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TOPICAL TIME

Space Shuttle — Transportation of the Future

By John J. Macco, ATA #28950

The space transportation system of the
1980’s will consist of the Space Shuttle,
Spacelab and upper stages to prupei
payloads beyond the capability of the
Shuttle into synchronmous orbit and to
the planets. With the Space Shuttle, the
rather large stable of launch vehicles
that we use today — both civilian and
military — will be eliminated. The
Shuttle will be used to place most of
our satellites into orbit and more im-
portantly, will have the capability to
retrieve malfunctioning satellites ~and
repair them in orbit or return them to
earth. This capability assumes particular
importance with the predicted growin,
future requirements for addition
weather, earth resources, com-
munications and navigational satellites.
No longer will it be necessary to write
off a multi-million dollar satellite due
to a malfunction following launch.

The Space Shuttle will be capable of
carrying the Spacelab into orbit.
Spacelab which is being developed,
designed, manufactured and tested b
the European Space Agency (ESA) will
be carried into orbit in the Shuttle cargo
bay. Spacelab will provide a shirtsleeve,
pressurized environment for scientific
and technical investigators to work in
space. Airlocks and a pallet external
to the pressurized area will be available
for experiments that require direct
access to the space environment.
Spacelab is expected to reduce the ex-
pense and increase the benefits of space
operations. For lunar and planetary
missions, the Shuttle will be capable of
carrying upper stages into earth orbit
which will propel probes and satellites
into outer ggace. These np{)gr stages will
also be used to place satellites into high
geosynchronous orbits,

The Space Shuttle is composed of the
Orbiter, two solid rocket boosters and
an external tank which feeds the Or-
biter’s three main engines. The Orbiter
is attached to the back of the external
tank and the solid rocket boosters are
attached to each side of the external
tank. The solid rocket boosters will be
recovered and reused. The external tank
will be jettisoned but not recovered. The
Orbiter, workhorse of the Shuttle
program, is designed to be used as many
as 100 times. Its empty weight is 67,500
kg (150,000 pounds); its length is 45
meters (122 feet) and has a wingspan
of 144 meters (78 feet). The Orbiter
is capable of carrying inside its 60 foot-
long and 15 foot-wide cargo bay, a 29,250
kg (65,000 pound) payload into low earth
orbit about 320 km (200 miles) in

altitude. The Orbiter is launched as a
rocket and, after its earth orbital
mission is completed, returns to earth
and lands like an airplane at designated
runways in Florida and ifornia.

Under construction since June 19, 1974,
the Orbiter main parts came from
numerous aerospace contractors
throughout the country. The crew module
and aft fuselage were fabricated by the
prime contractor, Rockwell International
Space Division, Palmdale, CA; the mid-
fuselage (cargo bay) by General
Dynamics, San Diego, CA; wings by
Grumman Aerospace Corporation, Beth-
page, NY; and its tail assembly by the
Fairchild Republic Co., Farmingdale,
NY. The Orbiter’s three main engines
which provide 211,500 kg (470,000 pounds)
of thrust each at launch were built by
Rocketdyne Division, Rockwell In-
ternational, Canoga Park, CA. The solid
rocket boosters were built by Thiokol
%ugﬂ., Wascath Division, Briggam City,

tah.

The flagship of the new era of space
transportation, the first reusable Space
Shuttle vehicle, Orbiter 101 named En-
terprise, was rolled out for public display
at Rockwell International, Space Division
assembly plant in Palmdale, CA on
September 17, 1976.

On January 31, 1977, Orbiter 101 was
transferred overland from its assembly
site in Palmdale to the Dryden Flight
Research Center where the ei‘ppmacl'l and
landing tests were conducted. Move was
a distance of 36 miles and the Orbiter
was moved on a specially designed
transporter with 90 wheels.

Flight testing of the Orbiter took place
in three phases. Before the first phase
was_begun, three taxi tests were run
on February 15, 1977 with the unmanned
Orbiter atop the 747 carrier aircraft. The
747 carrier aircraft, purchased by NASA
in 1974, was modified at the Boeing
%e{uuspag; dComd1 pany in Everett,

‘ashington adding support struts to
the aircraft to hold the Orbiter. These
taxi tests assessed the mated capability
of the Orbiter atop the 747 carrier air-
craft in ground handling and control
characteristics up to {flight takeoff
speeds. Speeds reached during the taxi
tests were 89, 140 and 157 miles
hour. Successful completion of these taxi
tests paved the way for the first phase
of Orbiter testing.

During the first two phases of Orbiter
testing, the Orbiter was to remain at-
tached to the 747 carrier aircraft which
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The above Shuttie Orbiter-101 rollout cover was autographed the following Shuttle
officials: Program Director at NASA Headquarters, Dr. Myron Malki Program Manager at
Johnson Space Center, Robert Thompson; Orbiter Project Manager at Johnson Space Center,
Aaron Cohen; Program Manager for Approach and Landing Tests at Johnson Space Center,
Deke Slayton; Project Manager at Kennedy Space Center, Dr. Robert Gray; Project Manager
at Marshall Space Flight Center, Robert Lindstrom; Project Manager of Solid Rocket Boosters
at Marshall, George Hardy; Project Manager of External Tank at Marshall, James Odom and

Project Manager of Shuttie Main Engine at Marshall, James Thompson.

would act as a launch platform during
phase three of Orbiter testing. Phase
I of Orbiter testing was the unmanned
captive flight tests. These tests were
concerned with verifying performance,
stability and control, flutter margin and
buffet characteristics of the mated
combination in flight patterns similar to
the manned Orbiter free flights and to
insure safe operation of the vehicle
combination. Five flights in this testing
phase were flown on February 18, 22,
25, 28 and March 2, 1977. Due to the
success of the first five flights, a sixth
flight was cancelled.

Second phase of Orbiter testing was
the manned captive flight tests. This
testing phase was designed to determine
the optimum separation profile based on
inert test results, refine and finalize
Orbiter and carrier aircraft crew
procedures, and evaluate Orbiter in-
tegrated system operations. Three flights
in this testing phase were flown on June
18, 28 and July 26, 1977 with astronauts
Fred Haise and Gordon Fullerton aboard
the Orbiter on flights #1 and 3, Dick
Truly and Joe Engle on flight #2. Due
to the success of the first ee flights,
a fourth flight was cancelled.

The last phase of Orbiter testing was
the manned free flight tests, These free
flights were designed to verify Orbiter
subsonic airworthiness, integrated

systems operations, pilot guided ap-
proach and landing capability, and to
satisfy the prerequisites to automatic
flight control and navigation mode. Five
flights in this phase of Orbiter testing
were flown on August 12, September 12
and 23, October 12 and 26 with astronauts
Fred Haise and Gordon Fullerton on
flights #1, 3, and §, Dick Tru.lﬁghnnd
Joe Engle on flights #2 and 4. ghts
#4 and 5 were made with protective
tailcone off. Because of increased drag
with the tailcone off, the Orbiter flew
in a straight approach to the runway.
Flight #5 landed on the main concrete
runway at Dryden Flight Research
Center.

Four captive ferry flight tests were
flown on November 15, 16, 17 and 18,
1977 at Dryden Flight Research Center.
Data gathered during these tests was
used to plan the first ferry flight when
Orbiter 101 was transported atop the 747
to Marshall Space Flight Center. These
flights measured the performance of the
mated combination with a 3° forward
angle between them. In addition to
determining what the best speed and
altitude should be used for the ferry
flight configuration, other test conditions
explored included holding pattern per-
formance and engine-out performance,
both in cruise and the landing-takeoff
pattern. The buffet and flutter effects
on the 747 horizontal tail surface were
also measured.
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Orbiter 101 was ferried to Marshall
Space Flight Center on March 13, 1978
after a 3-day stopover at Ellington AFB,
Texas, for ground vibration testing. It
was mated in the Dynamic Test Facility
to an external tank and solid rocket
boosters as it would be for an actual
launch. This vehicle underwent low level
stress tests during the launch phase
when all the Shuttle engines are firing.
The vibration tests were designed to gain
information needed for analysis of flight
control stability and dynamic loads
during the launch and flight phases of
the mission. The tests were conducted
in a modified test stand in which the
Saturn-5 underwent similar vibration
tests in the mid 1960s.

After the vibration testing was com-
pleted, Orbiter 101 was ferried to the
Kennedy Space Center on April 10, 1979.
On May 1, 1979, Orbiter 101 stacked on
its mobile launcher with an external tank
and solid rocket boosters was rolled out
to Pad 39A to check out the launch
pad modifications and ground support
equipment. Orbiter 101 ferried back to
Dryden Flight Research Center on
August 10, 1979. After refueling stops,
Orhi;e; 101 arrived at Dryden on August
16, 1979.

The first flight spacecraft, Orbiter 102
named Columbia, was rolled out on
March 4, 1979 during presentation day
which was attended by Rockwell em-
ployees. The overland move of Orbiter
102 from Palmdale to Edwards AFB was
made on March 8, 1979, a distance of
35 miles. Prior to the ferry flight, a
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test flight was to be made to assure
that everything was in order for the
flight. The flight was aborted the mor-
ning of March 9, 1979 after engineers
noticed Columbia was not mounted
correctly on top of the 747 carrier
aircraft. After being correctly mounted,
the test flight took place the afternoon
of March 9, 1979. The flight lasted 17
minutes and some of the thermal
protection tiles were ripped off. The
planned departure for KSC was delayed
about 10 days while the tiles were
replaced. A test flight was made the
morning of March 20, 1979 prior to
departure for El Paso. Columbia arrived
in El Paso Biggs Air Field on March
20 for a refueling stop of one day before
continuing on. Columbia left El Paso
on March 22, 1979 and stopped in San
Antonio. After one day stop for
refueling at Eglin AFB, Florida,
Columbia arrived a Kennedy Space
Center on March 24, 1979. After public
ceremonies, the Columbia was demated
from the 747 carrier aircraft and was
towed into the Orbiter processing facility
for the months of work needed to get
the thermal protection tiles affixed.

On July 6, 1979 the external tank
for the STS-1 flight arrived at KSC. On
November 3, 1980, the external tank and
solid rocket boosters were mated in High
Bay 3 of Vehicle Assembly Building. On
November 24, 1980, Columbia was rolled

out from the Orbiter Processing Facility
to the Vehicle Assembly BuiFding. on

November 26, 1980, the Orbiter Columbia
was mated with its external tank and
solid rocket boosters. On December 29,

___The above Shuttie cover was autographed by Approach and Landing Test crew of Fred
Haise and Gordon Fullerton. The cover commemorates the first free flight test on August 12,
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1980, the Space Shuttle Orbiter Columbia
was rolled out to Launch Pad 39A.
Testing then began to check out all the
Shuttle systems and ground support
systems and launch pad facilities in
reparation for the flight readiness
firing.

The flight readiness firing of the
Shuttle main engines for 20 seconds
culminated the six-day countdown
demonstration test (CDDT). The engines
were fired at throttle settings ranging
from 94% to 100% of rated thrust while
the engines were being gimballed. This
test was the only chance to test the
full vehicle stack in launch conditions
without proceeding to an actual launch.
On February 20, 1981, at 8:45 a.m. EST,
the engines fired for 20 seconds and
all test objectives were met. J. R.
Thompson said, “From an engineering
standpoint, it was totally perfect.”

A near-perfect countdown to planned
launch on April 10 was finally halted
at T minus 9 minutes when Columbia’s
on-board computers failed to respond as
expected. At 7 am on April 12, 1981,
the Space Shuttle finally rode trium:
phantly into the Florida sky in a_spec-
tacular celebration of man’s 20th an-
niversary in space. After 36 orbits,
Columbia was guided to a pinpoint
landing a Edwards AFB, CA by John
Young and Robert Crippen. The
astronauts reported that the Shuttle flew

6

even better than advertised. A new era
in space transportation had begun.
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