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Approximately 85% (by weight) of the
Gemini pressure vessel consists of com-
plex welded titanium assemblies. The
large pressure bulkhead contains inside
wall panels of .010 in. beaded skin titan-
ium and outside wall panels of .010 in.
smooth skin titanium seam welded to the
mating structure.
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On the cabin assembly alone there are
approximately 250 feet of automatic and
hand welding, about 6,117 spot welds,
and 1,546 feet of seam welding. Mating
the thirteen pieces of each hatch requires
285 inches of hand fusion welding.

SPACECRAFT IN CLEAN ROOM
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Flight rated Gemini spacecraft are readied
for the installation of mechanical and
electrical systems in this 32,000 square
foot clean room. It has a filtration sys-
tem which removes dust particles approxi-
mately two hundred thousandths of an
inch in size.

Manned space flight in the Free World had s
beginning early in 1959 when the National Aero-
nautics and Space Administration, now more famil-
iarly known as NASA, selected McDonnell as the
prime contractor for the design, development, and
construction of Profect Mercury Spacecraft. The
successful testing and orbiting of Mercury provided
NASA and McDonnell with the basic knowledge
on which America’s future manned space programs
are being built.

PROJECT
GEMINI

On 7 December 1961, NASA named McDonnell
as prime contractor for the design, development,
and construction of a two-man spacecraft, called
Gemini, after the constellation containing the
twin stars—Castor and Pollux. The Gemini pro-
gram is under the direction of the Manned Space-
craft Center in Houston, Texas.

The Gemini flight program comprises a series of
missions beginning with an unmanned, unre-
covered orbital flight to check the structural
compatibility of the spacecraft and the Titan II
launch vehicle. This is followed by an unmanned
ballistic shot to evaluate the performance of the
spacecraft and all of its systems under zero G
and exacting reentry conditions, then by a rela-
tively short manned orbital flight, and then by
longer missions for which the spacecraft was
developed. These missions will demonstrate the
ability of the astronauts and their spacecraft to
maneuver in outer space, using manual modes of
operation, the feasibility and perfection of tech-
niques for rendezvous and docking, the suitability
of such spacecraft systems as the environmental
control and electrical power systems, and the
demonstration of a maneuvering reentry.

Gemini missions will involve much more than
simply orbiting the Earth. The Gemini astro-
nauts will have full control of their spacecraft
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and will guide it from one orbital path to an-
other. This maneuvering capability is one of the
reasons why the Gemini is recognized as a new
generation operational spacecraft.

The complete spacecraft is made up of two major
units: an adapter module, consisting of an equip-
ment compartment and a retrograde compartment
which are carried into orbit but are jettisoned
just prior to reentry; and a reentry module, con-
sisting of a rendezvous and radar section, a
reaction control system section, the crew com-
partment section, and the heat shield.

The spacecraft is of semimonocoque construction,
conical in configuration and utilizing titanium as
the primary structural material. It is designed to
shield its two-man crew from the environment
of space, and to provide an operational vehicle
that can be maintained easily. Access to system
components is provided through easily removed
external panels. Major components are arranged
in modular packages which can be replaced with-
out opening the crew compartment or affecting
systems already checked out, thus reducing main-
tenance and checkout periods prior to launch.

The Gemini cabin is a pressurized vessel sur-
rounded by an unpressurized volume in which
various systems are installed and fuel is stored.
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Unlike Mercury, Gemini has no escape tower.
Emergency escape is provided by ejection seats
functionally similar to those used in contempo-
rary jet aircraft. The crew can eject safely at any
time from on-the-pad to more than 60,000 feet
above the Earth, both during the launch phase
and after reentry. There are two large hatches,
one for each astronaut, which may be opened
and locked open for escape, even under maxi-
mum dynamic pressures.

The first three Gemini flights will be directed
from the Mission Control Center at Cape Ken-
nedy. The advanced flight program, directed
from the Manned Spacecraft Control Center in
Houston, will assume control of the mission at
liftoff. The principal member of this team, the
Flight Director, is responsible for all flight con-
trol operations, including systems and medical
monitoring, trajectory assessment, and flight
support to the crew during such critical mission
phases as rendezvous and reentry. He also has
charge of the Global Manned Space Flight Net-
work, which provides tracking, data acquisition,
and voice communications during the missions.
Another important team member is the Recov-
ery Director, who directs the Department of
Defense forces temporarily assigned to the pro-
gram to provide spacecraft recovery following
reentry and landing.



A typical Gemini flight includes prelaunch,
launch, orbit, retrograde, reentry, and landing
phases. In rendezvous missions, there are also
catch-up, rendezvous, and docking phases.

Prelaunch begins when launch vehicle and space-
craft arrive at the launch site. The Gemini launch
vehicle, 2 modified Air Force Titan II, consists
of two stages, each 10 feet in diameter; the first
stage is 70 feet long and the second stage 20 feet.
The combined Titan-Gemini stands 108 feet high,
and the lift-off weight is approximately 150 tons.
The Titan II uses storable hypergolic fuel, with
a high specific impulse or thrust per pound of
propellant. Ignition occurs automatically when
the fuel and an oxidizer are brought together in
the propulsion chamber. Hypergolic fuel can be
stored for several days within the missile.

The launch phase begins at the start of the launch
countdown and ends when the spacecraft and the
launch vehicle separate. At launch, the Titan II
first stage produces over 430,000 pounds of thrust,
but emits only a relatively small white flame and
a rosy cloud rather than the burst of orange
flame and billowing smoke familiar to viewers
of Mercury launches. During launch, the astro-
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nauts monitor instruments and display panels
which reveal trajectory and launch vehicle
conditions.

Approximately 200,000 feet above the Earth and
2% minutes after lift-off, the first stage falls
away and the second stage boost begins. When
orbital insertion is approached, second stage cut-
off occurs. The astronauts fire explosive charges
which release the spacecraft from the launch
vehicle.

When Gemini reaches the apogee, or highest
point of its elliptical orbit, thrust from its ma-
neuvering rocket system pushes it into a 90-
minute circular orbit of the Earth. The astronauts
then begin to perform any special tasks assigned
to the mission.

The Manned Space Flight Network, which con-
sists of strategically located remote stations
around the world, including two tracking ships,
records tracking and telemetry data, and pro-
vides command, control, and communication to
the spacecraft. Throughout much of each orbital
period, the astronauts have two-way voice and
telemetry communication with the network.



Equipment aboard the Gemini records and trans-
mits to the network data pertaining to such
scientific observations as the crew’s physiological
reactions to prolonged weightlessness and in-
ternal and external environmental conditions.

For the first time in U. S. space flights, man
will be exposed to long work-rest cycles, which
will present the first opportunity to study the
systems of the human body as they make long-
term adjustments to the space environment.
There will also be concern for personal hygiene
and biological and physiological effects on the
astronauts. Both NASA and the Air Force have
carefully planned experiments to be conducted
during the Gemini flights.

During the advanced stages of the Gemini pro-
gram, an astronaut may unlatch the hatch above
his head, open it, and carefully float out into space.
While outside the spacecraft, he will be pro-
tected by the life supporting atmosphere within
his pressurized suit, augmented by an umbilical
line supplying oxygen from the spacecraft.

Food and emergency water are provided for the
duration of each mission plus a 36-hour post-

landing period. During the relatively short-dura-
tion Mercury flights, provisioning and waste
disposal for the astronaut were not difficult. As
space flights become longer, providing crew com-
fort and personal hygiene has entailed extensive
design consideration.

RENDEZVOUS
AND
DOCKING

Preparations for rendezvous and docking begin
during the launch phase, when the orbital plane
can be adjusted slightly by varying the launch
azimuth. After launch and prior to rendezvous,
orbital-track plane-and-phase maneuvers are made.
The spacecraft then meets and mates with an
orbiting target vehicle.

The rendezvous target is a modified Agena D
version of the rocket used in the Ranger, Mari-
ner, and other space projects. Agena is about 32
feet long and 60 inches in diameter, with a rocket
engine on one end and a2 McDonnell-designed
docking adapter on the other.
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Rendezvous missions require two launchings.
First, an Acas launch vehicle boosts the Agena
D toward a neatly circular, 160 mile high orbir,
the same altitude as the planned apogee of the
Gemini orbit. After ground tracking stations have
determined that the Agena has reached the proper
otbit, its engines arc shut down by ground com-
mand to conserve fuel. About 90 minutes later,
when the Agena’s orbital path again carries it
over the Cape Kennedy launch point, 2 manned
Gemini is launched into a2 90 to 160 nautical
mile elliptical orbit. The Gemini must be
launched during 2 brief period called a “launch
window”, when all factors for a successful ren-
dezvous are most suitable and the spacecraft can
be launched to orbit in close proximity to the
Agena. If necessary, the Gemini launch window
can be extended to approximately four hours by
firing up the Agena’s engine on command from
the ground to match more closely the planned
orbit of the Gemini.

Since the time to complete the shorter elliptical
orbit of the Gemini is less than that of the nearly
circular orbit of the Agena, Gemini circles the
Earth more quickly and gradually catches up.
When Gemini is within 250 miles of the Agena,
and near the apogee of its elliptical orbit, the
astronauts usc their mancuvering engines to cir-
cularize their orbit.

The Gemini radar acquires the Agena and an
on-board digital computer begins to provide the
astronauts with bearing, range, closing rate, and
other maneuvering information. This small,
lightweight, clectronic computer, a key com-
ponent in the complex inertial guidance system,
is one of the major subsystems added for ren-
dezvous and docking missions, and reentry. From
the computer-provided informarion displayed on
his instrament panel, confirmed by ground track-
ing stations, the Gemini pilot determines the
direction and thrust timing necessary to control
his approach to the target. Adjustments in the
Agena’s path can be made from either ground
control stations or from the spacecraft. Even in
the absence of radar data, rendezvous can be
accomplished by instructions and commands
from ground stations.

When within 20 miles, the astronauts will prob-
ably be able to see a high intensity flashing light
on the targee to help guide them in their ren-
dezvous procedure. Although rushing through
space at approximately 17,500 miles per hour,
the two vehicles dock at very low relative speeds
(about 1 mph). Using 100 pound-thrust man-
euvering rockets, the astronauts visually and
manually guide their spacecraft into- final dock-
ing position, directing the index bar on the
Gemini into a V notch in the McDonnell-
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