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ABORT - LAUNCH VEHICLE FAILURE

AND OVER PRESSURE

HIGHER DYNAMIC PRESSURE

HIGH ALTITUDE TRAJECTORY

CREW FUNCTIONS
INTERNAL TRANSFER
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SAFETY

NEAR PAD HIGHER TEMPERATURE *

° QPENING DEVICE ADDED

PAD EGRESS

FQUIPMENT VIBRATION LEVELS HIGHER
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SIX RETRO-ROCKETS INSTEAD OF FOUR

"SPACECRAFT CONTROL WITH PAD ABORT CONTROL

SYSTEM _
DOWNGRADED SEAT EJECTION CAPABILITY

FLIGHT VEHICLE RATE INDICATION FOR
CRITICAL CREW REACTION TIME

REDESIGN SHINGLES FOR SEVERER ESCAPE
REENTRY -
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DUAL GAS CAPABILITY AND CABIN FLAMMABLE
MATERIAL REDUCTION
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ATTACH TO LABORATORY

GEMINI B INACTIVE DURING

ORBIT OPERATIONS

"INTEGRAL LAUNCH

DATA RETURN

ORBIT AND RETURN

DIFFERENCES (CONTINUED

NEW ADAPTER

GASEOUS OXYGEN INSTEAD OF CRYOGENIC
DELETED MANEUVERING PROPULSION

REMOTE SYSTEMS MONITORING

BATTERIES ONLY

INTERFACE HEAT ‘EXCHANGER AND LAB POMWER

DELETED RENDEZVOUS RADAR AND ASSOCIATED
HARDWARE - 3

STORAGE CAPABILITY
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S/C No. 2 Unmanned Flight . pl
S/C No. 3A (Thermal Qualification Test Unit) 1
S/C No. 3 through 12 Manned Flight __Q_‘
, Total 13
/ Agena Target-Cocking Adapters (TDA's) -
‘2 Mission Simulators | | /

e e

STRUCTURE/SUBSYSTEM INTEGRATION

PROPRIETARY SEE NOTICE ON TITLE PAGE

2.2, 1 Gemini E;ﬁﬁedt'and Ob]ectives - In April 1961 McDonnell

1S

2.JANUARY 1970

was authorized by

the Natlonal Aeronautlcs and Space Admlnlstration (NASA) to begin an englneering

study program to develop alternate concepts of deslgn and arrangements which would

effectively carry-on ‘the United States manned Space flight program.

McDonnell

began study of a two-man spacecraft Wthh would be similar in de51gn to the'Mer—

cury capsule but >07% larger in volume.'

The netlflcatlon to'McDonnell that it had been selected to

design and manu-

facture a two-man spacecraft, named "Gemini" after the constellatiop containing

the twin stars Castor and Pollux,'was received on 15 December 1961

go-ahead on the new program was authorlzed on 23 December 1961

Engineerlng

however, the formal

cost- plus-flxed fee contract was not executed unt11 29'March 1963

As defined by NASA McDonnell, as prime contractor,'was to

design, develop

and manufacture a two-man reentry vehicle, a a launch vehicle adapter module, and a

target docking adapter. In addition, the company was to fabricate trainers, train-

ing aids and simulators to assure crew familiarity'with spacecraft systems and pro-

cedures. Static articles and boilerplate modules were to be furnished for use in

an intensive test progran.

The contract also specified that McDonnell support NASA operations at Cape

On 28 January 1965 a supplement to the Gemlnl contract was

“ Kennedy and supply personnel in support of the mission simulators and the trans-

lation and docking trainer located at the Manned Spacecraft Center, Houston, Texas.

negotiated with the

,NASAgwhereby the cost-plus ~-fixed-fee arrangement was converted to a cost-plus-

incentive-fee plan based on schedule performance, spacecraft and system performance,

and program cost reduction. These provisions were made retroactive to 1 April 1964.

The vehicles supplied by McDonnell under the Gemini Contract (NAS 9-170)

comprised the followiag: _ ,
| Entrz'Module
S/C No. 1 Unmarined Fllght | -1
Adapter 1A (Spare)

 MCDONNELL DOUGLAS ASTRONAUTICS
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. SECTION 2,2
1 Translation and Dotcking Trainer

Boilerplate Entry Modules

Static Entry Mbdul@s

Static Launch Adap%ers

Static TDA's o

System Test Units -
. (Electronic System Test Unit, ESTU).
(Compatibility Test Unit, CTU) - o
Egress Trainer (Formerly one of five Static Entry Modules listed above)
CreW'StationiMock—bp Trainer - '
Centrifuge Traineri '
TDA Electrical Simulator

Spacecraft Simulatpr

e e

Electrical -and Seqnential Training Panel
1 Attltude andiManeuverlng Control System Trainer
. 1 EJect:Lon Seat Tralner

The contract also specified that MDAC support NASA operations at Cape Kennedy

and supply personnel in support of the m1531on simulators and the translation and
docklng trainer located at the Manned Spacecraft Center, Houston, Texas.

Twelve missions' - two unmanned and ten manned - were assigned and flown in

tHe course of the Gemini Program. All spacecraft were launched from Complex 19,

Cape Kennedy, Florida. The launch vehicle was a modified Titan II ICBM, "man-

rated" for Gemini usage; A synopsis of *each mission is presented in Table 2-2,
- The Gemini program achieved the following objectives: . '

o Continuous Program at Minimum Cost -~ To provide a continuation program of-
manned space flight objectives at minimum cost with major mllestones to be :
complete as soon as practical. Gemini was completed months ahead of the |
schedule that was estimated in early 1963. Spacecraft 2 through 12 each
was delivered at least a month ahead of schedule. A modular system design
concept was the major contributing factor to achievement oflthis goal.
Gemini's modular system design, which replaced Mercury's stacked system

concept, simplified construction, testing, and operation of the spacecraft.

Modular design permitted virtually independent design, qualification, and

system checkout;’ Reliability analysis was p0551b1e without the complica-

tions of interacting influences of associated systems. | N

MEOCDONNELL DOUGLAS ASTRONAUDTICS
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Spacecraft 7/6 mission was madeipOssible because launch crews were able,

despite a tight time schedule, to remove the rendezvous and recovery
section (R & R) of Spacecraft 7 and modify it for rracking by Spacecraftl6.
Another example of the effectiveness of the modular design was the Gemini
XII mission which was totally cnanged and replanned within two weeks.

Gemini system design was simpllfled by extensive use of manual sequencing

and systems management, utllizing the astronaut s ability to diagnose

failures and to take correctivel action.

o Rendezvous, Docking and Maneuvering - To rendezvous and dock with a second

0

o

O

orbiting vehicle and then perform combined maneuvering. Rendezvous was

first achieved by Spacecraft 6;§Spacecraft 8 was the first to dock.

- Maneuvering in orbit using the hgena Target Vehicle was first achieved by

Spacecraft 10.
Long Duration Missions - To eprse two astronauts and their life support

systems to long—duration missions to prepare for future earth orbit and

Junar flights. Spacecraft 5 remalned in orbit for 8 days and Spacecraft 7

- remained in orbit for 14 days, demonstrating man's capability in a space

environment.,

Precision Reentr Landin and Recovery - To develop and exercise preci-

sion reentry, landing, and recovery of manned spacecraft. From Gemini VI

on, all spacecraft landed withﬂn seven miles of the aiming point. The last
five Gemini Spacecraft came. down within three miles of the target. Ali
landings were made in the oceail However, early designs had provided for
land landings, but the rate ofitechnological development for such landings
did not keep pace with the remainder of the program so that the land

landing capability for the spaeecraft was subsequently abandoned.

Extravehicular Activity - To undertake extravehicular activity to evaluate
man's ability to perform tasks in a zero g environment. Although EVA was
not an original objective of tﬁe Gemini program, it was made possible by _
the design of personnel hatches with mechanical latches which enabled the

astronauts to open and close tne hatches manually. Astronauts on Space-

craft 4, 9, 10, 11, and 12 perﬁormed EVA.

Scientific Investigations - To!utilize the Gemini Spacecraft as an experi-

‘mental test platform for scienﬁific investigations, including photography,

F

N,

|
MCODONNELL DOUGIAS ASTRONAUTICS
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SECTION 2,2
biomedical experiments, communications, navigation, meteorology, etc.
Experiments were carried on all manned Gemini Spacecraft,

2.2.2 Spacecraft Description - The Gemini Spacecraft, designed to provide life

support for two orbiting astronauts, i1s an approximately 8000 1b. (equipped)

?1 conical structure 18.82 ft long and 10 ft in diameter at its base. It is composed
of two major assemblies, a reentry module and an adapter module. Both structural

bodies are all metal, of stressed skin and semimonocoque construction. In addition,
the reentry module is designed to withstand the extreme heat of reentry. The gen-
eral arrangement of the Gemini spacecraft is shown in Figure 2—2.¥ Overall space-
craft dimensions are given in Figure 2-3.

The methods of construction and the materials used guarantee high strength-to-

- weight ratios. The "requirement of heat resistance led to the choice of titanium
and magnesium as the prinicpal metals used in spacecraft fabrication. High-

- strength titanium bolts (Ti-6A1-4V) were used extensively; titanium was also used

? . for the rings, stringers, interior skin, and bulkheads of the reentry module.

Aluminum was used inside the cabin where temperatures are not structurally critical.

Stringers and longerons were spaced around the circumference of the shell to carry
nearly all axial and bending loads and to stlffen the framework. To protect against
- dlstortlon to large, thin gauge panels, chemical mllllng rather than mechanical.

milling was employed. . A breakdown of the major structural elements is shown in
Figure 2-4. .

For ease in identifying particular areas, the spacecraft is cut by two refer-
ence planes, one runningilongitudinally from adapter to nose, the other at’ right
angles to this one as shown in Figure 2-2., Looking forward from the end of the
adapter, one may divide a section of the spacecraft into four quadrants, thus
creatlng four cardinal points - TY (Top Y) and BY (Bottom Y) for the Y aX1s, and
RX (Right X) and LX (Left X) for the X axis. A particular location on the circle
is measured in degrees from any one of these points. i

The Z station locations are measured longitudinally froa the rear of the
spacecraft (adapter) and increase in magnitude as one approaches the nose. TFor
example, the separation point between the reentry module anthhe adapter is etation

Z 102.00 (1n.),Jthe nose of the spacecraft is station Z 239, 53 (Z 239 28 plus 0.25

in. of ablative material). _ | p | | E

The interior arrangement of the spacecraft is presented in Figure 2-5. The

systems shown in the interior arrangement are summarized 1n Section 2.2.3. A

MOCDONNELL DOUGLAS ASTRONAUTICS
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SPACECRAFT GENERAL ARRANGEMENT _ - B
- SPACECRAFT _ . t
Z 13.44 Z 103.44 Z 173.97 Z 239.28 |
| -  RE-ENTRY . - -
| - CONTROL | . . - i
Z 15.38 - Z68.44 T SYSTEN — | i
ADAPTER - o SECTION _
MATING | ADAPTER RETROGRADE | RENDEZVOUS , =
SECTION—| |~— EQUIPMENT SECTIGN CONICAL & RECOVER Y-
SECTION | - SECTION SECTION
ABLATION SHIELD |
Z 151.62 '. NOSE | |
I A | FAIRING —+| | e m—
| - i .‘
| ﬂ"‘i\\
- 120.00 T 144.0R
| I ) |
Z AXIS
_ //,—- - Z 233.97 *
B == . iz 201.47 _ .
o SLOPE £ 191.97 o [F7D > .
SECTION A-A .
— 10° SLOPE %
N | :
|
SPACECRAFT/LAUNCH VEHICLE ;
MATING LINE 1
. ]
’.
i
/ .
. f N
MCOCDONNELL DOUGLAS ASTRONAUTICS ; ) FIGURE 2-2 ‘
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SPACECRAFT DIMENSIONS

70.53 l 18.00 42,00

3.31 -

6.31

219.03 (ORBIT CONFIGURATION).

226.84 (LAUNCH CONFIGURATION)
)5.«: _ h ;.I . . . ..
120.00 DIA. ________________________,lﬁ_

$0.00 DIA,

38.566 DIA.
32,30 DIA=

S
MCOONNELL DOUGLAS ASTRONAUTICS FIGURE 2""3
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. SECTION 2.2

weight summary for Spacecraft 12 (3 day mission) and Spacecraift 7'(14 day mission)
is presented in Table 2-3. ' |

2.2.3 Gemini Subsystems - Theemajor subsystems of the Gemini Spacecraft include
Propulsion; Electrical Power; Environmental Control; Communications; LaUnch Escape:
Guidance, Navigation and Control; Instrumentation: Ordnance; Landing and Crew

Systems. A brief description of each of these subsystems and identification in

| ,accordance'W1th the NASA.CATF WBS is shown in Table 2-4.

2.2.4 Gemini Prime Contractor and Maijor Subcontractor Division of Effort - As
related to the ASSCA Study, the McDonnell effort, in execution of the NASA Gemini

contract, may be separated 1nto that directly appllcable to the Gemini structural.

. subsystem as an ‘end item vs. the subsystem 1ntegrat10n effort required to achieve

a flight operable spacecraft and support the operational usage thereof. Activities

within these categories are further separated into elements compatible with the
NASA Cost Analysis Task Force Work Breadkown Structure (CATF'WBS) and described
in Section 2.3, Included in the prime contractor's effort'wes the (1) Structure
design, fabrication and test, (2) Subsystem integration, (3) Systems 1ntegrat10n.
and (4) Systems Englneerlng as outlined in Table 2-5. 'Dlstrlbutlon of the major

contractor's effort and relevant'mejor program milestones and events is shown in

IFlgure 2-6, Chronologlcal mllestones for the production spacecraft are presented

in Figure 2-7.

- The various subsystems a55001ated with the de51gn of the spacecraft include
(1) electrlcal (2) pr0pu181on, (3) communications, (4) 1nstrumentat10n, (5)
guidance, nav1gat10n and control, (6) recovery, (7) envirommental control, (8)

crew station and (9) pyrotechnics. The elements of each of these subsystems

'together with the cognizant major subcontractor is outlined in Table 2-6. A sum-

mary of the major milestones associated with each major subcontractor is shown

in Figure 2-8.

2.2.5 Design, Performance and ORerational Characteristics — The environments to be

~encountered by the spacecraft during its postulated tlight profile are predominant

factors in establishing the spacecraft environmental design and validation criteria.

(A typical Gemini mission profile is shown in Figure 2-9.) The anticipated‘OPera-
tional environments and‘performance requirements associated'with;such a profile
provided the basic input to the Gemini aerodynamic, thermodjnendt, and structural
analysis which resulted in the vehlcle preliminary de51gn Reflnements of these

analyses were augmented in the early design phase by experrmental data obtslned in

MCDONNELL DOUGLAS ASTRONALUTICS
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TABLE 2-3
GEMINI WEIGHT SUMMARY

14 DAY S/C 7
SUBSYSTEMS TOTAL TOTAL

. MCOONNELL DOUGLAS ASTRONAUTICS

2-16

Structure 1063 1479 1080 408 1488
Ind. Env. Prot 733_ 15 - 748 732 11 743
Doéking 33 33 8ﬂ ’?' 8
Landing ' - 211 211 ‘211 211
Retro 7 - 366 373 7 366 373
Entry Att. éont. 213 218 218 2i8 |
*OrbitAttf C?nt. 1439 | 1439 o 177 177
Prime.Pﬁwer 266- 489 ?55 264 563 827“~
Guid & Nav. 393 33 426 319 319
Inst. & Tele. 125 82 207 128 81 209

| comm. 13 60 194 134 62 196
ECS. 396 1 298 694 _416 665 1081,
Pers & Pers. Prov. 944 944 952 . 952
Crew Sta. Cont 122 122- 124 124"
Expériments | 166 ' 330 496 118 177 295
Ballast 71 71 89 89
Wt. Adj. ' I5 30 35 -5 18 13
Total 48é7 3558 8445 4795 3128 7923
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TABLE 2-4
GEMINI SUBSYSTEM .SUMMARY -

SUBSYSTEM CATF - ' DESCRIPTION
R | ' WBS | .
I. Entry Vehicle | | | f
| l. Propulsion 01-03-00-00 1. (a) Orbital Attitude and Maneuvering sttem.(OAMS) -

' - Provides propulsive thrust for 3 axes attitude control
and 6 direction translation from time of launch vehicle
separation to initiation of retrograde. Sixteen (16)
engines; 8-23 1b. thrust, 2-85 1b. thrust, 6-94.5 1b.

 thrust. Propellants: Nitrogen tetroxide (N504) and
'~ Monomethylhydrazine (MMH).

1. (b) Recntry Control System (RCS) =~ Provides attitude control

during the retrograde maneuver and subsequent reentry
‘phase of the mission Eight (8) 23 1lb. thrust engines

per each of two redundant systems. Propellants:
Nitrogen tetroxide (N704) and Monomethylhydrazine (MMH).

Z'¢ NOIID3S

2.. Electrical Power| 01-05~-00-00 2. Electrical energy for equipment operation provided by
| storage batteries (all missions) supplemented by fuel cells
(Missions 5 and 7 through 12) through a multiple bus DC
system in the range of 22 to 30 VDC. External ground power
used for pre—launch operation,

39Vd 3T1LIL NO FDILCN 33S - AYYL13I440Md
NOILY49 ILNI WILSASANS/ JUNLONYLS

SISATTYNY 1500 W3LSASENS 14V4J3JVdS Q3INVAQY

3. Envirommental 01-06-00-00 3. The Environmental Control System (ECS) provides controlled
Control System environments for the astronauts, electronic equipment, and
' regulated temperature for the fuel cells. Redundant

atmospheres are provided for the astronauts within a
- closed pressure suit circult and the pressurized cabin.

4, Communications .01-07-00-00 4. The telecommunications system provides the link between the
‘ | ground and spacecraft including: (a) radar tracking of the
spacecraft, (b) two-way voice communications between the
ground and spacecraft and from astronaut to astronaut, (c)
| ground to spacecraft data or command link, (d) spacecraft
- | | to ground data link and (e) post landing recovery aids.
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5.

8.

9.

Launch Escape
System

Guidance, )
Navigation and’
Control

Instrumentation

Ordnance System

Landing Subsystem
9.1 Landing Gear

CATF |
WBS

- 01-09-00-00

01-10-00-0Q

01-13-00-00

01-14~00-00

01-15-00-00
01~15-04-00

5.

9.1

TABLE 2-4 (CONTINUED)

DESCRIPTION

The ejection seat system, designed and qualified as Efe
primary crew escape System, consisted of ejection seats,
scat rocket/catapult, hatch actuating system, personnel
parachute system, and survival equipment.

The Guidance, Navigation and Control (G, N&C)“prqvides on-
board navigation and attitude control during the orbit,
rendezvous, and reentry mission phases and serves as a

‘back-up to the Titan launch vehicle during ascent by pro-

viding inertially derived Steering signals to the launch

- vehicle control system. Major components consist of the

Inertial Guidance System (IGS), Attitude Control & .
Maneuvering Electronics, Pilot's attitude and maneuver hand
controller's, Horizon Sensors and Rendezvous Radar, Time
Reference System, and Readout and manual data insertion
instrumentation.

The instrumentation System provides for monitoring per-
formance and operation of the spacecraft through the entire
mission, The system is comprised of: (a) sensors, (b)
signal conditioners, (c) multiplexers/encoder, (d) tape
recorder/reproducer, (e} physiological data acquisition
System and (f) telemetry transmission system.

The ordnance systems utilize both low explosives to generate
£as pressure used for device actuation and high explosive

pyrotechnics used, in gencral, to generate a shock front

in performance of Structural severance. Pyrotechnic

devices include mortars, actuators, guillotines, valves,
etc. OStructural severance was the principle mode of major
module separation. |

A three skid spring/pneumatic landing gear was designed,
built and qualified for use with the land-landing para-

.glider configuration. This configuration, however, was

¢ "¢ NOILOAS

cancelled in November 1963 and all Gemini missions employed |

- water landing.
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SUBSYSTEM | CATF
. WBS

10.

9.2 Parachute

01-15-06-00

01-16-00-00

|
':?
§

T°C Nomaﬁs .

|

TABLE 2-4 (CONTINUED) °
 DESCRIPTION

9.2 A 8.3 ft. dia. drogue parachute, a 18.3 ft. dia. ringsail
pilot parachute and a 84.2 ft. dia. ringsail main para-
chute, sequentially deployed after astronaut initiation of
the drogue chute mortar at 40,000 ft. altitude with each

chute providing the force to deploy the subsequent chute.
A 31.6 ft. per sec. rate of descent is provided for a

module weight of 4,400 pounds.
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L1.

Crew Systems

Mission Module

11.

Propulsion

02-03-00-~00

10. The crew system is comprised of the displays controls and
- furnishings. Controls and displays are located on three
panels, one centered between the astronauts, one in front

of the command pilot seated to the left, and one in front

of the pilot seated to the right.

11, The retrograde propulsion system is comprised of four solid

propellant motors, any three of which are sufficient to
accomplish the retrograde maneuver. Each motor, equipped

with dual igniters, delivers an average thrust of 2584 lbs.
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TABLE 2-5
MCDONNELL DOUGLAS EFFORT

o GEMINI SPACECRAFT PRIME CONTRACTOR TO THE NASA

o STRUCTURE DESIGN, FABRICATION, & TEST
0 . SUBSYSTEM INTEGRATION
~SPECIFICATIONS _
~LIAISON AND MONITOR OF SUBCONTRACTOR
~SUBSYSTEM TESTS '
-SUBSYSTEM DESIGN INTEGRATION
o SYSTEMS INTEGRATION

Z°'7 NOILOHS

!

1IN0

82003 J0I L¥043Y

SIMULATORS AND MOCK-UPS

-DESIGN, DEVELOPMENT & QUALIFICATION OF AGE, TRAINERS,

SPIANDVNOMNLSWY SVTIDOA TIINNOOIW

~-SYSTEMS TEST OPERATIONS

WIND TUNNEL, THERMAL QUALIFICATION, INTEGRATION &
COMPATIBILITY, S/C PRE-DELIVERY & LAUNCH CHECK-OUT

~-TEST HARDWARE
-SUSTAINING ENGINEERING, TOOLING, PRODUCTION

o SYSTEMS ENGINEERING

~-MISSION PLANNING
-DOCUMENTATION, SPECIFICATIONS, PUBLICATIONS

~TRAINING SUPPORT
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TABLE 2-6

MAJOR SUBCONTRACTOR IDENTIFICATION

SUBSYSTEM SUBCONTRACTOR

o ELECTRICAL - | |
FUEL CELL ' - GENERAL ELECTRIC
REACTANT SUPPLY AIRESEARCH
BATTERIES - EAGLE PICHER

o PROPULSION .
RCS "ROCKETDYNE
0AMS ‘ ~ ROCKETDYNE
RETRO  THIOKOL

o COMMUNICATIONS

DIGITAL COMMAND SYS  MOTOROLA

VOICE CONTROL CENTER COLLINS RADIO |

RADAR BEACONS (C&S-  ACF INDUSTRIES
BAND)

0 | INSTRUMENTATION

DATA TRANSMISSION SYS FI.ECTRO-MECHANI-

CAL RESEARCH

SUBSYSTEM

o GUIDANCE, NAVIGATION &
CONTROL
I1GS _
MU & ACME
ATTITUDE DISPLAY GROUP

HORIZON. SENSORS
RENDEZVOUS RADAR
TIME REFERENCE SYSTEM

‘o RECOVERY PARACHUTE
' DROGUE, PILOT & MAIN

' o ENVIRONMENTAL CONTROL

o CREW STATION
| "EJECTION SEAT
DISPLAYS & INDICATORS

o PYROQTECHNIGSH

'SUBCONTRACTOR

| IBM \
HONEYWELL |
LEAR SIEGLER

o —

ADV. TECH LABS
WESTINGHOUSE
MAC—-EED

NORTHROP VENTURA

AIRESEARCH

WEBER
VARIOUS

VARIQUS

l I
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1
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MAJOR SUBCONTRACTOR PERFORMANCE =
’ | v z
SUBSYSTEM . o SUMMARY MAJOR .
- CONTRACTOR ',
ELECTRICAL - . '
| FUEL CELL , | A N s Tt - GENERAL ELECTRIC
REACTANT SUPPLY . A ATRESEARCH
BATTERIES - - | N SR NSO SN IIPRI J EAGLE PICHER
PROPULSION ) |
OAMS AU U I, S ROCKETDYNE
RCS . | A ROCKETDYNE
remo b Moo Ot L THIOKOL -
COMMUNICATIONS ‘ | . 3
DIG. COMMAND SYS. AN & S — B et S ----f- MOTOROLA a5
VOICE CONT. CTR. | ' COLLINS RADIO 3
RADAR BEACONS . . S [ RV SNV RSN S ACF INDUSTRIES 2
INSTRUMENTATION | . ' ELECTROMEC - 3
DATA TRANS. SYS. I SR I JRSp S HANICA .
_ N | | | - RESEARCH ‘3
=)
GUID. NAV. & CONTROL :
IGS N DY/ DR NI N @ JIUI NP, VAN S Sy A W SEREPPTES PETTRRE TTTELIEY AP IRS =
MU A HONEYWELL 3
ACME | o | HONEYWELL r
. - , . LEAR SIEGLER 3
ATT. DISPL. GROUP | A e e R Rl IRl L Oh shLD bty Sh . e
HORIZON SENSORS . N - ADV. TECH. LAB. g
RENDEZ. RADAR WESTINGHOUSE
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pacecraft thermal struc—

The resultant S
g 01-01-00-00 (Entry

sign is described in detail im Section 2.3, CARF WB

) and CATF WBS 02-01-00-00 (Mission”Module).

Vehicle
t thermal structur€ environmental design suitabilit

mission, 1in addition
ing, storage and
'grensportation) the spacecraft
bsystem as 2.

- gubsystemS and C

1ocation.withiﬁ the

¥ mounts, cold plates, insulation).
s were qualified are presented with

em descriptions 1n Sectlo
| nents for the Geminil thermal-structﬁre as related to‘the
1aunch, orbit, de-orbit and 1anding phases of its misslOn profile are presented
in Table 2-7. Limit design 10ad factors Dby various missioOll phases are glveﬁ in
Table 2-38.
lar the ynmanned 1aunches and

The 1atter were adjusted, aSs appropriate,
and qualification prior tO +he manned missions. Actual shingle temperatures
scecraft No. 7 are depicted in Figure 2-10. Max-
' The
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TABLE 2-8

GEMINI LIMIT LOAD FACTORS

TOAD FACTORS
~ MISSION PHASE TONGITUDINAL | LATERAL | VERTICAL

HANDLING:

GROUND 6.0
AIR b.b
SHOCK 15.0
- LAUNCH 0
SPACE OPERATIONS 0
RETROGRADE ' 0 1
ENTRY 4.5
LANDING 15.0
'ABORT + = 7.25

MCDONNELL DOUGLAS ASTRONAUTICS
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TABLE 2-48

. - ENVIRONMENTAL CONTROL SYSTEM

01-06-00-00
DESIGN CRITERIA

METABOLIC
HEAT PRODUCTION RATE
- 02 CONSUMPTION RATE

CO2 PRODUCTION RATE

DRINKING WATER - POST LANDING - CABIN

'- - EMERGENCY - SURVIVAL KITS
DRINKING WATER REQUIRED
-WATER STORED IN THE ADAPTER - 14-DAY

WATER PRODUCTION
PERSPIRATION AND RESPIRATION
- URINE | e
FECES

LATENT COOLING

PRE-LAUNCH
LAUNCH

ORBIT
RE-ENTRY
-POST LANDING

LEAKAGE
CABIN (MEASURED AT SEA LEVEL WITH Ny AND CABIN
- PRESSURE oF 19.7 PSIA) '
SUIT (MEASURED AT SEA LEVEL WITH N, AND SUIT
PRESSURE OF 19.7 PSIA)

CABIN EQUIPMENT HEAT INPUT

SUPERCRITICAL TANKAGE - ECS

14-DAY MISSION - WATER SEPARATOR
| - FUEL CELLS

ATMOSPHERIC PURIFICATION

HEAT PRODUCTION RATE
MAXIMUM ALLOWABLE CO9 PARTIAL PRESSURE
HEAT GENERATED/LB. COp ABSORBED

L;0H REQUIRED/LB. CO2 ABSORBED

L{OH REQUIRED - 14-DAY MISSION

2-100
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500 BTU/MAN/HR.
2.0 1LBS./MAN/DAY
2.5 LBS./MAN/DAY
14 1.BS. |

9 LBS. APPROX.
7.5 LBS./MAN/DAY
210 LBS.

4 I.BS./MAN/DAY

- 3 LBS./MAN/DAY

0.5 LB./MAN/DAY
291 BTU/MAN/HR.
291 BTU/MAN/HR.

480 BTU/MAN/HR.
540 BTU/MAN/HR.

500 CC/MIN.
300 CC/MIN.

683 BTU/HR.

112 1BS.

189 LBS. MAX.

400 BTU/MAN/HR.
8 MM HG.
1286 BTU

1.08 LB.

71.0 LBS.

2 JANUARY 1970

AVG. 350-380 BTU/MAN/HR.



'REPORT MDC E0028 - ' e -~ 2 JANUARY 1970,
VOLUME Il ADVANCED SPACECRAFT SUBSYSTEM COST ANALYSIS
o S - STRUCTURE/SUBSYSTEM INTEGRATION

PROPRIETARY - SEE NOTICE ON TITLE PAGE

SECTION 2.3 LAUNCH ESCAP% SUBSYSTEM
' _ 01-09-00-00
EJECTION SEAT SYSTEM AND DEVICES

SEAT EJECTOR
ROCKET CATAPULT

BALLUTE DEPLOY AND

HATCH RELEASE SYSTEM (2 TYP)

~ ACTUATOR

THRUSTER ASSEMBLY
SEAT/MAN SEPARATOR
(2 TYP)

DROGUE MORTAR
BACKBOARD JETTISON
~ ASSEMBLY (2 TYP)

— HARNESS RELEASE
ACTUATOR ASSEMBLY
(2 TYP) :

HATCH ACTUATOR
INITIATION SYSTEM

MCDONNELL DOUGLAS ASTRONAUTICS
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LAUNCH ESCAPE SUBSYSTEM

01-09-00-00

EJECTION SEAT SEQUENCE OF OPERATION

“D'* RING ACTUATED
(EITHER ASTRONAUT)

- SYSTEM ACTIVATION - 0.0 SECONDS
* SEQUENCE -1«

BALLUTE ACTUATOR
| ARMING PINS

BACKBOARD

STRAPS

PILOT
DROGUE
MORTAR.

REEL

HARNESS ™
RELE ASE

ACTUATOR. LAP BELT

- DISCONNECT

(FROM SEAT)

SEAT/MAN
SEPARATOR

HARNESS RELEASE FIRES ~ 1.474 SEC.
- SEAT/MAN THRUSTER FIRES ~ 1.524 SEC,
- SEAT/MAN SEPARATED =
LANYARDS PULLED =

MOCDONNELL DOUGLAS ABTRONAUTICE

ACTUATOR

'MANUAL
FIRING
MECHANISM

.
b

I--l'l-—

HATCHES OPEN - 0.250 SECONDS.
SEQUENCE ~2- |

BURBLE FENCE

T — INLETS
yd . V

(4 PLACES)

BALLUTE
INFLATED BY
RAM AIR

RISER

BRIDLE

BALLUTE IS DEPLOYED 5.00SEC. @ -
AFTER SEPARATION |
BALLUTE IS RELEASED AT 7500 FT.

" FIGURE NO. 2-28

| :
s | ‘2~12{

i . | \
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~ LAUNCH ESCAPE SUBSYSTEM
01-09-00-00
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EJECTION SEAT SEQUENCE OF OPERATION (CONTINUED)

SEAT
EJECTOR
ROCKET/

CATAPULT

SEAT ~ MAN SEPARATED
FROM SPACECRAFT

DROGUE MORTAR SLUG | | 18 FT.

PILOT CHUTE

” SUSPENSION LINES

N
. I

LARYARD

PERSONNEL
PARACHUTE |
DROCUE
MORTAR —

DROGUE MORTAR IS ACTUATED BACKBOA RSDO: SEEGCR E::TKEl;
AT ALTITUDE OF 5700 FT. OR LESS, JETTISON 3, -

2,30 SEC. TIME DELAY AFTER DROGUE MORTAR FIRES.
ACTIVATION FOR FIRING.

MEDONNELL DOUGLAS ASTRONAUTICS
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EGRESS KIT
LANYARDS

BALLISTIC
HOSE

ROCKET CATAPULT FIRES - 0.333 SEC.
LANYARDS PULLED - 0,394 SEC.

SEQUENCE -3

PILOT CHUTE

LINES

- W’{KSUS PENSION

111 IN, _ -
/—MOORING

P LANYARD

LIFE RAFT

79 IN. RUCKSACK
/ FWD SURVIVAL
/ RUCKSACK
™y

~ FIGURE NO. 2-28(CONT'D)
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| SECTION 2.3 | n -
- RECOVERY SUBSYSTEM

|

g

. - _ 01-15-06-00

i DEPLOYED PARACHUTE DIMENSIONS

;: f
1 69 IN. (O1) ~ DIIS THE DIAMETER OF THE PARACHUTE | "
| INFLATED WHICH IS APPROXIMATELY 70%

OF Dq

53 FT. (01—
{ | AR
ﬂé-T*—' N AL LT T TV
1 (T
Q\\llil Iliiiiillilll

\ DROGUE PARACHUTE
(DISREEFED)

MAIN PARATHUTE
SINGLE POINT SUSPENSION
(DISREEFED)

26.4 IN.

. MAIN CHUTE

&
CREW INITIATED

“"‘*}s\\\\\ﬂw

) {
L".‘n‘_d '

L]

1
t

1

Py

.\;

FIGURE NO. 2-33
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WATER MANAGEMENT PANEL

SPACECRAFT 12 CREW STATION DISPLAYS, CONTROLS AND FURNISHING
01-16-00-00

H

OVERHEAD SWITCH/CIRCUIT'

CENTER PANEL

BREAKXER PANEL

~ ADVANCED-SPACECRAFT SUBSYSTEM COST ANALYSIS
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