not Needed by Air Force Space
Plane.”* The Air Force’s Scientific Advisory Board (SAB) was not amused.
As early as December 1960, it warned that “too much emphasis may be
placed on the more glamorous aspects of the Aerospaceplane resulting in
neglect of what appear to be more conventional problems.”

By 1963, with hype outrunning achievement, the SAB had had enough.
In October, it declared that “today’s state-of-the-art is inadequate to support
any real hardware development, and the cost of any such undertaking will be
extremely large.... [T]he so-called Aerospaceplane program has had such an
erratic history, has involved so many clearly infeasible factors, and has been
subjected to so much ridicule that from now on this name should be dropped.
It is also recommended that the Air Force increase the vigilance that no new
program achieves such a difficult position.*’” Soon after, the Aerospaceplane
died as a formal program. The scramjet, however, continued to live as NASA-
Langley pursued an experimental program, the Hypersonic Research Engine,
that continued well into the 1970s.%

Amid the gigantism of the Nexus and the far-out futurism of
Aerospaceplane, there were those who were content to envision winged craft
powered by conventional rocket engines. Here, too, the exuberance of the day

44. Heppenheimer, Hypersonic, pp. 14-17; Hallion, ed., Hypersonic, pp. 948-952; news release, USAF
Aecronautical Systems Division, November 12, 1964. Scramjet test data from Louis Nucci, General
Applied Science Laboratories, Inc., Ronkonkoma, New York.

45. Aviation Week: October 31, 1960, p. 26; December 26, 1960, pp. 22-23; June 19, 1961, pp. 54-62;
November 6, 1961, pp. 59-61; April 23, 1962, pp: 26-27. See also Missiles and Rockets, May 22, 1961, p.
14.

46. Los Angeles Times: November 3, 1960, p. 3A; January 15, 1961, front page.

47. Hallion, ed., Hypersonic, p. 951.

48. Ibid., pp. 747-842; Heppenheimer, Hypersonic, pp. 17-20.
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sometimes found expression in concepts of heroic size, such as the Astroplane
of Aerojet-General. This concept included wings that would carry liquid
hydrogen, much as the wings of airliners carry jet fuel. The Astroplane would
have a wingspan of 423 feet and a length of 260 feet, excluding its payload.
Carrying up to 220 tons of cargo, it would weigh 5,000 tons at liftoff, and
would rise into the air with twice the thrust of a Saturn V.*°

There were several design exercises, however, that projected modest size
and near-term technology. One such concept, the Astro from Douglas
Aircraft, was a two-stage fully-reusable launch vehicle with a payload of
37,150 pounds. Both stages of the Astro were designed as lifting bodies and
would burn hydrogen and oxygen, using rocket engines that were already
under development. The project engineers saw no problem with reuse of such
rockets, noting that one of their engines, the Pratt & Whitney RIL-10, had
already “been operated more than 9,000 seconds with more than 50 restarts.”

Nevertheless, these engineers. also shared the enthusiasm of the times.
Written in 1963, their paper on the Astro anticipated that this vehicle could be
operational “in the 1968-70 period.” Each flight would cost $1.5 million. In
readying the second stage for a reflight, turnaround time “would range
between 2.5 and S days, based on a two-shift operation.” The Astro would fly
240 times per year.>

The era’s exuberance was understandable; it had taken less than 35 years
to advance from Lindbergh in Paris to astronauts in orbit. It was expected that
this pace would continue. Amid the plethora of new possibilities, however,
promising ideas sometimes were lost in the shuffle. This happened to Martin
Marietta’s Astrorocket concept of 1964. In the light of subsequent events, the
concept seems to have offered a glimpse of the future, not only because the
design was highly futuristic but because it clearly foreshadowed a class of
design concepts that later stood in the forefront between 1969 and 1971.

With a planned liftoff weight of 1,250 tons, Astrorocket was to be inter-
mediate in size between the Saturn [-B and the Saturn V. It was a two-stage
fully-reusable design, with both stages having delta wings and flat undersides.
These undersides fitted together at liftoff, belly to belly. The designers of
~ Astrorocket were no clairvoyants; rather, they drew on the background of

49. Astronautics & Aeronautics, January 1964, pp. 35-41.
50. Ibid., pp. 42-51.
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Martin Marietta’s Astrorocket concept. (Art by Dennis Jenkins)

Dyna-Soar and studies at NASA-Ames of winged reentry vehicles.”! The
design studies of 1969-1971 followed the same approach, featuring two-stage
fully-reusable configurations and a strong preference for delta wings.

Unfortunately, Astrorocket was at least five years ahead of its time. It
failed to win support from NASA, the Air Force, and even its own manage-
ment of Martin Marietta. That firm would continue to pursue studies of
reusable launch vehicles, but these would not be Astrorockets.

“Let a hundred flowers bloom, let a hundred schools of thought content,”
said China’s Chairman Mao in 1956.%> Studies of future space transportation
were certainly blossoming. The field, however, needed vigorous pruning to
define the most promising approaches. Wielding their garden shears, a
number of investigators began to address some key questions.

Was it worth waiting for the scramjet? While its performance far sur-
passed that of even the best rockets, its development would take time and its
prospects were not certain. Even accepting that the next generation of launch
vehicles would continue to use rockets, there was the question of whether

51. Hallion, ed., Hypersonic, pp. 952-954.
52. Oxford, p. 328.
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such craft should take off horizontally, like an airplane. A booster, heavy with
propellant, would need large, massive wings to do this. The vehicle, however,
might ride a rocket-powered sled that would accelerate to several hundred
miles per hour, at no cost to the booster in onboard fuel.

In 1962, NASA-Marshall set out to address such issues through design
studies. The first step was to set standards for the design of launch-vehicle
concepts. Each concept had to carry ten passengers or ten tons of cargo.
Aircraft-type approaches were paramount, with Marshall stating that contrac-
tor designs “should be compatible with a philosophy used in the development
of supersonic commercial jet aircraft and should offer a potential commercial
application in the late 1970s, such as operating the vehicle over global dis-
tances for surface-to-surface transport of cargo and personnel.”

This study, called “unsable Ten Ton Orbital Carrier Vehicle,” awarded
contracts of $428,000 to Lockheed and of $342,000 to NAA. From June 1962
to December 1963, designers looked at two-stage fully-reusable configura-
tions that put fixed wings on both stages, and carried through separate designs
for both vertical and horizontal launch. They also considered concepts that
drew on the Air Force’s Aerospaceplane, with advanced airbreathing engines
to provide propulsion in the first stage.

Subsequent studies investigated additional alternatives and pursued
design issues in greater depth. In 1965, General Dynamics defined a concept
for a reusable second stage that had the shape of a lifting body; both that firm
and Lockheed conducted studies of first stages that could carry such a second
stage. First-stage concepts continued to cover both vertical and horizontal
launch. When using airbreathing engines, design choices ranged from con-
ventional turbojet engines to scramjets. At General Dynamics the possibilities
included LACE, for which that company had an active experimental program.

These studies concluded that, without exception, rocket engines were
preferable to airbreathers for first-stage propulsion. A leader in these efforts,
Max Akridge of NASA-Marshall wrote that “the economic advantage for the
rocket engine was always about the same as the developmental cost of the air-
breathing engine.” Similarly, vertical takeoff proved to offer an advantage
over horizontal launch because the cost of developing a rocket sled was not
offset by lower weight and cost in the flight vehicle.

These studies defined the preferred approach of NASA-Marshall’s Future
Projects Office which called for a two-stage fully-reusable launch vehicle,
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Three classes of advanced launch vehicles studied in 1966.
Left, Class I: a piloted spacecraft resembling Dyna-Soar,
launched by a Saturn I-B. Center, Class II: a two-stage fully-
reusable space shuttle with rocket propulsion in both stages.
Right, Class I1I: space shuttle with airbreathing engines in the first stage. (U.S. Air Force)
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with both stages having fixed wings and rocket propulsion. The work also
established the technical feasibility of such vehicles. NASA’s Manned
Spacecraft Center also adopted this approach, and NASA as a whole pro-
ceeded to hold to such designs until 1971.%

A dissenting word came from the Air Force, where people were in no
hurry to define a single class of concepts. At Wright-Patterson Air Force Base,
the Flight Dynamics Laboratory emerged as a center for such studies. The
FDL, conducting two design exercises during 1965, drew the interest of the
Aeronautics and Astronautics Coordinating Board, a joint NASA-Air Force
committee. In August 1965, this board set up a subpanel that spent the next
year reviewing technology and design concepts for reusable launch vehicles.
The subpanel issued its report in September 1966.

Rather than focus on a single type of craft, the subpanel took the view that
advancing technology would permit increasingly capable designs to emerge

53. Akridge, Space Shuttle, pp. 5, 16-19; Aviation Week, March 26, 1962, pp. 20-21; Report LR 18790
(Lockheed); Report GD/C-DCB-65-018 (General Dynamics); Nau, Comparison.
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in the relatively near future. By 1974, the nation might have a vehicle, called
Class 1, in which a small reusable spacecraft would ride atop an expendable
booster. The Saturn I-B could serve as this booster; Martin Marietta’s pro-
posed Titan III-M was another possibility, as was a new booster derived from
the 260-inch solid rocket motor that was then being tested. Essentially, the
spacecraft would be tantamount to an updated version of the Dyna-Soar. In
turn, two-stage fully-reusable configurations (counted as Class II), such as
those of NASA-Marshall, could be available by 1978. By 1981, the prospects
could broaden to include Class III, featuring horizontal takeoff and a first
stage powered by scramjets.

Like others in the field, the authors of this report were optimistic.
NASA'’s eventual Space Shuttle would fall into Class I, with two solid boost-
ers, an expendable propellant tank, and a reusable orbiter. However, it would
not fly until 1981, the year in which this subpanel expected to see an opera-
tional scramjet. Nevertheless, the work of this subpanel was significant for
three reasons.

It brought reusability into the realm of ongoing collaborations between
NASA and the Air Force. It was a reminder that development of a new Dyna-
Sodr was a quick route to reusability. In addition to this, in the words of the
report’s summary, “It is important to note that no single, most desirable vehi-
cle concept could be identified by the Subpanel for satisfying future DoD and
NASA objectives.” The Air Force would not follow the lead of NASA-
Marshall by focusing attention on a single design approach; the hundred
flowers would continue to bloom.>*

Two Leaders Emerge: Max Hunter and George Mueller

While many were talking about airline-type space operations, few had the
professional background that would allow them to do much about it. Most
managers and senior designers had entered the realm of space flight by way
of the Pentagon’s missile program of the 1950s. Few of them had working
knowledge of the standard methodology for determining the operating costs
of commercial airliners, as published initially in 1940 and subsequently
adopted by the Air Transport Association.

54. Hallion, ed., Hypersonic, pp. 964-978; Ames, chairman, Report.
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At Lockheed Missiles and Space Company (LMSC), Max Hunter was
one of the few people in the industry with an intimate knowledge of both air-
line economics and of launch-vehicle design. Earlier in his career, working at
Douglas Aircraft, he had spent two and a half years dealing with the perfor-
mance of transport aircraft. In those days, Douglas ruled the skies with its
DC-6 and DC-7 airliners. For some time, Hunter was in charge of all calcula-
tions on their performance and economics. He then joined the Thor missile
project and served as chief design engineer. Rebuilt with upper stages, the
Thor became the Delta launch vehicle and emerged as NASA’s most widely
used booster.

This background allowed Hunter to approach the problem of low-cost
space transportation from a fresh perspective. Existing studies left him dis-
satisfied; he writes that “by the end of 1963 the state of recoverable rockets
was terrible.” He disliked two-stage fully-reusable concepts which to him
meant building two vehicles to do the work of one, with the smaller of the
two—the second stage—being the one that counted. He also felt that the tech-
nology of scramjets or single-stage-to-orbit concepts lay far in the future. By
March 1964, however, he had the germ of a new idea: the stage-and-a-half
configuration.

This new idea was to consist of a.reusable core fitted with large expend-
able tanks that would hold most of the propellant. The core would carry
everything that was costly and important: payload, crew, engines, electronics,
onboard systems. With a heat shield on its underside, it would achieve com-
plete reuse. The tankage would consist of simple and inexpensive aluminum
shells that would carry liquid hydrogen and liquid oxygen. They would fall
away during the ascent to orbit, leaving the core to continue with the mission.

Hunter went to work at Lockheed in the fall of 1965. On his first day, he
was asked if there was anything he thought should be done that was not being
done already. He responded with an internal company memo on orbital trans-
portation, which drew the attention of a number of senior managers. These
included Eugene Root, the president of LMSC, who provided the internal
company support that allowed Hunter to begin to pursue his ideas. He pro-
ceeded to take his gospel to meetings of professional societies, and won
funding from the Air Force. He particularly emphasized that the economic
model of the Air Transport Association, though developed for airliners, could
apply as well to rocket transports.
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Paradoxically, two-stage fully-reusable vehicles promised launch costs as
low as one-third of Hunter’s approach-—but only when flying up to a hundred
times per year. Because it had a far lower development cost for 10 or fewer
flights per year, the stage-and-a-half had a decided advantage. In Hunter’s
words, “its development can consequently be justified at an earlier point in
time with a smaller number of missions.”>

While Hunter gave an airline industry view of airplane-type space opera-
tions, NASA’s George Mueller, head of the Office of Manned Space Flight,
was promoting such concepts as well. His domain included ali of Apollo; he
also was a strong proponent of space stations, and he was pushing vigorously
for a strong Apollo Applications program. Looking to the future, he under-
stood that fow-cost space flight would be essential for viable space stations.

As a first step, in December 1967, he invited a number of NASA and
industry specialists to a bne—day symposium, held in January at NASA
Headquarters. Because much of the data from industry was proprietary,
Mueller limited attendance to representatives of government agencies. Even
50, some 80 people, most of them from NASA and the Air Force, attended the
conference. The symposium proceedings give a clear view of the topic at the
end of 1967, when the field was alive with ideas but when no single design
approach had come to the forefront. In addition to this, those proceedings pre-
sented design solutions that, four years later, would show up in the final Space
Shuttle configuration.

Martin Marietta was the most conservative, pitching its Titan III-M along
with a small reusable spacecraft, similar to the Dyna-Soar, that would carry six
people. This was the quintessential Class I design (featuring an expendable
booster) that NASA and the Air Force had identified in their 1966 joint study.
The Titan IIT-M was to rely on twin 120-inch solid boosters, slightly smaller than
the solid rockets that, 13 years later, would boost the operational Space Shuttle.

Those rockets were not built as single units, but rather as a stack of seg-
ments, like short lengths of pipeline that are bolted together at their flanges.
Manufacturers such as Thiokol filled each segment with the solid propellant,
then sent them off by highway or railroad. Such segmented rockets were
much easier to transport than the unsegmented type; the segments could be
stacked and joined at the launch site, using putty to fill the gaps.

55. Hunter, Origins. Reprinted in part in Earth/Space News, November 1976, pp. 5-7.
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Lockheed’s Star Clipper: three-view drawing of the orbiter, with the complete vehicle, including
propellant tanks, in upper right. (Lockheed; Dan Gauthier)

The standard Titan [II-C used five-segment solid rockets, each 85 feet
long with a thrust of 1,180,000 pounds. For the Titan III-M, these rockets
were 1o grow to seven segments, each 112 feet in length with a thrust of
1,508,000 pounds. The first stage was also to grow in length, to hold more
propellant, while receiving liquid-fueled engines with 11 percent more thrust.
The combination would carry 38,000 pounds to orbit from Cape Canaveral,
or 32,000 pounds from Vandenberg Air Force Base.

Lockheed presented Max Hunter’s configuration. Called Star Clipper, it
featured a core vehicle in the form of a lifting body, triangular in shape. The
expendable propellant tanks would be 156 inches in diameter (the limit for
highway or rail transport) and would join at the front, running along the
sides of the core. The vehicle’s avionics would include an automated on-

56. Akridge, Space Shuttle, p. 35; Schnyer and Voss, Review, pp. 15-16, 40-47; Quest, Fall 1995, pp. 18-19;
Astronautics, August 1961, pp. 22-25, 50-56.
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board checkout system, similar to those on airliners. Lockheed managers
claimed that the Star Clipper could lift off within one hour after arrival at
the launch pad.”’

McDonnell Aircraft, recently merged to form McDonnell Douglas, had
built the piloted Mercury and Gemini spacecraft, and had been studying new
launch-vehicle concepts for six years. Like Lockheed, it had adopted the
stage-and-a-half approach, again with a reusable core flanked by expendable
propellant tanks. Known as Tip Tank, this concept would carry 12 astronauts,
sitting side by side like passengers in first class. The core again had the shape
of a lifting body, but McDonnell went one better than Lockheed by proposing
to add small wings that would fold within the fuselage and snap out for use in
landing. These wings then would help the craft to handle better during the
landing approach, when conventional lifting bodies tended to dive toward a
runway at speeds of several hundred miles per hour.>®

The Lockheed and McDonnell Douglas concepts counted as only par-
tially reusable, because their external tanks would not be recovered. During
1971, this became the configuration NASA would adopt; the shuttle orbiter
would take shape as a core vehicle of the type Hunter had recommended. Its
propellants would go into a big expendable tank, with two large solids flank-
ing this tank in the fashion of the Titan III-M. Hence as early as 1967, the
basic elements of the eventual shuttle not only were well known but had influ-
ential advocates among NASA’s contractors.

At that early date, however, there was no reason to pick this approach over
others that also had their advocates. The two-stage fully-reusable concept
continued to shine, and General Dynamics, with Air Force support, had been
studying a version called the Triamese. It would feature a standard vehicle
fitted with rocket engines and a pilot compartment. Like the core of
McDonnell Douglas’ Tip Tank, it was tantamount to a lifting body with
deployable wings. Three such vehicles, identical in shape, would fit together
to make a complete launch system. The middle vehicle would carry the pay-
load and would serve as the core; the other two would serve as tankage,
carrying most of the propellant. This standardization represented an attempt
to save money during development, for then it would not be necessary to

57. Schnyer and Voss, Review, pp. 17-22.
58. Ibid., pp. 35-39.
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develop a reusable first stage with a design of its own. In the Triamese
approach, all three vehicles would reenter and return to a runway.>
General Dynamics did not present this concept at Mueller’s symposium,
but instead discussed five alternatives, ranging from the Titan HI-M to a two-
stage fully-reusable configuration. The company showed, again, that the
former had a low development cost but a high cost per flight; the latter had
_ the highest development cost but the lowest per-flight cost. Though these con-
clusions were not new, they too pointed a path to the future.

59. Reports GDC-DCB-67-031, GDC-DCB-68-017 (both from General. Dynamics).
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Triamese concept of General Dynamics. (NASA)

These conclusions addressed the issue of designing a reusable launch
vehicle to meet economic criteria. If the criterion was to achieve the lowest
possible cost per flight, thus attaining true airline-like operation, then one
would go with the two-stage fully-reusable, even though this approach carried
high development cost. If the most important goal was to achieve minimum
development cost, then one would choose the Titan III-M. Stage-and-a-half
configurations appeared intermediate, both in development and in launch
costs. In sum, one could choose a level of reusability so as to balance between
these two types of cost. As its space shuttle concepts matured, NASA would
spend much of 1971 seeking this balance.
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The General Dynamics presentation offered more. Within the industry, it
was widely appreciated that piloted aircraft cost much less to develop than
missiles or expendable launch vehicles. The reason was that missiles
demanded extensive and costly ground tests to assure that they would fly
properly, with no pilot at the controls. By contrast, the development of aircraft
took full advantage of their reusability. Test pilots could start with simple
exercises in taxiing and takeoff, then reach toward higher speeds and greater
levels of performance, in step-by-step programs. At each step, the aircraft
would come back, where engineers could study it carefully and correct defi-
ciencies. Such flight testing was far less costly than ground tests.

General Dynamics then drew on recent experience with the X-15 and the
Atlas ICBM, arguing that piloted craft could maintain this advantage even as
rocket-powered vehicles of extreme performance. The X-15 and Atlas had
both gone through development in the late 1950s; their empty weights were
similar, and both mounted rocket engines that came to their respective con-
tractors as government-furnished equipment. Although the X-15 was more
complex than Atlas, it had less than half the development cost because it too
followed the step-by-step approach to flight test, with its test pilots often
taking action to save the vehicle from disaster. Indeed, the X-15 would likely
have been destroyed on as many as a third of its flights had there been no pilot
aboard.® Test pilots thus served as inexpensive substitutes for the automated
systems that might have been required to take their place.

The reusable concepts of the day, and those that followed during 1968 and
1969, were often referred to as Integral Launch and Reentry Vehicles. The Air
Force, in particular, used that designation in its own work.%' Mueller adopted
a different term, calling such vehicles space shuttles. The term had appeared
now and then through the years. For example, Philip Bono of Douglas
Aircraft had offered a concept called the ROMBUS (Reusable Orbital
Module, Booster, and Utility Shuttle). Dating to 1963, it resembled the
immense Nexus, and its mission was similar. Walter Dornberger, who had
proposed to build Bomi during the 1950s, lately had been writing of a “recov-
erable and reusable space transporter, or shuttle.” He described it as “an

.economical space plane capable of putting a fresh egg, every morning, on the

60. Schnyer and Voss, Review, pp: 28-34; Astronautics, January 1963, p. 53.
61. Jenkins, Space Shustle, p. 56; Hallion, ed., Hypersonic, p. 995.
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table of every crew member of a space station circling the globe.”®? Mueller
now made the term his own, fully aware that the space shuttle was to shuttle
to and from such a station.

In August 1968, in London, he received an award from the British
Interplanetary Society and gave a prepared address in which he pledged his
troth to the shuttle as NASA’s next goal:

I believe that the exploitation of space is limited in concept and extent by the
very high cost of putting payload into orbit, and the inaccessibility of objects
after they have been launched. Therefore, I would forecast that the next major
thrust in space will be the development of an economical launch vehicle for
shuttling between Earth and the installations, such as the orbiting space sta-
tions which will soon be operating in space....

These space stations will be used as laboratories in orbit and will provide
the facilities to study and understand the nature of space. They will provide
observatories to view the sun, the planets and the stars beyond the atmospheric
veil of earth. Stations in orbit will provide bases for continuous observation of
the earth and its atmosphere on an operational basis—for meteorological and
oceanographic uses, for earth resource data gathering and evaluation, for
communications and broadcasting and ground traffic control....

One of the applications of these stations that has intrigued planners for
many years has been their use as fuel and supply bases, and as transfer points
enroute to high or distant orbits, to lunar distance, or toward the planets....

Essential to the continuous operation of the space station will be the
capability to resupply expendables as well as to change and/or augment crews
and laboratory equipment.... Qur studies show that using today’s hardware,
the resupply cost for a year equals the original cost of the space station....

Therefore, there is a real requirement for an efficient earth-to-orbit
transportation system—an economical space shuttle.... The shuttle ideally
would be able to operate in a mode similar to that of large commercial air
transports and be compatible with the environment of major airports.... The
cockpit of the space shuttle would be similar to that of the large interconti-
nental jet aircraft, containing all instrumentation essential to complete
on-board checkout.... Interestingly enough, the basic design described above

62. Astronautics & Aeronautics, January 1964, pp. 28-34; November 1965, pp. 88-94.
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for an economical space shuttle from earth to orbit could also be applied to
terrestrial point-to-point transport....

Barron Hilton, whose hotels ring the earth, has suggested that a Hilton
resort hotel in low earth orbit would offer unique attractions. Looking at the
earth from space, seeing sunrise and sunset every 90 minutes, floating in the
zero g of weightlessness, are all unearthly experiences. More seriousty, lack
of gravity lightens the load on the heart and certain other organs, so that the
Orbiting Resort might also be a health spa....

The Space Shuttle is another step toward our destiny, another hand-hold
on our future. We will go where we choose—on our earth—throughout our
solar system and through our galaxy—eventually to live on other worlds of
our universe. Man will never be satisfied with less than that.®

This was not your usual speech by a government official. Napoleon may
have spoken often of “destiny,” but even within NASA, an agency not known
as a home for shrinking violets, such talk was slightly out of the ordinary at
least. It helped that Mueller was talking to his fellow enthusiasts and was
speaking in London, where his presentation was not likely to receive hostile
fire from the Washingron Post. Mueller’s hopes, however, contrasted sharply
with recent experience, wherein NASA had tried and failed to define an ambi-
tious Apollo Applications effort as a major post-Apollo program. The
agency’s budget was on a sharp downhill slide, and NASA was nowhere near
the bottom. Indeed, it had not begun to see the bottom.

NASA and the Post-Apollo Future

Before federal bureaucrats such as Mueller conld grapple with human destiny,
they first had to face the more prosaic question of what NASA would do after
landing astronauts on the Moon. The first significant interest in this issue
came in January 1964, when President Johnson, in office for barely two
months, sent a letter to NASA Administrator James Webb.

The background to this letter involved a program of the Atomic Energy
Commission called NERVA (Nuclear Engine for Rocket Vehicle Application)
that was developing a nuclear-powered rocket engine. While NASA did not

63. Mueller, Address, August 10, 1968.
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James E. Webb, NASA
Administrator between 1961
and 1968. (NASA)

need it for Apollo, such an engine might prove useful indeed in any follow-
on program of piloted flight to Mars. The program had strong support from
Senator Clinton Anderson (D-New Mexico), chairman of the Senate space
committee; it also had the support of Webb. Its opponents, however, included
President Kennedy’s science advisor, Jerome Weisner. Weisner convinced
Johnson to ask NASA to identify the future missions that would require
NERVA’s power.

Johnson took up this and other issues in his letter to Webb. Could NASA
list possible space objectives beyond those already approved? What support-
ing research and development would these new goals require? How much of
NASA’s current work, particularly in the development of launch vehicles such
as the Saturn V, could support such future programs?

An old hand at Washington politics, Webb smelled a rat. He later
described this as “part of a power play rather than a desire for proposals. It

95



THE SPACE SHUTTLE DECISION

was an effort to put us on the defensive and to make us commit ourselves to
certain missions which they could then attack.” Accordingly, Webb did not
reply immediately, but set up a committee that proceeded to take its sweet
time in preparing a response. Meanwhile he mollified Johnson with interim
replies, listing possible future missions but declining to choose among them.%

Events that summer showed that Webb was wise to be cautious. As far
back as 1962, the Future Projects Office at NASA-Marshall had contracted
with several major aerospace firms for initial studies of piloted planetary mis-
sions, including landing on Mars. These studies continued during subsequent
years. Then, in mid-1964, the new presidential science advisor, Donald
Hornig, asked Webb to present an estimate of the cost of a piloted Mars land-
ing that might follow Apolio.

The initial estimate, internal to NASA, was $32 billion. An internal
review added $5 billion for program contingencies and forwarded the total of
$37 billion to Webb. He accepted some further additions that hiked the cost to
$50 billion, and gave this figure to Hornig. Hornig doubled it to $100 billion,
on his own initiative, and gave this new estimate to a Congressional commit-
tee. The next day, newspapers quoted one congressman as stating that the
piloted Mars mission would cost $200 billion, amounting to 40 years of
NASA’s budgets at the 1965 rate of $5 billion per year. In the words of an
observer, “In only one week, a well developed estimate of $37 billion was
multiplied into a $200 billion program.”®

A year after receiving his initial request, Webb finally gave a full reply to
Johnson’s letter in a report written in February 1965. It amounted to a verbose
exercise in saying little that was new or significant and saying it at consider-
able length, while offering no targets for skeptics. The report reviewed recent
and current NASA activities in detail, and included three single-page lists of
future possibilities. These lists resembled pages from a book index, lacking
any trace of description, estimated cost, schedule, or priority. In an outstand-
ing display of political adroitness, the report called for “a continued balanced
program” that would “not impose unreasonably large demands upon the
Nation’s resources.” No one could oppose such recommendations; they were
‘on a par with supporting motherhood and apple pie.

64. NASA SP-4102, p. 243; Logsdon, Apollo, Chapter 1, pp. 27-28.
65. AAS History Series, vol. 17, pp. 421-429.
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Webb’s report drew questions within the Senate space committee, which
complained that “alternatives are presented, but no criteria are given as to
how a selection would be made.” That was just as Webb intended; he was not
about to take the initiative in offering a plan that critics could attack. He
would have been quite willing to have the President take the lead, as Kennedy
had done in supporting Apollo in 1961. Johnson, however, also preferred to
keep his options open. In March 1965, he told his advisor Jack Valenti that he
did not intend to make a new Kennedy-style commitment in space: “I think I
would have more leeway and running room by saying nothing, which I would
prefer.”%

The historian Arthur Levine notes that two years later, Webb explained to
him just why he had finessed Johnson’s initial request:

First, the announcemerit by NASA in the mid-1960s of a long-term goal
would make the agency vulnerable. It would provide ammunition to critics,
who would be able to shoot down the proposed program as being too expen-
sive or impractical, thereby raising the possibility that long-range technology
developments tied to the announced goal would be cut out. This in turn would
cripple the agency’s ability to support the Apollo and other advanced mis-
sions that depended on a strong base of advancing technology.

Second, should NASA announce a long-term post-Apollo goal, critics
would claim that the lunar landing was simply an interim goal, subordinate
to the new effort. For example, if NASA announced that the post-Apollo goal
should be a manned Mars landing, the Apollo program for a moon landing
would be relegated to a secondary position. This would raise the possibility
of cutting support for Apollo, thus jeopardizing the program or stretching it
out. In the event of subsequent change in national opinion on the worth of the
long-range goal, both the lunar landing and the more distant goal might
never be realized.

Third, the major effort required for planning, proposing, and defending
a new long-range goal would tie up the energies of top NASA leadership and
key scientists and engineers, diverting them from concentrating on making
Apollo a success.5

66. NASA SP-4102, p. 243; Jack Valenti to Lyndon Johnson, March 30, 1965 (Lyndon Johnson Presidential
Library, Austin, Texas); Smith, chairman, Summary. Reprinted in NASA SP-4407, vol. L, pp. 473-490.
67. Levine, Future, pp. 118-119.
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The last point addressed the fact that there was no consensus, even within
NASA itself, as to NASA’s next goal. George Mueller, head of the Office of
Manned Space Flight, had his eye on a piloted mission to Mars. The two most
powerful center directors, von Braun at NASA-Marshall and Robert Gilruth
of the Manned Spacecraft Center, preferred a different objective: a space sta-
tion. Mueller also liked space stations and was well aware of their usefulness
as preparations for Mars. von Braun and Gilruth, however, saw space stations
as major elements of a program that, diverging sharply from one that would
aim at Mars, would focus on activities in Earth orbit.

Nevertheless, during 1965 and 1966, the beginnings of a post-Apolio
future began to take shape. Not surprisingly, its major features were in line
with the initiatives that Webb had suggested in his report to Johnson. Apollo
Applications emerged, strdngly backed by Mueller. For Mars, attention
focused on an ambitious automated mission called Voyager that would orbit
that planet and then send craft to land on its surface, looking with instruments
for signs of life. Plans for Voyager flourished for a time. While initial designs
called for use of the Saturn I-B, in October 1965 its officials decided instead
to try for the much larger Saturn V.6

In addition to this, even though Webb was unwilling to carry through a
serious plan for NASA’s future, the President’s Science Advisory Committee
(PSAC) proved willing to do it for him. This blue-ribbon panel was poten-
tially a source of clout; it operated within the Executive Office of the
President, and received support from another White House group, the Office
of Science and Technology. In February 1967, the PSAC issued a major
report, The Space Program in the Post-Apollo Period. John Newbauer, editor
of the trade journal Astronautics & Aeronautics, wrote that it “should prove
the pivot for policy discussions for some time to come.” He described it as
“the most cohesive and solid appraisal of space-program goals since the
Space Act itself,” which led to the founding of NASA in 1958.%

The PSAC report did not endorse anything so specific as piloted flight to
Mars. Nevertheless, it proposed an organizing theme: “a program directed ulti-

.mately at the exploration of the planets by man.” The report defined this as “a

68. NASA SP-4102, p. 147; Logsdon, Apollo, Chapter 1, pp. 17-18.
69. Astronautics & Aeronautics, March 1967, p. 20.
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balanced program based on the expectation of eventual manned planetary
exploration.” The program would pursue several intermediate goals including
continued lunar missions by astronauts; long-duration piloted flights, at first
through Apollo Applications and later in a true space station; and “a strongly
upgraded program of early unmanned exploration of the nearby planets.”

The PSAC was certainly not in NASA’s pocket; its report pulled no
punches. It criticized the Apollo Applications wet workshop: “some doubts
arise about man’s ability to carry out extensive construction efforts in space.
The requirement that man actually construct his laboratories in space in these
initial applications may constitute a serious impediment to their develop-
ment.” A true space station might represent “a more effective use of funds.”
The panel endorsed building a single wet workshop, if only as an initial step:
“The launch vehicle and spacecraft for this experiment are already on order,
and the opportunity for 28- and 56-day flights in 1968 should be taken.”

In other areas, the report was more favorable: “In the period after the ini-
tial two Apollo lunar landings we recommend that a sustained program of
lunar exploration...continue manned expeditions at the rate of between one
and two per year.” The PSAC recommended “that the Saturn V vehicle con-
tinue to be produced,” and that “the post-Apollo Saturn V production rate be
fixed at 4 systems per year.”

On Voyager: “We recommend an expanded commitment to the Voyager
planetary lander program, pointing toward a soft landing of a Surveyor-type
module on Mars in 1973.” As a prelude to Apollo, a program called Surveyor
was seeking to conduct soft landings of automated spacecraft on the Moon,
and had scored its first success the previous June.

On a space station:

We recommend that programs of studies and advanced developments be ini-
tiated promptly with the objective of a launch in the mid 1970’s of the first
module of a space station for very prolonged biological studies of man, ani-
mals, and other organisms in earth orbit. Such a station should be designed
with consideration of its possible role in support of earth orbital astronomy.

On future launch vehicles:

The payload capabilities of the [Saturn I-B] are not significantly superior to
those of the Titan III-M, while the launch costs of the [Saturn I-B] are about
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double those of the Titan III-M.... Because of the continuing requirements for
manned and man-attended systems we visualize that an important problem will
be posed for a long time by the cost associated with taking men to and from
orbit.... For the longer range, studies should be made of more economical fer-
rying systems, presumably involving partial or total recovery and reuse.™

The report did not give NASA everything it might have wanted, even in
dealing with projects that were achievable in the short-term. It endorsed only
a modest Apollo Applications effort, as noted. It ignored NERVA, though that
program was proceeding smartly with its nuclear engine and offered a promis-
ing source of propulsion for a piloted mission to Mars. The PSAC also
recommended delaying a commitment to a true space station until 1971 or
1972, although its advocates hoped for such a decision as early as 1968.7" Yet
by endorsing construction of this station “in the mid-1970’s,” and by openly
embracing Mars as a long-term goal, the PSAC endorsed a program that went
well beyond what NASA in fact would be able to pursue.

While Mars was in the ascendancy at the PSAC, NASA’s hopes were
about to prove star-crossed. The agency had been charging ahead with Apollo;
in January 1967 it had a Saturn I-B on a pad at Cape Canaveral that was being
readied to launch a mission into orbit. Late that month, the astronauts Gus
Grissom, Ed White, and Roger Chaffee were conducting a pre-launch exer-
cise atop that rocket, within their spacecraft. A fire broke out; the men could
not escape, and they perished before help could reach them.”

In the aftermath of this fire, plans for the future went on hold while NASA
struggled to win success with Apollo. There also was bad news elsewhere in
Washington and in the nation. In January, the President had presented the fed-
eral budget for Fiscal Year 1968, anticipating a deficit of $8 billion. The
Vietnam War, however, was escalating rapidly. By August, when the estimate
was close to $30 billion, Johnson asked Congress to approve a 10 percent
income-tax surcharge to keep it from rising further.

The summer of 1967 also brought major riots. Looters in Newark plun-
dered stores on a massive scale; snipers fired from rooftops, and fires blazed
high. The city’s 1,400 police officers could not control the situation. Speaking

70. Ibid., pp. 20-22; Long, chairman, Space Program. °
71. Logsdon, Apollo, p. 1-32.
72. Ibid., Chapter 1, pp. 37-38; Chaikin, Man, pp. 11-26.
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of “a city in open rebellion,” New Jersey’s governor called in the National
Guard. At the peak, almost half of the city was in the hands of the rioters. The
upheavals raged for five days; 27 people lost their lives.

Detroit blew a week later; the next 11 days saw 1,600 fire alarms. Three
miles of Grand River Avenue, a major thoroughfare, burned to the ground.
Some sections of downtown resembled the burned-out German cities of
World War II. Forty-three people died; over 7,000 were arrested; 5,000 were
left homeless.” 4

“Conditions have greatly changed since I submitted my January budget,”
the President admitted. “Because the times have placed more urgent
demands upon our resources, we must now moderate our efforts in certain
space projects.” In the House, an appropriations subcommittee reopened
hearings on the NASA budget, and proceeded to make deep cuts in virtually
every program except Apollo.

With cities burning, taxes rising, and the Vietnam War escalating, NASA
proceeded to shoot itself in the foot. In a stunning display of tactlessness, the
Manned Spacecraft Center invited 28 companies to bid on a study of piloted
flyby missions to Mars and Venus, beginning in 1975. When this announce-
ment created an uproar, MSC withdrew its request. 1t was too late. In
Congress, the view took hold that the automated Voyager project should be
canceled because it was the first step toward a needless extravagance: a
piloted mission to Mars.

The final cut in NASA’s budget came to $511 million, a reduction of 10
percent. Voyager was canceled, being eliminated in conference with the
Senate. Apollo Applications, budgeted at $454 million in the January presi-
dential request, ended with $253 million. The conferees spared Apollo, voting
funds to allow this program to recover in the wake of the fire at Cape
Canaveral. The cuts, however, hit hard at future programs.™

Voyager did not remain dead for long. Within days of its formal cancel-
lation, NASA officials began discussing a follow-on concept that was
approved by the president in the budget for FY 1969. The new project had the
name Viking, and its mission remained the same: to orbit Mars with auto-
mated spacecraft, place landers gently on the surface, and look for signs of

73. Logsdon, Apollo, p. 1-46; Manchester, Glory, pp. 1079-1081.
74. Logsdon, Apollo, Chapter 1, pp. 46-47, NASA SP-4102, p. 148.
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life. Viking, however, would not ride a Saturn V; it would use the Titan III-
Centaur. While this was certainly a splendid launch vehicle, it had less than
one-eighth the lifting power of its much larger cousin.”

That summer’s near-debacle confirmed Webb’s belief that even a modest
post-Apollo planning effort could backfire badly. With Apollo continuing to
reign supreme in a time of cutbacks, Webb took to raiding the Apollo
Applications budget by reprogramming some of its funds. In June 1968, he
told his center directors that this program was nothing more than “a surge tank
for Apollo.” In this fashion, he took from the future to meet the needs of the
present. Above all else, Apollo had to succeed.”

That program’s peak funding had come in FY 1965. That year also saw
NASA’s appropriation peak at $5.25 billion. After this, the budget slid down-
ward; the appropriation for FY 1969, which began the previous July, was
$3.953 billion, a drop of 25 percent. NASA’s in-house employment stayed
close to the FY 1965 level of 33,000 positions. The contractors, however,
were having a hard time of it; their personnel had fallen by half, from 377,000
to 186,000.”7 Unless NASA could take hold of something new and major, it
was likely to shrink to insignificance.

Mueller had hoped that Apollo Applications could come to the forefront
as this new program. Already in 1968, it was clear that this would not happen.
The agency had spent several years trying to pursue such a route to the future,
without success. More was involved here than budget cuts per se. Congress
and the Administration had imposed those cuts because NASA had failed to
make a persuasive case for its plans. Nor was NASA able to propose anything
as compelling as Apollo.

Apollo, above all, had the beauty of simplicity. Everyone knew of science-
fiction visions of astronauts on the Moon. The program’s goal was succinct:
to carry out the lunar landing during the decade of the 1960s, and to bring
its explorers back safely. As von Braun stated in 1964, “Everybody knows
what the Moon is, everybody knows what this decade is, and everybody
can tell a live astronaut who returned from the Moon from one who
didn’t.”"®

75. NASA SP-4012, vol. 111, pp. 27, 40-41, 213-219.

76. NASA SP-4208, pp. 86-87, 104; NASA SP-4102, p. 254.
77. NASA budget data, February 1970.

78. U.S. News & World Report, June 1, 1964, p. 54.
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Apollo Applications lacked this compelling character. In the end, it was a
program with no compelling central focus. It offered only modest initiatives:
solar astronomy, flights with durations of weeks, medical studies, and oppor-
tunities to use Saturn-class rockets that otherwise might go to waste. The
historian John Logsdon writes that, according to program critics, these initia-
tives “were designed to fit the specific features of the Apollo and Saturn
hardware. The missions suggested were not necessarily those deserving high-
est priority, and modified Apollo/Saturn equipment was not necessarily the
most effective way of carrying out those missions.”” Here was enough to sup-
port a single orbital workshop, but not enough to compete with something as
historic as putting the first man on the Moon.

An opportunity, however, did exist to plan once again with boldness. The
PSAC report had danced around this, proposing nothing more than “the
expectation of eventual manned planetary exploration.” That was not NASA’s
style; the agency had established itself by literally reaching for the Moon, not
by resting content with an expectation that astronauts would get there some-
day. The new goal was there for anyone who would dare to pursue it, to seize
it. One could see it in the night sky, glowing redly; one could name this goal
with a single word: Mars. During 1969, NASA would seek seriously to estab-
lish a piloted expedition to this planet as the basis for the agency’s future.

79. Logsdon, Apollo, p. 1-26.
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CHAPT THREE

Mars and Other Dream Worlds

A key component of early Space Shuttle plans was its linkage to a possible
mission to Mars as the next major NASA undertaking. During 1967 and 1968,
the Atomic Energy Commission (AEC) reached key milestones in propulsion
on the road to Mars. In tests in Nevada, the AEC conducted successful
demonstrations of nuclear reactors built for use in rocket propulsion and
showed that its contractors were ready to develop a flight-rated engine suit-
able for piloted missions to that planet.!

Nuclear Rocket Engines

The AEC’s nuclear-rocket program could trace its beginnings to December
1953, when the nuclear scientist Robert Bussard published an article on this
topic in the classified Journal of Reactor Science and Technology. His
paper stirred interest, and led to the initiation of an experimental effort
called Project Rover at Los Alamos, New Mexico. Initial work aimed at
building a succession of rocket reactors named Kiwi after the flightless bird
of New Zealand.

The basic approach followed Bussard’s proposal, calling for a comipact
reactor built of graphite, which withstands high temperatures and actually
gains strength when heated. Hydrogen, flowing through channels in this reac-
tor core, would receive heat from the reactor and reach temperatures of

1. NASA SP-4012, vol. I, pp. 487-488.
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several thousand degrees. This gas would then expand and flow through a
nozzle, to produce thrust.

Such a rocket appeared highly promising because it offered the greatest
possible exhaust velocity and hence the best performance. It would do this by
taking advantage of hydrogen’s low molecular weight: two, in appropriate
units, compared with 18 for water vapor and 44 for carbon dioxide. Molecules
of low weight fly faster, and hence yield a higher exhaust velocity; for this
purpose, hydrogen is best.?

The first version of Kiwi was heavy and produced only 70 megawatts
(MW) of power, a modest amount. When it ran for five minutes in mid-1959,
however, it suggested strongly that nuclear propulsion indeed was worth pusr-
suing. Some NASA officials had already been following this work; now they
joined with their AEC counterparts to set up a joint program office. Los
Alamos managers laid plans for advanced Kiwi reactors that would aim at
1,000 megawatts. In addition to this, the joint office set a follow-on goal of
developing a flight-rated engine called NERVA (Nuclear Engine for Rocket
Vehicle Application). In June 1961, NASA and the AEC chose Aerojet
General as the prime contractor for development of the complete nuclear
engine, with Westinghouse, an experienced builder of reactors, as the princi-
pal subcontractor.’

In November 1962, during a test of a new and promising Kiwi, disaster
struck. The analyst James Dewar writes that “paralleling the rapid increase in
power was a rapid increase in the frequency of flashes of light from the
nozzle. On reaching 500 MW, the flashes were so spectacular and so frequent
that the test was terminated and shut-down procedures begun. Quick disas-
sembly confirmed that the flashes of light were reactor parts being ejected
from the nozzie. Further disassembly and analysis revealed that over 90 per-
cent of the reactor parts had been broken, mostly at the core’s hot end.”

Harold Finger, head of the joint office, decided that there would be no fur-
ther hot tests until the cause of the failure was found and carefully fixed. The
failure was found to have been caused by vibrations produced by gas flowing
through the core, which cracked the uranium fuel elements. It took over a year
- and a half of new designs to restore confidence in the project. In the end,

2. Astronautics, December 1962, pp. 32-35; Astronautics & Aeronautics, May 1968, pp. 44, 45; Halliday and
Resnick, Physics, pp. 516-519.
3. Astronautics & Aeronautics, June 1965, p. 42; NASA SP-4012, vol. I, pp. 478-480, 484-485.
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vibration-free reactor cores proved to be attainable. In August 1964, another
Kiwi ran for eight minutes at 900 MW, with complete success. The engineers
then restarted it and successfully ran it again at full power. This series of tests

NERVA nuclear rocket under test. (Smithsonian Institution Photo No. 75-13750)
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demonstrated an effective exhaust velocity of 24,450 ft/sec, far more than any
chemically-fueled rocket could achieve.*

Other work improved the non-nuclear parts of the rocket. The AEC test
facility included a liquid-hydrogen pump that served well during the ground
tests, but was unsuitable for flight. During 1965, however, workers assembled
a complete nuclear engine that included a hydrogen-cooled nozzle as well as
a flight-type turbopump. Tests of this engine began that December and
reached full power in March 1966. This was the first operation of a nuclear
rocket with major components representative of a flight-rated engine.

Subsequent work returned anew to reactor development, emphasizing
long-duration tests as well as high power. In December 1967, an experimen-
tal version of NERVA carried through a 60-minute endurance run at rated
temperature and full power, 3,630 degrees Fahrenheit and 1,100 MW. In addi-
tion to this, Los-Alamos was developing a new class of reactors called
Phoebus, rated at 5,000 MW. A June 1968 test ran for over 30 minutes, with
12 minutes at or above 4,000 MW.

By then plans were in hand for a true flight engine, with 1,560 MW of
power and temperatures of 4,040° F. It would produce a thrust of 75,000
pourids with an exhaust velocity of 26,500 ft/sec, nearly twice that of the
best hydrogen-oxygen rocket then available. This version of NERVA would
not take off from the ground, but would serve in upper stages. The plans
called for developing this engine through a Preliminary Flight Rating Test,
a pre-flight qualification. It would be ready for actual space missions soon
after 1975.°

The rapid pace of advances in Nevada contrasted painfully with the lack
of plans in Washington. With NASA having no approved post-Apollo future,
it was quite possible to anticipate a time when Aerojet might build a well-
tested NERVA, ready for flight, only to find that NASA had no reason to use
it. NASA’s prospects did not improve during 1968, as the agency launched a
new attempt to plan its future.

This new planning effort began that February when NASA Administrator
Webb named Homer Newell to direct it. Newell, who had headed the Office

of Space Science and Applications, had been promoted to Associate

4. AAS History Series, vol. 12; pp. 109124, As# ics & Aer tics, June-1965, pp. 34-35, 42-46.
5. Astronautics & Aeic ics, May 1968, pp. 42-53; NASA SP-4012, vol. 11, pp. 487-488.
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Administrator in October 1967, giving him agency-wide responsibility. He
hoped to prepare proposals that could influence the FY 1970 budget request
that would go to the Bureau of the Budget (BoB) late in September. He pro-
ceeded to set up 12 working groups, drawing on a broad range of NASA
specialists. A Planning Coordination Group (PCG) would direct the working
groups’ activities; a Planning Steering Group then would choose alternatives
and pass recommendations to the Administrator.

This effort accomplished little. The head of the PCG noted “a definite
failure to pull together among the key program offices, science and manned
space flight.”® Newell himself admitted that the results

were not up to the standards of boldness and imagination expected at the
beginning of the cycle, or worthy of our first decade in space. It is probable
that the agency had become so conditioned to retreat over the past two years
that an intellectual conservatism pervaded the planning.... The total effort in
terms of forward motion was pedestrian, even timid.’

Willis Shapley, NASA’s Associate Deputy Administrator, spoke of
“Homer Newell’s monumentally bureaucratic planning process. The
number of new ideas that were injected—well, I think the Space Shuttle was
really the only one that I can remember.” For instance,

all the planetary missions sounded about the same. Somebody might have
thought of some other instriment here and there, but in terms of forward
NASA planning, everybody was just projecting exactly what the next step in
his own little segment was.®

Moreover, even as NASA was pouring old wine into new bottles, the
Budget Bureau was turning up its nose at the proffered vintage. NASA’s plans
emphasized long-duration piloted flights, but a BoB staff paper responded
with skepticism:

It is difficult to conceive of any use short of a manned planetary expedition
that would require men to operate in orbit for more than 30 days. Most

6. Logsdon, Apollo, Chapter 2, pp. 7-10; NASA SP-4102, pp. 256-257.
7. Memo, Homer Newell to George Low, February 9, 1970.
8. John Mauer interview, Willis Shapley, October 26, 1984, pp. 8-9.

109



THE SPACE SHUTTLE DECISION

scientific endeavors that require the collection of data by means of space
flight can be accomplished by unmanned systems at considerably less
expense than the manned flight systems.

More broadly, this staff paper saw little reason to continue with post-
Apollo piloted space flight, other than competition with the Soviet Union:

Reasons for proceeding other than competition include enhancing the
national prestige, advancing the general technology, or simply faith
that manned space flight will ultimately return benefits to mankind in
ways now unknown and unforeseen. None of these secondary argu-
ments can be quantified and most are difficult to support.

The case for continuation of a manned space flight effort after Apollo is
one of continuing to advance our capability to operate in space on a larger
scale, for longer duration, for ultimate purposes that are unclear’

The NASA appropriation for FY 1970 came in at $3.697 billion. This was
very close to the Administration’s request to Congress. Nevertheless, it repre-
sented another step on that agency’s downward road.!

“Do not go gentle into that good night,” wrote the poet Dylan Thomas, in
writing of elderly people facing death. “Rage, rage against the dying of the
light.” NASA’s light was not yet dying, not with the piloted Moon landings
immediately ahead. But under new leadership, this agency was ready to rage
with vigor against the slow demise that seemed to be marked out as its fate.

A New Administrator: Thomas Paine

During 1966 and 1967, Webb worked with Robert Seamans as his deputy. As
Administrator, Webb dealt with NASA’s external environment, including
Congress, the White House, and the Budget Bureau. Seamans had held high-
level NASA positions since 1960. As Deputy Administrator, he served as the
agency’s general manager; all line and staff offices reported to him. He left
-NASA early in 1968 to take a professorship at Massachusetts Institute of

9. Budget Bureau, “National Aeronautics and Space Administration—Highlights Summary,” October 30,
1968. Reprinted in NASA SP-4407, Volume I, pp. 495-499.
10. NASA SP-4102, p. 188.
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Thomas Paine. (NASA)

Technology. His replacement, Thomas Paine, took over his post and became
the new Deputy Administrator.!!

The son of a naval commodore, Paine served in World War II as a radar
and engineering officer aboard the submarine USS Pompon. The experience
stayed with him; decades later, trapped in a boring meeting, he would fill the
time by drawing a sketch of his submarine under way on the surface and ready
for action. After receiving a Ph.D. in physical metallurgy at Stanford
University in 1949, he joined the General Electric (GE) Research Laboratory
in Schenectady, New York. In this company, he rose to manager of engineer-
ing applications. In 1963, he returned to the west coast and became head of
TEMPO, a GE think tank in Santa Barbara, California. From this position, he
went on to become Webb’s deputy at NASA in January 1968.1

Like a good Navy man, he hit the ground running. Though still recover-
ing from the Apollo fire during that year, NASA was pushing forward in

11. Ibid., pp: 309, 310; Logsdon, Apollo, p. 1-14.
12. Biographical data, Thomas O. Paine papers, Library of Congress. These papers include an example of a
submarine sketch.
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expectation of meeting President Kennedy’s goal of a piloted lunar landing by
the end of 1969. The Apollo spacecraft, well along in development, would
soon be ready to carry its crew of three. The Saturn V, in flight test, soon
would be ready as well. However, a vital element of Apollo, the lunar module,
was encountering delays. This spacecraft, with room for two astronauts, was
to carry out the actual landing on the Moon.

The Saturn V was to carry a complete moenship, comprised of both an
Apollo spacecraft and a lunar module, with the latter being flight-tested in
both Earth and hunar orbits before it could qualify for the demanding task of
a lunar landing. Its delay in development, however, raised the prospect that a
Saturn V might be ready for launch, with only the Apollo spacecraft qualified
for flight as its payload.

At the Manned Spacecraft Center in Houston, George Low, head of the
Apollo Spacecraft Program Office, was ready to accept this. He recom-
mended that the mission leave the lunar module on the ground, but send the
Apollo spacecraft into lunar orbit, allowing its crew to circle the Moon repeat-
edly before breaking out of that orbit to return to Earth.

In August 1968, Webb and Mueller—both out of the country attending a
United Nations conference in Vienna—Ileft Paine in Washington to mind the
store. Sam Phillips, the Apollo program director, told him of Low’s proposal.
Paine, who found the concept exciting, gave it his full support. He then tried
to sell it to Webb, as both he and Phillips talked to their Administrator via
overseas telephone.

Webb was shocked at the audacity of the idea, and yelled, “Are you out of
your mind?” They had not even flown a piloted Apollo spacecraft in Earth
orbit. In addition to this, Webb viewed the lunar module as a lifeboat that could
save the crew of a lunar mission if their Apollo spacecraft were to become dis-
abled. Any piloted lunar mission would be dangerous; to fly without a lunar
module would make it more so. In turn, the deaths of additional astronauts, in
the wake of the Apollo fire, would shake NASA to its foundations.

Nevertheless, Webb did not say noj; he left the door open. When Paine then
strengthened his argument by sending Webb a long cable, Webb grudgingly
-agreed to consider this proposal, at least for purposes of planning. Events now
played into Paine’s hands. In September, the Soviet Union carried out an

13. This happened during the Apollo 13 mission, in April 1970.
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important lunar mission, Zond 5. This spacecraft looped around the Moon,
returned to Earth, reentered the atmosphere, came down in the Indian Ocean,
and was recovered. Two turtles were aboard, and they came back safely. An
impressed Webb described this flight as “the most important demonstration of
total space capacity up to now by any nation.”

Zond 5 raised the stakes. All along the goal of Apollo had been to beat
Moscow to the Moon; yet by sending a cosmonaut in place of the turtles, the
Soviets could still win the race with another Zond mission. While Zond would
only loop around and not land on the Moon, if cosmonauts were to do this,
they would become the first pilots to fly to the Moon. Subsequent Apollo
landings then would appear merely as following in Soviet footsteps.

During that same September, Webb announced that he would step down
as NASA Administrator. He had held that post since 1961; he now would turn
it over to Paine, who would serve as Acting Administrator until the next pres-
ident, due to be elected in November, could name a new head of NASA.
Webb’s resignation took effect early in October and left Paine free to make
decisions as opposed to more recommendations.

In that same month, the Apollo 7 mission successfully flew with three
astronauts in Earth orbit, as they tested their spacecraft during an 11-day mis-
sion. This exorcised the ghosts of the Apollo fire, and led within weeks to the
commitment Paine had sought. Having flown successfully in Earth orbit, the
Apollo spacecraft, sans lunar module, indeed would fly to the Moon on the
next mission. The flight that resulted, Apollo 8, carried the astronauts Frank
Borman, James Lovell, and William Anders. On Christmas Eve 1968, much of
the world listened as a radio circuit carried their voices, live from lunar orbit:

Anders: In the beginning God created the heaven and the earth. And the
earth was without form and void, and darkness was upon the face of the
deep....

Lovell: And God called the light Day, and the darkness he called Night. And
the evening and the morning were the first day....

Borman: And God said, “Let the waters under the heavens be gathered
together in one place, and let the dry land appear.” And it was so..."*

14. NASA SP-4205, pp. 256-260; Logsden, Apollo, Chapter 2, pp. 10-14; Levine, Future, pp. 101-102; Chaikin,
Man, pp. 56-59; Heppenheimer, Countdown; pp. 237-239, 243-244; NASA SP-4102, pp. 257-258, 311.
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The year 1968 had been one of war and upheaval, as public bitterness
over Vietnam drove the powerful Lyndon Johnson from the presidency.
Nevertheless, Time picked the crew of Apollo 8 as its Men of the Year, and
assessed the significance of their mission:

What the rebels and dissenters ask will not be found on the moon.: social jus-
tice, peace, an end to kypocrisy—in short, Utopia. But to the extent that the
rebels really want a particular kind of tomorrow—rather than simply a curse
on, and an escape from, today—the moon flight of Apollo 8 shows how that
Utopian tomorrow could come about. For this is what Westernized man can
do. He will not turn into a passive, contemplative being; he will not drop out
and turn off; he will not seek stability and inner peace in the quest for nir-
vana. Western man is qust, and if he knows anything at all, he knows how
to challenge nature, how to dare against dangerous odds and even against
reason. He knows how to reach for the moon.
That is Western man, and with these qualities he will succeed or fail.

-Apollo 8 reflected Paine’s leadership and initiative, which he had dis-
played even while Webb still headed NASA. That mission also reflected a
characteristic boldness, a willingness to reach for new horizons; this too was
part of Paine’s approach. He would display such boldness time and again
during his tenure, as he pushed his colleagues to think more daring thoughts.

In several respects, however, Paine’s position was weaker than that of
Webb. Webb had served the Truman Administration as director of the Budget
Bureau from 1946 to 1949, and as Under Secretary of State from 1949 to
1952. Though Republicans held the White House during the subsequent eight
years, Webb’s background made him a charter member of the Democrats’
shadow government, ready to receive an important sub-cabinet post when
they regained the presidency in 1960.

Paine had no such background. He held no record of government service,
or even of involvement in the space program as a technical manager. In the
words of the historian John Logsdon, “he was as new to the ways of
Washington as James Webb had been a master of them.” Paine had obtained

15. Time, January 3, 1969, p. 17.
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his initial selection as Deputy Administrator because he had offered himself
for appointment to a high-level Washington position, nature unspecified. The
head of the Civil Service Commission found Paine’s name in a list of execu-
tives who had expressed interest in receiving such posts, and passed it on.

With the new president, Richard Nixon, free to name his own NASA
Administrator, Paine submitted a pro forma resignation upon Nixon’s inau-
guration in January 1969. Nixon’s staff offered the post to candidates that
included General Bernard Schriever, who had built the Air Force’s big mis-
siles; Simon Ramo, a co-founder of TRW who had provided Schriever with
vital technical support; and Patrick Haggerty, head of Texas Instruments.
When all declined, Nixon decided to stick with Paine. Continuing as Acting
Administrator, Paine received Senate confirmation as Administrator, without
qualification, in March 1969.'¢

There was less to this than met the eye, for in no way did Nixon intend to
endorse Paine’s bold approach to space flight. “He was not committed to
space,” recalls Hans Mark, director of NASA’s Ames Research Center and
later an Air Force Secretary. “Nixon had no real interest in it. He didn’t want
to be the president that would kill our space program, but he had no personal
interest in it at all.”

Mark assesses Paine as “a rank failure” because he was

a Democrat in a Republican administration. Just to give you an idea of why
I think Nixon didn’t give a damn about the space program, he didn’t go out
and look for a strong Administrator. What better way to have a pliant NASA
than to have a Democrat sitting there exposed to his people? When Paine was
confirmed as Administrator under Nixon, my reaction was, “Oh, my God—
nobody is going to pay any attention to us.”

Willis Shapley recalls that Paine initially

had expected to be fired because he was a liberal Democrat. And Nixon
delayed in replacing the Administrator of NASA for a long time. Suddenly,
they realized that with the Apollo program coming up and a reasonable
chance that it might have failed spectacularly, they wanted to distance them-

16. NASA SP-4102; p. 309; Logsdon, Apoflo, pp. I-14, TI-12, HI-2.
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selves from the Apollo program. That led to, by pretty straightforward politi-
cal logic, “All right, this was Kennedy’s program; it’s going to be Kennedy’s
failure, and here’s a liberal D