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EM SPACECRAFT

The next majer step in UL 5. manned space exploration
is Project Gemini. .. the program undertaken by the
National Acronautics and Space Adminisiration. The
prime cantract for the spacecraft in this eflort was awarded
to McDoancll Areralft Corparation, 5t Louis, Missouri.

The objectives of Gemini are wa pravide an carly means
of experimenting with long duralion earth-orbital mann-
cd fights up 10 twawreeksto determine man's perfarmance
capabililies under prolonged periods of weightlessness,
andl to carry ool scientific investigations of space that
require men to participate and supervise; 1o demonatrate
rendezvous and docking with a targel vehicle in earth
orbit 23 an operatignal 1echnique; and, 10 demonsirae
controlled re-entry and land landing al a pre-selocied

paint.

EXTENDED MANNED ORBITAL FLIGHTS

A 1.8, Air Force modificd Titan [T bocster launches the
two-man spacecralt into s mear sarih elliplical orbit,

Launch During the launch phase the astronauts moni-
tor instruments and displays including special instrumen-
tation that seases launch vehicle conditions, At staging
the accond sape booster engine i3 lilofl and Lthe R
stage scparates. Launch vehicle first srage separation is
sensctd and displayed 1o the spaceeralt crew. When the
booster's second stage cutoff is sensed and displayed 1o
the Gemini crew, the spacccrall is disconnected from the
launch vehicle by fring explosive charges. Spacecrafi
mancuvering cockets are wsed to achieve positive

separalion.

Orbir When Gemini reaches Lhe apogee (highest paiot)
of its elliptical orbi1, thrust from the mansuvering system
i uged] to push the spacecraft into a nearly cireular orbiv
While in the orbital phase of the mimion the environ-
mental control system maintains the cabin ang suit circuil
pressure, temperature and venilation settings. Insiru-
menlation equipmenl permits sampling and sworing of
data. The auitude control system is used w properly
orient the spacecralfl, The crew monitors the spacecral
systems and performs tasks appropriate 1o the mission,

Retrograde Afier the orbital phase of the mission is
completed, explosive charges are hred which jettison the
equipment section of the adapter module. Descent rom
orbit is then ipitiawed by the apphication of retro-thrusi
rockets on the spacecrali.

Re-entry When the retro-thrust rockets are expended,
the retrograde section of the adapier module is jertisoned
and the re-sntry moduole is commanded 1o ascume a re-
enwry attitude, A reaction controf system i3 used 1o main-
1ain reeniry module acitudes,

Landing AL abow 60,006} feet, the landing ssquence s
initiated. A paraglider deploy: and enables the asiro-
nauts o mancuver the re-entry module to 2 pre-selecied
tanding site. An extendable skid-1ype landing gear peo-
vides lor a sale landing. The spacecraft rouches the carth
with a lorward velocity of about 45 miles per hour.

RENDEZVOUS AND DOCKING FLIGHTS

A version of the Agena, similar to that used in Ranger
and DHscoversr peojects, will be used as the arbiting ar-
get satelline. Ju forward scction will be the McDonnell-
designed docking adapter. This incorperates the mechan-
isms which lock the Gemini and Agena during docking,
and connect the Cremini command systems to the Agena,
enabling the astronauts to control the composite vehicie
through the Agena's rocket motors.

faunch An Atlas booster launches the Agena targe!
vehicle inte a nearly circular orbit at approximately the
same altitude as the spacecraft orbit. After ground track-
ing stations detetmuine the optimum launch time, Gemind
is inserted into an cllipical orbit a1 an ahitude lower than
that of the target. A1 the apogee of Lhe ellipse, Gemini
reaches Lhe same allitude as the arge

Catch-Up Since the orbital period (time to complete
one orbit) of Gemini is lss than thar of the Agena because
ol its fower allitude, it will circle the earth more quickly,
and gradually carch up.

Rendezvaus When radar contact is made, a terminal
Buidance phase is initiated and Gemini is maneavered 1o
bring the two pathe wgether, In the absence of radar
data, rendezvous may be accomplished by instructions
and commands from the ground tracking and compuier
stations relaysd 19 the spacecrafi and target vehicle.
When the wo crafis are within 20 miles of each other,
final maneuvers and decking would be cantralled by the
astronaus using vitual observations.

Docking When Gemini is within a few bundred feet
of the targer, relative velocitics have been reduced to very



small values. Visual observation of the target is utdlized
o provide steering informanon for the hnal docking
maneyuver. Spacecraft attitude is controlled for compati-
bility with the docking mechanism,

Mooring The vehicles make contact at a very low rela-
tive speed and are latched together. Once latched, the
Gemini-Agena combination may be controlled and ma-
neuvered as a single unit. When evaluation of this phase
is completed, the vehicles are unlatched and separation
is achieved by fring the Gemini mancuvering thrust
rockets :

GEMINI—AGENA RENDEZVOUS

Docking Emprmdv
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Retrograde Rewograde, re-entry and landing opera-
tions: are the same as described for extended manned
orbital Aights.

LIFE SUPPORT SYSTEM

The crew compartment has provisions for seating two
crew members in a side-by-side seating arrangement.
Each seat provides arm rests and foot supports in addi-
tion to a restraint system for support against maximum
aceeleration forces, Pressure, temperature and composi-
tion of atmosphere in the spacecralt are maintained
within allowable limits for human énvironment. Food
and water are provided for the mission and a 48-hour
post-landing period.

ch astronaut wears a pressure suit that includes pro-
visions for natural body processes. The headgear incor-
porates a microphone and earphones; Air enters the suit
and is routed through hines directly to the face area, the
arms and legs. The air.is-allowed to return next to the
astronaut’s skin and put the exhaust line, The suit has a
metallic finish that acts as an additional heat bufier,

During advanced stages of the Gemini program, the crew
may open the hatches and climb out of the spacecrafi
while in orbit. This will require development of an “extra-
vehicular" suit. The spacecraft contains sufficient oxygen
to re-pressurize the cabin afier these exercises are
completed.

GUIDANCE AND CONTROLS

Harizon Sensors Horizon sensors, of the infrared-de-
tecting type, sense spacecraft roll and piwch attitudes
with respect to the earth’s horizon, These sensors provide
the basis for attitude reference throughout the mission,

Attitude Controls An attitude control system, con-
sisting of attitude sensors, i incorporated in the space-
eraft. It provides for manual and automatic control of
stabilization and orientation of the spacecraft attitude,
responding to guidance system and astronaut commands,
depending on the mode of operation established.

Inertial Guidance Aninertial guidance system aboard
the spacecralt serves both as an attitude reference and as
a means of navigation during rendezvous, re-entry, and
paraglider landing. The svstem comprises a space-stabi-
lized platform (which carries instruments to measure the
accelerations applied to the spacecraft) operating in con-
junction with a general purpose digital computer,

Rendezvous Radar A single rendezvous radar pro-
vides range, range rate and line of sight angle 1w the
rarget. Range and range rate information are provided
to a minmmum ranege of less than 20 feet from the target.

PROPULSION

Hc[rﬂgrndy .."!n"l'rs.!‘r_lm The retrograde rockel system
provides the means of slowing the re-entry module 1o
permit re-entry into the earth’s armosphere. Solid pro-
pellant rockets fire in ripple fashion upon a signal, by the
crew, or by an automatic device within the spacecraft,
which is armed by the crew! The retrograde system may



also be utilized to separate the re-entry module from the
launch vehicle in the event of a mission abort during
launch,

Orbit Attitude and Maneuvering System Com-
posed of a serics of small rocket engines located in several
positions about the spacecralt, this system provides the
means for controlling the spacecraft about its three major
axes and for maneuvering it up and down, fore and aft
and sideways. The combination of attitude control and
maneuvering capability provides the means for rendez-
vous and docking with the target vehicle, as well as
stabilization while orbiting.

Reaction Controls Two completely independent re-
action control systems are mounted on the re-entry
module. The systems are utilized simultancously for
attaining retro attitude and then for maintaining re-entry
module attitudes about the three major axes after sep-
aration of the adapter module equipment section, In the
event of a failure in either system the other is capable of
satisfactorily completing the mission, The system receives
operating commands from either the astronaut’s hand
controller or the attitude control system electronics:

ELECTRICAL SYSTEM

The spacecrafi electrical system utilizes fuel cells. The
fuel cell produces electricity through the chemical reac-
tion of oxygen and hydrogen, Two separate fuel cells are
located in the equipment section of the adapter module.,
Gemini is the first space vehicle to use fuel cells as a pri-
mary electrical power source. In addition to lighter weight
as compared with other types of available power sources,
the fuel cell produces a pint of pure drinkable water as
a by-product of cach kilowatt hour of operation.

Since the adapter module is jertisoned prior to re-entry,
an array of silver zinc batteries is provided in the re-entry
module to provide power for the re-entry, landing, and
post-landing phases of the mission. These batteries also
serve as an emergency power source in orbit.

COMMUNICATION

The crew has voice commuuication with the ground sta-
tions for a portion of each 90-minute orbit of the earth.
Equipment includes two-way HF and UHF radios,
receivers for command from the ground, telemetry equip-
ment for transmission of data from spacecralt to ground

stations, radio tracking beacons, and a means for com-
munication between the spacecraft and the target vehicle.

INSTRUMENTATION AND RECORDING

The instrumentation and recording system provides the
means for collecting, transmitting and/or recording data
generated in the spacecraft. Equipment is included 1o
evaluate the crew’s reaction to space fight, to measure
and monitor internal and external spacecraft environ-
ment, to record and transmit to the ground all data per-
taining to scientific observations and rendezvous and
docking operations,

In the longuage of astrono-
mers, Gemini is the third 20di-
acal constellation, pictorially
represented os the Twins,
Costor and Pollux, sitting to-
gether, with the two bright
stars named after them mark-
ing the position of their heads,
It is in the Milky Woy gaoloxy.

LANDING AND RECOVERY

At a preset altitude of about 60,000 feet a drogue para-
chute is deployed. The parachute removes a paraglider-
radar housing and deploys a paraglider, The paraglider,
including the reels, cables and inflation system is deployed
in a restrained condition o allow inflation prior to trans-
ferring loads to the steering mechanism, The paraglider
is fully inflated at 40,000 feet and provides a controlled
glide range of about 20 miles. A three-skid extendable
landing gear is also provided, The nose skid extends when
the paraglider is deployed. Main skid extension is initi-
ated by the crew subsequent to paraglider deployment.

Post-landing recovery aids include tracking beacons, high-
intensity flashing light system and two-way voice radios.



LAUNCHING SEQUENCE

-

I. Atlos booster lifts Ageno 2. Agena is ploced in o cir-
(target vehicle) from launch- cular orhif.
ing pod.

'
A *d

3. Titen booster litts two-man 4, Gemini ond Titan I con- 5. 2nd Stnge Booster and Gemini &, Gamini is inserted into an
Gemini spocecroft from finue to climb, Sepaorate from Burned Out elliptical orbit,
launching pod. 15t Stoge

A

A

7. Using maneuvering rockets, B. Yehicles make contact (ot 9. Composite vehicle is mo- 10, After wnlofching, Gemini
Gemini dlosss on torget nearly identicol orhitol ve- newvered o5 o single unif, equipment section is jatti-
locities] ond are lofched soned.
together.

11. Retrogrode rackets are fired 12. Poraglider deployment is
to decrease speed for re- complete ot 40,000 feet
entry. —

13. Astronouts maneuver spoce-
croft to o pre-selected
londing site.
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