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3.4 (Continued)
system provides a better simulation of artificlal gravity and less danger of
vertigo because of the larger radius and correspondingly lower angular velocity.
More effective head-to-foot gravity forces result from using a parawing bridle to
cbtain the Gemini orientation shown in Figure 3.k-3.

The relisbility of the ceble method is lower than for the other methods as
a result of the cable attachment and handling fa.ci_litiéa required. To minimize
the amount of additional equipment required, cable reel-in provisions might be
omi tted.

The propellent reguirements listed in Table 3.4-1 do not include allowances for
spinning during extension of the csble; it is assumed spinning is accomplished at
the finel cable extension. Partial spin-up prior to and during ceble extensionm,
vhich will probably be required to eliminate slack cable conditions, might double
the amounts of propellant needed. |

Since rendezvous is not required with Stage II of the GLV as the counter-
weight, equipment such as the rendezvous redsr will not be needed. Elimination
of this equipment and a reduction of the propellant for the orbit attitude and
maneuver system results in adequate weight and space allowance for the cable and
its associated equipment. With the Agena as the ‘counterweight, a separate Agena
section adjacent to the target docking adapter would be provided for the cable

and its assoclated equipment.

MCDONNELL
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3,5 Simlation of LEM Rendezvous - The Gemind flight test of Apollo LEM-CM

rendezvous would evaluate the rendezvous phase of the Apollo mission using actual
IEM equipment or.modi:f.'ied Gemini hardware, During rendezvous, the rendezvous
radar and ipertial measuring unit aboard the 1EM are ugsed to accumilate range
data of the CM relative to the IEM. These data are processed by the LEM guidance
computer, vhere the required velocity change for rendezvous is computed, The ILEM
propulaion system is then used to change the LEM velocity vector so that a col-
1ision course with the Apcllio CM 1s attained.

In the rendezvous test flight, the Gemini spacecraft would have the role of
the LEM vehicle with the velocity change computations performed aboard the Cemini
and the Gemini propulsion system used to execute the veloclty change maneuvers.

The Apollo (M would be simulated by elther a Cemini Agena Target launched into
orbit prior to the Gemini, or by a asmaller target launched with the Gemini and
separated from the Gemini while in orblt.

With Apollc bardware available for the flight; the IEM computer, IMJ, and
radar would be used aboard the Gemini to compute the velocity change maneuvers.
Also, an Apollo CM transponder would be installed on the rendezvous target vehicle.
Should Apollo equipment not be ready for the test flight, Gemini equipment, includ-
ing a modified Gemini cowputer, would be used to perform the same operations as
the LEM hardware. If only scme of the Apollo hardware could be used for the test
flight, ©.8., the radar, then modified Gemini equipment could be substituted and
the flight performed using a combination of Gemini and Apollo equipment.

A preliminary estimate of the added weight of the Apollo equipment is 223 1bs.
This includes the computer, power supply, IMJ, radar, end Gemini structural changes,
This weight addition is within the launch weight capabilities for a two day Gemini

rendezvous missicjh. For example, several spacecraft have experiments with welghts

MCDONNELL
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3.5 (Continned)
In excess of the Apollc equipment weights., Therefore, this equipment can be incor-

porated into future spacecrafi{ without affecting mission capability. If modified
Gemini equipment wlthout any Apollo hardware is used, the welght increase would be

a 29 1h. auxiliary tape memory for the (emini computer.

MCDONNELL
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3.6 Structural Assembly in Orbit - The antenna to be erected in orbit is

shown in Figure 3.6-l. The manual erection of this type of structure by EVA will
be most valuable in the performsace of assewbly, malntenance, inspection ; and
' alignment of such items as:

Rediators

Sensors

Solar arrays

Gimbal mounts

Fuel lines, valves, and coanectlons

Antennas

Propulsion systems

Docking ports

3.6.1 Types of In-Space Operations ~ Man's role, as applied to the various

types of in-space assembly separations, is dlscussed in the following paragrephs.

A. Fluid or Gas Trensfer Connections and Large Electrical Connections -

Manugl copnection and manual activation are preferred for simplification
of these operations. However, sutomatic connections may be desirable
for safety reasons. Visual inspection of the connection will be
important.

B. Assembly of Heavy Structures

1, For Space Station build-up or assembly, manusl operations are
desirable in order to omit complex hinges, locks, and sutomatic
or motor driven fasteners. However, bullt-in positioning snd bolding
devices will be needed because of the inability to position and hold
large masses by hand.

2. Large Telescopes - Manual alignment and calibration is desirabdle,

MCDONNELL
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ANTENNA ERECTION AND ASSE#BLY IN ORBIT

_I ANTEHNA EAIRING lIA

LAUREH CORFIGURATION

FIGURE 3.4~1
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ANTEHNA ERECTION AND ASSEMBLY IN ORBIT

LAUNCH COHFIGURATION

FIGURE 3.5-1
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3.6.1 (Continued)

C. Assembly of Large, Low Density Structures

1. Antennas, solar arrays and radiators - Very little actuator power is
required t0 mechenize erection because of weightlessness. However,
man is required as backup to this operation as well as to provide final
lock-up, aligmwent, and :Lx;spection.

2. Pressurized Transfer Tunnels - Man can more effectively perform
gealing operatioﬁa and also perform seal inspection and seal
maintenance.

D. Return of Gemini Thrust Chamber Assembly - Rocketdyne has accomplished

8 breakthrough on thruster life capability for the Gem:lni spacecraft.
Although the Gemini TCA's have an appreciable margin of safety for the
Gemini missions, the precise margin has not been determined due to
the face that endurence testing of rocket motors at orbit pressure
gltitude has not been accomplished to date on abletive-type motors.
Information of this type is of particular Interest because of the
speculation of shorter 1life capsbility in space than that estimated
from tests conducted at altitudes intended to be representative of
orbital altitudes, but which do not duplicate actual operating conditions.
It is especially importent to obtaln endurance results from a pulsing
mode of operation.

3.6.2 Erectable Antenna Weight Estimates - The preliminary welght estimate

is given in Table 3.6-1.

MCDONNELL
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TABLE 3.6-1
STRUCTURAL ASSEMBLY IN ORBIT

WEIGHT - LB.

WEIGHT REMOVED (=817}
SPACECRAFT 12 EXPERIMENTS =279
RADAR -87
DOCKING SYSTEM -18
OAMS TANKS —~44
OAMS PROPELLANT —288

WEIGHT ADDED (818)
ANTENNA £85
STRUCTURE j03
ECS LINES 30

NET WEIGHT INCREASE — LB. 1
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3.7 Propellant Transfer

3.7.1 Orbiting Vehicle Configuration - The orbiting vehicles utilized to

accomplish this task are a rendezvous configuration Gemini and Gemini Agena Target
(G.A.Te). The pasic configuration of the Gemini is altered to incorporate two pro-
pellant tanks, one pressurant tank, and transfer plumbing in the adapter equipment
section. The G.A.T. iz altered to accoqmodate two propellant tanks and a pres-
surant tank externally accessible.

3.7.2 System Configuration - The transfer system schematic 1s shown in

Figure 3.7+.1. The Gemini equipment includes liquid/vapor separators in the propel-
lent tanks, propellant quantity gauging devices externally mounted, in~line flow
meters, pressure iransducers, thermocouples, and latching solenoids. The latter are
used to control the transfer, purge the system, regulate the receiving tank pres-
sure, and pressure check the system prior to transfer. The G.A.T. equipment is
eimilar, except the propellant tanks contain collectors, the pressurant tank uti-
lizes a heater blanket to provide maxdmum transfer, and the pressurant switch is
regulated. The propellant quantity geuge is used on these tanks for complete trans-
fer monitoring, but flow meters which would be redundant, are felt not to be necesw
B&rY.

3.T.3 Typical Transfer Procedure - The following is a typical mission sequence

Tor storable propeliant transfer:
A. Gemini rendezvous with Agena (nose dock)
B. Latch up vehicles (rigid)
C. Connect propellant and pressurant lines (EVA)
D. Secure and check conneciuion (EVA)
E. Pressurize transfer lines and turn off pressurizing source
P. Pressure-check lines by monitoring transfer line pressure to verify good
connection

MCDONNELL
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3.7.3 (Continued)

G.
H.
I.
Js

K.

L.

N.
0.

P.

T.
U.

Ve

Release transfer line pressure and close dump valve
Preasurirle oxidizer (Nx0y) receiving tank to 90 PSIA
Check oxidizer tank temperature (not to exceed 150°F)
"Zero" oxidizer transfer integrating flow meter
Commence oxldizer transfer

(1) Introduce regulated pressure to oxidizer tank (300 PSIA)
(2) Open oxidizer tank isolation valves (2)

{3) Monitor integrating flow meter

(4) Bleed receiving tank to maintain 70 PSIA

Halt transfer vwhen complete

(1) Shutdown regulated pressure to supply tank

(2) Shutdown receiving tank bleed valve

(3) Shutdown isolation valves

Purge transfer line

(1) Open dump valve

(2) Open regulated pressurant to transfer line

Halt purge

Close dump valve

Pressurize fuel (MMH) minimum 10 PSIA

Repeat steps I to N inclusive

Open pressurant receiving tank isolation valve

Open pressurant storage tank isolation valve

Open end control pressurant transfer valve until tank pressures are equal
Turn on tank heater

Close down pressurant isolation valves

MCDONNEILL
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3.7-3 {(Continued)
W. Turn off pressurant tank heater
X. Open oxidizer transfer line dump valve

Y. Disconnect transfer lines

3.7-4% Weight Summary - The weight added to Gemini is summarized in

Table 3.7-1.

TABLE 3.7-1

WEIGHT SUMMARY
PROPELLANT TRANSFER

WEIGHT ~ LB.
WEIGHT ADDED TO GEMINI (80)
{LEM EQUIPMENT)
FUEL TANK 12
OXIDIZER TANK 12
FUEL DETECTOR 2
OXIDIZER DETECTOR 2
CONTROL UNIT 7
PRESSURIZATION TANK AND GAS 25
MOUNTING AND CIRCUITRY 20

MCOCDONNELL
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3.8 Iong Duration Mission - The in-orbit configuration of the long duration

orbitel spececraft is shown in Figure 3.8~1. The mission section toc be added. to
the Agena is 165 inches long and is mounted between the Forward Awxiliary Rack and
Forwaxrd Rack. The inflatable tunnel is stored in a falring attached to the mission
section. The fuel cells, reactants, and breething oxygen ere housed in an unpres-
surized section. Food, water, emergency oxygen, and personal needs sre contained
in & pressurized section.

T™he ccombingtion access tunnel/ living quarters is shown after EV erection,
vhich can be accomplished manually by one man. The tunnel provides easy sccess to
the mission section. It is & structural essembly with a volume of approximately
230 cubic feet. The tunnel selected is besed on a Goodyear design which wes devel-
oped under Air Force contract.

A weight summary of the tunnel end associsted end attachments to the Gemini is
given in Figure 3.8-2. The weights were tsken from z Gemini B study of the same
type inflatable tunnel and sre directly applicable to this case.

A meteorold penetration evaluation of the tunnel and Gemini Re-entry Module,
for a period of 30 deys, is given in Figures 3.8-3 end 3.8-4. The evalustion was
based on Aerospace meteoroid penetration enviromment and penetration ériterion
(Ref. 3.8-1).

A sumsry and extrapolstion of both Gemini and Apollo fuel cell weights for
supplying electrical power for the duration of the mission are given in Figure
3'.8-5.- The electrical power design point is based on previous estimates including
an allowance of 1.6 KW, peak, for experiments and operation of the Agena mounted
items which would be carried in either the pressurized or unpressurized sectioms,
as gppropriate. Besed on analyses conducted during the Gemini B study and Gemini
Ferry study (Ref. 3.8-2), the Cemini systems, including the re-entry batteries,

should operate properly after the orbital storage period. Power will be supplied

MCDONNELL
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LONG DURATION MISSION CONFIGURATICN.

45 DAYS .._‘

LIVING BUARTERS & AGCESS TUNNEL
STOWED ON MISEION SECTION - MANLIALLY ERECTER

PRESSURILED )
/ 00D, WATER, OXYGEN {EMERG.), WASTE 3TOWAGE & PERIGNAL

- UNPRESSURIZED
FUEL CELL, REACTANT, BREATHING O

/ TUNKEL FAIRING (REF.}

il Y

R

by

165"
MISSEON SECTION
ADDED TO AGEMA

20 CU.FT.

FIGURE 3.8-1
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LONG DURATION MISSION CONFIGURATION

45 DAYS Al

LIVING QUARTERS & ACCESS TUNMEL
STOWED OH MISSION SECTION - MANUALLY ERECTED

PRESSURIZED
FROB, WATER, CRYSEN {EMERG.), WASTE STOWAGE L PERSONAL
- UNPRESSURIZED
FUEL CELL, REACTANT, BREATHIHG 0,
~ TUNMEL ¥ AIRIHG (R EF.}
/- - N

————

S : -._r““."Tf:;y
ST |

_)
—

. | :
< i ' 85 C-I.IJ’T./ 1457
MISSION SECTION

WCLFT. ADDED T AGEMA

1460 CO.FT,

FIGURE 3.8-~1
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LIVING QUARTERS B ACCESS TUHNE),
STOWER ON MISSION SECTION — RANGALLY ERECTED

PRESSURIZED )
#00D, WATER, OXYGEW {EMERE,), WASTE STOWAGE & PERSUNAL

~UNFRESSURIZED .
FUEL CELL, REACTANY, BREATHING oy

/Tum&EL FAIKING {REF.)
o i . o

r"".“rrf'y 3 7

WISSION SECTION
{ADDED)

—
]

\ —
L —
A5 CUFT. "
MIS5HOR SECTION
ADDED TG AGENA
168 CULFT.

FIGURE 341

372

AGENA
LAUNCH CONFIGURATION
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WEIGHT STATEMENT

INFLATABLE TUNNEL
. _ WEIGHT
ITEM DETAILED CALCULATION (LB.}
TUNNEL/ CROSS SECTION { 226)
LIVING -
, ——{ :) .020 [N, DACH ;
QUARTERS CRON 52
1.25 IN. POLYURETHANE .75 LB./SQ.FT.
.038 IN. DACRON 52 x 226
(4) 060N, VINYL FOAM 252 5Q.FT. x 1.20%
.020 IN. DACRON 52' .
FAIRING {185)
SKIN - .025 TITANIUM 45
.025 RENE LEADING EDGE 2
FRAMES — TITANIUM 29
STRINGERS — TITANIUM 1
PADDING — RF300 3
INSULATION — RF300 25
FLEXIBLE LINEAR SHAPED CHARGE 30
ATTACHMENT — TITANIUM 44
HATCH-IN (34,0
HATCH HATCH-IN-HATCH
EDGE RING — TITANIUM AT .51 5Q.IN. + RUBBER SEAL 7.8
STRUCTURE - SHINGLES, SKIN, STIFFENERS, 6.5
WINDOW AND FRAME 1.5
MODIFICATION TO PRESENT HATCH
REMOVE WINDOW ~133
STRUCTURAL CUT-OUT _ 42
ADD HATCH SILL TITANIUM AT .45 5Q.1N. 5.5
HATCH BEEF-UP 123
LATCHING MECHANISM 2.8
TUNNEL SILL 5.1
COMMUNMI- {10.0)
CATIONS
AND LIGHTS
ENV R ON- LONG UMBILICAL, 2 — 25 FT. AT 0.3 LB. FT. {15.0)
MENTAL
CONTROL
SYSTEM

MCDONNELL
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INFLATABLE TUNNEL PENETRATION EVALUATION

30 DAY MISSION
EARTH SHIELDING FACTOR = 0.7

NOTES:
1. AP=-75 5Q. FT. {MAXIMUM)

2. Ag=1505Q. FT.
3. FOAM DENSITY = 1.2 LB./CU.FT.

10

\
1.0 \—h‘
8
8
4
2
A < ; -
1074 2 4 & 8 107 3 4 & 8 10-2 2 4 6 8 10"
PROBABILITY OF PENETRATION IN 30 DAYS.
FIGURE 3.8-3
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METEOROID HAZARD EVALUATION

R AND R SECTION 39998
RCS SECTION 99999
I 99925 }-
T FWD EQUIP. BAY —— .99972
EQUIP. BAY DOORS— .99945
EXTERNAL
TUNNEL CONICAL L.G. DOORS — FWD~—{ 99988
— SE
ECTION | | 6. DOORS — AFT~ .99994
ECS DOOR .99995
CABIN WINDOWS 99999
' PRESSURE VESSEL —{ 99960
(EXCL. TUNNEL)
HATCHES (AREA (D)) 99980 —
— PROBABILITY OF NO
EQUIP. BAYS (AREA (3)) .99983 b 99913 | PENETRATION OF RE-ENTRY
_ — VEHICLE EQUIPMENT
L.G. DOORS — FWD (AREA (3) y——a 99998 b=
PRESS ¢ ® PROBABILITY OF NO
—AREs ] “-G.DOORS - AFT(AREA (&) r— .999% .99960 |PENETRATION OF PRESSURE
_ : YESSEL EXCLUDING TUNNEL
EQUIP. DOOR — FWD (AREA (5) )= .99999 =t
ECS DOOR — AFT (AREA (8) ) m——ed .99599 j—i
CABIN WINDOWS 59999
FIGURE 3.8-4
MCDONNELL
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ELECTRICAL POWER SUMMARY

1. FUEL CELLS APPEAR TQ BE THE MOST AFPLICABLE POWER SOURCE TO BE USED IN THE

CAN, ATTACHED TO THE AGENA, FOR ORBITAL OPERATIONS.

2. POWER TO OPERATE GEMINI ORBITAL STORAGE LOADS (RC5 HEATERS, WARMANT LOOP,

TELEMETRY) SUPPLIED FROM CAN TO THE GEMINI THROUGH THE DOCKING ADAPTER

UMBILICAL CONNECTOR.

ITEMS GEMIN| APOLLO
FIXED HARDWARE 474 LB, 508 LB.
REACTANTS (1,000 KWH) 1,342 LB. 1,212 LB,
TANKAGE 610 LB. 542 LB.
TOTAL (30 DAYS) 2,366 LB. 2,252 LA,
TOTAL (45 DAYS) 3,347 LB.
ASSUMPTIONS: AVERAGE LOAD  ~ 1,400 WATTS

PEAK LOAD

—- 2,000 WATTS

INITIAL CAPACITY - 4,000 WATTS

INSTALILLED

MCDONNELL
<CORFICENTFhE————

FIGURE 3.8-5
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3.8 (Continued)
to the appropriate Gemini systems through the Gemini terget docking adapter
umbilicel.

A preliminary welght breaskdown of the mission section and associated equipment,
to be launched on the Atlsa-Agens, i1s given in Table 3.8-1.

Eabitsbility asspects of s spacecraft have a direct relationship to mission
duration and crew performance. One of these aspects is the free space, which is de-
fined as the pressurized cabin space less that occupied by the man himself, instru-
ments, and other egquipment {2 pressure suited crewman will normally require 5 cubic
feet). In contrast to other provisions, such as life support, the requirement for
free space cannot be precisely defined. The design goal is to provide a spacecraft
volume which is just adeguate, particularly when increased volume might add sub-
stantially to cost or delsy the achievement of operational flight capebility.

To put the requirement of free space in better perspective, 37 atudies report-
ing the behavioral aspects of confinement were reviewed (Ref. 3.8-3). These were
studies judged to be relevant to spacecraft design and involved the use of experi-
mental chembers, simulated vehicles, snd operational vehicles. The results of the
anslysis, which integrated mission duration, volume per man and performance, and
yhysicologicel factors are depicted in Figure 3.8-6, taken fram Referemce 3.8-3.
Relating this analysis to the 30-45 day Gemini mission, the following extrspola-
tions_are rertinent:

A. Volumes per man of less than spproximately 40 cubic feet can result in

severe degradation in performance and physioclogical functioning.

B. For missions up to thirty days, volumes per men between 100-200 cubic feet

appear to be satisfactory.

C. For missions longer than thirty days, additions]l volume allocations beyond
200 cubic feet per man becomes relatively less important as s determinant

of hebitability.

”CDO NNELL 3-T7
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TABLE 3.8-1

WEIGHT SUMMARY
LAND DURATION MISSION

WEIGHT ADDED TO AGENA POUNDS
SECTION ADDED TO AGENA 327
STRUCTURE 304
HATCH 23
DOCKING ADAPTER 350
INFLATABLE TUNNEL 276
TUNNEL 236
RINGS AND PORT HOLE ’ 50
FAIRING 185
COMMUNICATIONS AND LIGHTS 10
ENVIRONMENTAL CONTROL SYSTEM 1,210
FOOD AND CONTAINERS %0
DRINKING WATER 585
TANK AND MOUNTING 104
BREATHING OXYGEN 180
TANK, MOUNTS AMD VALVYES 76
HOSES 15
EMERGENCY OXYGEN AND TANK &0
ELECTRICAL POWER SYSTEM 3,482
FUEL CELLS AND HARDWARE 4
REACTANTS 2,013
TANKAGE, MOUNTS AND YALVYES 1,055 .
TOTAL WEIGHT ADDED TOQ AGENA 5,850
WEIGHT ADDED TO GEMIN!
HATCH IN HATCH 34

{1) ATLAS — AGENA B CAPABILITY AT 150 NA.M|. {~3g) = 6200 LB. (REF. 3.8-¢6)

MCDONNELL
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3.8 {Corntinued)

The most directly related study wes done In the School of Aerospece Medicine (SAM)
2-pan Spece Cabin Simulator, Reference 3.8-4. Two Air Force pilots were confined
for 30 days in e chember providing 190 cubic feet per man. The mission pisn called
for operational tasks approximetely 50 percent of the time: Some decrement in work
capacity occurred during the period. Inter-crev compatibility was satisfactory
where incidents that elicited hostility were minimized. The most recent study (Ref.
3.8-5) imvolved six pllots (attired in pressure suits) who spent 34 days in a spece
cabin simulator providing 167 cubic feet per man. The crew members were required
to pexrform operationsl tasks 50 percent of the time. Preliminery results indicate
that there were not msjor problems. It should be noted that an sllotment of 167
cubic feet per man in a large crew is probably equivalent to 200 cubic feet per man
in a two man stetion where there is less opportunity to shere space.

Based on this analysis of the space requirements, the mission section on the
Agena for the long duration mission should provide a free space minirum volume
allotment of 150 cubic feet per man. As shown on the concept presented in Figure
3.8-1, the. acceas tu’nnel/living quarters provides a volume of approximetely 230
cubic feet, This should be sdequate since one crew man should remain on duty in
the Gemini cabin at sll times,

The long duration mission discussed offers a number of appealing aspects
including:

A. Utilization of existing Gemini (GLV) Atlas/Agera/TDA equipment to the

maximum extent possible. |

B. Development of E.V. operation.

C. Utllization of an inflatable tunnel developed under Air Force Contract.

D. Accomplishment of structural assembly in space.

MCDONNELL 3-80
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3.8 (Continued)
Mission stay times ere shown in Figure 3.8-T for three assumptions: (1) wmter
included for pressure suit enviromment, (2) water included for shirtsleeve environ-

ment, and (3) water assumed produced by fuel cells.
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3.9 land Landings - Two approaches to land landing are presented in Section
2.9. Four other approaches considered but ruled out because they involve extensive
change to Gemini,.sre also discussed, Further descriptions of all six approaches
are presented in the followling paragraphs.

3.9.1 landing Rocket Suspended from Parasail Risers - Design changes required

to the parassil verslon of Geminl to incorporate a landing rocket suspended from
the parasail, as shown in Figures 3.9-1 and 3.9-2,are as follows: ‘

A. Rendezvous radsr is omitted, or relocated, and the pasrasail cannister
chapnged to allow for installation of the landing rocket in the rendezvous
and recovery (R&R) section. Same structursl changes are also needed in
this section.

B. A device for controlling the deployment of the landing rocket is installed
in the R&R section.

Areas requiring thorough anelysis before & lending scheme of this type is

pursued for Ceminl are as follows:

A. Landing rocket deployment effects on spacecraft stabiliiy. Particular
attention should be given to study of the directional stability of the
spacecraft during and following rocket deployment.

B. Effects of plume impingement on the speacecraft and gupports.

C. Possibillity of hurned out rocket motor collision with spacecraft.

3.9.2 Cloverleaf Tanding System - Design changes required to incorporate a

cloverleal landing system, as shown in Figure 3.9-3, are as follows:

A. The recovery section 1s modified to accommodste the cloverleaf instal-
lation. At this time, it is believed the changes required are not
extensive.

B, A control system, different from the Gemini perasail control system, is

located in the top centerline torgue box.

MCDONNELL
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PRESENT PARASAIL LANDING CONFIGURATION

CONTROL LINES (2) —
FWD. RISER (1}

AFT RISERS (2

BRIDLE

/— SPHERICAL AFT MIRROR

PYROTECHNICALLY
JETTISONED DOORS (2)

HOSE GEAR

UNFURLABLE
ALTITUDE SENSORS (2)

LANDING ROCKETS (2)

FIGURE 3.9-1
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PARASAIL LANDING CONFIGURATION
WITH SUSPENDED LANDING ROCKET

~——— FWD. RISER (1)

CONTROL LIMES {2)

LANDING ROCKET

AFT RISERS (2} /

BRIDLE

..‘l‘-

SPHERICAL AFT MIRROR

_.-— FLAT FWD. MIRROR
PYROTECHNICALLY

JETTISONED DOORS (2)

MAIR GEAR (2)

v . |

W_’- NOSE GEAR

> Fr.r

—" UNFURLABLE
ALTITUDE SENSORS {2}

| L’ S o

FIGURE 3.9-2
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CLOVERLEAF LANDING CONFIGURATION

l\\ ” l‘l}

FWD. RISERS {2)

AFT RISERS (4)
{2 PER SIDE}

—" BRIDLE

CONTROL LINES (2})—

/— SPHERICAL AFT MIRRAR

/ FLAT FWD. MIRROR

PYROTECHNICALLY
JETTISONED DOORS {2)

\

. NOSE GEAR
MAIN GEAR (2) —_

FIGURE 3.9-3
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3.9.2 (Continued)

Development of the cloverleaf is in the initial stages and looks promising,

but more date is required in the areas applicable to Geminl.

Areas which should be thoroughly investigated in the development of this type

of landing system are as follows:

A, Reefing requirements necessary to keep cloverleaf deployment loads below
the 16,000 pound limit load of Gemini are to be determined.

B. Control forces required are considersbly higher then that of the Gemini
parasail and therefore may require a different design approach from thet
used for the parasail.

The Gemini lsnding gear design perameters, slsc used for the cloverleaf analy-

ges, are shown in Table 3.9-1.

TABLE 3.9-1]
GEMINT LANDING GEAR DESIGN PARAMETERS

MAXIMUM GROUND WIND VELOCITY — 30 FPS.
LANDING AREA BEARING STRENGTH — 200 PS| MINIMUM.
TOUCHDOWN AREA TO BE CLEAR OF OBSTACLES LARGER THAN TWO INCHES HIGH.

ALLOWABLE IMPACT YELOCITY - 15 FPS FOR NOSE DOWN OF 16 DEGREES, 13 FPS FOR NOSE
UP OF 12 DEGREES.

GROUND SLOPE — 5 DEGREES MAXIMUM [N ANY DIRECTION.
LIMIT DEPLOYMENT LOAD - 15,000 LEB.

The cloverleaf chute being considered for application to Gemini has a wetted
equivalent dismeter of approximately 100 feet and horizontal veloclty control from
10 to 24 fps. Maximum descent velocity would be approximately 26 fps, with a range
at landing of 13-1h4 fps.

The estimated weights for the verious configurations are shown in Table 3.9-2.
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TABLE 3.9-2

WEIGHT SUMMARY
LAND LANDING CONFIGURATIONS

—CONEIDENTIAL

GEMINI |ALTERNATE
ITE PARASAIL | PaRASAIL | CLOYERLEAF
M CONFIG. | CONFIG-. (L8.)
(LB,) (LB.)

REMOVE; {~618) (-618) {-618)
RADAR -88 -88 -88
OAMS TANKS & PRESSURANT —d44 -44 44
OAMS PROPELLANT -248 288 -288
DOCKING SYSTEM ~i9 ~19 -19
FARAGHUTE SYSTEM —-159 -159 =159
ROLL BAR, FLOTATION AIDS IN RCS SECT. -20 -20 ~20

ADD: {619) (644) (577
PARASAIL 269 269 -
LAMDING ROCKETS 23 93 -
LANDING GEAR 2356 236 236
EGQUIPMENT RELOCATION 21 21 21
CLOVERLEAF - - 300
ROCKET DEPLOYMENT MECHANISM - 15 -
R & R STRUCTURAL MODIFICATION - 10 28

| BALLAST ADJUSTMENT (-18) {=12) (~60)
TOTAL SPACECRAFT WEIGHT CHANGE ~15. +14 -191
MCDONNELL
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3.9.3 Impact Bags - Installation of an impact bag between the large pressure
bulkheed and heat shield, plus the installation of a toroidal impact bag sround the
recovery section, was investigated for application to Gemini. The arrangement
is shown in Figure 3.9-k.

The descent system used for land landings requires sufficient controllability
to permit maneuvering in the landing area. For this reason a parasall was selected
85 the descent system.

The cylindrical aft impact beg is designed to attenuste the descent velocity
and the toroidsl impact bag to stop any tumbling vhich may occur. This system is
not adversely affected by variations in impact area sliding coefficients of friction
since tumbling is assumed to occur.

Behavior of the spacecraft upon impact and its physical and psychological
effects upon the crew may prove this system to be an undesirable landing scheme
for manned vehicles.

3.9.4 Cable and Spike Lending Schemes - Alternate approaches for using &

cable attached to a spike for horizomtal velocity attenuation are shown in Figures
3.9-5 and 3.9-6. The re-entry module is maneuvered into & suitable lending ares
where the spike attached to the cable is driven pyrotechnically into the ground.
The method shown in Figure 3.9-5 employs an impact bag for vertical velocity
attenuation., After the cable has been anchored to the ground, the glide chute is
trimmed to behave as a pasrachute and the spacecraft continues its descent, drift-
ing with the wind. A winch mounted in the spacecraft reels in the cable slack,
until the cable 1s perpeudicular to the flight path. The spacecraft then follows
an arc defined by the cable. Upon impact with the ground horizoantal velocity has

been attennated.
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IMPACT BAG LANDING SYSTEM

FWD. RISER {1}

AFT RISERS (2) __

CONTROL LINES {2) ——{ | /

-~ - — TOROIDAL IMPACT BAG
+ {TUMBLING AT TENUATION)

—-— AFT IMPACT BAG
(DESCENT ATTENUATION}

" ! ;
EXTENDED HEAT SHIELD/\_//

FIGURE 3. 9-4
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CABLE — SPIKE & IMPACT BAG

POSITION OF SPACECRAFT
AT WHICH SPIKE

ANCHORS CABLE

TO GROUND

DESCENT TRAJECTORY L S

o
. s
o

!
/_- ANCHORED CABLE

IMPACT b
POSITION ! . \\

GROUND PLANE/
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FIGURE 3.9-5
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3.9.4 (Continued)

The methed shown in Figure 3.9-6 employs a landing rocket spd passive attenu-
ation between the large pressure bulkhead and heat shield for vertical velocity
attenuation. After the cable has been anchored to the ground, the cable is main-
tained taut with a minimm force until the landing rocket attitude sensor initiates
landing rocket ignition and engages the cable load brake located on the spacecraft.
The amount of cable tension applied by the load brake depends on the length of
cable extended, i.e., cable length is dependent upon horizontal wvelocity. The hor-
izontal velocity is then dissipated in the load brake and the spacecraft impacts
without horizontal veloeity.

3.9.5 Horizontal and Verticael Landing Rockets - A landing rocket arrangement

which uses horizontal. fi:;:-ing rockets for horizontal velocity attenuation and &
vertical firing rocket for vertieal veloeity attenuation is illustrated in Figure
3.9-7. The same altitude sensing system used to ignite the verticel rockets is used
to ignite the horizontal rockets. The mumber of horizontal rockeis fired depends oxn
the relative ground speed of the re-entry module. The ground speed would be deter-
mined either by crew judgement or automatically by radar. The attenuation system
eould be used in conjunction with & perasail descent system.

3.9.6 Iarger landing Gear - Providing a larger geer with increased strength

and stroke is not applicable to Gemini without beefing up the landing gesr support
structure. The landing gesr support structure fittings are integral parts of the
GCemini structure. Therefore, modification of the present landing gear to increase
its capability to accommodate the higher descent velocltles associated with the

perasail landing system would require extensive redesign of the re-entry module.
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CABLE - SPIKE & LANDING ROCKET

LAMDING ROCKET

POSITION OF SPACECRAFT
AT WHICH SPIKE ANCHORS
CABLE TO GROUND

ALTITUDE SENSING PROBE
DESCENT TRAJECTORY
POSITION AT
ROCKET IGNITION—,

1MPACT POSITION

\—c.nou.nu. PLANE SPIKE

FIGURE 3.9-6
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HORIZONTAL & YERTICAL LANDING ROCKETS

YERTICAL VELOCITY
ATTENUATING
LANDING ROCKET

HORIZONTAL VELOCITY
ATTENUATING LANDING ROCKET

IMPACT POSITION

Za\LTITUDE SENSING PROBE /GR_OUND FLANE

FIGURE 3.9-7
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