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Bummary
The Gemini Progrem has comprised 12 space

flights, 10 of which were marmed operstions,  The
information gained is difficult to summarize within
a brief paper, but more detailed informetion has
and will continue to be made avallsble to those who
have an interest in it. With minor exceptioms, the
objectives of the program were met, having been
expanded well beyond original concepts and exesmined
in considersbly more depth than expected. Gemini
leaves & legacy of ruults ‘that, hopefully, will
further accelerate men's efforts to explore -nd.
utilize the frontier oct npnca.

I: _I_ntroduétioﬁ

 The Gemini Program with its series of mamned
space flights has been completed, end it 1ix an sp-
propriate time now to sumarize and interpret the
results of these flights., At the ocutset, the )
Geminl Program was based upon the exploration of
several major objectives of manned operations.
These cbjectives (1isted 4n Pig 1) were to validate
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Figure 1, Objectives of the Gemini Progrem

long-duration cperations of several weéi:s, to dem-

onstrate rendezvous and docking with snother vehi-

cle, and to develop & technique for coutrolled land
lendinga. A great deal of concentration was placed

. on the Firat two ob)ectives and those have been suc-

cesafully accomplished. The third cbjective was
partially accomplished with a number of demonstra-’
tions of precision meneuvering into e 1and1ng area,
but land landing was not dammstrnt.ad.

-Aa opporttmitias arose, the orginal o'b';‘_lactiws'

‘were expanded to include the investigation of extra-

vehicular operations, the conduct of large orbital
maneuvers using a docked atage, the conduct of

*_#cientific, medical, and technical experiments, and
~operations with two tethered vehicles.

Substantial
information in all of theae arees has been obtained,
particularily during the later half of the flight
program,

-herein,

Gemini hea provided informstion in many other
aereas not entirely obviocus from these statements of
objectives. They include:

(1) Development of relisble systems configura-
tions through the applications of redundancy, mod-
ular design, and simplifications safforded by the
utilization of crew capabilities.

(2) Reduction in qualificstion flights, and
rapid progreasion to an operstional phase through
use of a comprehensive ground-test program.

{3) Decrease in launch preparation times, end
reduction in lsunch intervals by delivery from the
manufacturers of thorcughlar tested and flight-ready
vehicles.

(4) Progressive buildup in flight complexity to
achieve a logical extrapolation of the experience
gained from previous flights.

tS) Flexi‘hiuty in flight ;pllnﬁing and cpera-
tionas to capitalize on succesaful flights and min-
imize the lmpact of flight problems.

(6) Achievement of a high degree of proficiency
of flight crews esnd ground personnel through experi=-
ence gained from 10 manned flights.

These end other similar sreas are discussed in Ref-
erences 1 and 2 and will not be discussed in detail
The intent will be to concentrate on flight
results. '

III . Long-Duration Flights

Results of long-duration flights are alsc re-
ported in Reference 2, snd those cbtulned subsequent
to that report remain epsentially unchanged. The
weightless enviromnment has not produced difficulties
except during extravehicular activities (EVA), which
will be discussed later. No evidence exlsts of
significant physioclogical or psychological effects
elther noted or measured. Although scme cardiovas-
cular deconditioning is apparent on return to a '
one g enviromment, it has not affected crew funce
tion, and the condition is short-lived. No digori-

‘entation exiests, and the flight crew can accurately

perform systems management, control functions, and
all other aparatious required omboard the lpnce-
craft.

cunrinmnt has been a surprisingly minor problem
area even in the amall volume of the Geminl space-
craft. The difficulties appear to be alleviated by
the weightleas state because of the sbsence of pres-
sure points on the body. Pressure suits have some
tolerable, but objectionable features, mainly caused
by their bulk and clumsiness. The three types of
suits used in the Gemini Program are ahowm in Fig-
ure 2, To circumvent possible difficulties during
the lh-day flight of Gemini VII a special lighte-
weight suit, which 18 also doffeble, was developed.
The astronauts found their comfort greatly enchanced
in the doffed-sult condition, and the cabin provided



INTRAVEHICULAR EXTRAVEHICULAR LIGHTWEIGHT
STANDARD

FPigure 2. Three types of Geminl spacesuits

8 completely satisfactory environment. The pres-
sure gult alsc produces same subjective discomfort
in that the mechanlsm of cooling primarily involves
the eveporation of perspiration. Care must be ex-
ercised to maintaln adequate water inteke to avold
excesaive dehydration.

The stowsge, handling, and restowage of loose
cebin equipment has been a tedlous activity during
all Gemini flights. This difficulty should be re-
duced in a larger spececraft, but it probably will
8till be important. Typical items that must be
stowed are shown in Pigure 3, and Figure L gives
categories and numbers of stowed items. Numerous
planning reviews and stowage rehersals ere required
to estsblish proper locations, sequences of stowage
and unstowage, and center of gravity changes Bo
that a flight can be effectively carried out. The
handling of waste articles {food bags, cleansing
towels, urine bags, and the like) is particularly
troublescme, and on recent flights special hatch
openings have been progremed to facilitate the main-
tenance of a clean and uncbstructed cabin,

e

FOOD! PACKS

Filgure 3. Typical Gemini stowsge items
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Figure 3. Typicel Gemini stowage items

Another aspect of space flight worthy of mention
is the achievement of adequate sleep. Perhaps when
flights become more routine, satlsfactory sleep pe-
riods will be cbtained, To the present, inadequate
sleep in depth end length 1s invariably encountered
during the first sleep period of a flight. BSleep
sdequecy elsc axhibitas cousidereble variatlon on
subsequent days, varying in a somevhat cyclic fash-
ion as fatigue bullds up. Typical sleep cycles as
reflected in heart rate are shown in Figure 5. The
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Figure 4. Categories and numbers of stowsge items
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depression in heart rate a.nd. the duration of the IIT. Rendegvous Operations
depression are & falrly good indication of the rest . .
cbtained. It is possible that medication may be a Beven different types of rendezvous modes have
help in coping with this difficullity. In any csse,  been investigated during Cemini, most of which are
flight planning should account for this condition indicated in Figure 6, Three types were used for
such aa by meking the second day of a flight rela- the initial rendezvous after 1lift-off, three addi-
tively less strenucus with respect to activities ‘tional types were investigated using re-rendezvous
planned. In spite of this situation, Gemini astro- techniques, and one was a dusl rendezvoue iavolving
nauts have always returned from their flights in two different target vehicles. Each of these opers-
good physical condition, and from an overall atand- tions heve been succesaful. Thie success has pro-
point they exhiblted only light-to-moderate fatigue. vided confidence in the ability to carry out such
) ) operationa; however, rendezvoua still is recognized
w as a highly preclge task that is ratheér unforgiving
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Flgure 6. Relstive trajectory plots showing rendezvous mode variations

of errors late in the operation because of the
large energy expenditures involved in their correc-
tion.

Turning first to lift-off considerations, one
interesting result is that the experience to date
does not astrongly indicate a need for extensive
launch windows. As shown in Figure 7, the Gemini

Filgure 7. Gemini launch perfomnce

launches since Gemini V.  have been ssaentially on
time (or else the launch has been scrubbed). By
suiteble planning, minor problems can be easily
sbsorbed in the count, and if major problems occur
practical launch-window lengths are not particu-
larly helpful. Although a simyltaneous countdown
of both vehicles has been extensively used in

W
Geminl, there is nothing in the results to indicate
that this is a necesaity.

Height adjust, plane change, snd phaging maneu-
vers that position the spacecraft at an offset polnt
from which the terminal phase ia initiated have been
accurately accomplished both under ground-control
and by means of cuboard guidance, Because of error
propagation in the inertial guidance system rendez-

vous, accomplished soley from onboard informatiom,
Mission | LAUNCH LAUNCH LAUNCH TIME are limited to fairly rapid operations. With the
ATTEMPTS DATE DEVIATION Gemini system it appears that this capebility ex-
6T 1 APR B, 1964 ON TIME tends to rendezvous completed by the fourth revolu-
G 2 JAN 19, 1965 -4 NN tion, and on Gemini XI a precise one-orbit "
g& { ﬁ:z”- }g; =24 MIN rendezvous wags accomplished during the first revolu- -.‘
eT 2 AVG2L. 1 '&‘#‘& tion based entirely on onboard computetions. Ground
524 1 SCRUB { AGENA FAILURE ) control of rendezvous 1s highly effective when suf-
:%‘ i R }x g'ln“l ficient time is available for data gathering snd v
Xk 3 AR 16, 1966 e processing. Rendervous during the first revolution
GIX 1 SCRUB { ATLAS FAILURE ) ——— presented too rapid a maneuvering sequence for
:?l : Jun 3, 1964 mng ground control, and in all cases corrections after
o H -3 goerd o8 TINE initiation of the terminal phase have used onboard
eIm 3 NOV 11, 1964 ON TINE information.

The terminal phase of rendezvous commences with
the initiation of transfer to the target from the
offset point and concludes with the establishment of
stetion keeping with the target. This phase in-
volvea precision maneuvers, and, finally, careful
control of ¢losing rates and line-of-sight rates.
Fuel expenditurea encountered during terminal opera-
tions are compared with the minimum possible in Fig-
ure 8. A considerable variation exists between the
ratio of sctual-to-minimum propellant for various
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types of terminal phase conditions, and elso for
different flights using the same or similer terminal
phase conditions. This latter veriation reflects
the eritical nature of this tesk, in that fairly
emall veloelty vector errors can cascade to high
propellant consumption or failure to complete the
rendezvous. The braking cperstion is particularly
eritical, Braking too soon may actually increase
line-of-sight control reguirements, and more time ie
spent controlling during the closing sequence. On
the other hend, if high line-of-sight rates are
encountered, braking has to occur early enough to
allow correction of line-of-sight rates before this
target 1s passed.

A number of terminsl-phase operations heve been
satisfactorily completed by using opticsl techniques
alone (no closed-loop radar-computer operstion).
Opticel rendezvous requires careful control of
1ighting conditions, and a stebilized reference such
ss an inertial platform ia & very desireble device.
During simulations, rendezvous have been effected
without platform information, but success is of
relatively low probability. Another polnt to note
is the low theoretical {end actuel) propellant con-
sumption involved with the offset condition employed
in the re-rendezvous on Gemini XI. The spacecraft
is placed in the same orbit as the target vehicle,
but with a treiling displacement. This type of ter-
minel phase has generated considerable interest in
its epplication to certain rendezvous operations,
particularly where a ground system is used to set
up the terminal phase. .

1ink.

Iv. gtation Keeping, Docking, end Docked Meneuvera

Station keeping with enother vehicle encountered
difficulties on Gemini IV, but, with a better under-
standing of constraints, this activity has proved to
be straightforwerd on subsequent flights. Station
keeping involves holding et e fixed position with
respect to a target, using instinctive up-down,
sidewsays, end fore - aft thrust applications. A
nominal stetion-keeping range is about 50 feet; it
continues to be easy out to 200 feet, becomes dif-
ficult et 600 feet, and practically impossible be-
yound. These figures apply when the spacecraft is
operating at the seme altitude as the target, end .
are somewhat reduced when the spacecraft operates .
above or below. Station keeping is essily sccom-
plished at extremely short ranges (e matter of a few
inches). Geminl IX operated within a few iuches of
a vehicle that was slowly rotating about ell three
axes in order to inspect a shroud feilure. Gemini X
maintained position within several feet of a slowly
rotating vehicle, while an extravehlcular astromaut
transferred to that vehicle and recovered a micro-
meterorite experiment. i )

The most effective control during station keeping
is to have the spacecraft attitude control in plat-
form mode {automatic attitude hold), while the as-
tronaut generates short pulses of the transletion
thrusters. Pulsge mode of attitude control is effec-
tive, but it requires more attention, and rate gom-
mand 1g also effective, but is a relatively high
propellent user, ’

‘Because station keeping at short ranges has
proved to be simple and accurate, no difficulty was
enticipated in entering the target docking cone.
This has generally been the case, slthough in one
instance during Gemini XIT a disturbance was encoun-
tered on initsl contact., The spacecraft was backed
away, the vehicles restebllized, snd docking reini-
tiated. Eccentricity on docking contact can be held
to a few inches, and angular alignment to less than
2°, (ountact velocities have been less than 1 foot:
per second, MAccelerations imported to either target
or spacecraft have been insignificant. Impact shock
is absorbed by hydraulic dampers, end a rigidizing
operation ensues atuomatically, which draws the
gspacecraft nose section into hard polnts on the tar-
get docking edapter,

In the rigldized condition, the combined vehicle
has been satisfactorily maneuvered both in attitude
and translation. Attitude control can be exercised
either with the spacecraft system or with the .
target-vehicle system. In the latier case, command
is accomplished through & hard-line umbilical which
is made during the docking operation. The system
has a cepebility for 96 coded commands. Prior to . -
docking, these commands can be sent to the target
vehicle either from the apacecraft through en L-band
radar link, or from the ground using another RF
In the course of a flight, seversl thousand
cammands are gsent involving these three input
sources. All commands have been received and acted
upon. .

Docked translational maneuvers have utilized the
Agena propulsion systems, the primary propulsion
system {PP3)—16 000-pound thrust—for lfge maneu-
vers and the gecondary propulsion system—LU0O0-pound
thrust--for smell maneuvers, or vernler correctlons.
The secondary system slso employs still smaller
thrusters—-32-pound thrust--for ullage orientation
prior to PPS burns. .



Considerable snalytical, testing, and simulation
effort were expended to assure dynamically stable
operations during primary propulsion system burns.
This effort was necessary in light of the relatively
high flexibility of the docked joint which heas a
natural frequency of the first bending mode of about
four cycles per second. Fairly simple shaping net-
works were utilized to cbtain stebility. They pro-
duce a very low high-frequency gein with a long time
constant. This approach resulted in significant
attitude transients following engine start, es seen
in Flgure 9; however, it 1s accepteble, as seen by

- GATV ATTITUDE EXCURSIONS
DURING DOCKED POSIGRADE
PPS BURN TOD ACHIEVE
T41.5 K Ml APOGEE

D = N W s W
1

ATTITUDE, DEG
J
1

3
T

~——— PITCH

-3

)

1
40:31:00
G.E.T, HR: MIN; SEC

MANEUVERS | FT/SEC ber
E |
PLANJACTUAL] PLAN JAC PLAN JACT P ACT
ANE [10.00109.8 | 166.5 164.2 [157.6 ] 154 .6 |26.85] 20,85

POSIGRADE [920,0( 918.0 | 739.4| 7415 | 156.5] 156.3 |20.82| 28,85
RETROGRAOE[920,0f 917.6 [164.1( 164.2 | 136.,4[156.0 [28.86] 28,03

1
40,30:00

Filgure 9. Significant attitude transients

comparing the orbital paremeters desired and
achieved during the mansuvers carried out on Gem-
ini XTI (also shown on Fig 9). To adequstely contain
these transients, great care was exercised in the
control of lateral center-of-gravity offset, engine-
‘gimbal trim, and thrust vector orientation of the
docked configuration. In future programs, it mey be
desirable to eliminate these comstraints through use
of more sophisticated shaping networks in the flight
control system,

One of the main applications of redundancy in the
target vehicle is to insure shutdown of the Agena
engines at the proper point. The primary means for
shutdown during a maneuver is through the use of a
velocity meter. This is backed up in several ways:
(1) by a stored progrem comnand set up to. occur
several seconds after the nominal duration of the
burn, (2) by the command link where the crew moni-
tors lnertlal velocity indicators in the spacecraft,
and (3) by an arm-gtop switch representing an inde-
pendent and direct hardline control of the engine
from the spacecraft. In addition, the engine 1s
automatically shut down upon sensing a turbine..
overspeed condition.

Undocking has also been a most astralghtforward
operation. In the case of Gemini VIII, where uncone
trolled rotations were encountered while docked, the
undocking took place under rotational rates of sbout
5° per second in roll, and 3° per second in pitch
and yaw. The undocking sequence 1a initiated on
command from the spacecraft, and this undocking
causes simultaneous urigidizing of the docking
adapter and retraction of the latches. In genersl,
aft spacecraft thrust has been applied, but in Gem~
ini XI no thrust was used, and & smooth deployment

of the spacecraft was cbtained just utilizing the
momentum from the unrigidizing operation. Because’
of the critical nature of undocking, several backup
methods are employed. One 1s a completely independ-
ent control by hardline of the sequence by the crew,
and the other is a pyrotechnic disengagement of the
dockling latches. . . )

V. Extravehicular Activities

Extravehicular activities (EVA) are sn aspect of
the program that have been penetrated in consider-
ably more depth than had been originally contem-
plated. A sumarization of accomplishments is
presented in Figure 10. The results of the initial

GEMINI EVA ACCOMPLISHMENTS

BASIC FEASIBILITY OF EVA
EQUIPMENT DONNING

DAY AND NIGHT OPERATIONS

SURFACE TRANSIT

WORK TASKS OF VARYING COMPLEXITY
CREW TRANSFER TO AROTHER VEHICLE
USE OF MANEUVERING UNIT

EQUIP MENT RETRIEVAL FROM PASSIVE
SATELLITE DURING EVA

FORMATION FLYING WITH PASSIVE
VEHICLE DURING EVA

EVA PHOTOGRAPHY
TETHER DYNAMICS
BODY RESTRAINTS

Figure 10. Geminli EVA accomplishmentse

extravehicular operations onm Gemini IV were exceed-
ingly satisfactory, The adequacy of the environ-
mental protection that was provided for the EVA
astronaut was demonstrated, the ability to maneuver
about with a handheld unit wes demonstrated, end no
digorientation or other detrimental effecta of this
new operating regime were encountered, This was a
brief exploratory operation thet did not signifi-
cantly involve complex and detailed work tasks.

It was not possible to investigate EVA further
until Gemini IX, and this flight, indeed, was a
very major extension of EVA operations. It involved
a gross extension of time to over 2 houra, and,
therefore, resulted in operations during day and
night. It involved more extended evaluations of
maneuvering with an umbilical, and also moving along
the spacecraft using free-floating techniques, hand-
helds, end handrails. It ilnvolved operations inside
the equipment adapter of the spacecraft out of sight
of the command pilot. More significantly, it in-
volved complex close-in work tesks that had to be
accomplished on a falrly tight schedule, These
tasks included mounting equipment, retrieving
equipment, and preparing and donning a sophisticated
astronaut-maneuvering unit. Although, in the main,
these activities were carried out, they were accom-
panied by a condition of excessively high workload.
As a result, the demonstration of the astromaut
maneuvering unit (AMU) had to be discontinued.

This high workload involved difficulty in maintain-
ing body position during the conduct of these tasks
csused by inadequate restraints, end compounded by
conditions of limited mobility in the pressurized
suit, by the high thermal load encountered, and
probebly by other envirommental factors.



The magnitude of the effort can be qualitatively
deduced from heart-rate and resplration-rate levels
encountered during thls operation. These rates,
presented as & time history in Figure 11, show sus-
tained levels of the order of 150 beats per minute,

.and pesk levels of 180 beats per mlnute during the

AMU donning operation. These rates are comparable
to those encountered during such activities as
playing soccer or basketball, here on the ground,
and, obviously, are not desirable when operatioms
are sustained over a lomg period. Unfortunately,
it 18 not possible to exactly correlate heart rate
and workload because of unknown factors, such as
thermal environment, carbon dioxide environment,
emotional factors, and others.

'I‘hese extremely high heart rates have not almn
been encountered during extravehicular operations.
Also ghown in Figure 11 are values obtained during
the standup EVA end during the umbilical EVA on
Geminl X. The standup EVA involved relative light=-
work tasks, such as photography, in a well-tethered
condition. The umbilical EVA during Gemini X did
involve some complex work tesks, such as the con-
nection of a high-pressure fluid line for use with
a handheld maneuvering unit, end the retrieval of a
micrometeorite experiment mounted on enother vehi-
cle. However, these work tasks were less sgustained,

were more open~ended in nature, and did not present
as restricted a time line. In thls case heart rates
were maintained below 135 beats per minute with an
average sustained heart rate of 115 beats per min-
ute, a completely satisfactory condition. Ingress
produced scmewhat higher pulses because of diffi-
culties in handling the umbilical within the cock-
pit. Another factor of posasible significence was
that the atandup EVA was programed before the um-
bilical EVA, allowing for some limited acclimatiza-
tion to the EVA enviromment.

After the encouraging results of Gemini X, fur-
ther difficulties in this area were encountered on
Gemini XI. Although much engineering effort was
expended to esteblish sdequate body restraint and
positioning methods in the equlipment adapter area,
it wes not possible to evaluate these features be-
cause of fatigue encountered in a vehicle-to-vehicle
tether-hookup operation which preceded this activ-
ity. The pitfall here was that extensive ground
simulation and training activity had indicated that
the tether hookup was easy to do. This result re
flects the limitation of zero-g airplene-training
becsuse of the short duration of the gzero-g environ-

‘ment aveilable. It 1is not possible to mccurately
evaluate sustained operations that require periods
of over 30 seconds. To circumvent this difficulty,
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mich more emphasis has been placed on underwater
pneutral-bucyancy training for evaluation of close-
in susteined work-tasks.

In the light of these prior results, the (EVA)
on Gemini XII were approached with certain opera-
tional improvements in mind. These wers to care-
fully engineer simple, but effective, restraints
for each task involved; to train and carefully work
out overall-tesk time=lines in underwater simula-
tions, with frequently scheduled rest periods; to
provide an open-ended spproach to the total opera-
tions to allow good subjective evaluation of each
task; to provide crew familiarizatlon by conducting
a stendup EVA a day prior to the umbilical EVA; end
to evaluate work tasks most likely to be of impor-
tance in future EVA spplications. During the um-
bilical EVA, two work stations were provided, one
near the nose of the spacecraft on the docking
edapter of the target vehicle, and one aft of the
spacecraft within its equipment asdepter. The
adapter configured for the EVA is shown in Fig-
ure 12, The activity in thin area tock place durinz
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CROSS BAR JETTISONED
! ) PRIOR JO- EVA™ "

GEMINI JII ADAPTER WORK AREAS
Figure 12. EVA adapter

a night-side pass. The work tesks involved, among
others, breaking and meking several different types
of electrical and fluid connections; removing, in-
stalling, and torquing of bolts; cutting electrical
wire bundles; connecting hookes and eyes of various
sizes; evaluating portable handholds utilizing a
Velcro attachment; installation and utilizing pip
pine as body-tether attachments at verious points
in the vehicle; evaluating "Dutch-shoe"-type fixed-
foot restraints; and using adjusteble-length weist
tethers.

With these featurese, the EVA astronaut, during
the flight of Gemini XII, was able to go methodi-
cally through his work program during umbilical EVA
and to operate for over 2 hours with very low heart
and respiration rates, in a completely satisfactory
thermal enviromment, and without encountering eny
significant level of fatigue, Heart rates except
for one brief Instance were about 125 beats per min-
ute, and the sustained level was epproximately
110 beats per minute. In fact, this astronaut was
able to do additional tasks not formally in his time
line, such as deploying an experiment package

mounted on the target vehicle, and overcoming
simple equipment malfunctions in two instances.
These results provide considerable confidence in
the ability of man to do useful work outside the
spacecraft if sdequate attention is given to re-
straint systems, aids for moving along the space=
craft, and proper simulation and training. '
Improved mobility of the pressure suit and similar
features should enhance this capability even mors.

VI. Tethersd Vehicles

In spite of the fact thet station keeping with
another vehicle has proven to be precise and effec-
tive, thls operation requires a continuous expedi-
ture of propellant (about 20 pounds per revolution
in the case of Gemini)., Future operations can be
envisioned in which undocked operations with vehi-
clee in close proximity might be sustained for days
or even longer.

Techniques for providing this capability without
energy expenditure should be very useful; hance,
part of the Gemini Progrem has been to investigate
simple tethering of two vehicles for this purpose.
Two approaches have been studied: (1) establishing
a slow rotation of the two tethered vehicles using
the centrifugel force to maintain a teut tether,
end (2) carefully alining the two vehicles along
the earth local vertical and providing a separating
force from the earth grevity gradient.

During Gemini XI, the slow-spin technique was
demonstrated; the results were quite similar to
those predicted from analyeis end simulationa. The
motions involved are shown in Figure 13. The spin
was started with the target vehicle attitude-
stabllized., The spacecraft was then maneuvered to
extend the tether and the apin initieted by firing
a lateral translational thruster using aft firing
thrusters to maintein the tether more or less taut.
Simuletions revealed that starting accuracy is not
particularly critical, although fairly large oscil-
lations of the spacecraft can results. Conditions
of alternate periods of slack snd tension in the
tether are also llkely to be encountered for seve
eral cycles. After initiation of the spin, the
control systems of both vehicles were shut down.
The spacecraft oscillations were lightly, but posi-
tively, demped and reduced to half amplitude in
sbout 1 hour without any attempts at crew control.
Later in the test, small thrust spplications by the
crew wers found to be effective in damping these
oscillations more rapidly. After the oscillations
demped to small velues during the Geminl XI flight,
the crew had complete confidence in the stebility
of this rotating system. The rotational rate ini-
tially achieved was 39° per second and waa later
increased to 55° per second. At these low rates,
centripetal accelerations were not perceptible by
the crew, but the use of higher rotational rates to
produce artificial g 1s obvious.

To produce a gravity-gradient stabilized system
requires extremely precise control of the relative
velocities between the two vehicles, The smplitude
of oscillatione of this system, as a function of
the relative velocity at their starting conditions
(assuming initial aligoment along the earth verti=
cal) 1s presented in Figure 14, A relative veloc-
ity of 0.14 feet per second produces the ideal
condition of a match with earth rates. Deviations
beyond $0.25 feet per second from this value
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Figure 14. Oscillation amplitude
versus relative velocities

excludes a condition of i:aptm y and results in a
rotating system. )

During the Gemini XII flight, the docked combina-
tion was placed in a position with its longitudinal
axls along the local vertical, and after the space-
craft was undocked, the 100-foot tether was deployed
with the Agena control system activated to maintain
its alinement., Because of degradation in the atti-
tude thrusters of the spacecraft, the time spent in
cbtaining the velocity match was greater than would
normelly have been needed. Ultimately, an oascilla-
tion amplitude of +45° was obtained indicating a
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" pigure 13. Bﬁacocrn:ft rates during tether exercise
100° - ~ wvelocity match to within 0.16 feet per second. It
is felt that the sccuracy of the velocity match
) : / . would have been considerably better with a fully
80* - / operational control system. The vehicle combination
" wes meintained in thie configuration with the con-
i ) Fa trol system off for several orbits, and disturbauces.
60° - /- from movements within the spacecraft did not appesr
;. to significantly affect the operation. Some dis-
5 : . ) o turbances could be noted during fuel-cell purges
40° |- . e : / and other fluld venting, but even these Aid not up-
) e » set the operations. Both the rotating system and
the gravity-stabilized system, therefore, appear to
20° /
[~ 7’ be effective methods for maintaining two vehicles in
: g close proximity. Which ome is to be used would de-
y . . i ‘pend on the peculiar requirement of & misslon.
: e L
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i . s ‘Because of the variety snd mumber of experimenta
o | F 4 " carried out in the Gemini Progrem, it is not prac-
7 : tical to comprehensively cover this activity within
,’ the scope of thias paper, Same indication of the
-0 rd types of experiments conmducted can be glesned from
) ’I the partisl listing presented in Figure 15. The
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Figure 15. Typical Gemini experiments




breekdown that is shown covers sclentific, techni-
cal, and medical disciplines.

As indicated in Figure 16, 52 individual experi-
ments were planned for the program, and LO were

MISSIONS

COMPLETED

TYPE QUANTITY OR PLANNED
SCIENTIFIC 17 4“
MEDICAL ] 18
TECHNOLOGICAL 17 F ]
APOLLO SUPPORT 10 21
52 111
COMPLETED 40 90

Figure 16. Bummeary of Gemini experiments

actually conducted with satisfectory results. Most
experiments were flown several times in the course
of the program. Experiments are regarded as an
extremely important aspect of the manned space-
flight program, The presence of the crew to exer-
clae discrimineation to set up end cperate equipment,
and to aid in the interpretation of results has
proved extremely useful., With the many disciplinea
involved, the program of experiments required a
rather heavy effort in systems integration, train-
ing, and flight plenning, but, the finencial expendi-
iture for this activity was relatively low compared
to the cost of dove:l.oping and operating the vehi-
cles.

VIII. Controlled Reentry

Ancther phase of Gemini missions which requires
preclse guidance and control is the mansuvering
reentry, This mission phase involves maneuvering
in the hypersounlc regica through roll orientation
of the 1ift vector to control the landing point to
within a close tolersnce of the desired position.
Precise control into the landing point has been
accamplished on all of the last seven flights

" (Fig 17). On prior flights, close-loop guldance
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G IT BALLISTIC REENTRY=-NO GUIDANCE

G X CLOSED LOOP REENTRY-WRONG GROUND UPDATE
G Y1 THRU G X CLOSED LOOP REENTRY

NOTE:

Figure 17. Gemini landing accuracies

vas not attempted, except on Gemini V, in which an

incorrect ground-update to the airborne computer

produced a large lending-point error. . Two mech-

anizations of guidence equations heve been utilized,

both of which have proven satisfactory. These

methods are descirbed in Reference 1. The constant

band- technique (with discrete bank angle re- |
versals) is somewhat simpler in terms of the ability
of the crew to monitor proper system cperations, but
it is fairly sensitive to center-of-gravity inac-
curacles or other effects on lift-to-drag ratio.

The technique involving a variable bank engle alter=
nating with steady roll has been used during the
last. five flights, end excellent results have been
obtained, both with the command pilot executing
maneuvers based on cockpit displays of the guidance 4
information, and algo under conditions where the

guldance signals are fed directly into the flight

control system (hands-off operation). Although both ;
procedures have proved adequate, the astronauts t
generally feel that their ability to monitor system

operation is enhanced when they are in the loop,

and executing the guldance commands, As in the case

of remndezvous operations, the comsistency of suc-

cesefully controlled reentry has provided a high

degree of confidence in the application to Apollo

vhere landing footprint-shifts of hundreds of miles

may be encountered,
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