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3.2.2 (Continued)
and 1s very sensitive to small changes in the ofbit_period. Consequently, it is
necessary to consider cerefully perturbation effects on orbit period such as that
associeted with earth oblateness. The nodal period (including oblateness effects)
for two different inclinations (35° and 45°) and altitudes at the equator ranging
between 80 and 180 n.m. is shown in Figure 3.2-3.

A typical mapping pattern for an 1nclin§t10n of 35 and an altitude of 120 n.m.,
is shown in Figure 3.2-4. This pattern, however, is not very efficient in gather-
ing information because of an overlap of about 50%. To reduce this redundant cover-
age, the information contained in Figures 3.2-5 (Percent Overlap vs. Altitude) and
3.2«6 (Mission Duration vs. Altitude) can be used to select orbit characteristics
vhich provide for a better combination of inclination and altitude.

To illustrate this selection procedure, assume a design overlap of 10%. From
Figure 3.2-5, orbital altitudes between 148.2 and 142.5 n.m. can be used with
inclinations between 35° and 45°. The total mission time reguired to obtain full
coverage 1s obtained from Figure 3.2-6 and ranges from 3 1/2 to 4 days. The
actual choice of inclination should be based upon the desired latitude band to be
mapped and consideration of propulsion requirements tc cbtain that inclination with
an altitude between 148.2 and 142.5 n.m., With the inclination specified by this
process, ‘the :alti‘mde design point can be determined.

3.2.3 Spacecraft Characteristics - The Gemini with modification to a one man

vehicle is quite suitable for the mission. As shown in Table 3.2-2 the launch
weight with a 300 1b. mapping system payload and designed for a seven-day mission
duration is 7200 lbs., including circularization propellant, which is well within
GILV capebility. Sufficient margin exists between launch welght and GLV capablility,

Figure 3.2-7, to provide versatility in selection of orbital altitude, inclination,
or in payload, such as providing additionmal experimental packeges.

MCDONNELL
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ORBITAL PERIOD vs. ALTITUDE
(INCLUDING OBLATENESS EFFECTS)
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PERCENT OVERLAP vs ALT!ITUDE
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MISSION DURATION — DAYS
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MISSION DURATION vs ALTITUDE
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TABLE 3.2-2

WEIGHT STATEMENT

ONE MAN GEMINI EARTH SURFACE MAPPING
7 DAY MISSION

RE-ENTRY MODULE {1 MAN-5 DAYS) 4,169
A 2 DAYS FOOD 3
A 2 DAYS H,0 32
BULKHEAD a7
CAMERA SYSTEMS MOUNTING 300
MOUNTING 70
44811
ADAPTER 2636
ADD: A 2 DAYS O, 7
REMOVE: RSS PROPELLANT ~54
2,589

TOTAL LAUNCH %T. = 7,200 LB.

AMCDONNELL
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GLV WEIGHT-IN-ORBIT CAPABILITY

INSERTION AT 87 N.M. PERIGEE
~30 PERFORMANCE

NCTE: ONE-MAN GEMINI EARTH SURFACE MAFPING
YEHICLE LAUNCH WEIGHT |5 7200 LB.
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3.2.3 (Continued)

Two basic installation areas for the mspping system are shown in Table 3.2-3.
The first allows installation of the two 13 inch focal length cameras in the R.H.
crevman's compartment. However, a maximum reel diameter of 18 inches limits the
£ilm carried in & single load to that indicated in the illustrative system example.
The second installation shown, wherein the camera system is mounted in the adapter,
permits an increase in film load to a maximm reel diameter of 24 inches, This
reel 1s retrieveble by EVA. The spacecraft weight for the adapter mounted configure~
tion hes not been calculated in detail. However, it is estimated to be well within
the cepability of the GLV.

During mapping, attitude excursions in pitch and roll as sensed by a horizon
sensor, are + 1° while attitude rate is maintained within 0.1°%/second. Yaw atti-
tude is sensed visually through the viewfinder and manually controlled to within
+ 2° and 0.1°/second.

A horizon scanner mounted on the horizon camera head is utilized to maintain
pltch and roll attitude. The orientatlon of the spacecraft during mapping opera-

tions precludes the use of the Gemini horizon sensors as presently mounted.
3.2.4 Additional Data - A lens data sheet for the proposed 13 inch panoramic

camera design, reproduced with the permission of Itek Corporation, is given in
Figure 3.2-2, The lens 15 in production as a member of a family of near diffrac-
tion limited designs. Of particular interest are the outstanding resolution and
negligible distortion.

The theoretical resolution loss of a diffraction limited camera at f/3.5 due
to linear image motion (rate) during the exposure is shown in Figure 3.2-8. At
a 120 n.m. altitude, nadir V/h is approximately 2°/second. A 10% IMC error reduces

system resclutions at the stated contrasts by a negligible amount.

MCDONNELL
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SENSITIVITY TO IMAGE MOTION SMEAR
13 INCH PANORAM!IC MAPPING CAMERA

® 50-206 FILM
® 1/1000 SECOND EXFOSURE DURATION
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3.2.4 (Continued)
The earth ares mapped as = function of eltitude with the two stated £ilm

quantities and & constant 10% overlsp, is shown in Figure 3.2-3.

A power system design summary if contained in Table 3.2=-4. Two fuel cell
sections are used because the requirements for the mission load are slightly
greater than single cell cepability. The summary is based on 8 camera running

load duration of 4.5 hours.

MCDONNELL
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EARTH AREA MAPPED AS A FUNCTION OF ALTITUDE
OVERLAP FORWARD AND LATERAL OF 10%
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TABLE 3.2-4

ELECTRICAL POWER SYSTEM SUMMARY
ONE-MAN GEMINI EARTH SURFACE MAPPING

PEAK POWER SUMMARY

GEMIN! EQUIPMENT STEADY LOADS
GEMIN! EQUIPMENT INTERMITTANT LOADS
MAPPING CAMERAS

PEAK LOAD POYER
DIODE AND DISTRIBUTION LOSS

PEAK FUEL CELL OUTPUT POWER

7-DAY MISSION ENERGY SUMMARY

GEMINI EQUIPMENT

MAPPING CAMERAS ~ 4.5 HR. USAGE
(BASED ON 120 N.M.)

TGTAL LOAD ENERGY

DIODE AND DISTRIBUTION LOSSES

TOTAL MISSION FUEL CELL OUTPUT ENERGY

7-DAY MISSION SUMMARY

FUEL CELL SECTIONS - GENERAL ELECTRIC: 2 SECTIONS
FUEL CELL REACTANTS - H, AND O 110 L8,

REACTANTS TANKAGE: 14-DAY GEMINI TANKS

RE-ENTRY BATTERIES: FOUR ~ SAME AS 14.DAY GEMINI]

MCDONNELL
—GONEIRENTIAL—

WATTS

382
387
250

1,019
a1

1,100 WATTS

WAT T-HOURS.

73,000
9,300

82,300
6,600

88,900 WAT T-HOURS
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3.3 One Man CGemini with Astronomicel Telescope - The material in this section

supporte the choice of orbit altitude, atiitude, telescope size, and spacecraft con-
figuration for carrying ocut astronomical measurements and for developing systeme snd
technlques for manned telescope operation.

3.3.1 TMelescope Weight - The weight analysis which shows that 560 lbs. are a-

vailable for a telescope in & one-man Gemini with & five day mission at 200 nautical
miles is sumarized in Tebles 3.3-1 and 3.3-2. The GLV payload performance, shown
in Flgure 3.3-1, is used to determine the weight available for the telescope system
at other altitudes, as shown in Mgure 3.3-2. The use of & 32.5 degree inclination
orbit instead of 28.5 degrees will reduce the payload by sbout TO lbs.,

The dependence of the telescope ayitem weight on aperture diameter is shown in
Figure 3.3-3. The range in weight for a fixed aperture diameter corresponds to the us
of different spectrometers or accessories with the telescope. The maximum aperture di
meter curve, Figure 3.3-%, was determined by using the minimum weight curve in Figure
3.3-3 and the aveilsble weight curve in Figure 3.3-2. For altitudes of 180 to 200 nau
tical milea, which are used to cbtain low aerodynamic torques to permit precise point-
ing, the maximum telescope aperture ia approximstely 26 inches.

3.3.2 Telescope Installation - The GIV launched one-man Gemini offers many poesi

bilities for installation of an astronomical telescope. The primary possibili-

ties are: (1) a gimbaled 26 inch diameter telescope in the adapter for a mission
with an orbit altitude of 180 to 200 na. mi., (2) & 16 inch dismeter telescope (with
pointing mirror) in the right hend side of the re-entry module for a mission with
an orbit sltitude of about 200 to 255 na. mi., and {3) a body fixed 40 inch dia-
meter by 93.5 inch long telescope in an extended adapter for a mission with a 100

to 120 na. mi. altitude. The pointing stability of the telescope 1s greatly im-

proved for the 180 na, mi. to 200 na. mi. altitude in comparison to the 100 na. mi.

MCDONNELL B 3-28
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TABLE 3.3~1

WEIGHT OF ONE-MAN GEMINI WITH ASTRONOMICAL TELESCOPE

ALTITUDE: 200 N.M.

WE|GHT.LB.
RE-ENTRY MODULE MODIFICATIONS (46)
ADD:
HEAT SHIELD HATCH 3%
HORIZON SENSOR 10
ADAPTER MODULE MODIFICATIONS
ADD: {898)
EXTENSION SECTION 47
TUNNEL 29
FUEL CELL (MINUS TOTAL FUEL REDUCTION) 4
RETROROCKET BEAM REDESIGN 5
TELESCOPE 560
TELESCOFPE MOUNT 43
FINE ATTITUDE CONTROL SYSTEM 190
REMOVE
EXCESS OAMS PROPELLANT (-53)
TOTAL MODIFICATIONS ast
ONE-MAN GEMINI SPACECRAFT WITHOUT TELESCOPE 6,805
OME-MAN GEMINI LAUNCH WEIGHT WITH TELESCOPE 7.896
OAMS FUEL FOR CIRCULARIZATION -185
ONE-MAN GEMINI WEIGHT IN ORBIT 7.511
GLY CAPABILITY 7.570
MARGIN 59

MCDONNELL
~COMEIDENTHAL——
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TABLE 3.3.2

WEIGHT COMPARISON OF TWO-MAN AND ONE-MAN GEMINI

WITHOUT TELESCOPE
¥EIGHT DF WEIGHY WEIGHT OF
TWOMAN GEMINI| REMOVED | DNE-MAN GENINI
(14 DAYS) OR- ADDED, {5 DAYS)
L. LB, LB.
RE-ENTRY MODULE
STRUCTURE 1,473 (-22) 1,451
HATCH ACTUATOR -2
HEAT SHIELE a4y 149
RE-ENTRY. CONTHOL SYSTEM 542 542
RETROGRADE SYSTEM 7 7
LANDING SYSTEM 213 213
INSTRUMENTATION AND NAVIGATION EQUIPMENT 136. -1 118
ATTITUDE DIRECTION INDICATOR 8
FLIGHT DIRECTION INDICATOR "
MISCELL ANEQUS -2
ELECTRICAL POWER 264 264
COMMUNICATIONS &% £2
ENVIRONMENTAL CORTROL 398 (=72 318
SECONDARY O 7
SECUNDARY 03 PACKAGE -20
SECONDARY 02 MOUNTS -1
LIBH —44
TELE-INSTRURENTATION 191 {-3) 188
BIO-MED TAPE RECONDER -3
RECOVERY SYSTEM 30 30
REMDEZYOUS SYSTEM 7 27
CREW AND SURVIVAL 989 [—485} E7 ]
CREWHAN AND SUIT -198
SEAT AND PYRO —141
CATAPULT -3
EGRESS K17 26
SEAT BACK.UP 37
CIRCUITRY -2
FE0D -30.
FOOD STORAGE 5.
EXPERIMENTS 64 {68}
BALLAST ADJUSTMENT 12 8
WATER MANAGEMENT S3YS5TEM FROM ADAFTER 1+ 58) 58
TOTAL 4751 547 4,15%
ADAPTER MODULE
STRUCTURE A3 439
RETROGRADE 5YSTEM 383 3s3
ELECTRICAL POWER SYSTEM 565 565
COMMUNICATIONS SYSTEM X 20
ENYIRONMENTAL CONTROL SYSTEM an (=78Y 343
FPRIMARY 03 T8
TELEINSTRUMENTATION 109 Wy
ORBIT ATTITUDE AND MAMEUVER SYSTEM 777 77
CREW AND SURVIVAL 29 {-239).
DRINKING WATER
WATER TANK
EXPERIMENTS 175 {-Frsy
ADAPTER MODULE TOTAL 3,178 -492 2,636
RE.ENTRY HODULE TOTAL 4,751 -582 4,159
SPACECRAFY TOTAL, 7,879 —1,074 §,805

§941 AY‘H‘.GE ~99i8 "ON LH0JIY
SNOISSIH GIONVAQY « 11¥HO3DV4S ININID



WEIGHT IN ORBIT - LB.

< CORFIDENTTRE———_.
GEMINI SPACEGRAFT « ADVANGED MISSIONS

REPORT NO. B785 ~ 26 MAY 1945

GEMINI LAUNCH VEHICLE PERFORMANCE

® INSERTION AT 87 N.M. PERIGEE
® PERFORMANCE: -3¢
® ORBIT INCLINATION: 28.5 DEG.

NOTE: WEIGHT IN CIRCULAR ORBIT = ALLOWABLE SPACECRAFT WEIGHT AFTER

CIRCULARIZATION.
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TELESCOPE SYSTEM ALLOWABLE WEIGHT - LB.
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PAYLOAD WEIGHT AVAILABLE
FOR THE ASTRONOMICAL
TELESCOPE SYSTEM

THE ASTRONOMICAL TELESCOPE SYSTEM WEIGHT
INCLUDES THE TELESCOPE STRUCTURE, OPTICS,
AND INSTRUMENTATION BUT DOES NOT INCLUDE
THE 190 LB. ALLOTTED TO THE FINE ATTITUDE

CONTROL SYSTEM.
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ASTRONOMICAL TELESCOPE WEIGHT
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FIGURE 3.3-3
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MAXIMUM APERTURE DIAMETER
OF THE TELESCOPE
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3+3.2 (Continued)
to 120 na, rd. sltitude because of the smaller a.erodynamit; disturbance torgues.
The 40 inch telescope is thus limited to meas\;rements not requiring precise
pointing. The 26 inch diameter telescope has 8 better light gethering power and
better ﬁesolution than the 16 inch telescope. However, the spacecraft modifica~
tion required for the 26 inch telescope are more extensive. With en adequate
schedule for development, the 26 inch dismeter telescope is thus the choice for
best performance. The installation of the 26 inch diameter telescope in the
adapter is shown in Figure 3.3-5.

Five telescope installation approaches, the equipment limitations associated
with each, and an indication of the degree of complication are shown in Figure
3.3-6. fThe heat shield hatch used for the first four approaches is included since
it should be qualified by 1967. The telescope size limdt is primerily due %o
the length. The telescope shown in Figure 3.3-6 is the OAC Goddard Experimental

Package type.
The telesceope diameter can be increased in each case if an instrumentation

section, shorter than the Goddard Experimental Package spectrometer, is uged. The
inclusion of a blow out door in the adapter side wall structure, which is necessary
for two of the telescope installstions, requires a re-routing of the radiator
tubes.

A telescope with an aperture dlameter of 12 to 16 inches can be mounted in the
right hand side of the re-entry module, as shown in f’igures 3.3-6 and 3.3-7. A
bulkhead 1s added so that the right hand hatch can be opened without depressuriza-
tion of the left hand astronaut section. The space avallable in the right hand

gide of the re-entry module, for telescope installations other then that shown in

MCDONNELL
CONFIDENTIAL 3-35
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ONE KAN GERIN] WITH ASTRONCMICAL TELESCOPE

GEMINI ELS PACEAGE
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3+3.2 (Continned)
Figure 3.3-7 is shown in Figure 343-8.
3.3.3 Attitude Control System - The attitude control system consists of the

Gemini OAMS attitude control for slewing to scquire stars, control Eyros or inertial
vheels for fine attitude contrel, a pointing angle error detector in the agtronom-
ical telescope, and a nitrogen cold gas momentum desaturation system. The purpose
of the fine attitude control system is to precisely point the telescope during
rhotographic exposures or photometric messurements. It is necessary to keep the
disturbance torques on the spacecraft low end the control gain (£t 1bs. per are
second pointing error) high for precise pointing.

3.3.3.1 Disturbance Torgues - The primery disturbance torques on the space-

craft shown in Table 3.3-3.

TABLE 3.3-3
DISTURBANCE TORQUES

GRAVITY GRADIENT TORQUE

MAX IMUM 6.9 x 1073 FT. LBs,
VEHICLE ONE DEGREE FROM ZERG TORQUE POSITION 2x 1074 FT. LBs.
GAS LEAKAGE 6 %1073 BT, Lss.

AERODYNAMIC TORQUE
100 NA.ML. ALTITUDE 2.5 x 1072 FT. LBS.
200 NAMI, ALTITUDE 8x 1074 FT. Lps.
(SEPARATION OF CENTER OF PRESSURE AND CENTER OF GRAVITY _0.5 FT.)

MAN BREATHING 6 x10~* FT. Lbs.
HEART BEAT 6 x 10~% FT. LBS,
NOTE:

THE LAST TWO FACTORS ASSUME THE ASTRONAUT DISTURBANCES ARE ATTENUATED BY A
FACTOR OF TWO.

With a eircular orbit altitude of 200 na. mi. and an attitude with the

spacecraft longitudinal inertisl axis within one degree of the normal to the orbit

MCDONNELL
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343.3.1 (Continued)
plane, the torgues from the disturbances are each less than 1073 ft.-1bs. An
altitude mach higher than 200 na. mi. is wdesirable for a GLV-launched one-man
Gemini since the size teélescope which can be carried decreases greatly, as dlscussed
in Section 3.3.1.

" The gravity gradient torgues are periodic with a period of half the orbit period,
vhile the aercodynamic torgues have a périod equal to the orbital periond. The dias-
turbance torques along each spacecraft axis for the fixed roll attitude suitable
for stellar messurements are shown in Plgwres 3.3-9 aud 3.3-10, vhile the peak
torques at other attitudes and alt{tudes are given in Figures 3.3~11 and 3.3-12.

A long~time, constant attitude control system can be used to compensate for
pointing angle errors due to these slowly varying torgques. The largest distur-
bence, aerodynamic torque, is shown in Figure 3.3~12. The sepsration of the center
of gravity and center of pressure for the gpacecrdft with a 26 inch diemeter tele-
scope 1s less than three inches when the sstronsut is in the viewing position at
the telescope. The nighttime aerodynamic torques are thus approximated by the
3 inch center of gravity-center of pressure line in Figure 3.3-12. The veristion
in the peak gravity gradient torque with spacecraft pitch or yaw sttitude misalign-
ment, shown in Figure 3.3-11, demonstrates the advantage of aligmnment within 0.5 to
1 degree. The addition of the third horizon scanner, 90 degrees from the other
two, _pe:mita an initial aligmment and pericdic adjustments with a 0.5 d.egr:ée
accuracy. The disturbance torgue corresponding to a 0.5 degree misaligment is
l.2 x 10']+ f£t. 1bs.

The attitude disturbances due to astronaut srm motions can be quite large. A
typical arm motion has two 0.16 f£t-lbs sec. impulses of opposite sign separated by

approximately one second. The corresponding spacecraft attitude disturbance is

MCDONNELL
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3¢3-3.1 (Continued)
seven er¢ seconds in the sbsence of fine attitude conmtrol.

343+3.2 Fine Attitude Control - The fine attitude control ecan use elther

control gyros or inertia wheels with a momentum storage capacity of 4 to 7 £t-1b.
sec. for eech control axis. A cold gas system for deseturation is utilized., Either
the gyro or the inertis vheel control system can have the capability for stabilizing
the spacecraft to within two arc. sec. in the absence of astronautbody or limb
motiong.

The control gyro 1s & better cholce than the inertia wheel for compensating
for astronaut body and limb motions since the gyro cen have a closed loop time con-
stant of the order of one second. Fractionsl are second pointing stebility can be
achieved by use of a fine inertia wheel comtrol or image motion compensation near
the foecal plane of the telescope. ‘

Three things can be done to compensate for high frequency disturbances due to
the astronaut which are too fast for compensation by the momentum wheels. First,
the matronaut can be Lsolated; second, the telescope can be 1solated magnetically
or pneumetically, end, third, an image motion compensation comtrol cen be added to
the telescope. The third device would be similar to shimmer compensation devices
in ground observatories.

. The low impulse cold gas system is required with the control momentum system
since the minimm impulse of the Gemini OAMS (0.25 lbs. sec./thruster) corresponds
to an angular momentum of 2 (0.25 1bs. sec.) (7.5 £t) = 3.75 ft. Ibs. sec. which
is comparable to the angular momentum to be stored.

The total fine attitude control system weight is estimated to be 190 1bs. 2
including the momentum exchenge system, electronics, fine pointing error de-

tector, cold gas reactlon system, and displays and controls for the astronaut.

MCDONNELL,
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3.3.3.3 Attitude Control Propulsion System - The attitude control propulsion

system for the one-man Gemini conslsts of:

A. Re-entry control system - Seme as Gemini

B. Retrograde system - Same as Geminl

C. OAMS - Seme as Gemini with one 22 inch fuel tenk, one 22 inch oxidizer

tenk and one pressurant tank. The OAMS weight is summarized in Table 32.3-h
TABLE 3.3-4

OAMS PROPELLANT REQUIREMENTS

ATTITUDE HOLD:
DUTY CYCLE: LESS THAN 67% 40 LBS.
LIMIT CYCLE: =2 0.2 DEG.
@ =2 0.03 DEG./SEC.

ATTITUDE 5LEW: 40 LBS.

NORMAL SLEW RATE: & 1 DEG./SEC.

ORBIT CIRCULARILZATION: 185 LBS.
CONTINGENCY {16%) 47 LBS.
TRAPPED PROPE LLANT: 16 LBS.
TOTAL PROPELLANT: 348 LBS.
TANKAGE, LINES, AND YALVES 376 LBS.
TOTAL DAMS WEIGHT 724 LBS.

D. Cold gas system - The cold gas sysiem 1o be added to the Geminl adapter

consists of a nitrogen storage tank, regulater, relief valve, and
two modules of three thrusters each.
A preliminery estimate of system charscteristics is:
Storage tank dismeter - 10.4 in.
Loaded weight of nitrogen - 5.5 1lbs.

Thrust for each chamber - 0.25 to 0.5 lbs.

MCDONNELL
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3.3.4 (Continued)
Electrical signal width -« 20 to 10 -milli-sec.
Impulse per pulse - 0.005 lb. sec,
3.3.3.4 Star Position Detector for Pine Attitude Control System - The purpose

of the star position detector is to generste & sigoal with ean accuracy better than
0.1 arc second for use as an error signal in the fine attitude control system, If
the light rrlcu & guide atar is separated into four beams by a prism, or siit Javs,
‘near the focal plane of the telescope and directed into four rhotomultipliers, the
difference of the signals for each pair of phototubes can be used for the control
signel for each of two axes,

The detector can detect angular displacementa of 0.1 arc seconds for eighth
magnitude stars with an integration time of one second and aperture diameter of 16
inches since the signal is sufficiently larger than the background and noise,

The error signal is the change in the photomultiplier output when the star
image is displaced. The photomultiplier cutput for an eighth magnitude star, shown
in Figure 3.3-13, is 10% counts/second and the corresponding fluctuation is 100
counta/second for a one second integration time. If the edge splitting the star
imée is positioned zo that the photomultiplier output is nearly linear up to &
peak 10% count/second change for a one arc second displacement and 1000 count/second
change for a 0.1 arc second displacement, the ratioc of the 0.1 arc second signal
{1000 counts/second) to the rms fluctuation in the photomultiplier output (100 counts
second) will be 10/1. The use of guide stars of 5.5 megnitude of brighter enables
the integration time to be reduced to 0.1 seconds while still maintaining a signal to
noise ratio of 10/1.

Two sources of background counts superimposed on the guide star signal are the
phctomultiplier thermionic dark current emission and the Integrated star light in

the detector field of view. The dark current background can be reduced to less than

MCDONNELL .
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STAR POSITION DETECTOR OUTPUT
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3.3.3.4 (Continued)

200 counts per second by cooling the phototube, as shown in Figure 3.3-14, or by
using & tube with.a restricted long wavelangth sensitivity. The restricted long
vavelength sensitivity detector is satisfactory for hot guide stars, but is unde-
sirable for the cooler stars which have a larger fraction of their output in the
red region.

The background due to integrated starlight is not consequential for fields of
view of 30 arc seconds or less since even near the galactic equator, the photonulti-~
plier output caused by this background is less tham 80 counts/second.

3.3.4 Electrical Fower System - A third fuel cell section 1s used for the ome-

man Geminil to provide redundancy with an increased pesk power load due to the added
telescope instrumentation and fine attitude control system. The pover and energy
requirements and the resulting electrical power system reactant weights are liasted
in Tmble 3.3-5,

3¢3.5 Operational Description of Mission -~ After insertiorn into mn 87 na. mi.

perigee, 200 na. mi. apogee orbit, 185 1lbs. of OAMS fuel is used at apogee for cir-
cularization. The attitude is manually adjusted with 0.5 degrees of the perpendicu-
lar to the orbit plane using the horizon sensors sequentislly, The separation of
attitude adjustments is 90 degrees in orbit position.

For star acquisition, the roll attitude control system is used with a roll an-
gle indicator to menually position the spacecraft within sbout one degree of the re-
quired roll attitude for a selected star, The telescope optical axis pitch angle 1is
then adjusted using a pitch angle indicator and the telescope or telescope mirror dri-

Following the rough pointing, the 10 to 30 power acquisition telescope, which ha.
a 1l to 3 degree field of view, is used to mmke fine adjustments in the spacecraft

roll angle and telescope optical axis pitch angle to bring the guide star within the

MCDONNELL
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STAR POSITION DETECTOR DARK CURRENT BACKGROUND

104

102

0 100 200 300°K
PHOTOMULTIPLIER TEMPERATURE (°X) FIGURE 3.3-14
MCDONNELL

CONEIDENTIAL 3-51



W

GEMINI SPACECRAFT « ADVANGED MISSIONS

REPORT NO, B766 ~ 26 MAY 1945

TABLE 3.3-5

ASTRONOMICAL TELESCOPE MISSION ELECTRICAL POWER SYSTEM

MISSION DURATION: 5 DAYS

PEAK POWER
BASIC GEMIN|I EQUIPMENT STEADY LOADS

BASIC GEMINI EQUIPMENT INTERMITTENT LOADS
TELESCOPE INSTRUMENTATION

TELESCOPE ACTIVE THERMAL CONTROL

FINE ATTITUDE CONTROL SYSTEM

PEAK ELECTRICAL LOAD
DIODE AND DISTRIBUTION LOSSES

PEAK FUEL CELL OUTPUT WATTS

ENERGY
BASIC GEMINI EQUIPMENT
TELESCOPE
FIME ATTITUDE CONTROL SYSTEM

TOTAL LOAD
DIGDE AND DISTRIBUTION LOSSES

TOTAL MISSION FUEL CELL OUTPUT

POWER SYSTEM
FUEL CELL REACTANTS
REACTANTS TANKAGE
RE-ENTRY BATTERIES

WATTS
382

578
115

40
230

1,395
112

1,507

WATT-HOURS
52,200
11,600
12,000

75,800
7,020

82,820

jo4 LB.
SAME A5 14 DAY GEMINI
4-SAME AS 14 DAY GEMINI

MCDONNELL
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3.3.5 (Continued)
acquisition range of the atar position detector. The pitch drive is then locked and
the automatic fine tracking is initiated,

3.3.6 Measurement of the Effects of Astronaut Motions on Telescope Fointing

Stability - For the re-entry module installation of the telencope, the effectiveneas
of compensation for the harmful effects of astronaut motions by using a fast apace-
craft attitude control system, optical image motion compensation, and electronic im-
age motion compensation can be determined. !he telescope image stability is mea-
sured by the star position detector and photographic star imege. An experiment on
flexible support isolation of astronaut motions can be accomplished; however, the
avallable space 18 very limited,

For the adapter module installation of the telescope, the tumnel provides space
for other experiments such as & controlled floating support for the astronant. If
the telescope diameter is reduced from 26 to sabout 22 inches, 100 lbs. is made avail-
able for the support. The support has six servo driven reaction weights and six
Photodetectors to sense the position of the support with respect to the spacecraft,
As the astronaut moves an arm, for example, the body and support move in the opposite
direction. The photodetectors sense the motion and provide a signsl to the reaction
veight servo drives which move the weights to balence the arm motions and keep the
support in a fixed position. 'This type of support should be very useful in a la.rge.
space station observatory since the mstromaut can use an eyepiece for optical align-
ment snd star acgnisition while mechanically isclated from the spacecraft,

3-3.T Astronomical Measurements - The high resolution and extended spectral

range for & space telescope offer many possibilities for optical measurements as
discussed in References 3.3-1 to 6:
1. Ultraviclet flux from hot atars (Important for stellar evolution and inter-

stellar gas dynamics studies).

MCDONNELL
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3¢3.7 (Continued)

2.

3e

5.
6.
T
8.
9.
10.

14,

Chemical composition of the stars and interstellar gas (Search for unknown
components ).

Fhotometery of dense clusters (Determine mass of luminous giant stars in
the center of the globular elusters).

Absolute intensity of zodiacal ight.

Ultraviolet sky survey.

Observations of close double stars with repid orbit period.

Spectrometry at wavelengths less than 1000 K.

IR spectrometry.

Interferometric spectrometry.

Visual observations.

Photogrephic observations,

Coronagrsphic cbservations.

Observations using an image intensifier.

Messurement of manual tracking accuracy.
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3.4 Artificial Gravity - Three methods of providing artificial gravity are

discussed. The first method involves rotation of the Gemini spacecraft while
directly connected to the burned-out stage II of the Geminli Launch Vehicle. The
second method rotates the docked Gemini-Agena orbiting vehicle. The general con-
figuration and characteristics of these methods are shown in Figure 3.1, The
third method is accomplished by rotating the Geminl spacecraft while cabin-
connected to either the Agena or to Stage II of the Gemini Launch Vehicle: These
configurations ere shown in Figures 3.4-2 and 3.4-3.

Operational conditions presented in Table 3.4-1 indicate that methods of using
Gemint thrusters sre feasible if their applieation to operations other than spin
or despin ere limited. Ablation thruster specifications reguire a guaranteed life
of 425 geconds of burn time for the attitude control thrusters and 557 seconds of
burn time for the maneuver thrusters. It is enticipated that the meneuver thrusters
can be used for both rendezvous and for ertificial gravity. Since rendezvous
requires predominantly longitudinal thrusts, the major portion of the design
1life of the lasteral and vertical thrusters can be used for artificial gravity.

The Agena attitude control system could slso be used if provided with additional
storage of cold gas propellant.,

The alternate position of the crew members for the first method, shown in
Figure 3.4-1, would provide an eyeballs-in g force, but would require some
restraint for artificial gravity operation. 1In addition, viewing the Gemini
instrument panels would he difficult.

At rotaticnal speeds greater then 4 to 5 rpm, normal head motions generally
result in nausea due to Coriclis effects. The relatively high rates of rotation
for directly connected vehicles, shown in Tsble 3.4-1, may be jusiified by restricti:

duties and movements during spin or by head restraint. The cable-comnected

MCDONNELL
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INTEGRAL SPIN CONCEPTS

A). GEMINI DIRECTLY CONNECTED TO STAGE Hi OF GLV

ALTERNATE
POSITION

. 0,75 FT.
—1.5FT.

THRUSTER CODE

TOTAL WEIGHT = 12,930 LB.

” | ot— 23 LB. THRUST CHAMBER
=1_= 52,100 SLUG-FT.
l, =1, =152,100 SLUG-FT PO 94,5 L8. THRUST CHAMBER
c— 10 LB. COLD GAS CHAMBER

B) DOCKED GEMINI-AGENA VEHICLE

STA. 1128

fe——- — B0 FT. —-1

==—-...‘__._.._.1_ *
26,42\ /
- 20,4 FT, —- - e - 106 FT.- -
- —— o 17.0FT.—

TOTAL WEIGHT = 14,130 LB,
| =1 =62,000 SLUG-FT.2
Y F 4

FIGURE 3.4-1
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REPORT NO. B78& ~ 26 MAY. 1965
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FIGURE 3.4-2
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CABLE-CONNECTED GEMINI-STAGE 1l OF GLY CONFIGURATION

‘__,{:_MF_II\FLITIAI.

BEMINI SPAGECRAFT « ADVANGED MISSIONS

REPORT NO. B746 ~ 26 MAY 1965
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FIGURE 3.4-3
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