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VOLUME II
PREFACE

MOL SYSTEMS SEGMENT REQUIREMENTS

This volume describes in detail, the requirements and techmical
aspects of the MOL development program, Based on a general technical
desctiption and performance requirements for each MOL system segment,
the development, test and manufacturing schedules are discussed in
the Iight of critical design and system problems, and in terms of
critical program milestones. The funding requirements reflect the
consequence of the'critical schedulé coﬂstraints, fechnological
feasibility and testing philosophy.

For the purpose of a clearer understanding of contractor respon~
sibilities and the tasks that need to be performed in developing the
MOL System, this volume is divided into system segments according to
contractor involvement. The tasks performed by the integrating
contractor and the other associate contractors in areas of test opera-
tions, flight operations, recovery, crew training, and .other support
are included in the major system segment discussions. The support
activities treated separately are those which are accomplished by -
groups other than the major associate contractor.: |

The sections dincussed herein are as %ollown:

1 Laboratory Vehicle, Support Modulé and System Integration
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11 Mission Payload System Seg-en£ Integration

II1I Photographic System

IV Gemini ﬁ

VYV Titan IIIM Launch Vehicle
VI Flight Crew Equipment and AMD Support
Each section is treated in téms of gemeral descriptiomn, operating,

concept, critical factors, schedule considerations, and funding
requirements. Only.the basic MOL program is discussed. All. advanced
studies and technology activities lra_:regted séparately in Volume I,

Section 'V.
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SECTION I

LABORATORY VEHICLE, SUPPORT MODULE AND SYSTEM INTEGRATION
‘ (Douglas Aircraft Company)

Part 1. Segment Description and Performance Requirements

A. General
The Laboratory Vehicle is composed of two modules:
1:— A Laboratory Module, which is approximately 10 feet
in diameter and 19.0 feet long, has an unpressurized section and a
1,000-cubic foot pressurized compartment degigned to provide a shirt-
sleeve enviromment for a two-man crew to accomplish a 30-day mission,
in a nominal ellipt:f.cal orbit of 80/180 ,ﬁ.H. at 90 degrees inclinationm.
The pressurized compartment 1is pfqtected bj a meteoroid shield which |
also houses the space radiator. |
2. An unpressurized Mission Module structure, 10 feet
in diameter and 37.0 feet long, .located aft of the Laboratory _Hodul_e.
This module contains the Mission Payload, which is controlled and
operated by the crew from the.laboratory.
' B. Technical Description
The MOL program involves two.separaj:e and distinct Laboratory
Vehicle configurations which provide a capability to operate in two
modes -- manned or ummanned, In the ummanned configuration, about

1000 pounds of major components and subsystems required for manned
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operation are removed, some components unique to unmanned opération
are added, and provisions are made to enable the Laboratory Vehicle
to interface with the Support Module which replaces the Gemini B.
A feasibility and conceptual design study has been completed for a
Support Module capable of supporting up to 60 days of orbital opera-
tion, although the baseline program contains only a 42<day unmanned
capability. IA 42-day operatioﬁ is possible with the baseline expend- ? o
ables leading. [ The Subsystems will be qualified for a 30-day opera- ﬂ \
tion only, and the remainder will be flown on an open endéd basis,
In order to preserve the oétiouvformgr;wthvup to 60 days' capability,
the Support Module will be designed to accommodate this growth and
certain critical wearout components in the Laboratory Module will be
validated or modified for 60 days operation. Definitive roles and
responsibilities for the Support Module have been assigned as follows:
DAC will design and fabricate the Support Module structure, in-
cluding provision for additional expendables required for the extended
mission. Support Module integration is also a DAC responsibility.
GE will design and fabricate the Data Return Vehicles (DRV).
ERKC will design and fabricate the film chute used to load the
DRV's. 4 ‘
Since most of the other ay?tem segments interface with the
Laboratory Vepicle, MOL Syétem Integration has been included in this
segment and has been assigned to the Laboratory Vehicle comtractor.
The Laboratory M@dule contains subaysteus;of-uajor elements to

ensble the crew to do the necessary housekeeping and vehicle management
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and to operate the Mission Payload. An environmental control and life
support subsystem provides a habitable atmosphere in the Laboratory
Module, thermal control for the orbifing vehicle, environmental control
for space suif operations, and management of water and waste. A
two-gas atmosphere consisting of 3.5 psia ’pattial pressure of oxygen
and a helium diluent, is maintained at 5.0 t)ﬂ.iipsia. In a backup
mode the compartment can be pressurized with 100% oxygen at 5.0 psia.
A gaseous oxygen accumulator is provided to maintain nominal cabin
pressure in case of accidental decompression through a hole as iarge
ag 1 inch in diameter. for a period of 5 minutes.

The cabin atmosphere can be controlled to any temperature
between 68 degrees and 78 degrees F primarily through use of water-
cooled 1nstrumént panels. Dew point temperature 1s:contt011ed between
36 degrees and 60 degrees F. Thermal control is provided by two
coolant loops. The internal loop, containing water as the coolant,
removes heat from eleétroﬁic and eiectfical equipment, Mission Payload
equipment located in the Laboratory Module, and the instrument panels
and transfers this heat to the external loop through an interface heater~
to the Gemini B for on-orbit storage, to the waste management system,
for waste processing, and to the cryogenic heat exchanger. The |
external loop, containing F;eon 21 as the coolant, radiates heat to
space through a radia;or. Carbon dioxide is controlled at a nominal
Sum to Hg paitial.ptéssﬁte by.redundant'molecular'sieve beds. Trace

contaminant control i{s alsc provided. For water management, potable
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water produced by the fuel cells is collected and thermally conditioned
prior to delivery for use by the crew. Excess fuel c¢ell water and
atmospheric condensate are dumped overboard. Crew waste products are
collected using positive air flow control, are processed and the
residue is stored in sealed cogtainers.

This subsystem also includes the atmospheié and reactants supply
subsystem group which provides storage and pressure control of liquid
hydrogen and liquid oxygen for the fuel cells and liquid oxygen and
gaseous helium for the atmosphere,

The electrical power subsystem employs three modified Apollo
design fuel cells as the primary power source to supply an average
net power output of 1.83 kw for 30 days at a mominal 28v dc level with
a peak power capability of 4.5 kw. Normal operation consists of two
fuel cells operating with the third cell in a "hot" standby condition.
The standby fuel cell replaces one of the operating cells through a
time sequenced switching operation. However if any single fuel cell
.Mﬁ fails, the two remaining units can supply the.required power including
peak loads. This subsystem also has an emergency mode which supplies
28v dc to critical loads from an auxiliary bus.

- The data management subsystem consists of the data acquisitiom,
data computation, command; and timing subsystem groups. The data
acquisition subsystem group contains the vehicle telemetry which
processes ail Laboratéry Vehicle data. This Uubsystem‘group interfaces

with the computer and all Orbiting Vehicle subsystems, It provides
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— for the acquisition of data required for crew safety, status indica-
tion, fault isolation and for ground evaiuation of system pérformance,
both during and post flight. '

The data computation subsystem group consists of two idemtical
airborne digital computers, one auxiliary memory unit, one keyboard
and display and control unit, two printers, two Laboratory Vehicle
data adapter units énd one computer subsystem controller. It inter-
faces, communicates with and performs data processing, computing and
control functions for the Laboratory Vehicle and Mission Payload
system segments. Each of the airbome digi‘tall computers has a memory
capability of approximately 16,000 words (word length -- 32 bits) with
a growth capability to 24,000 words.” The computer memory has a
‘gtorage capacity of two miilioﬁ dat# bit.é and can t‘ransfer a minimn?b
of 600,000 bits of information per minute between itself and the
computer. Either computer can support all currently planned on-board
computation functions. The command subsystem group accepts digital
encoded uplink command messages which Qre executed when received
(real-time commands) or are stored in the memory with a time label gnd
executed at the time indicated by the label. Both clear and
encrypted data and commands are accepted, howeﬁer the clear mode can
only be initiated‘l.ay a secure command, The data transmission rate
is 1000 bits per second, which is compatible with the primary SGLS
command uplink. A backup command capability is provided for a limited
number of critical conmax,ids required for control of the vehicle in the
event the computer subsystem_ is disabled. The timing subsystem group
DORIAN ' | - Page /! of /3épages
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provides ali Laboratory Vehicle and Mission Payload timing require-
ments. This includes generation of synchronization signals and
supplying binary vehicle time for on-board displays, data correlation
and vehicle elapsed time indicators. '

The instrumentation subsystem provides the instrumentation and
signal conditioning required for operation of the Orbiting Vehicle
and Mission:Payload through the displays and controls. A transducer

subsystem group provides 173 transducers (not including redundancy)

for monitoring all. Iife-critical and mission-critical parameters and ,

performance characteristics of the Laboratory Module subsystems.

The signals from approximately 240 measurements in the Laboratory
Module require conditioning prior to being presented to the displays
and controls subsystem group, the monitor and alarm subsystem group
and/or the data management subsystem., The monitor and alarm
subsystem group continuously monitors 180 measured parameters to detect
out-of-tolerance conditions. It provides visual and aural signals,
and develops control signals where required, for out~of~limit condi-
tions in all monitored functions, Twenty life safety parameters
which are redundantly monitored are allocated to "warning" channéls.
The remaining 160 monitored functions are allocated to "caution"
channels to alert the crew to mission criticél or noncritical out-of-
tolerance conditionq, including those which could become critical

to crew safety if corrective action were no:"taﬁén. The displays and
controls subsystem group provides the mnn/mqqhine interface for
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operation of the Laboratory Vehicle and Misgion Payload. ‘It also .
provides data for status indication and telemetry. Approxiﬁately
‘515 system parameters are displayed and approximately 663 are

controlled from the display and control panels. '

The communications subsyqt:eﬁ services both the Laboratory Vehicle
and the Mission Payload. The tracking, telemetry, command and
voice functions are provided by redundant SGLS .compatible equipment.

A voice control ;dbsystem group provides #nd’ controls all voice ca_mmi-
cations between cfew members. To provide secure voice communication
between the crew and ground stations, analog-to-digital and digital-
to-analog voice converters are Seing developed to work with modified
existing airborne cryptographic equipment. .This development and
modification program is being accomplished by the NSA. The antennd

;_ subaystém group includes Earth-oriented directimai antennas for

- downlink transmission and one omnidirectional antemna which, although
normally used for uplink signals, can also be used for downlink
transmissions.

An attitude contfol and translation subsystem (ACTS) will provide,
without depehdence upon the on-board computer: (1) automatic and
manual attitude control; (2) o_rbit maintenance and adjust;

(3) separation from launch \fehicle; (&) ‘vernier‘insertion capability;
and (5) Laboratory Vehicle disposal. 'fhe ACTS provides ff.or both
manual and‘tautmtic oﬁeration aund can be controiled from the Gemini B

to separate the Orbiting. Vehicle from the Launch Vehicle when {nitial
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orbit is attained and for certain abort modes, This subsystem consilﬁl
of two subsystem-groupsa The ACTS propdlsion subsystem group (AcT8/
Prop) consists of four removable thruster assemblies located
90 degrees apart in the unpressurized service compartment of the '
Laboratory Vehicle. Each thruster assembly ;ontains four 25-p6und
thrusters for attitude stabilization and control and one 100-pound
thruster for longitudinal impulse. This thruster arrangement provides
sufficient redundancy - to permit non-degfaded performance in the event
of any siﬁgle thruster or sector failure. The system employs: &
propellant combination of nitrogen tetroxide and monqmethylhydrgzine
(2200 pounds, 2000 pounds usable). The ACTS stabilization control
electronics subsystem group (ACIS/SCE) provides manual and automatic
guidance signals to the ACTS/Prop necessary to conttt;l the Orbiting
Vehicle aﬁtitude and»;g change or maintain the Orbiting Vehicle orﬁit.
On-board attitude data are automatically generated in fhe system by
means of signals from rate gyros, horizon sensors and a velocity
vector sensor, Correction may also be initiated by ground station or
manually by the crew.

Provision is made in the Laboratory Module for'an option to
incorporate a wide-band teadout system and/or a Data Return Vehicle
in Flights 3, 4 and/or 5. Space, weight and power provisions are being

Q,/*i'o e , ety
.-decis 1an——on-whether~t o-exerc: he

o ’r st w‘r-’l, % G e - ey SR
/\4 Ty i o . ;,,\/

retained in these flight vehicle

t‘(*;v\\‘f (S /’*"J‘g

 this. opttouﬁwﬂlﬁe“m&"at a-later:datess:
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The habitable volume of the Laboratory Module's pressurized
compartment is concentrated in the central core area. This allows
the crew members to operate the Laboratory Vehicle and Misdiom
Payload from the displays and controls with minisum naveneﬁt. Eight
compartment bays, which contain the displays and controls, are |

arranged in the following manmer:

BAY ’ FUNCTION
1 Photographic equipment and vehicle control
2 Kiss‘im Payload - acquisition, command,

and instrumentation, electrical power
and -signai distribution

ECLS (linvironmental Control & Life Sup. Sys.)

S w

ECLS, film processor control
Mission Payload c'ontrol.
Electrical power

Data management

o N o W\

Mission Payload - duplicate of B-a,y 2
This arrangement is illustrated in Figure I-1. (A viewport is located
in Bay 7 for visual horizom orientation.)

DAC will also provide various equipment and accommodations for
crew members such as crew conditioning equipment (engineering proto-
types being developed and evaluated by the ‘Aero Medical Division),
suit storage and dopning statiom, restraint and locomotion equipment,

sleeping equipment, & food management installation for GFE food, a
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medical kit storage compartment for GFE medical components, and &
personal hygiene/waste management compartment. A.fadiatiqﬁ
monitoring system, consisting of both passive -and active devices,
will be provided to measure the amount. of incident radiation energy
impinging upon the crew members.

The maximum weight allocated by DAC contract specification to
the Laboratory Vehicle segment (the Laboratory Module and tﬁe Mission
Module structures) 1814,449 pounds.

A mission sﬁm.latot is required to develop and validate flight
test procedures and flight plans, develop operational procedures and
alternate flight pla:is for contingency situations, validate gtc'mnd‘
command software, and train flight crews and ground controllers im -
combined network oper#tions. This mission simulator is an integrated
equipment complex made up of a Gemini B Procedures stml_ator,. Mission
Payload simulation equipment amd Laboratory Module simulation
equipment., Tﬂese three elements can operate simltaneausiy as well as
independently. The unit will be located at VAFB where the flight crew
completes its training and where Mission Control Center (MCC) personnel'
are trained. A floor layout of the simulator is shown in Figure I-2.
The mission simulator simulates the mission profile from launch
through re-entry for -develépment, ‘training or validation in separate
phases or tasks or in the complete mission profile. MCC flight
direccors ai-e trained by a «direc(; interface betweén the mission limlator
and the MCC, whilg remote tracking station operators are trained with

data tapes generated by the simulator,
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Part 2 - Operating Concept

The point of departure for defining the Laboratory Vehicle
- operating concept is the factory-to-pad flow, discussed in Book I,

Section I, for the segments housed in the Laboratory Vehicle. The

Laboratory Module will be acceptance tested in a vacuum chamber at

N

the Laboratory Vehicle contractor's plant, where a simulated mission

B

profile of several days duration will be run. Following acceptance,

the Laboratory Module is mated with the Mission Module at the

Laboratory Vehicle contractor's plaht, to make up the Laboratory

Vehicle. Following checkout and acceptance testing there, the

S

Laboratory Vehicle is transported to the launch site where it is mated .

[ with the Titan III M and the Gemini B, Following the cqmpletioh of
integrated system tests at the launch site and a suécessful cbuntdovm,

! the 1ntegta£ed Orbiting Vehicle 1s launched into orbit. During la_uuch

7 and ascent phases of the mission, the Laboratory Vehicle 1is

essentially dormant; it plays a major role in subsequent mission

—1 phases, as follows:

The early orbit phase, which begins when Mission Control

—

determines that an acceptable orbital insertion has been accomplished,

may encompass up to three 'otbits. This phase is primarily concerned

-=d

with Laboratory Vehicle checkout, flight crew transfer, and orbit
7 ephemeris updating. Upon attaimment of an acceptable orbit, the
flight crew will activate and check out Laboratory Vehicle subsystems

! to ensure an-acceptable environment. One crewman will then enter the
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Laboratory via the crew transfer tummel that connects the Laboratory
with the Gemini B. The crewman in the Laboratory will them activate
and check out equipment ﬁhile the -ctewma_n in Gemini ptepafes it for
the 30-day standby mode. When both ctewmeli have accoupliqhed their
™ tasks, the second crewman transfers to the Laboratory through the
same tunmel.

The on-orbit phase begins upon completion of initial crew trans-
fer. During the nominal 30-day period the flight crew will operate
and maintain the Laboratory‘Vehicle equipment and monitor the status
~ of the Gemini B to accomplish the objectives of‘ the mission. Except
for extra-vehicular activity or ‘emergenéy cabin depressurization
periods, the crew will not normally wear pressure suits. Operations
‘will be conducted in accordance with a detailed sequence of events.:
This sequence depends on mission objectives, equipmegt:_ constraints,

. crew eat/rest/sleep cycles, time over stations, day/night conditioms,

etc.. If this sequence of events must be 'modified as the mission

7 progresses, the ground system will react to rgschedule and replan the
timeline sequence and transmit this information to the vehicle and |

{ flight crew. All commands to the crew and vehicle will be from the

- Mission Control Center. _‘relemetty and voice data from the Orbiting

Vehicle will be available in real-time and stored modes. Selected

! data transmitted from the Orbiting Vehicle will be displayed in real
time at the Mission céﬁtrol C&nt;:r. Although all data will be

9 recorded at the remote tracking stations, none will be displayed there.
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When the decision to terminate the mission has been made, the crew
will activate the Gemini B aqd transfer from the Laboratory to the
‘Gemini B in essentially the reverse of the procedure followed at the
start of the early orbit phase. When all crew functions have been -
performed, the crew separates the Gemini B from the Laboratory
Vehicle, re-enters and is recovered. Mission Payload data will be
returned with the crew in data recovery containers carried in the
Gemini B,

The Mission will be terminated by a Mission Control Center
command to de-orbit and dispose of the Laboratory Vehicle in a pre-
selected open water area.

The Laboratory Vehicle for Flights 6»and 7 will be assembled
in the unmanned configuration. The Support Module, Labofatory
Module and Mission Module will be mated, cheéked out and accepted
at DAC prior to being tramsported to the launch site. The Flight
Vehicle is then launched and the Orbiting Vehicle, after attain-
ment of an acceptable orbit, autdmatically performs the mission as
directed by commands stored in the on-board computer and/or
transmitted'from Mission Control. Mission Payload data will be
returned in Data Recovery Vehicles ejected from the Orbiting
Vehicle. As in the manned mode, the mission is terminated by
de-orbit. and disposa.l of the Orbiting Vehicle in a pre-selected '

area.,’

DORIAN ' . . .
B ' Page &/ of/3épages
Copy of copies

HANDCE Vix BYEMAN SAFSL BYE 21170-67

TCONTROL SYsTEM onLy SEGRE;

SR U

e et a5 0w




NRO APPROVED FOR
RELEASE 1 JULY 2015

—%EEE{"_ HANDLE via BYEMAN
i3 - 'CONTROL SYSTEM ONLY

Iﬁ summary, Douglas as the Laboratory Vehicle System Segment
Contractor is also the integrating contractor and is responsible

for the overall integration of the MOL system., In this role, it

will provide the design engineering required to assure total system

compatibility, ' It is also resﬁénsible for Orbiting Vehicle System

» Engineering and Integration. This task includes the detailed design

)

; engineering and integration of Orbiting Vehicle interfaces, AVE, AGE,
“1 special tooling, and special test equipment and the Support Module.
]

|
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Part 3. Schedule Considerations

A. Critical Factors

Establishing the development plan for the Laboratory Vehicle
involves consideration of numerous interrelated activities and
constraints, The development schedule.is aimed at meeting'the
program objective of the first:all-up manned/automa;ic flight in
December 1970, The Laboratory Vehicle schedule is affected by
several critical factors which are unique to the program.

1. Critical Path

i‘he principal factor is concerned with the critical path
for the MOL Program, which hinges on the Eastman Kodak Comp&ny's .(EKC)
development of the Photographic System. The EKC ache&ule must be
éupported by Genéral Electric'g (GE). development of other Mission
Payload equipment and the GE schedule in turn directly influences |
the Douglas Aircraft an;;any's (DAC) schedule for the Laboraf:ory
Module, which interfaces with both the GE and EKC segments.. The.
following are examples of Laboratory interface subsystems for which DAC
must in FY 1968 complete the design, and in some cases fabricvate and

deliver test items to support GE and EKC development schedules:

a. The first Mission Module Forward Section test

: i structure, non-prime #1, must be shipped to GE for payload component . .’\Q\\-
' ' v N
: .tests in August 1967. The other structures follow in December 1967 Q

l ' (1F), February 1968 (2F), April 1968 (2FX)*, June 1968 (3F),

October 1968 (4F) and January 1969 (SF). o ;
* 2FX is a dynamic test article
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b, Four Mission Module Aft s.ectiéﬁ test structures must
be shipped to EEC n July and November 1968 and Msy and September 1969,

c. A required AVE digital computer functional equiva-
lent prototype was provided to GE in October 1966 for software
development.

2. Long Lead Subsystems

The second critical factor involves a.number of the

Laboratory Vehicle flight subsystems, which have been identified as _
long lead items. Although MOL design criteria stress maxi.mm use of
available hardware components and eétablished technology, design and

~ development of these long lead éubsystems was begun early in the
program and is being vigorously pursued in order to meet .requirements
.of minimum weight and/or 30-day life qualification. These long lead
subsystems include the attitude control and translation subsystem,
Laboratory Module structure, atmospheric anﬁ reactants supply
subsystem gtoﬁp, electrical power subsystem, and the datd management
subsystem. |

3. Mission Simulator

Another critical element for which the Laboratory Vehicle
- contractor is responsi.blg is the design and development of the

' Laboratory Hoduie segment .of the Mission Simulator ?md, the integration
of the total mission simulator. This work was initiated mdiately
after ATP, :pri.mar:lly Sﬁcause of its edrly need -d&te. The simulator,

to be located at VAFB, must be operational nine months prior to the
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all-up manned flight in December 1970. It is noeded for nine months

prior to this flight to develop and validate flight test procedures

and test plans, develop operational procedures and alternate flight

plans for contingency uvtuations, validate grouxid command software

and tra>in ground ~s':::evars and grognd contt‘ollers' in .combined network
operations. The schedule of development, fabrication and checkout

of the Laboratory Vehicle segment of the simulator and its *integrdtion

by DAC with other simulator equipment canmnot be completely defined

until subsystem and segment designs are well underway. Therefore,
preliminary or provisional designs and computer substitutes will have

to be used in the early development tests of the mission simulator

in ox;der to meet the coupressed schedule. To meet.the need date of

March 1970, the design will be frozen by July 1968 to all& release’

of detail hardware drawings in November 1968, Fabrication and

asgembly of this sggmﬁxt'of the simulator will be completed by

August 1969 followed by 7 months of installation, checkout and system
development testing. The simulator will become opurat_:ional in

March 1970 and be available for mission plaiming, goftware and pro-

cedures validation and crew training, Its configuration is to be
1 | updated by a block change in June 1970.
B. Laboratory Vehiclé Development Schedulé
In addition to the critical factors discussed above, which .
are ﬁnique }:o the prﬁéfe’m, all of the other mteftelatéd detivities

agsociated with the Laboratory Vehicle development must be properly
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time phased to support the first all-up manned flight. The

Laboratory Vehicle development involves, in addition to the Aerospace
Vehicle Equipment (AVE), a number of ground test vehicles and AGE
sets. To generate the overall Laboratory Vehicle schedule, key
elements are identified and the time required to completé each of them
is determined, Then, wdrking backward from the dat_e for ﬁhe first
all-up manned launch, December 1970V,vthe interrelated schedules for )
the ground test vehicles, AGE and AVE are aligned and need dates for

the key elements are determined. The schedule derived in ‘this

fashién identifies the critical mileétonéu for engineering, test and
| manufacturing 'acti;rities réquired in developing the Laboratory -
Vehicle, These nileétones» are discussed in theAfollowing paragraph‘n‘
and ghown in Figufe I1-3. |

Laborétory Vehicle No. 3 for thé fii‘lt 511-‘up mannéd flight

must be shipped by end. séptembef 1970 tio allow two and a half months

for integration, checkout aﬁd launch countdown at VAFB, Sixteen

months are required for fabrication, assembly and checkout pf the
Laboratory Module, follo_wed by a two and a half month petiod w_hii:h
includes mating with the Mission Module, electrmégnetic compatibility
testing and final cheéckout of the Laboratory Vehicle. This’eitablilhu
March 1969 as the sta‘rt.:— dafe. for fgbrication of Laboratory Module

No. 3. |

The Mi;siun Modulc. structure is designed and- manufactured by
DAC in two sections. The aft section is shipped to EKC for installation
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of the Camera-Optical Assembly and associated AVE. The forward
section 18 shipped to 6E for matallation of the tracking mirror
drive, envirommental doors, and other GE AVE. It is them shippéd t0o
EKC for installations of the tracking mittor. and mating with the aft
section. The complete Mission Module is gh&ﬁ returned to DAC for X
mating with the Laboratory Module and final acceptance testing before ‘
shipment to VAFB for launch. :

| The forward section of Mission Module No. 3 must be shipped to
GE in April 1969 to allow time for installation of GE equipment, »
shipment to ERC for installation of the tracking mirror and assembly | |
with the aft section and return to DAC for mating with the Laboratory
Module and final testing.. To meet this need date, fabrication and
assembly of the forward section, which required 8 months, must begin
in September 1968, Fabrication and assembly of the aft section of
Mission Module No. 3 must begin in April 1969 to.meet a shipping date

to EKC .of December 1969,

An Electronic Development Compatibility Test Unit (EDCTU)
(previously identified as "hot mock-up") 1is required for several
] purposes. It i8 used in conjunction with the devclopmﬁnt AGE for early
v development integration of interfaces between the various subsystems
asgsembled together for thé first tﬁxe‘, between the Laboratory Module
and its supporting AGE and between the Laboratory Module subsystems
and other l:y,sten segmeht:l‘ This unit is also indiapeﬁqable to t;"he

development and validation of Orbiting Vehicle and AGE .computer
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programs and procedures required for on-orbit operations. The need
date for the Elec;fonic Development COmpatibi'uty Test Unit with all
subsystems installed is November 1968. To meet this requirement,
prototype hardware of major subsystems is required pﬂoi‘: to

August 1968 for integration into the unit and validation of its
functional capability.

One of the major ground test vehicles is thé Laboratory Module
Qualification Test Vehicle (IMQTV). This is a production Laboratory
Module which {s required to demonstrate in advance of the first all-up
launch that it can be successfulljr operated through a simulated 30-day
on-orbit mission while exposed to the on-orbit thermal and vacuum
environment. This quaiification -fest will be conducted in a thermal-
vacuum chamber and will utilize programs and procedures devel.oped.vi.th
the Electronic Develépment: Compatibility Test Unit. The qualification
test must be completed by the end of May 1970 to free the thermal-
vacuum chamber for acceéptance testing of Labur#tory Module No. 3.
Fabrication of the vehicle must begin in July 1968 in order to complete
the qualification by that dgte.

Following qualification in the thermal vacuum éhamber, the LMQTV
will undergo qualification acoustic testing. t!pon completion of this
test, the LMQIV will be refutbished and converted to the unmanned mode
for use in Flight 7, Acoustic testing will be restricted to expected
flight levels since t:e‘s'ti.ug at higher levels would preclude use of

the refurbished structure for flight.
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The IMQIV schedule deécribed, above establigshes an operational
need date of December »1969 ‘for AGE .neecied, to support LMQIV .checkout
activities in the Production System Integration Area (PSIA). The
test flow associated with compact 12 schedule requires additional
AGE-PSIA to support checkout of Laboratory Vehicles, The schedulev
for Laboratory Vehicle No. 3 establighes an operational need date
of May 1970 for this additional AGE. Im addition to fhe AGE-PSIA,; |
launch checkout AGE is required at VAFB. This isg manufactured |
essentially in parallel with the PSIA sets. Cabling is installed at
VAFB before Flight No, 1.and the remainder of the AGE is installed and
checked out between Flights 2 and 3. | X

Another significant requirement in the. Laboratory Vehicle
development schedule is completion of qualification of all subaylteini

individually, in addition to qualification as part of the Laboratory

Module Qualification Test Vehicle. 1In order to complete this prior.

to environmental acceptance of the first all-up vehicle, it must be
accomplished by Méy 1970.

Structural test vehi.élu are required to insure by adequate ground
iestiug prior to the first structure flight in April 1970 that the

Laboratory Vehicle can accommodate the boost and ,.on-orbiﬁ structural

. environment. A Laboratory V&hi_c].e primary (load bearing) structure

will be subjected to J.Z months of structural testing (inodél survey,
shock, acoustic and burst). In addition, an LM/MM ptiinary structure

must be subjected to 5 months of static testing. All of this testing
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must be completéd in suffi.cient time 80 that any required changes cgn
be incorporated into the design of the flight Laboratory Vehicle.
This establishes a need date of January 1969 for these vehi.ciu. ,
Fabrication and assembly, which requires 12.1/2 months, must start
in December 1967. , i
The above discugsion defines thé activities required to support
the firgt a11-upvmanned launch in December 1970. Laboratory Yehiclu
subsequent to No. 3 will require equivalent periods of time for
fabrication and checkout and will be scheduled accordingly to meet
required launch dates, Since the Laboratory Module Qualification Test
Vehicle will have fulfilled its purpose by qualification in the
thermal-vacuum chamber and acqustic fatility in May 1970, it will be

refurbished and used as the flight article for Launch No. 7.  Mission

'bayload equipment that had previously undergone qualificatiom testing

at CE. and ERC will alsoc be refurbished and used for Launch No. 7.

In addition to the development/tesgt/fabrication activities
described above, the program 15 taking advantage of the NASA S-IVB
Orbital Workshop for anon-Aorbit test bf sdme specific MOL equipment/
c¢rew relationships. The fiight date of the S-IVB :Orbital Workshop
permits the performance of these tests in aufficient: time gso that
results can be incorporated into the MOL'develome:it if appropriata.

The crew members will perform specifi¢ maintenance tasks on
selected MOL equipmeht ‘using MOL baseline tools and crew restraints
to evaluate ‘on-orbit maintainability and. tc‘estgblish timelines and

procedures for performing the tasks.
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It is planned that a molecular sieve CO, removal system of the

MOL environmental control and life support subsystem equipment be
tested i{n this effort, Since no molecular sieve will have been

flown in space prior to its use in MOL, information which will be

obtained about on-orbit performance of this unit will be a.valuable
bonus. _

The MOL baseline suit-domming/sleep station will also be
evaluated in the S-IVB Orbital Workshop. This will permit a more
realistic evaluation of the domning station design and pressure suit |
entry method th#n can be accomplished through one "G", neutral |
buoyancy, or zero "G" gimulations. Suit donning and doffing
tech;:iques will be evaluated; the envelope required for donning and
doffing will be verified and the time required "for donning in a
zero "G" enviromment will be determined. The MOL pressure ‘mit » which
will be used in this evaluation, is currently planned to be a primary
suit on the S-IVB flight. Thus a subjective evaluation of MOL wuit
performance as well as signficant operational experience and
pexrformance data will be obtained.

A preliminary agreement has been reached with I:hc.NASA-to conduct
the majority of the MOL suit qualification testing &t the Manned
Spacecraft Center using NASA faciliti.es and technical asgistance., This
effort will result in program fund uvinga and enhancc the interchange

of suit technology mfmation.
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Part 4. Funding Requirements
1 A, General
The estimate of Laboratory Vehicle costs is a result of MOL
! Systems Office estimates and Phase II contract negotiations, and
- include an estimate for the schedule adjustment costs. The original
estimate was built up from detailed labor hour and material costs at
? the subsystem (or equivalent) level using cost datva from similar
space programs such ag Gemini and Apolio. The costs shown are baudv
! upon the MOL baseline program of three manned/automatic flight
) ) configuration Laboratory Vehicles, two unmanned/automatic f£light
configuration Laboratory Vehicles, two test flights for structural
verification, and one Mission Simulator. -Also included are funds
for the Support Module and National Security Agency secure cqmmiea-
tions hardware,
7 ‘The major work breakdown structure tasks aras as follows:

1. Orbiting Vehicle Hardware

This task includes the material and fabrication costs

of the Otbit'ing Vehicle AVE, AGE, special tooling' and test equipment

i and the Mission Simulator and the Support Module.

2, Laboratory Vehicle Hardware
This task includes ﬁaterial and fabrication'gosta of the

[R—— |

Laboratory Vehicle subsystems. Also included are Laboratory Vehicle

AGE, special tooling, special test equipment and assembly and checkout

S

of the Laboratory Vehicle at the contractor's facility.

)

o ]
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3. Systems Engineering and Integration

Includes system engineering and detailed design engineering
of the Laboratory Vehicle system segment nnd its subsystems, AGE,
special tooling, special test equipment,'and the associated engineering
testing and test support. The major subsystems of the Laboratory
Vehinle segment are the Laboratory Module pressurized and unpressurized
compartment structures, Minsion Module structuré, attitude control and
translation subsystem (ACTS), envirommental control and life sunport
subsystem (EC/LS), data management subsysten,‘1nstrnmentation,
communications, electrical power, and the crew stations and accommoda~
tions. Mission Simulator Systems Engineering.and Integtntion'ineludei
the detailed design engineering of the Misgsion Simulator, integr;tion
of associate contractor equipment, and Mission Simulator test and -
test support.

4, Services Test Operations

This task consists of the Laboratory Vehicle contractor
participation in launch site preparation, ac:eptancé, assembly and
checkout of the flight vnhicle'at the 1aunch.site, launch, orbit and
recovery operations, flight planning, data management, and flight
analysis. Site activation and operation of the Mission 81nn1atorvat
VAFB and in the in-plant support are also included, Tnis task 1nc1uden
training and support of flight crew, lupport pet-onnel, and mission

control network persunnel
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5. Management and Administration

This tagk consists of Program Control Management,
Configuration M#n&gemeﬁ, System Effectiveness Management, Material
Support Management and Procurement and Productiom Management.
Funding requirements, by major yotk breakdown structure, are showm
in Figure I-4 and include the negotiated contract amount with an
estimate of the schedule adjustment cost, deferral amounts, and |
identified program changes; The deferrals are described in
paragraph B and program changes in paragraph C.

B. Deferral Status

The following were deferred from contract negotiationms.
(Costs shown for these items are included in Laboratory Vehicle
segment cost charts). |

1. Field Test Operations at Vandenberg AFB - $71.9M

This effort is near end of test flow cycle. Deferral
eages FY 68 funding requirements and produces better definition of
contractor activities at Vandenberg AFB.

2. Simulator OSM - $2.0M

This item was deferred as part of the Test Operations

package for Vandenberg AFB,
3. Acquisition Tracking System Integration - $2.1M

This item was deferred pending the outcome of a study

effort.
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4, Data Readout System - $1,0M

The hardware for this item has been deferred. However,
it is necessary to retain an effort aimed at reserving the capability
) for re-inserting the hardware at a later date.

5. Support Module - $32.411M

Deferred so as to ease FY 68 funds requirements.
, 6., Ground Station Convergion for Secure Voice Communication -
$1.532M
‘The decision to require MOL Program funding rather than
SCF funding for the Ground Station conversion was not firm at the

time of contract negotiation. Consequently, this item was deferred.

C. Identified Program Chapggg

L . Revised .or new technical requirements and Management

] decisions since December 1966 have resulted in additional tasks. The
estimated cost and reasens for these change items are described

below. The costs are included in the Labcratory»Vehicla'vugment cost

charts,

1. Additional AGE-PSIA - $10.0M

! Differences in test flow requirements (particularly

T acoustic and vibration testing) now cause an overlap in test and

production flow which requires additional AGE-PSIA.

’v 2. Vandenberg AFB Cableg - $.556M
'ASanc‘insﬁffig‘ient time 1is availahle for.electtical AGE
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installation between flights 2 and 3, a mew set of electrical cables

3 must be obtained and installed in advance.

3. Refurbishment of IMQTV for Flight No, 7 - $8.0M

1 Additional damage to IMQIV is anticipated because of

1 high acoustic test levels.

4, Additional Test -~ $4.5M

Additional acoustic, thermal vdcuum and other tests are

'
P |

- now recognized as requirements.

- Because of the test flow impacts, a modification is

required to the service tower at DAC to accommodate a second test

area. : -

6. Miuion Module Forward Section = $,222M
An additional Mission Module Forward Section 1s needed
to meet an earlier static testing schedule.

7. Integration of Sliding Mask - $1.032M

A 's11ding mask to provide protection to the optics from

thermal gradient and contamination 1is now recognized das a requirement

and will be provided by GE, The mask must be integrated into the

7' Mission Module by DAC, :
! .
8. Interface Hardware - $,293M
} A numbgr- of ‘additian‘al exchange interface hardware
} _ substitutes (uleci‘tticd, thermal and étructuralj are needed.
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9. Mission Module Forward Section Doors - $2,95M -

A set of MMFS doors is needed to test the interface with

the gliding mask.

10. Reconnaissance and Rendezvous Study - $.100M

. A study to explore certain aspects of reconnaissance and

rendezvous has been recognized as a requirement.

11, Water Simulation - §.300H

An extension of zerc "g" testing via & water environment

i8 needed.

12, Static Test Hardware - $1.0M

Schedule'rgvisions and exchange hardware due dates require

the qualification of LM/MM primary structure prior to delivery.

Hence, & requirement exists to provide an additional vehicle primary

structure for the static tests.

>
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SECTION II - MISSION PAYLOAD SYSTEM SEGMENT (MPSS) INTEGRATION

(General Electric)

Part 1 - Segment Description and Performance Requirements

A. Genersl ' |:1<'/0C"ICS
The Mission Payload System Segment (MPSS)[is composed of]the
photographic system and the subsystems necessary for its control and
dynemics. [The :\i'g;ycstemg__]are located in the Laboratory Module and/or
the Mission Module depending on the specific function concerned.
General Electric is respemsible for the overall integration of the MPSS
and development of E:'hgjhardwam with the exception of the camera and
describeg i somme deva il
the main optical system. This gection@efine‘s] General Electric's
[responsibilities with regard to t}@mss;:ft/?wff"é//f'/’“"
. s A rons to}
The @ynamic elements| of the MPSS arethe msppnsibility of
General Electric and must perform the following functiona
| 1. Establish vehicle/target location relationship.
2. Establish vehicle attitude reference.
3. Acquire targets. |
L Prorvide;«e-dég'ee-of-freedan motion to tracking mirror.
5. Track targets‘with high precisiOn.
6. Provide commands to primary camera.
7. Control tracking mirror thermal environment.
8. TRegulate end’ distribute electrical power to the Mission
Payload |
9. Provide Missibn Payload Command & Contral data handling.
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B. Technical Description

1. Aerospace Vehicle Equipment (AVE) Subsystems y
+0 M anf/f
The Mission Module structure Cas_]prcvided b};‘ Douglas is
10 feet in dia.meter,@n@ 37.0 feet in length,and is fabricated in two
sections. The forward section, approximately 14 feet long, contains
much of the mission related AVE provided by General Electric, such

as the gimbal, mount and thermal control system fo;' the tracking mirror,

175¢ I’L,

' [;._nd associated equipnenﬂ The tracking mirro;,;‘ is provided by Eastman

Missiowm Module ('4'1 gf)
Kodak. '.me,\a.ft section,\houses Esstman Kodak optical equipment, as shown in

Figure II-1.

_ The specific performance and description of the subsystems
N related to the msgfosnSPayloag]aynamcé are best presented in terms of
the support they provide to the critical functions es depicted in the
Subsystems/Critical Functions Matrix, Figure II-2.

o a. Navigation and Control Subsystem

The na.'vigation and control subsystem generatés the commands .
and provides the drive for pointing the optical system, slewing the
primary optics tracking mirror, slewing the acquisition and tracking
subsystem (ATS), and tracking targets with high precision. Tt depends
- on the Laboratory Vehicle attitude control and translation subsystem
(ACTS) for vehicle attitude and stability; however, it establishes the
ettt )
precise attitude references needed to generate the pointing commands
for the tracking mirror,' and precision ’crac}:i.ng refinements after
Nav Convrel 5‘!-6‘2""“- ' :
target acquisition. This Elbsyste@ includes two star trackers to
- DORTAN , : - Page$f/ of /3pages |
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provide precise orientation of the vehicle with respect to the
celestial reference frame. A low-G accelerometer measures drag
Hoog
effects,/\permitting precise correction of the orbit ephemeris.
: veioe b T/
In eddition, an i.mageEnotioﬂsensor«detects relative motion of the

target across the optical format and provides an error sigmnal to

_ correct the rates of the tracking mirror drive. Three drive units

are provided to allow two-axes control of the main tracking mirror,
single-axis servo control of the tracking mirror viewport aperture,

and two-axes servo control of the acquisition and tracking subsystem
optics. The mecﬁa.nism which drives theimain optics tracking mirror
must provide line of sight coverage of +40 degrees in rall and +30
degrees in pitch with qxtg:e precision and smoothness. The successful
fabrication of 'ICe;'-VI‘t;:ﬁfi;rérs will allow -1&00 in pitgh. The smear- |
contribution of the tracking mirror drive mechanism must not exceed
_per second. To meet this specification the roll gimbal
motions must be capable of providing smooth action at angular rates
less than +0.5 degrees/sec and must be accurate to +0.001 degrees/sec
when the tracking mirror is rotated at a rate of .001'.'." degrees/sec.

b. Structures and Thermsl Control Subsystem

The structures and thermal control subsystem consists of
mountings, bearings and other hardware which comprise the gimbsel
ne : '
structure ¥ support and algw]movemnt. of the tracking mirror, and
the environmental control necessary to' assure préper functioning of
the tracking-system and to minimize distortion of the tracking mirror.
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‘The gimbal structure Ez_msi;) provide§ !
1. Support for a 1200 pound tracking mirror and assembly
during launch.
mﬂousing for a contz.'.ol systen cépa.ble of simultaneous
pitech and roll motiom. _ _
3. [AJStirness (13.5 CPS) sufficient to maintain a limited
margin between the natural frequency of the control sysfem and the

mounting structure.
k. A capability of operating in & one "g" fileld and

yet maintain aligonment on orbit.

. The gimbal E:Lllﬁ)_é febricated mainly from beryllium and
éﬂilibe one of the largest- structures ever made fram this material.
Beryllium was cposen primarily due to its high modulus of elasticity, '.*S
low density aﬁd aﬁﬂity t0 support the loeads.

The thermel control equipment includes necessary thermal
coatings, hatches, blankets, louvres and heaters to maintain the
tracking mirror bay at a temperature of 70 degrees F. + 5 degrees.

The temperature differential (face to back) of the tracking mirror (m™)
mist be no more than 0.1 degree throughout the photographic pass.

When the TM is exposed tc;H‘ 3.1rect émioﬁ;n;;B of external heat fluxes

the thermal design[gusﬂ minimizes this

P

disturbance by l:l.miting the irradiation of the T™ fram areas outside the
. d..tcame.lSn +4 :J Jd.SK'
optical field of view. Tofa Cgsist in accomplishing th_]the ™ bay is

during photogrephic periods

provided with a viewport door, and a servo controlled viewport aperture
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to aid in maintaining an acceptable average linear gradient throughe wt
the tracking mirror thickness.

¢. Acquisition Subsystem

The acquisition and tracking subsystem (ATS) enables man
%o make his most important contribution to the system. The quality and
amount of reconnaissance data which can be acquiredv by an unmanned,
coﬁpletely sutomatic reconnsissance sate;lite is degraded by such
things as target location errérs , ephemeris errors, cmﬁutation or
servo errors and wegther obscuration of targets. Erew meq:ﬂerﬂ using
the ATS) can minimize these effects by exercising judgment in appraising
targets for intelligence value, rejecting pre-programmed targets which
. are oiascured by weather or-considered to be less valuable than other
- _ observed ta.rgets)a.nd dz:iving the tracking mirror to more valuable
alternate targets. @e cret'v'a;;mbex_ﬂ can 8lso refine the automatic
pointing and image motion“ compensation systems, thereby enhancing the
photographic quality. |With the 2 acquisition scopes of the ATS,’ the
crew members can view the earth with magnification of fram 15X to 30X
- and 63.5X to 127X with corresPonding fields of view of fram 4 degrees
| to 2 degrees and 1 degree to 0.5 d.egrees. The subsystem provides a
Y maximm ground resolutiz;(:éffe.%mt 3.6 feet for detailed target study

in & 0.5 degree field of view at 127K magnification. E['hiu:a%oj acquisition
_’ . scopeﬁjoperateg independently a.nd&:awﬁ a canputer driven servo system
-  with an automatic pointing a.ccuracy of 0.1 degree. Two scopes are
provided-to allow the crew members to inspect:aifferent areas
DORIAN - | Page #¢ of /34 pages

Copy of coples

- HANDLE via BYEMAN _ SAFSL BYE 21170-67

CONTROL SYSTEM ONLY —%:_.ERH'_
Y




HANDLE via BYEMAN

NRO APPROVED FOR CONTROL SYSTEM ONLY

RELEASE 1 JULY 2015 i

" simultaneously thereby increasing the systems flexibility considerably.
The limits of the tracking angles are +70 degrees to -45 degrees in
pitch and + 45 degrees in roll.

d. Consoles and Displays Subsystem

The consoles and displays associated with the mission
payload are physically located in the pressurized compartment of the
Leboratory Module. Ihey@gsentia.‘ljﬂprwide the visual and mechanical ‘
man-machine 1links to allow the crew to monitor and control, as well as
to identify out-of-tolerance conditions, in the Mission Péyload. In
general, the crew functions supported by this subsystem' are related
to ground station contacts, payload status and cé.libr.a.tion checks,
payload pass preparation, the payload pess, postpayload pass analysis
and reporting, preventative maintenance, and data processing and return
activities as required. Figure II-1, View A-A gives the general
o location of these comsoles and display units. There are crew stations
located at bays 2 and 8 which each contain display and operating panels
for the visual opt:fcs, acquisition scopes, cue d:t.spla.ys; magnification
controls, and teleprinters. Bach crew station provides access fo
one acquisition scope and to visual optics viewing through the primary.
o telescope. There are also miscellaneous indications of time-to-target,
target priority, and other bperational visual displays. The crew
| member at bay 8 has access to the window 1n bay T to ensble him to
view the ho:z:izon. -BothA crewmen have acéess to the computer keyboard

located in bay one. When operation of the film processor and readout
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(ﬂfn provided) is desired, the crew members may turn to bey 4
and utilize the provided controls.

e. Commmications, Command and Instrumentation Subsystem

The heart of the communicetions, command and instrumentation
subsystem for the Mission Payloed is the Mission Data Adapter Unit (MDAU)

which provides the interface for cammand and reaétion between the Mission

Payload and the Laboratory Vehicle data management subsystem. There

are two redunda.nt xﬁission data adapter units wired with the two redundant

alrborne digital. computers in the Laboratory Vehicle data management

subsystem to provide high reliability. The commands generated on the

ground are fed to a mission data adapter unit through a lsboratory data

adapter unit and the alrborne camputer... Commands generated on board

are provided to the mission data adapter unit through the airborne -

computer. The mission data.v adepter unit translates these commands into

mission payloed actions and provides feed back to the computer which

in turn provides the verification functions to the Laboratory Module

telemetry equipment for'.tra.nsmission to the ground either in real time

or by delayed recording. ' ‘ : ‘
f. Electrica.l Power and Signal Distribution Subsystem

The electrical power and signal distribution subsystem
conditions and distributes power and signels to meet all requirements
of the Mission Payload. This subsystem is supplied power by the

Laboratory Module electrical power subsystem.

DORTIAN S ' ' Page ¥€ of /3 { pages
Copy of copies
SAPSI, BYE 21170-67

T



HANDLE viA BYEMAN

NRO APPROVED FOR CONTROL SYSTEM ONLY

RELEASE 1 JULY 2015

*

. 7 _r! § "
2.00E Relgdes Thems
a: Software

The Mission .Payload subsystems software including the
incorporation of the mission logic is the responsibility of GE.
Before any final design cen be accepted a great number of simulation
studies using the crew members must take place, to evaluate and.
measure the man-machine factors concerning command and control and
on board software affecting decision. Software is also being
developed for system checkout in conjunction with the Aerospace Ground

Equipment (AGE) and for system simulation equipment.

- ’ 6 Similation Equipment
| A camprehensive similation program is an essential
element of the successful.development and operation of the Mission
Payload. The overall objectives of the simulation program are:
(1) to measure and optimize the man-machine-mission interface and |
(2) +to provide mission training. The first Mission Payload similator
1§ called an Elementel Development Simulator and is [Eo bE used -
primarily for establishing measurements for proper systems design of
both AVE end software. ItE.d.Jg provides tést data in three basic

categories:

- ' 1. Man-Machine ( cueing philosophy, sensor controls

and alignment, etec.);
f , 2. Machine-Mission (targeting mix, sensor drive signal

velidation, etc); and
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3. Man-Mission (targeting mix, cloud and atmospheric
effects, activity detection, target acquisition, timing, etec.).

The Elemental Development Simulator is in operation at
the Generai Eﬂ.ectrié plant, Vailey Forge.

Mission Payloa.d"s‘jmzlation equipment is['l-)_eingdesigned to
perform four "basic funétions:

1. facilitate training the flight crew in the complete
missioﬁ;

2., develop and pré,ctice in-f1ight maintenance procedures;

3. facilitate MOL integration with the Satellite Control
Facility (SCF); and |

4. develop operating and contingency plans.

" Tt 1]l includes hardware and/or software simulation of
control/dis;play interfaces for all major functions of the Mission

Paylosad.

2. Aerospace Ground Equipment (AGE) A
| Aeréépace Ground Equipment (AGE) @11 be pi-ovided t':q] pnou'?cf es

support the development, test, and operationa.ll activity of the Mission
Payload e mechanical AGE includes the&ommon type such g.ahandling
and support equipment.@uﬁ‘which is peculiar to tﬁe ‘type, size and o
weight of AVE which it _is required to support; mechanical checkout
equipment to pei'fom alignment of the optical elements to tolerances
as close a;s 5 seconds .\o-f ) arc ﬂa/nd trénsporbatidn and environmental
control equimnt‘lihic? must)limit shock and ¥ibration induced to the
DORIAN ‘ | ~ Page #& of /Bépages
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Mission Module during transportation and maintein the required

temperature, pressure, humidity and clea.nliness%he electrical

AGE consists primarily of the Camputer Integrated Test Equipment (CITE)
which is & programmable checkout system. The CITE can operate in

& manual or semi-automatic mode via a stored computer progra.m with

a minimum of operator assistance. This equipment E_ill lljused Eo:) 1‘7 ’LA‘
Cdﬂr{uc l- pF
&upporﬂ electrically mated system compatibility tests, development

tests, qualification tests and performance demonstration including

migssion profile test. CITEEri]g.Jperfomsthese tests on all the
T Mission Payload System Segment subsystems and on the Photographie

System subsystems. This checkout system will be deployed at the
[ + ﬂ Uavw,e{ {M*
General Electric Afeetozu, he Dougla,s ' and VAFB. A modified
of LITE '
. : configuration will be deployed at Eastman Kodak COmpamr to support -
c ' 1< Do me {f
the Photographic System performance tests. At the Douglas Raalowy
M% Dovme ff Dovsla s
- and at VAFB, the CITE VE interfaceswith the

s A11 Systems Test Equipment Group (ASTEG) to support the integrated

| systems tesfing performed at these locations. The CITE aabibk provideg

A for functionally identical tests at a1l locations and widd providel

for direct correlation of 'dafa. throughout all levels of MPSS testing.

This equipment wiid permitsmalfunction detection and isolation within

the AVE to a replacesble blaok box level and \é& be capable of self=-

! ' verification and fa:ult localization. During all testing the CITE, " C'ij‘['“

with
-bkruu'gh—ehe AGE software, "ol pemit:modifica.tion of thestest procedure
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t.o correct.érrars in the procedure or to retest a subSyétem or
component using ‘a slightly modified procedure.
5. Data Return Vehicle (DRV)
fh\ “he automatic configuration of the orbiting vehicle )"'4@ ‘-‘vw‘-”wg

't replaced Widh T +his mode,
rephaces—bire—gemini~B with a Support Module.

(B
Data Return Vehicles (DRV) #oeirest-tremd ejected from the Support
Module to return the exposed film. The film is transported and loaded
into the DRV's hb’éjquipment supplied by Ea.stma.n Kodak. The DRV's

Qare
wiid=be similar to the General Electric Mark V model, modified as

necessary, to return approximately 60 pounds of film each. The
: ‘ 1s Jepennd . '
number of DRVs per orbiting vehicle depgm: on the final configuration

of the Support Moduley,
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Figure II-2
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é’h \.:A “ hFfrey may select and edit photography to be transmitted to a iﬁﬁm«,«c/ ahavz

Part 2 - Operating Concept

After injection of the Orbiting Vehicie into orbit, the
protectivé hatch covering the trecking mirror viev;port wirr-be i:‘
éjected. The tracking miﬁor bay viewport 1'&5.1 thereafter Jme covered
'b:;; sliding masﬁ:é'{eept during photography. This mask is sleved to
the tracking mirror pitch drive to assure that the bay isamige open © '\._‘/3

: ' , 0 as io
the emount necessary for photography, ehewebs aldigg in thermal i

-
.

™
control of the Aba.y.
- An on-board computer, reriodically updated with target

S R TN rn e v

coordinates and ephemeris dats from the tracking stations, -um.fe ‘ow«u\oﬁ&
program$ pointing angles and tracking rates for the acquisition
scopes and the primary tracking mirror, independenédyn In the ma.nned/

automatic mode the crew may override or refine this autamatic

v T e g g

tracking by use of consoie mounted controls. Visual target cues will
be provided to aid in recognition of fa.rgets. Crev members may
corr_eé't target centering, provide vernier control to tracking rates,
determine target visibility and select active or seconda.ry targets.’

mefuth Gue beiv: redai el in oip SJS‘LM. de s s for oo &,
i-ﬂ-bhe-readout' option m&-—m—rmw Qg{ﬁ\

readout station ﬁuring sta.tion contact the selected photogra.phs whdl oo/

be autamatically scenned and transmitted by the readout system. U.re xS 4¢
o‘,\f{’ f&uz(ﬁ.ﬁr L {z{,f Pf*"\'rw Ea‘se(y FO’
bDRV OB - emn 1end-oN j\the first

+° : .
week's pr:lmary record b be returned 'by DRV. All other film is
returned with the remsinder of the photographic take in data

recovery capsules in the Gemini.
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In the sutomatic configuration the £ilm wiseise. loaded into
the Data Recovery Vehicle by means of Eastman Kodek £ilm chutes,

e
cutters and sea.lers.-aﬁ the Data Recovery Vehicle re-entry sequence
15 o
whbil-bo initiated by ground or stored command at the appropriate times.

PN
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Part 3 - Schedule Considerations
f” '[‘MC‘[ che ey

General FILectric) &e—-bhe integrating contractor for the

Mission Payload System Segment >ﬁ requires close coordination

P{C DAC wrhis ca‘,/\afﬂﬂ,\" e b pu.w*l"" "“
with both EKC and Bés. e critica.l areas of thermal protection

MNFS)
for the Mission Module Forward Sectiogl and t)ne precision mounting

A L
bearings and servo mechanism for the large tracking mirror mw4 )

detailed design, breadboarding, analysis, and development effort.
GE is also responsible for an extensive mission. payload simulation
and training program.
txvs)
An image velocity sensor is required in the sutomatic and
manned/sutomatic mode to provide image motion tracking to less than
0.1% of the velocity/re.nge,»ratio dn order to provide the extremely

high resolution photography desired. GE is responsible for the :
Tus 58[{ ' of +he

in'tegration of the inage-mleo#by—mr into the vehicle, a.nd sensor

5v6£@wv1"¢.f'fﬂf .

The total GE schedule for design, development, fabrication,
and test is shown in Figure II-3. The GE effort is a continuing
interaction betweén the systeﬁs and design engineering requirements
and the implementation process. Cost effectivenevss trade-off studies,
degraded mission méde ana,lyﬁs, and systeins effectiveness‘detemination
are to be pursued throughon;t the entire program. There w"i‘is&-be & con-
tinuous interchange of information a.n;Ong the USAF, GE and other
associate c;)ntractors to insure’ systemé optimizaﬁion. System
engineering tasks during the design engineeri_gg phase are:;
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Q. establishment of systeﬁs, subsystemé and envirommental
design requirement specifications; |

‘. technical and mathematical analysis-to eyaluate and
optimize selected configurations (stress analysis, thermal anelysis,
reliaﬁili’cy anelysis, etc.); _

G. developmént and evaluation of su'bsystems and systems
test specifications and procedures to iﬁsure that simulated teéts‘
determine capability of hardware to meet the design criterisa;

J management -of the interface ‘to insure overall system
continuity.

Concurrent with the above effort ié the development,
inst;allation and checkout of the software for command and control
| s ~of the payloacf operation on orbit., Detailed software plenning must
a.lsd be generated so that subsequent data reduction and evaluation
of flight data may be aécomplished in a timely and efficient manner.
The systems cross checking and feedback loop of the aforeinentidned.
prior to flight through simulation

> J

effort is accomplished on the ground
- and training programs which establish optimum relationships between

= flight crew, hardware and software.

1 » The test flow at GE is shown in Pigure II-4. The Mission
Module Forward Section engineering model,‘ (non-prime #1) is used for
bPayload component and system tests before assembly and test of the
- ~ first f;ight. The mission Module Forvard sectién test article,

. 1F, is used for thermal testing at GE; upon:(:ompletion of these tests
' .’ DORIAN | - ' Pa;ge56 of 134 pages
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it is transferred to EKC to provide the forward interface for thermal

testing of the Mission Module Aft Section, and is then returned to

GE for the use as their engineering model. A second test article, 2F,

is used for dynamic structure tests of the tracking mirror support
structure at GE. It is then transferred to EXC and mated with an

aft section for Flight Vehicle 1. A third test article, 3F, is

used for development testing of the Fbrward Section AVE, including

- : extended thermal/vacuum operating tests of the gimbal and environ-

: mental door mechanisms, A fourth test article; 5F, is used for
qualification testing to verify all_ﬁanufacturing and fest procedures,
and to qualify the Mission Module Forward Section in ambient, vibratiom,
and thermal/vacuum tests and to conduct'eléctromagnetic interference
- . tests. Upon completion of qualification tests this Forward Section
is transferred to EKC for the Mission Module Qualification Tests.

In addition, two other Férward Sections are assembled, checked out
and shipped to EKC to mate with Aft Sections for EKC dyna.mic testing
and development testing, - 2FX for dynamic testing and hF for .

- development testing.
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Part 4 - Funding Requirements
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A. General
Costs are based upon detailed Systems Office estimates and
the Phase II contract negotiations, and include an estimate of the

Lot .asf/:

schedule adjustment costs and dEferred? . -&Ieferra.ls are

described in paragraph B, and identified changes in paragraph C.
Funding requirements are shown by major work breakdown structure

in Figure II-5. The tasks within the major breakdown structure are

as follows:
1. AVE Hardware

I;\Cl[u J?J 4[@
This—-prevides—~for design and development of all airborme

mission payloaﬁ::;:ﬁ;;;ej:t., aﬁ_gsgq_ulpment consists of tracking mirror
drive and control mechanism, target acquisition and tracking system,
navigation and control, date return vehicles, target cueing system ’
and environmental control system for the tracking mirror bay

i 'nc/‘m/rc‘

Ivedudad.de ﬁight hardware for three manned and two unmenned flights.
2. AGE

WhisIlcludes design, development, testing and qualifi-
cation of all AGE to support the Mission Module, including the Mission
Module transporter and the environmenta.l control and monitor unit for
use with the transporter. Also included is electrical AGE equipment
o tés‘bi.ng a.nd checkoup ®f the Migsiem Module.:  The AGE
m-l..be msta.lled and operated at General Electric and at other
associate contractor facilities. The set used at General Electric
DORTAN S ' ' Page 6 O o£/3 Lpages
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w:Lll. be refurbished and installed at VAFB. All electrical AGE ;
widibe of similer design snd function. However, AGE will be
to sadish posnlise peguicimes a7 '
adqpted as req_uired';h’ each specific location. Electrical AGE
will be provided to EKC for mission'module level testing.
3. ZTraining
Sints ﬁ'ovides for the development, testing and operation

of all training equipment associated with the mission payload. It
‘includes the operation of mission payload, simulating and training

of astronsuts at General Electric Company and at VAFB. Mission
Payload simulation equipment is integrated with equipment from other
associate contractors to make up the camplete MOL simulator avsdels
wishlesipe. installed at VAFB.-

k., gstém Test
aie—twsk Govers contractor performance of General

Electric AVE in-house development and testing at the system level.
wime- 4t includes General Electric Company's participation in system
tests at other asééciate contractor facilities and overall MOL system
test at the Laboratory Vehicle contractor's facility and VAFB. This
task includes providing the hardware snd support required to accomplsih
all system testing of General Electric furnished equipment. Tt also
includes Geperal mect;z;i;! hardware and support required by other

associate contraétorg for thelr system development and qualification

tests.

DORTAN B '  Pagel/ of)3 bpages

. Copy of coples
HANDLE via BYEMAN S ,
CONTROL SYSTEM ONLY —S-EGR.H__

SAFSL BYE 21170-67

- l - o T ;




NRO APPROVED FOR
RELEASE 1 JULY 2015

CONTROL SYSTEM ONL\

5. System Engineering and Mansgement

This task includes all engineering analysis and design
integration at the mission payload system segment level. System

engineering and integration is accomplished on both AVE and AGE

hardware and software. Managex_nent under this task includes project

engineering and planning utilizing PERT and providing a Cost Planning
and Control System. Also included 1s a system effectiveness program
to insure that overall system effectiveness requirements are met. -
Travel, living and training expenses of contﬁctOr personnel are

= included as & direct charge under this task.

6. Documentation

f This task includes preparation and publication of all
date and reports required of GE. '

T. Launch and Flight Operations

7 ’ Launch operations cover the GE support end services

4 required at VAFB to test launch GE f£light hardware and to support
other lsunch activities required at VAFB. Flight operations cover
GE software development including computer programs for ccuﬁnand and
control from thé Mission Control Center, on-board camputer program .

- for operation of target a.cqliisition, tracking and functioning of &all

mission payload equipment. This item ineludes the GE support and
5 .
i services at the Satellite Test Center to provide mission operation
support and flight date analysis and reports. The task also includes

providing a capability for an off-line data reduction fa.cility at

7 - Sunnyvele, »
DORIAN ’ , . Page 62 of/ 3 §pages
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B. Deferrsl Status

Several tasks were deferred from the Phase IT baseline
contract pending further definitization. The estimated costs and
8 brief description, of these items follow:

1. Field Support Program - $43.3M

This effort is in support of GE-AVE/AGE and of Exchange
Hardware at DAC-Huntington Beach, VAFB, STC-Sunnyve.le, and On-Orbit/
Post-Flight Support.
2. Image ' Velocity Sensor - $9.0M

The IVS detects relative motion of the primary optical
:hnage across the optical format and provides an error signal used to
correct the rates of. the tracking mirror drive. GE is revising the
IVS specification in preparation for pé.rbicipa.tion in an AF and potentiel
subcontractors specification review. | B

3. Acquisition Tracking System - $27.2M

» The ATS is the target selection and acquisition system.
The subcontractor, ITEK, has been selected and has been working since
January 1967. .
4. Data Recévex'y Vehicle System - $13.8M

- The DRVS w:LL'L‘provide for the return of the photographic
record to the recovery area.

5. Excha.nge Hardware - $19.1M -

This d.eferred effort covers those items of develoment/

| 4 test exchange hardware which GE will provide to DAC and EX.
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6. Logistic Spares - $9.5M

Logistic spare components/hardware will be used to
support the field site operations and the support of GE hardware.

7. Support Module - $3.1M

C. Identified Program Changes .

Estimated costs and brief descriptions of each program
change considered essential to progrém accomplishment are as follows:

1. Sliding Mask Door (SMD) - $6.4M

The sliding mask door, which replaces. the baseline thermal
door, will open to expose the tracking mirror -viewport, during target
acquisition, and\iemain closed at other' times to control the tracking
mirror bay thermal 'env:lronment_. .The SMD concept is currently under

study.
2. Flights 1 and 2 Support - $.9M

In support of Development Flights #1 and #2, GE will
define and integrate the GE/EK flight objectives and sensor/data
requirements. This will include: equipment substitutes to simulate
payload flight conditiqns , data analysis for GE equipment, and post
flight report. |

3. Alignment Equipment - $1.4M

Alignment equipment and alignment operation will be
in support of GE equipment at the field sites. Alignment will include
alignment of low "g" accelerometer, gimbal to COA, deflection |
compensators, etc,
DORIAN ’ : ~ _ . Pa.geél-f of ]%pages
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I, Refurbishment, Qualification Vehicle Consoles - $.3M
The qualification vehicle comsoles will be refurbished

and retested for FV-5 use.

5. Engineering Model - $2.6M

Refurbishment of Engineering Model 103 for use as an EKC

d.evelopnent test vehicle.

6. Mission Module Test Set Installation and Checkout,
Qualification Vehicle Test - $.1M

The revised test flow requires that the MM Test Set be
installed and checked out with the qpa.lification vehicle prior to
its delivery to EK. This is required to assure campatibility of the
' test equipment with the vehicle prior to delivery since MMIS will be

used at EK.

7. Power Interrupt - $1.5M

GE will évaluate and institute the power interrupt
capebility, which requires that each component and subsystem, as well
as system, be provided with protection to withstand a power interrupt
» and proper initialization sequencing so as to be abie to meet all
i system performance requirements within 30 seconds. This requirement
| is presently being evaluated for design methods to miniﬁize schedule
“ and cost impact.

- 8. Command Software - $1.3M

This deferred effort is the design,. develdpnent and

! integration of the Executive Routines GE is currently working on the

proposal. - | V
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SECTION III‘-' PHOTOGRAPHIC SYSTEM

(Bastman Kodak Company)

Part 1 - System Description and. Performance Requirements

A. General

".l'ne Photographic System contains optical, mécha.nical, thermal,
electrical, and structural components necessary to perform high quality,
stereo, photographic reconnaissance. It will provide a static lens-
film resolution equal to or greater than 114 lines per millimeter at
the film plane at a 2:1 apparent scene contrast and illumination of
890-foot-Lamberts when using film of type 34O (but with an exposure
index of 6.0). Thé Photographic System will be capable of both north-

’ bound and southbound photography from orbita.i altitudes of 70 to 230 N.M.
it will be capable of both manned/automatic and automa.tic' operation and
provides for visual observation through the primary optics at high
magnifications in the manned mode.

. The baseline Photographic System for theA MOL consists of
8 primary lens system with necessary support structur.e, provisions

for camera recording of optical image or visual observation with

v varisble magnification, control console components, film viewing and

processing equipment, necessary electronic and thermal control equipment,
and ground support equipment.

B. Technical Description

The primary lens system is a Ross telephoto design with a

-focal length, 70-inch primary - and & 1.08-degree

DORIAN ' ' Page §Tof/ 34vages
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field of view. A lens barrel provides optical alignment, controls
thermal environment, and provides‘ the mounting structure for the
70-inch reflecting aspheric mirror, the Newtonisn and Ross (45-degree)
folding mirrors, and ‘the Ross corrector lens assembly. |
A T70-inch tracking mirror provides for nulling the ground
image motion and for directing the optical line-ofsight obliquely up
to 40 degrees to either side and approximately 30 degrees fore and aft.
The camera, located in the Laboratory Module, is a frame type.
The platen is equipped with across-the-format image motion compensation
to decrease resolution degré,dation at the eé.gé of the frame due t'o
local relative motion during exposure, The imagé is circular, 9.k
inches in diameter, with attitude; seqxi‘ence’;' exposure time, tracking
mirror point angle and camera settings recorded within the format of

each frame. Variable exposure times are possible with the focal plane

shutter at a recycle rate of one frame/second. In the manned/automatic

configu:éation a capaclty for 10,250 feet of type 3404 black and white
primary film is to be incbrporated with additional provisions for ‘
2900 feet of secbnda.‘ry £ilm éonsisting of color, infrared or othér
special film types which are employed in a secondary camera., In the
automatic configuration 17,400 feet of type 34Ok blé,ck and white film
is provided. The automgtic version has necessary film transports
(chutes), and cutters to-load the re—'entryiehicles .automatically. _
In-flight processing ééuipment is provided by EKC for the Laboi-atory
DORIAN . A : : Page ¢ 8of/I4pages o
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Module to allow the crew members to prepare film from the secondary
camera platen for photo readout to the ground, when this option is
provided. The 6n-board processor is capable of processing 50 pictures
per day'at a rate of less than 5 minutes per picture.

The primary optical system can be used by the crew members
for high magnification (127X _D visuel viewing. An eyepiece
ié provided for this capability with an apparent field view of Lo
degrees and a full field angle on the ground of 0.4 to 0.0l degrees.
Approximately five per cent of the'total image illumination is utilized

for this purpose.

- An environmental control subsystem utilizing passive techniques

to thé maximum extent is provided for proper temperature control of the
_ Photographic System during ground conditioning, powered flight, end
on-orbit. : v
Special optical and mechanical alignment equipment for the
Photographié System will be provided to validate optical ;nd mechanical
dimensions of the sensor, 1_:0 align the navigation and control reference
with the optical sensor, and to align automatic film handling equipment
as necessary. Handling and transportqtibn equipment will be provided
to implement Photographic System vertical and horizontel displacement,

erection to a vertical attitude, and in-plant transport in a horizontal

attitude.
DORIAN - o PagebFof/3¢pages
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Part 2 - Operating Concept

The Photographic System incorporates automatic focus control
and automatic alignment. The exposure will be controlled by computer
command as will the pointing and tracking of the tracking mirror. In
the manned/automatic mode these functions can be overridden or refined
by the crew. | |

The automatic mode will provide £ilm loading, cutting and take-up
wilth the filﬁ feeding through chutes into the Data Recovery Vehicles.
In the manned/sutomatic mode the crew will perform these functions
and load the film into the Data Return Vehicle (DRV) when provided,‘ _
and into the Data Recovery Capsules (_DRC), for return in the Gemini B,
In addition, the crev.r-w:lll_,loa.q the secondary camerz platen and process
£ilm for system health checks. The crew may determine fhe quality
of the photogrephic take and recommend or initisate cha.ngeé in the
optical system (focua, e:fposure, and a.lignment); the photographs may |

be read out to the gz-ound'when this option is p;'ovided. - .
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Part 3 -~ Schedule Considerations

The fabrication of the large optical surfaces required for the
MOL Fhotographic System is a most exacting and time-consuming process.
The procurement/productiOn cycle of the large DORiAN fused silica raﬁ
blank is approximately one year.  The initiel order for MOL, which |
includes masters, development models and flight models, was placed
in October 1965.> The first blanks have been delivered and are in the
process of being ground and polished. The grinding and polishing of
the mirror surfaces is a laborious, artful process requiring repeated
machine operations alternaﬁed with opticallﬁesting using‘interferometer
techniques in an evacuated test chamber. Each iteration of this process
refines the surface definition, and the final DORIAN requirements
(0.05 wave length for the tracking mirror and 0.1 wave length for the
primary mirror), are achieved by selective electroplating techniques.
The figure of the primery énd tracking mirrors reqpires‘repeated
comparisons with parabolic, spherical and plano masters during the
grinding and polishing operation. Two sets of these masters have‘
been ordered and must be ground and polished prior to flight model
primary mirror tests. Frame mounting of the mirrors must eliminate all
strains which could cause image distortions, and this process dictates
extensive, time consuming testing. The primary and tracking mirrors
will distort,their surface figure in most attitudes in aione-g field
and, therefore,'canndt be tested on edge in a»horizonta;-faciiity;
DORTAN ' : |  Bage?/ off3¢pages
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They must therefore be prmrided with an air-bag type of support in .
a vertical facility to hold the onA-orbit surface figure.

Production facilities and equipment for development, febrication
and testing of the optical system of EKC were approved in April l966.v

Facility construction end equipment procurement and installation will

not be complete until approximately December 1967. Present EKC
facilities are scheduled for use in early payload equipment design and” b,
fabricat‘ion but are not adequate to handle the extensive development
and flight model fabrication, assembly, and test progrem required.
e Engineering design was started ea.riy in the contract\ definition -
phase and will progress throﬁgh mid-CY 1967 to support the development
and production of the various test and flight models required. A
Jbrief description of the test models and their use follows:
a. Formula Sample - Asphere Ross Corrector elements are
ground to the optical ‘matheﬂlatical formuls and physically tested with
- the primary mirror to confirm the accuracy of the optical syétem
tolerance calculations and to develop testing and adjustment techniques.
b. Structural Development Model - Duplicates mass, inertia
and structural rigidity of the actual flight mod,el.. Early tests of this -
' .structu.re uncover resonance problems, structural magnification factors
and produce data for component design requirements. This model will ' %
be shipped - to DAC for structural testing. . ‘
c. Structural Model (Static) - Will duplicate the Cemera-
Optical Assembly (COA) in strength and rigidity and be used to evaluate

o effects of acceleratlion loading. ' ’ . L
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d. Thermal Model (2A) - Duplicate the mass, thermal time . ..
constants of the structure, insuiation effectiveness and surface -
radiation cheracteristics of the flight hardware. The model will ‘
be integrated with the GE thermal test model for thermal testing.

tve [2 pones

E:ng;i.neeringlModel (3a) - Used to develop fllght-ty'pe
ha.rdware by functional test of components and systems before
assembly and test of first flight model. It is also used to test
design changes as the program progresses.

' f. Qualification Model (4A) - Demonstrates capability of

. the system to meet perfoz;xna.nce requiraner‘ltsvin s simulated space
environment. | |

The EKC test plan is shown in Figure III-1 end the schedule
for the attaimment of major design, test, development and production

functions is contained in Figure III-2.
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Part 4 - Funding Requirements

A. General
A CPFF.contract has been signed with Eastman Kodak for the
development and manufacture of five camera payloaas for the MCL. The
contract includes construction of two buildings, procurement of required ?
industrial, test, and support equipment as well as the hardware for
the sensors. A brief description of the effort contracted for follows: v o

1. Special Industrial Requirements (SIR)

SIR is the designation for non-fee bearing equipment EKC %
is authorized to procure under terms of the DORIAN contracts. The
major facilities in this listing are the Camera-Optical Assembly Test,

Primary Mirror Test, Tracking Mirror Test and various Thermal Chambers. o

- ) 2. Research and Engineering

a. Aerospace Support Equipment

This iine item is for ground and test equipment required
for development of the sensor. This is not a fixed list of équipment
but based on need only. It includes such items as solid test mirror
- » blanks, camera assembly, test equipment, test consoles, unevacuated
test towers and chambers, handling equipment, etc.

i b. Aerospace Flight Equipment

This line item is the estimated cost for development
and menufacture of five camera optical assemblies.
o c. Other

" Other costs include quality control, relisbility,

manuals, specifications, reports, etc.
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3. Construction : : ' ' ‘
The EKC contract authorizes construction of two buildings
for the development, manufacture and test of the DORIAN sensor. The
line item also includes installed'equipnent such as cranes,

4, System Test Operations

EKC has been directed to conduct sté.tic and dynamic

testing which involves the Mission Module structure, the GE tracking . n

mirror drive and other equipment installed in the Mission Module

e O T

. structure by GE and the Camera-Optical Assembly as a camplete unit. o ' i
" Acoustic testing will also be -accomplished by EXC. In addition, EKC
will support field tests at other ingtallations. These costs are

additive' to the basic contract..

R e T T

5. Special DORIAN Efforts

Conﬁractual arrangements are being made to grind and
polish the two ekperimentéi 72-inch ceramic vitreous (Cer-Vit) mirrors.
EKC will not do this work but will be available to consult on the ; :
quality of the mirrors and their incorporation into the DORIAN design.

Other work includes simulation, image velocity sensor, and special

advanced studies and technology.

Some contract. changes have been igsued. Costs for-

the payload segment testing, a.c_oust;ié testing, and support of field

T L T S T

test are included in a deferred package yet to be negotiated with

Ot

EKC. The deferrals are described in paragrarh B and new work in

paragraph C. Photographic System costs are shown in Figure III-3. '
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B. Deferral Status

Several tasks were deferred in the original contract
negotiations. Deferrals are included in the Photographic System total
costs shown in Figurg I'II-3.

1. Acoustic and Mission Payload Segment snd Field Testing -

$46.8M

Deferred pending completion of test definition studies.

2. Facilities and Equipment - $5.0M
Deferred pending completion of acoustic test study and
decision on nitrogen reliquification plant economics.

C. Identified Progrem Cha.nggg

1. Mirror Mounts - @ oM

Parallel des:\.gn effort of track:mg mirror assemblies for.
" 10-inch thick Cer-Vit and baseline 12-inch thick fused silica mirrors
and parallel effort to dééign, fabricate and test a mouht for a 10-inch
thick primery Cer-Vit mirror.

. 2. Data Recovery Capsules (DRC) - $1.0M

Effort to finalize the design of primary and secondary
DRC's compatible with the structural and environmental undefined inter-
face constraints of the Gemini vehicle and the untested operatj.onal
handling requirements. -

3. Supﬁort Module - $4.3M

Pending definitization of program requirements, a minimum
sustaining effort is continuing on film handling hardware for the six

. Data Return Vehicle configuration for unmanned Aﬂights numbers 6 and T
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4, Thermal Slats - $2.0M

Provide tracking mirror thermal slats for appropriate:
test models and all flight models which will optimize the thermal and
optical effects produced when the sliding mask is operated during the
photographic passes. V '

5. Conformal Coating - $0.5M

Insulate all conducting surfaces not at chassis potential
to enhance electrical circuit reliability.

6. Sealed Laboratory Module Systems - $5.2M

Seal Laboratofy Module components to the extent practical
as & means of controlling contamination, fire, and explosive hazards.

7. Mass Substitute for Flights 1 and 2 - $1.5M

The plan to fly structural development hardware on flights
1 and 2 resulted in a requirement for additional mass substitute com-
ponents noﬁ previously in the program.

80 Oven'u.n. ot $1901M

Overruns have been identified in the facility and Itek

contracts.

9. Increasse in Scope of Deferred Items - $7.6M

Subsequent to the compilation of the deferred list the
requirement for increased scope in areas such as security, configuration
engineering, :}nte:_rface .definition , safety, and su.bcqhtra.ct‘ management -
were determined. ’ | . A
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10. Current CCN's - $6.6M

New requirements have béen,recognized for the following
items and are reflected in current CCN's: | |
a. Acoustic Testing Study
b. Support Module Study
c. DRC Mock-Ups
d. Additioh to Building 101 .
e. Power Switching
f. Mission Development Simulator (MDS), Simulators
g. Increased Cassett Fllm Caﬁacity

- : 11. Modal Survex = $1.4M

This effort will det'erminé natural modes, shapes, structural
" damping characteristicé and coefficients to verify the dynamic analysis
predictions.

12. Environmental Testing - $5.5M

Additional and redefined effort to test Mission Module

segments in the Acoustic Test Facility.

13. Other - $2.84

The following list includes the remainder of‘ the identified
deférrals, all of which require further definition prior. to being ﬁegotiateé.:
- | a. Mission Mogule Simulation Equipment (MMSE) hardware |
and software inputs for the Mis_sion Module Simuwlator. '

b. MMSE support at GE, Valley Forge. »

c.. Crew tiaining and modifiéd rehearsal schedule.
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d. Mission simulator support at VAFB.

e. Systems Effectiveness.

£. In=house moftware,

g. Schedule Interface Log (s1m).

h. Training and operations of a.ssdcie.te con_tra.ctor test

equipment.

DORIAN
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i. Acquire Mission Module Forward Section test capability.
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SECTION IV - GEMINI B

(McDonnell Aircraft Company)

Part 1 -‘Segment Description and Performance Requirements

A. General

The Gemini B is a modified NASA Gemini Vehicle. Its primary
function is to transport the flight crew during launch and to return
crew and all mission data to a water landing recovery. The MOL require-

ments that have the largest impact on the Gemini B design are: launch by

a Titan ITIM into a polar orbit; dormant storage on orbit for 30 days;

LU N S

autonomous orbit operations (loiter) for 14 hours; re-entry from 80 to

4 100 degrees inclination orbits; and compatability with the grouhd track-

. ing and control network. '

Certain modifications to the NASA Geminl Vehicle will be made

to meet the MOL requiremenés identified above. These modifications can

be grouped into two basic categories:

1. Modifications for ascént/abort crew safety requirements,

and

2. Modifications to permit use as a segment of the Orbiting

Vehicle rather than as an autonomous spacecraft.

B. Technical Description
1. The Tiﬁan ITIM Launch Vehicle imposes a more severe ascent

abort environment that the NASA Gemini Launch Vehicle, primarily due to

the operation of solid rocket motors at liftoff. However, addition Qf

‘ DORTAN ' page 83 of/3 Gpages
Copy of copies

g ' ' | SAFSL BYE 21170-67
HANDLE via BYEMAN

: CONTROL SYSTEM ONLY

e AR

«...._..__._




L GRS

O S L N e

NRO APPROVED FOR

H HANDLE via BYEMAN

RELEASE 1 JULY 2015 CONTROL SYSTEM ONLY

' guidance and control redundancy and minor changes to the malfunction

detection system (MDS) in the Titan ITIM plus two more retrograde

rocket motors (requiréd for polar re-entry) permits use of the basic

NASA Gemini escape sjrstem. Changes in the éscape'system are primarily

in its operational utilizatién. For escape on-pad, through b_prn-oﬁt

of the solid rocket motors, the six'retrograd'e motors will be employed

to separate the Gemini and gain altitude. - For on-pad and just after
liftoff, the ejection seats must be used. The ejection seats will be

used for escape from the Gemini only if land landing is imminent, if
insufficient altitude will be attained to permit the Geminl parachute
recovery system to deploy, or if the parachute recovery system malfunctions.

This permits simplication of the NASA Gemihi éjection seats by

‘ elimination of the sustainer rocket and reduction of the catapult impulse.

For escape beyond solid rocket motor burn-out, use of the

separation motors or partial use of the retrograde motors wil.l be made
to separate the Gemini, followed by turnarmmd and re-entry with normal
water recovery.

2. The most significant modifications result from the use of
Gemini B on orbit as part of the overall Orbiting Vehic.le. During the
relatively short ascent, loiter and re-entry phases, life support and
active temperature control are provided by the Gemini environmental -
control system (ECS). During the longer period of Gemini dormant storage
DORIAN - " Page §4 of/3 { pages .
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on orbit, electrical power and minimum pressure and heat are supplied
from the Laboratory Module Subsystem. Batteries in the Gemini are |
avallable for necessary ele;:trica.l power during loiter and re-entry.
Thus, the fuel cells ,‘, orbit attitude and maneuvering propulsioh 'system
(0AMS) and radiator coolirié system are eliminated from the NASA Gemini
version, resulting in simplification of the Gemini adapter.

3. A means of crew transfer between the Gemini B and the
Laboratory Vehicle ié provided. The prima.rsr mode is through an internal
pressurizedb tunnel, BEmergency transfer _is by the same tunnel in an un-
pressurized state or by means of extra-vehicular travel through the
Gemini exterior hatches and the DRV hatch in the IM. The tunnel
requires a hatch in the Gem'i.ni B heat slhiel-'d a.nd main 'pressu.re bulkhead.
Initial validation of this design was accomplished with the Heat Shield

Test (HST) flight in November 1966. Final velidation will be

accomplished in the unmanned Gemini B Qualification flight on flight #1.

4, Crew and gz;ound monitoring via the Laboratory Vehicle
telemetry of Gemini B status during the on-orbit period requires the
addition of an instrumentation interface between the Laboratory Vehicle
and Gemini B. There are other selected syétems requiring additional
sensors. |

5. The 'SP/DR : weight for the Gemini B is 6,120.pounds which

includes crew member weight and GFE.

>
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6. The Aerospace Ground Equipment (AGE) philosophy and hard-
ware used on the NASA Gemini has been adopted for use with Gemini B.
This system is manually operated and will interface with other MOL
segment AGE principally by procedural and test eonductor comtacts.
Two sets of AGE are required--one at the contra.étor‘s-fa.ctory and one
- at the launch site. The AGE preﬁously used for NASA Gemini at the
mntra.cfor's facility will be utilized to thé maximum extent; however,
certain revisions must be made and simplifications _incorpora.ted as a
result of subsystem changeé outlined above. The'present operational
concept requires that the launch site vé.n-moxmted AGE items be‘ ;‘emoved
- and hard-mounted in the Launch Control Center at Vandenbe;f-g AFB.
7. System trainers ’a.nd a proéedui'és éimxlatbr a.ré required tf)

; ‘ support MOL operations. These items of hardware are to be refurbished

units from the NASA Gemini program.
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- Part 2 ~ Operating Concept

The Gemini B Vehicle will house the crew during ascent and re-entry.
On orbit, it will be s‘tored in a dormant condition ready for return to
earth of the crew and data upon corﬁpletion of the scheduled mission or
for immediate occupancy and subseguent return of the crew in fhe event
of an emergency abort of the mission.

The ascent and re~entry phases are being patterned around NASA's

flight experience. The crewmembers are carried into orbit aboard the

Gemini. After booster shut-down, attitude and translational adjustments
will be made frpm the Gemini through interface control of the Laboratory
Module Attitude Control and Translation Subsystem (ACTS). The necessary
subsystems in the Laboratory *Vehi’cle will be Sfought i;o operational
"status from the Gemini cockpit, and normal operation verified. The
crewmen then transfer into Phe Laboratory Module through the timnel
and hatch installed in the Gemini heat shield. Laboratory Module and
Gemini B atmospheres are stabilized and the Laboratory Module ha.tch
~is then closed for the on-orbit mission duratior; or until there is a

) need to return to the Gemini.

Provisions are included for backup emei‘gency return to the Gemini
' . by exiting through the Laboratory Module DRV hatch and entering through
the Gemini exterib:q hatches. During dormant storage on orbit the |

Gemini atmosphere will be maintained at 0.1 psia and Gemini subsystems

-

will remain in a powered down state for the mission duration. The
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Laboratory Module oxygen System is sized to provide three repzjessuriZa.tions
of the Gemini B while on orbit without reducing mission orbital duration.
Upon complgtion of the mission, the crewmen return to the Gemini B
by way of the transfer tunnel and actiﬁte the Gemini B subsystem for
re-entry. Two small solid rocket motors are used for separation from
the Laboratory Vehicle_.. Six retrograde solid rocket motors are fired
for de-orbiting. |
The Gemini B uses the same re-entry techniques as were used with
NASA Gemini including the drogue and descent paré.chute. *Water recovery

by surface units as useq by NASA in their Gemini flights is also planned.
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Part 3 - Schedule Considerations

Principal Gemini B development testing is grouped into four
! categories: wind tunnel, structura.l,v gsystems and thermal-vacuum.

Wind tunnel testing extends through early FY 68 to validate
i analysis of Gemini B aerodynamic, thermodynamic, and structural changes
: from the NASA Gemini. Testing will be performed in the McDonnell and - '
AEDC facilities for'thermodynémic data, and in the Ames transonic and
supersonic facility for structural dynamics investiga.tions;

Structural tests requi_red as & result ’ovf the new' Gemini B adapter
design and the crew transfer modif-i‘c‘a.tions were initiated in FY 67 with
refurbished and newly fabricated test articles. Testing will extend
into FY 70 on adapter and re:entfy modﬁle "bles"l»;Aarticlés.A

The dynamic conditions induced by the Titan ITIM booster chxrlng
ascent will require early qpa.lification by vibration teAsﬁinngf the
i adapter section, and components iﬁsta.lled therein_nmst be 'ma:de in pre-

: T | paration for qualification. ’
_ | | Six solid rocket motors are requiredi fdr retrofire prior to re-
| entry. The higher total thrust as compared to that used on NASA Gemini
(four motors) is required to satisfy the higher retrograde energy require=-
' ment for re-entry from pola.f orbit. Salvo firing of the six fetro-grade
X motors will also be employed to effect pad and ea.rly launch abort in the
‘ event of catastropic failure of the boosters . Sté.tic 'loa.ding tests Vwill
i . be conducted to verify structural integrity of. mounting provisions for
the motors. - T
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Design a.detrlua.c‘y, functional parameters, and operational cha.ra.ctéristics
of various Gemini B subsystems will be determined and evaluated during
the period through mid-FY 69, initially as a part of design verification
development testing, and later in support of component eand system
qualification. Electronic systems test and instrumentafion mock~-up units
will be fabricated for this purpose.

The requirement to activate Gemini B subsystems prior to launch
and then shut down during the quiescent 30-day perviod on orbit represents i
a significant departure from NASA's experience ‘on the Gemini program. :
On-orbit storage and thermal‘ vacuum tests will be conducted in an |
environmental ch'a.mber to frerify adequacy of debsi'gn under simﬁlated
atmospheric and thermal cOndii:,ions, as bart"of the Gemini B qualification.
These tests will utilize the refurbi.shequASA Gemini 3A spacecraft with
the new adapter design. Test a.rtiéles must be available by the. end of o
f FY 68 to allow completion of the thermal-.vacuum test series in time for |
. delivery of the GBQ spacecraft. | | : h | |
The Gemini B development schedule is shown in Figure IV-1. The
\ level of AVE engineering effort required for FY 68 is approximately

double that needed:in FY 67 and is necessary to provide complete design

| release for the FY 69 principal engineering effort in support of
maaufacturing and test. In addition to the early engineering Aeffort‘
required to support AVE é.nd AGE de_vélopment; substantial engineering will
be necessary during FY 68 to develop and/or modify mock-up vehicles, static-
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test articles, development test assemblies and fixtures, and Laboratory
Vehicle interface specimens for Douglas Aircraft Company, all of which

are required edrly in the development ayale..
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Part 4 - Funding Requirements

A. General

Costs are based on Systems Office estimates and the Phase II
contract negotiations and include an estimate of the schedule adjustment
costs for the Gemini B 8ystem Segment. They reflect‘experience from
the NASA Gemini Program modified by estimates of complexity factors,
mission peculiar requirements, and number of vehicles. A brief resume
of the effort, by work breakdown category follows:

1. AVE Hardware. »Include’s the engineering and production costs
of four Gemini B spacecraft, one aerodyna.micall& simil_ar flight article, ‘

and costs for non-recurring spacecraft development and qualification

.-

testing.
2. AGE. The ha.rdwa.re and integration of both factory and-

launch site AGE, and for modifications: to e:dsting NASA AGE for use
by the MOL Program.

3. [Training. Provides for the conversion of the NASA Gemini
simulator to the Gemini B procedures simulator, and for cz;ew training
and associated part-task trainers, including the modification of NASA

egress and centrifuge trainers.

L. Data and Support. Includes the effort in Technical Publication,

Documentation, Repair Service, and Facilities Planning. Technical -
Publications consists of preparation, printing, and distribution of all
AGE and AVE operation and service manuals and acceptance test procedures.
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Documentation consists of preparation of System Engineering documents, .
and all graphs and art work Repair Service consists of repair and
meintenance effort for all Government Furnished Property. Facilities
Planning is a MdéDonnell effort in support of the Launch Site Planning
Activities.

5. Operations. Support of contractor persomnel at the launch
site, mission control, and other remote sites. The activities at
Vandenberg AFB include support of site a.ctiw'ra.tion,' spacecraft receiving
and inspection, buildup and support of j.nte_g’ré.tion, checkout, countdown,
and launch. At the Mission Control Center, McDonnell engineers will
support the mission director during the fllght by monitoring Gemini B
stetus displays and by reviewmg da.ta.

6. M,é.n%ement. Includes Configuration Management, Data Manage-
ment and Schedule Control. .

The funding summary is shown by work breakdown strupture bn
- Chart IV-h. It includes deferred and identified program changes which
are described in paragraphs B and C.

B. Deferral Status

Several tasks were deferred from the contract negotiations.
The estimated cost’and reason for the deferrals is described below.
-y Deferral costs includec_i‘in the Gemini B éegment total costs are showmn
in Pigure IV-2.
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1. Pad Abort Control System (PACS) - $2.500M. As & result of
crew safety analysis it was determined that the probability ofb survival
for aboﬁ:s on or near the launch pad was extremely. low. Consequently,
the Gemini B baseline was revised to include the incorporation of a thrust
vector control system to assure optimum spacecraft orientation during
abort. The system consists of solid propellant thruster units and an
attitude control electronics package.

2. Spares - $14,000M. This ifem includes services and equip-

ment which could not be firmly established until NASA Gemini residual
spares and equipment inventories and their availability to support MOL

were identified.

3. Remote Site - $25.000M. This item includes the post FY 67

remote site operations effort and the associated McDonnell mission plamming

effort. These efforts required further definition prior to contractual

action.

k. Cogt/Schedule Planning and Control Specification (C/SPCS)-$2.50M

This item includes the effort to operate and maintain a Cost/Schedule
Planning and Control System throughout Phase II and the associated report-
ing requirements which will satisfy thc_a MOL Systems’ Office management '
needs. -

- C. Identified Program Changes

Revised' or new tec}h}nica.l requirements and management decisions
since December 1966 have resulted in added tasks. The estimated cost
DORTAN ' . Page98of/3( pages
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and reasons for these change items are described below. The costs
are included in the Gemini B segment total costs shown im Chart Iv-k,

1. Diode Assembly - $,o30M

Interface discussions between McDonnell and Dougleas
disclésed that the Laboratory .supplied eleétrical power could exceed
Gemini B voltage limits. In order to i)reclude this possibility, McDonnell
was directed to install a diode filter sssembly on the Gemini B side of
the interface since it appeared that this would be 1ess costly ‘Ehe.n
restricting the laboratory power.

2. Non-Availsbility of 16 AGE Ttems - $.580M

This includes the effort required to replace 16 NASA AGE
items that were previously assumed to be available.

3. Increased Tension Strap Loaeds - $.900M

'I’he' baseline Gemini'B re-entry module to adapter attachment
straps were identical tO those used on the NASA Gemini. During load
cycle 2 it was determined that these straps would not withstand the
tension loeds imposed .by Stage 1 shutdown. After a thorough‘vreview
by the SPO and Aerospace, it was determined tha.f these straps and the .
agsociated supporting structure should be increased in stréngth to
avoid later and more costly design. ' |

. E.'Lectrica.l Substitutes - $ 200M

This item includes the delivery of two additional Gemini B.

- to Labora.tory Vehicle electrica.l substitutes to support Dougles testing
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at Huntington Beach. This requirement resulting from an Interface
Control Meeting, requires ' Douglas to use substitutes for interface
testing at Vandenberg AFB and at Huntington Beach.

5. Recovery Documentation - $.100M

Documentetion support by McDonnell to aid in defining
the Gemini B recovery iequireménté. Work has started and will
continue through FY T70.

6. Facility Design at Vandenberg AFB - $.100M

Due to a chaﬁge in responsibility after negotiationms,
* McDonnell was required to define Gemini B peculiar support buildings
at Vandenberg AFB. Addi'bioma.l effort in this area will be included
in Remote Site effort.

7. -Adapter Shock Tests - $.100M

[' The MOL Systems Office requested that the quantity of
development test articles being delivered to Douglas by McDonneil be
incressed in order that Douglas could complete the three required
separa.tion shock tests at station Z-U9.

8. Blast Shield - $4.000M

After several extensive reviews by the MOL Systems Office

. and Aerospace, it was determined that the most effective method of

providing protec'bion to the lsboratory u.npressurized section was to
t - change the baseline frcm local protection to an integral blast shield.

McDonnell 1s presen-bly engaged in design effort to redefine the

e ¢ A e e i

! McDonnell Douglas interface.
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9. Ground Activated Abort Lights - $.100M

This item will modify the baseline Gemini B by adding
& ee:parate Mission Control Center activated abort light and &
separate guidance switch-over light also activated from the Mission
Control Center. This change will also require a modification to the
‘Leboratory Space-Ground Link. System (SGLS) to accommodate the
necesgsary u;élink and interface to Gemini B.

10. Positive Separation -  $.020M

1

As a result of crew safety studies by McDonnell, Martin
and the MOL Systems Office it has been determined thaet a booster
destruct. inhibit-w:L‘Li improve crew asbort survivebility. This change

g is made to assure that the booster will .not be destructed until the

~

spacecraft has separated during sbort.
. !
! . " 11. Fire Hazard - $2.000M

McDonnell is presently conducting a two month study as -
& result of the recent Apallo five. The results of this two-momth
P study are expected to lead to some changes in spacecraft equipment

and procedures.

12, Heat Exchanger - $.050M
! ' Based on & cha.nge of :Lnlet tempera.ture on the La.bora.tory

side of the heat exchanger, McDonnell wasg requested to submit an
o Engineering Change Proposal (ECP) to add heaters to the warmant loop
of the Gemini B. - These heaters will be powered frqm the laboratory during
: : on-orbit dormant storage and are required to assure the adequate
- temperature of the Gemint B. R
! DORTAN | . ' " rag=98o0r/36pages
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13.. Egress Trainer Operation and Maintenance - $.350M

This item will provide flight crew members with experience
in egress fram the Gemini B during post landing recovery operations.
The 'ba.sié vehicle was used by NASA during the Gemini Program and
it 1s intended to reconfigure the trainer to a MOL Gemini B
configuration for training of flight crew members and recovery crews.

14, Abort Trainer Operation and Maintenance - $.450M

This item includes effort by Ling-Temco-Vought Co. (LIV)
at Dallas to conduct an engineering similation for fast reaction pad
and a.gcent mode aborts, This simulation will be g:lmilar to others |
that LTV did for NASA. Gemini B program, Martin, and McDonnell are
also required to support this program,

15. Gemini B Procedures Simulator (GBPS) Instructor at 4 -
Remote Site - $.250M ‘

This item will cover six contractor simulation instructors
at the remote site., Flight ‘crew training will startA fwelve months
prior to schgdnled launeh of Vehicle 3. GBPS will also be used fo
rehearse Mission Control Center controllers for both the Gemini B

Qualification and Vehicle 3 flights.

16. T-IIIM Electrical Substitutes - $.050M
This design eéffort is needed to support Martin with
equipment for use in & functional test of the Gemini B and Booster .

inertial guid.a.ncé systems.
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17. Data Recovery Capsule (DRC) Flotation - $.100M

This is currently not included on either the DRC or -

Gemini B contract baselines, but will become & McDonnell responsibility

and design effort will start in the fourth quarter FY 67.

18. Survival Kit - $.150M

This item was assumed during negotiations to be contractor

furnished equipment.

A preliminary list of equipment has been identified

and. McDonnell should commence effort in FY 68.

19. Support of Air Training Command-(ATC) - $.050M

| controller training.

McDonnell support to Air Training Command (ATC) for

the development and preparetion of training courses for flight

20. Gemini B Procedures Simlstor (GBPS) Computer

R ‘ Camplex - §.6L0M

The Gemini B Procedures Simulator (GBPS) Computer

i Camplex shipped from NASA for MOL does not have the capacity to

- programs.

f DORIAN
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perform the MOL GBPS functions. The primary reason is the MOL
requirement to generate and transmit booster telemetry data in
operational data format, the ability to 'opérate closed loop with the
Mission Control C_ezitei, dynamic sinmia.tibn of operating conditions,

! and the requirement to verify Mission Con'trol Center camputer software
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SECTION V

A TITAN IIIM LAUNCH VEHICLE
(Martin Marietta Corporation and Associates)

Part 1. Segment Description and Performance Requirements
. ' Y
The Titan IIIM Launch Vehicle, an adaptation of the Titam IIIC

Vehicle, is required to be capable of 1nser£;tng from Vandenberg AFB
launch complex, without yaw steering, a payload of 31,325 pounds,
minimum, into a 90 degree inclination orbit with perigee of
80 nautical miles at 55° north 1atitgde , and apogeé of 180 hautical
miles. S - |

The Tit;an IIIM Launch Vehicle for MOL consists of three propul-
sion stages. Stage Zero provides the initial thrust from two
120-inch dismeter, seven-segment solid rocket motors. Liquid rocket

engines are used in Stages I and II which together comprise the vehicle

~core, The forward compartment of Stage 1I qontainé the inertial »

guidgnce system, flight controls, electrical systems, 1nst:umentation
systems, and tracking and flight safety equipment. The interface
between the Launch Vehicle and ﬁhe MOL Orbiting Vehicle occurs at the
forward end of Stage II, since the Titan III transtage will not be
used for MOL,

Pgrféfmance/design requirements for the Laﬁnch Vehicle segment

are based upon MOL-peculiar requirements for flight dynamics,
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payload weight, orbital parameters, crew safety, system effectiveness
and 1aunch operations, Other system requirements remain as developed
for the Titan IIIC system, Maximum use is being'ma(‘le of Titan IIIC
design and c&mponents, with changes only where necessary to satisfy

| MOL-peculiar requirements.
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Part 2 - Operating Concept

The system provides for launching a vehicle within a one-hour
window on any of three successive days specified two weeks in advance
of the scheduled 1ﬁunch date. Provisions are made for a hold
capability including programmed holds at appropriate points in the
pre-launch countdown sequence. | |

The Titan IIIM will be capable of launch within the launch
window on the next day following'a launch abort which océurred during
the terminal count and which was caused by conditions external to the
launch vehicle/Aerospace Ground Equifment (AGE), excepti when core
propellants or solid rocket motor thrust.vector injectant ﬁnloading

is required,
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Part 3 - Development and Schedule Considerations

The overall Titan IIIM system involves four contractors:
Martin-Marietta Corporation (MMC); United Technology Center (UTC);
Aerojet General Corporation (AGG); and AC Electronics Division of

General Motors (AC)., Martin has reponsibility for the Titan IIIM

airframe and launch vehicle systems integration,‘checkout and launch. -

Each of the other contractors is responsible for the on-pad checkout
of his portion of the system. |
Design changes to the Titan IIIC and deveiopment requirements
necessary to meet the MOL requirements, discussed by individual
contractors, are as follows., The schedule is shown in Figuré'V-l.

A, Titan IIIM Airframe -_Martin

1. Development - Flight Hardware

Modifications and redesigns associated with the airframe
involve the structure, flight controls, hydraulié system components,
flight sequencer, ﬁalfunction detection equipment, explosive bolt

ordnance and fuel tank pressurization system.

(a) Stage I Airframe

The method of construction of Stage I remains

virtually unchanged from that of Titan IIIC., Principal configuration

and structural modifications will be:

- (1) Relocation of the solid rocket motor attach

fittings.
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I (2) An increase of 37 and 31 inches, respectively,

in the lengths of the Stage I oxidizer and fuel tank barrels.

E (3) Redesign of the Stage I heat shield (boattail),
primarily the floor, to satisfy the new requirements of the Stage I

g propulsion system.

I | (4) Skin gauges, stiffners, raceways, longeroms

and 1nterﬁal conduits will be modified as dictated by the increased

thrust of both the solid rocket motors and Stage I engines plus the

increased length of Stage I for addgd fqel capacity. Various

! structural beef-ups are also involved for increased crew safety.

(b) Stage II Airframe

A redeslgned Stagé Ii fofﬁard skift is neededito.

: ’ house the equipment normally located in fhe Transfage Control Module,
With the exception of the forward oxidizer skirt, the basic configura-
tion and method of construction of Stage II remains virtually
unchanged from that of Titan IIIC. Principal configuration and
ﬁtructural modifications will be:

; (1) Replacement of the gxiéting forward oxidizer
skirt with a redesigned skirt which Qill be attached to the forward
oxidizer tank juncture frame.

g {(2) Replacement of the exisfing forward oxidizer

tank juncture frame with a redesigned frame which will have attachment

E provisions to accept the new forward oxidizer skirt.
; o . _
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(3) Replacement of.the equipment and instrumenta-
tion trusses in the forward oxidizer skirt with trusses of a new |
design.

(4) Addition of solid rocket motor attach
provisions on the new forward pxidizer skirt, |

(5)‘ Deletion of retro~rockets including supports
and attachment provisions,

(6) Skin gauges, stiffpher.s;,-_-:zaeewgrys,}.longemns,
and internal conduits will be modified for compatibility with the
vehicle loads and propulsion requirements.

Design engineering of these changes was begun in

Aprii 1966 to meet the original launch schedule, With the current MOL

schedule, this activity will be held to a minimum in FY 67 and 68
commensurate with meeting the critical milestones of a Controls
Mock-~UP (CMU) in the thii-d and fouith quarter of FY 69 plus the
Structural Test in the fourth quarter of FY 69 and first quarter of

FY 70.

(c) Flight Controls
A triple redundant analog autopilot with majority

voting circuitry is required for adequate crew safety. Existing
designs must be modified t§ meet the guidance requirgments during
Stage Zero flight and to also accept either the Booster Inertial
Guidance or: the Gemini Inertial Guidance .inputs, | The design activity

will be conducted at a rate to meet the Controls Mock-Up milestone

in the third quarter FY 69,
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' . d
(d) Hydraulic System Components : ' 1

AR

In order to mate with the redundant flight control
system, a three torque motor majority voting actuator must be
. designed. In addition, the Stage I hydraulic system requires a

I redundant hydraulic power supply. This design effort must also meet

the Controls Mock-Up milestone.

F (e) Flight Sequencer and Malfunction Detection Equipment : o

Crew Safety and mission success dictates redundancy ;

of the flight sequencer. Due to excessive weight of the Titan IIIC Coh

! flight sequencer relay matrix, when expanded into & redundant system, |

a new light-weight sequencer is mandatory.

s

i ~ The Malfunction Detection system requirements for
adéquate crew safety require the major component redesign for the

f Titan IIIM. New design logic is needed plus crew displays in the

! Gemini. The addition of new electrical equipment plus relocation of

SRS

some existing equipment requires almost complete redesign of the’

TR -

| Titan IIIC vehicle wiring,

(f) Explosive Bolt Ordnance and Fuel Tank Pressurization

R

' The heavier payload and increased thrust requires
N redesign of the Titan IIIC explosive bolts. Increased fuel tank
capacity of Stage I necessitates some redesign and resizing of the
! fuel tank autogenous pressurization system{‘i ' ' " )

‘ + . B . . t"
2. Production - Flight Hardware . o . {

In all the above areas of airframe modification and

]
e
Vo
i
A
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reéesign, the requirement exists to meet the Controls Mock-Up and
Structural Test milestones with production articles in late FY 69.
Component development will be completed during the third quarter of
FY 65. Design insurance and structural tests will be complete during
the first quarter FY 70, with First Article final assembly also
complete durgng first quarter FY 70.

3. Development and Production ~ Aerospace Ground Equipment

AGE

The numerous changes to the Titan IIIC vehicle plus the
conversion from an Integrate Transfer and Launch (ITL) to.the MOL
Space Launch Complex at Vandenberg AFB necessitate resdesign or '
resizing of many items such as the Air Conditioning Liquid Nitrogen
converters and many electrical components. Delivery of AGE to
Vandenberg AFB, initial installation and systems test must begin
during the third quartersz 69. Final installation and checkout for
booster AGE should bé.complete during the third quarter.EY'70 in
order to permit facility acceptance just pribr to the first launch in

April 1970,

B. Liquid Rocket Engines - Aerojet
The increased thrust requifémenté and higher altitude
performance levied on the Stage I and ii liquid. rocket engines due,
respegtively, to thg pr payload_weighf and the increased Staée Zero

H

perfo;mance demand?tededign of combustion chambers, injectors and

DORIAN ' - ' Page/d 9 of/3¢ pages
A . Copy of copiles
SAFSL BYE 21170-67

‘.;sifiﬂtEi

£ e e s+ 1




N
R

:

_SEEREF. ._ HANDLE via BYEMAN
O APPROVED FOR _ CONTROL SYSTEM ONLY

LEASE 1 JULY 2015

frames for both stages, plus development of & 15:1 expansion ratio
nozzle, an ablative skirt and highér performance turbopump for
Stage 1I.

1. Development -Stage I Engine

(a) The first new combustion chamber was delivered for
development testing in the fourth quarter FY 67, Testing has been
accomplished to determine thermodynamic, flow and durability
characteristics prior to the development of the injector, and the
subsequent chamber-injector compatibility tests. A Preliminary
Design Review (PDR) has been completed and a Critical Design Review
(CDR) 1is scheduled in the first quarter FY 68.

(b) Dynamically Stable.Injector

Fabrication of various baffle configurations, using
developed injectors, has been accomplished., Pulse tests have

established the baffle configuration and confirmed the dynamic

stability. : v .

(c) Ablative Skirt

A conservative thickness basic'design skirt was
delivered in the fourth quarter FY 66, Component tests have been

run on several skirts with the new combustion chambers and baffled

injector to acquire data such as char rates and back wall temperatures.

Final designs will be fqrmulated from these tests, The Critical

Design Review was conducted in March 1967.
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Increased Stage I thrust performance demands
higher fuel flow rates and therefore higher rotational speeds than
the Titan IIIC turbopump can reliably provide., Therefore, redesign
of the pump high-speed shaft was required plus analysis of the
compatibility of such redesign with other compoments of the gearbox
assembly. The first prototype pump assembly was available for testing

in the second quarter FY 67. Critical Design Review will be

- conducted in the first quarter FY 68.

(e) Engine Frame

Dual hydraulic actuators for MOL crew_aaféty plus
increased engine thiust réqui:e a new engine frame. The first unit
was delivered in the third quar:ér FY 67 for a static load test
followed by engine firing. The Critical Design Review is scheduled
for first quarter FY 68,

~2. Demonstration - Stage I EngineA

Procurement and Assembly of prototype components for
o§era11 engine evaluation began in the second quarter of FY 67 and
will be_followed by a final éngine qualification test demonstration
on two complete engines during the second and third quarters FY 68.

3. Production - Stage I Engine i

‘The lead time for engine production is 17 months. This
requires initiation of'production 4 months prior.to completion of
development/demonstration testing in order to deliver the first engine
DORIAN o : ’ Page //{ of/3( pages
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to the Vertical Test Facility (VIS) at Martin in September 1969. This
overlap could be reduced by installing the engines subsequent to the |
Vertical Test but would not be desirable from an ove;all system view-
point, The first engine will be completed in July 1969 with

K , subsequent engines at 2-month intervals.

4. Development - Stage II Engine

Necessary changes to the Stage II engine are not as
extensive as for Stage I and therefore result in much less effort and

cost.

T (a) Combustion Chambgr
Increased burn time and & basic chamber-injector.
i incompatibility resulted in redesign of the chamber tubes to more
effectively withstand this environment. Design of‘tﬁe”new chamber has
been complefed, and it is available for development/demonstration
] testing in the second and third quarter§ FY 68.

(b) Injector
'i . The present Gemini Launch Vehicle baffled injector
is being redesigned to provide better f£ilm coolirg and Qniform mixture
: ‘ ratio across the face. The resultant design should produce improved
a performance needed for the MOL mission.

(c) Engihe Frame
i ﬁual hydraulic actuators resulting,from the MOL

flight control redundancy requirement demand redesign of the engine
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frame. The first unit is scheduled for testing in the fourth quarter
. FY 67.

(d) Miscellaneous

Several small items, such as redesigned fittings,l».-‘
'f plus the gearbox develq#ed for‘the Gemini Launch Vehicle are

| scheduled for incorporation. Thesé are low-cost product improveménts
and have minor effects on development/demonstration schedules.

5. Demonstration -~ Stage II Engine

Because the changes to the Stage II engine are not as
extensive as those to the Stage I, cost and schedule reductions will
be effected by eliminating the evaluation tests and conducting only
| the formal demonstration tests. These testﬁ w;ll be identical to
those of Stage I. They will be conducted during the secoﬂd and third
quarters FY 69 to be consistent with FY fund ceiling limitations.

6. Production - Stage II Engine

The production lead time situation will necessitate
Ry initiation of production 9 months prior to completion of development/
demonstration testing. The delivery schedule will match that of the

| Stage I engine.

C. Solid Rocket Motors - UTC

1. Development
q The MOL payload requirement places maximum design demand

on the solid rocket motors., To achieve the required Stage Zero thrust,
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two segments will be added to the dxisting 5-gsegment 120-inch
diameter motdrs, a longer forward closure wtll'be incorporated, the
thrust vector control (IVC) fluid tankage and injectant valves will be
redesigned and the nozzle and propellant modified.

Verification of the design parameters of the nozzle
materials, internal motor ballistics and TVC system, by means of.
sub-scale testing, wds completed in the fourth quarter FY 67. |

Design of the forward closure, nozzle and TVC system
continued into the last quafter of FY 67 as‘fdlldw-up to the sub-scale
testing. | |

2. Demonstration

The first‘develoymént.motor test is scheduled for the
first quarter FY 69. Three motors will be tested through the third
quarter FY 69, Five additional motor tests will constitute the
Preliminary Flight Rating (PFRT) démonstration during FY 69 and 70,
Fabrication of these motors begins in the first quarter FY 69 to allow
sufficient lead time for the critical fdrgings of the forward closure
‘and the nozzle shell forgiﬁgs. | | |

3. Production
" Due to the long lead time for parts processing and .
fabricétidn of the solid motor cdses and nozzles, considerable overlap
of flight motor production with development and PFRT motor fabrication
is neceasary. Production is acheduled to begin during the fourth -
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quarter FY 69 to meet a first flight motor acceptance in the first .

| quarter FY 70 followed by delivery in the second quarter FY 70,

Additional flight motor pairs will be delivered initially on four=

month centers.

D. Inertial Guidance System'- AC Electronics

A redundant guidance amd control system in the Launch Vehicle

! is required to meet the MOL crew safety and mission success require-
ments from launch to orbital injection. Since crew safety is
particularly critical during Stage Zero flight, a triple redundant

] flight control system will be employed in that stage with dual

‘redundancy of guidance system functions in Stage I and Stage II.

! During the last 120 seconds of Stage II. flight, the vehicle will.be
‘beyond the range of the ground radar tracking stations used as part'
of the ground-based slow malfunction detection system. Under this

1 condition, a third redundant configuration will be employed to provide

an airborne autonomous slow malfunction detection system.

The Basic components of the guidance system for the Titan IIIM

consist of an Inertial Measurement Unit (IMU), Missile Guidance

| Computer (MGC) and a Signal Conditioner (SC). No design effort is

M required for the Inertial Measurement Unit since it is basically the

same as presently used in the Titan IIIC. The Missile Guidance

! Computer is basically a Univac 1824 computer, but requires redesign

e e sy e v s e i ,T,., -

for adaptiaéion to the MOL requirements‘. The Signal Conditioner is a

new design which handles the instrumentationA requirements, consists of
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micro-electronic circuits, is within the present state-of-the-art and
is available for long lead procurement.

1. Development and Test-Flight Hardware

In order to obtain maximum fiight reliability confidence
for the MOL mission, the 1nef;ia1 guidance system components are
programmed for use on two Titan ITIC flights between the first and
second quarter FY 69, Therefore, these flight datés estagblish the
first major milestone for the AC development schedule, The basic
design activities for the computer and signal conditioner began in
May 1966 and will continue through the development and qualification
tests during the first quarter FY 68. These qualification tests,
prior to the Titan IIIC flights, consist primarily of the dynamic
tests, such as acoustic, shock, acceleratio_ﬂ and vibration. Additional‘
flight proof testing will occur in the second quarter FY 69 using
early MOL production articles.

2, Production - Flight Hardware

The initial production, started in September 1966, will
provide computers for the Titan IIIC flights plus one for the
qualification testing and two others to support the systems integration
testing at AC and the controls ﬁock-up at Martin. >Subsequent to the
Titan ITIC flights, computer production for the MOL flight articles
will be slowed down to a minimum rate of 1 per quarter.v The normal

production capacity is &4 per month, Production ﬁili, therefote, be
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completed by the end of FY 69. Ptoducﬁion of the signal conditioners,

I started in September 1966, will provide for the Titaﬁ I1IC flights

plus a spare and 1 for the qualification tests. No signal conditioners

are required to support the systems integration testing at AC or the

' controls mock-up at Martin. Production of the Titan IIIM.fl;ght
articles will continue at a miﬁimum rate of one per quarter, to

1 completion by the first duarter of FY 69, Sufficient Imertial

| Measurement Units are presently available to support the Titaﬁ-IIIC

] flights and nbne is needed for qualification testing. Three IMU's

are available from thé Titan III resources and wiil be run through a

modification line to incorporate some improved components which will

'] update them to new production quality. This activity will begin in

| the third quarter FY 68 and result in three IMU units for about

i . one-tenth the cost of each new production unit, New unit production

will also begin in the third quarter FY 68 and terminate with the final

unit in the second quarter FY 71. |

: } _ "3. Development and Production - Aerospace Grbund Equipment

During the last quarter FY 66 basic design effort began

! on the Telemetry Data Monitéring.Set plus modification effort on the

. Missile Guidance Alignment and Checkout Group -and Missile Guidance

! ‘ System Test Set. CEI éﬁécification Parts I and II were provided in
FY 67 on the Telemetry Data Monitoring Sef and Missile Guidance System
Test Set, both of whieﬁ'will receive major modifications. Minor

1 modifications to the Missile Guidance Alignmenf and Checkout Group

s
~
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will be covered by changes to Titan IIIC specificatioﬁs. i’roduction'
1 to meet the installation checkout and launch support of the three
Titan ITIC flights and subsequent MOL flights will include three
Telemetry Data Monitoring Setis, three sets of computer ground support
1 | equipment and modification kits‘ for five Miséile Guidance Alignment
and Checkout Group and Mi'ssbile Gui'&ance System Test ,_Seth tbmitvs.'\ !
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Part 4 - Funding Requirements

A, General
The costs shown for Titan IIIM reflect the negotiated
Phase II contracts, and include an estimate of the schedule adjsstment
cost, They provide for development and fabrication of seven vehicles.
The primary development involves 7-segment solid rocket motors;
15:1 ratio liquid engines and redundancy required- for crew safety.

- The total costs, including deferrals described in baragraph B sre
shown . in Figure V-2, A resume of the tasks included in the cost
summary follows: | |

1. AVE ﬁardware
Includes airhorne design and non-recurring tooling, vhich
involves basic design, preproduction test hardware,‘airborne equipment
evaluation and confirmation testing; airborne hardware production .
which involves fabrication, delivery and'acceptance testing of airborne -
equipment, recurring engineering and recurring topling; spsres;'andi
production propellants, | : V N
2, AGE
~Inc1udes the AGE design, production and tooling.

3. System Test and Evaluation

Includes system engineering associated with design
requirements, a nalytical effort, system test planning, control

requirements, system effectiveness and system integration.
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4, Systems Engineering and Management

Includes program control (costs and schedules management),
configuration management and maintenance of Phase II documents.
5. Data |
Includes all reports generated for the program,

6. Operations'and Services

Includes the receipt, installation, and checkout of AGE;.

- launch planning, vehicle assembly, launch; pfé-launch-aﬂd postéflight,'--

evaluation.
7. SE and TD
- Aerospace Corporation system engineerihg'gnd technicdl,

direction. .

B. Deferrngtatus
Several t#aka were deferred from the‘céntfacts negotiated'M.ﬁfz
with Martin Company and AC Elgétronics Division. The,éétimated coatsﬁf
and reasons for dcféfring‘these“téska are liéted‘below. Deferred :
costs are included in the.Titaﬁ IiIM Launcﬁ Vehicle totallcosﬁg shoﬁn»i‘-”
in Figures '

1. Marfin Company

(a) Seyeral studies are currgntlyﬂundetway to determine
precise requirements for additional atructﬁialtbegf-up of Stage II,
~qualification-testa, incorporat1oﬂ of POGO'H;iﬂﬁare, failure analysis/
traceability effort, and development of a 1 Amp-hour battery, The

estimate for theae efforts is $4.2M.
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(b) Support to other MOL contractors is not fully
defined at this time. The costs estimated for this effort are $2;5ML%;h 4 :

(c) The incorporation of GERTS,ﬁas been diregted'by»__;:{;‘:
the MOL SPO., Estimated costs are $1.5M, : .

2. AC Electronics Division

Several tasks, such as validation of software for
flights past the first MOL flight, rehabilitation of operatiomal
computers from qualification units and the controls mock-up (CMU)
computer program were deferred during the negotiatibns; Since the
original deferment approximately $0.2 million of FY 67 money has been
applied towards the CMU computer program. Estimated cost for the
remaining deferred items for FY 68 are $0.4_m11110n;-

3. Aerojet General Corporation

Included in the deferrals are items such as POGO hardware,
ablative skirt, stage II chamber effort, exit cover test, certain
qualification testing, and a contamination task. Eétimated_cost of

A

this work is $3.7'milliop.
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SECTION VI - FLIGHT CREW EQUIPMENT AND AMD SUPPORT

..... " This section describes- the Flight Crew Pressure Suif Assembly,
Flight Crew Diet and AMD Developmental and Operational Support.
Discussion of each element follows with consolidated funding requirements
covering all the elements indicated in tabular form at the end of this

section.

- Part 1 - Flight Crew Equipment

A. Pressure Suit Assembly

1. General Performance Require'ments and Program Approach

The Pressure Suit Assembly (PSA) provides for a breathable
atmosphere under sufficient pressure to sustain life, provide thermal
protection, micro-meteoroid protection, feeding and drlnk_mg, body
waste storage, and communications. Moﬁilit.y provisiens will permit 'l;he
crewman, pressurized if necessary, to accomplish MOL mission require-
ments. The MOL PSA development will be managed by the MOL Systems
Office. Technical ‘guida.nce, testing and opera.tio_né.l support will be
provided by a technical team formed by the Aerospace Medical Division
of AFSC. The Phase I effort completed in August 1966 resulted in the
o . identification of PSA technical requirements, ini;‘erfé.ce requirements,

the solution of specific MOL technical problems, and the publication of
5 a Performence and Requirements Specification. A requeet for proposal
for Phase II sﬁit development was subsequently fr'elea.lsed. The Rf’P was
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unique in that it required the submission of a sample suit to demonstrate
the contractor's technical competence and approach., The source

selection evaluation of the proposals and the issuance of a contract to

" | the winner, Hamilton-Standard, has since proceeded on a schedule which

will permit the ﬁimely delivery of suit assemblies for systems engineering
and crew training. Pressure suits are required during the 3rd quarter
of FY 68 for Air Force developmental testing and for Dougles and McDonnell

engineering and design verification tests. The numbers and delivery

dates for the suits for Douglas and McDonnell are called out as part of

the vehicle contracts. The PSA's required to support the MOL Program
will be provided as government furnished equipment and will be delivered
in accordance with the schedule shown in Figure VI-2.

2. Operating Concept

“The PSA will be. designed to permif its use with the_l
envirommental systems of the Gemini and Leboratory Veh‘icl-er a.nd high
pressure gas supplles from the emergency oxygen system or accumulators
on the vehicle. In the extra-vehicular modes, it will be able to operate .

either on its emergency integral suppZLv carried by the crewmen, or

through umbilical system from the Orbiting Vehlcle. '.[he suit assemb]y

will include an integra.l coxmnunicatlons wbsystem that will permit

exchange of 1nformat10n ‘between crewmen durlng suited phases , recording
of data on the Orbital Vehicle system, and communlcat:.ons through the

vehicle to the ground
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B. Flight Crew Diet (Feeding System Assembly (FSA))

General Performance Requirements and Program Approach

The diet will contain adequate proteins, fats, carbohydrates,

. minerals, vitaminas, and energy to maintain the c:ewma.n's health during .

the 30-day MOL flight and recovery period. The Gemini and Apollo
) freeze-dehydrated diet has been selected as the most appropriate starting '
"point for diet development to meet MOL requireménté. This present diet
‘provides 26504250 K Calories, occupies 143 cubic inches of space, and
.,‘ireighs 1.7 pounds, including packages, per man per day.
| It i.s planned to managve the MOL diet development program
within the MOL Systems Office. Technical aspects have been assigned
to the Aerospace Medical Division of the AF Systems Commend. Included
within the technical t‘ea.m mll be members of thé U.S. Army Natick
" Laboratories, for food preparation and packaging, and the NASA Mé.nned
Spacecraft Center, for"operational experience with space’ flight feeding
systems. Although the Apollo Block I diet ser\fes as a start.ing point,
. it does nét _meet MOL requirements with respect to ﬁepwation time,
_» adaptability to MOL mission timeline .variation,- -oi' effective nutrition
for long periods 'pf timé on ‘.orbit. The general experience indicates
" i:hat the Apollo diet: C - |
| mll i-equire some 1.5 .to 2 hrs_' per men 'pezl day;‘for prepératiox;
and eating; A | ‘ o , :
| does not have a nutritiéna]_'ly a&eéu‘ate ligquid com.ponent;-
bite sized food ifems do not exploit the current known .
capability of the food industry.
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" and added; | | o -

- The flexible menu will thus consist of one freeze-dehydrated meal per
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Therefore, reconfiguration of the Apollo diet will be accomplished: .

appropriate nutrient liquid components will be developed - |

bite-sized food items will be improved;

both will be combined with freeze-dehydrated items for

a complete feeding system.

day requiring about 1/2 hour for preparation' combined with supplementary

) feeding based on bite-sized or bar sized foods requiring no preparation, - £a '

: ~ and the nutrient liquids prepared from a dehydrated powder.

This new MOL menu must have a testing cycle which AMD will -

undertake in their manned space chambers as part of their MOL simulation . -

studies. The prospective FSA contractor will provide the developmental’-

test rations for these AMD chember simulation studies. 'jhe' feeding
. program is based on a continuing development/productibn effort aimed at -

' improving palatability, reducing preparation time and increasing the

variety of available foods with a view to enhancing crew acceptance.

Food production specifications, menu, and quentities for testing, training .-

. and flight use will be based on recurring testing requirements so as

to maintain a continuous high quality production eapabi_lity for producing '

space-qualified food. The U.S. Army Natick Laboratories will assist in
developing improved foods and packaging, and will meintain a capability
for solving production and quality control problems as the’jr' develop.

Procurement has been initiated and cbntract'pi'opowls have been received
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- from three prospective contractors. Contract award will be on a schedule
’which is consistent with the need to assure provision of test diets for
the AMD chamber simulations. The milestones schedule for the FSA is

shdwn on Figure VI-§.
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Part 2 - Aerospace Medical Division Development and Operational Support
Analysis of the deérees of crew activity-required to meet the

MOL program objectives and the ideal operation of the vehicle indicates
a need to maintain alert dﬁd efficient crewmen throughout the 30 day
mission. - The bioastronautics program has been constructed to meet this
requirement.

. A review of the manned experience in space flight up through
14 days of flight, has confirmed that predicted physiological and
psychological adaptive changes in man as he adjusts to living and working
the space environment are occurring. The adaptive changes were predicted
through the use of ground based analogue simnlafion. The simulation
‘events, however, had been limited to predicting accurately the areés of
adaptation and the direction the adaptive processes would take. After
14 days weightless experience, the prime areas of concern are the.
e _ maintenance of card;ovescular, and musculo-skeletal tone and effectiveness.
Although these changes have been seen in flight, the 14 day exposure is
still of insufficient duration to cause mission limitatioﬂ. The_lack of
fidelity of early simulation had prevented prediction uf mission

significance of the changes as they would relate to the crewman's ability
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to continue reliable activity through postlanding recovery. As the space

flight programs confinued,.the fidelity of the ground simmlations improved
and the accuracy in mimicking the actual space events has become much
better. |

The 30 day MOL mission will provide the additional length of

flight duration sufficient to permit the crew adaptation to reach levels that

could effect the crewman's efficiency on orbit and, as & result, cause :
special problems for éurvival immediately after rétﬁrqing to the . f
earth gravity. The extension of the mission from the present 14 day
experience to 30 days also permits some new body systems, which have
slower. Physiolegical éycles, to reach mission significant levels of

adjustment for the crewman. The candidate longer duration cyclic areas of

- concern include the neurological and endocrine systems, the cellular

development process and the psychdmotor response pattern.l

The MOL biocastronautics program is_dgsigned to identify and
quantify'the adaptive adjustment of the crewmen to 30 days of exposure in
the space environment, and in those cases where unchecked adaptive changes‘
are suspected to have an crew operational impact, to develop sufficient
controi measures to maintain the adaptive processes within acceptable
limits for performing the MOL mission. The MOL Program Office has levied
the Aerospace Medical Division (AMD) of Air Force Systems Command to under;
take an extensive simnlatidn program to accomplish|these goals prior to .
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the first manned flight. At the time of flight AMD has been requested

to support the operations with medical personngl and inflight data
collection to insure that the ground simulation predictions, and the
planned control regimens are adequate. AMD is meeting this levy by making
the MCL’30 day study and development requirements an important part

of their in-house exploratory development program. Resources for these .
efforts are being individually negotiated to establish the best Air Force
approach to meeting tﬁe'MOL needs. An example of such efforts is the
approach to developing special equipments for crew conditioning and the
measurement of cre@ status during flight. In tbe case of the crew
conditioning equipment, the AMD is prbviding the physiological criteria,
developing prototype equipmen% and deﬁohstiatiné the édequacy of design.
‘After completion of this effort AMD will provide technical assistance to
the Laboratory Vehicle contractor for final design and integration into
the vehicle. AMD will develob the operational procedures and the inflight
measurement techniques to insure that the devices and procedures do
maintain the crew. Another specific example of AMD's unique activity is
the development of the inflight mess determination devices. AMD is
following & similar invention, development and test of the equipment

as noted for crew conditioning. At the time of commitment to MOL use;
the same arrangement for technical assistance to thé laboratory contractor
will be used. .Other equipments will be provided b& AMD as Government

Furnished Equipment (GFE).
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An important part of the AMD support includes the validation
of the ground simulation data under flight conditions. In this regard
AMD, with the encouragement of MOL, has proposed to develop and flight
test models of the crew conditioning exerciser and the mass determination
devices on flights of the early NASA Saturn IVB Workshops. This
preliminary verification of the data on crew adappation to the space
environment and demonstratioﬁ of the adequacy of the control measures and
procedures should permit a high level of confidence for MOL to undertake
a 30 day weightless mission safely béforg the first MOL manned flight.

The fﬁnds noted under this item reflect the matching or unique

MOL funds ideritified as required to carryout the AMD assigned tasks.

A summary of present tasks ané functioné aséigﬂéd to AMD include the
following functions:
1. Blood pressure system (GFE).
2. Body temperature measurement device (GFE).
3. Crew conditioning device qevelqpment and standérdization.
k. Medical kit development.

5. Crew clothing and hygiene equipment evaluation.

6. Mass determination device development and standardization.

AMD will also:
';. Acquire and validate equipment for MOL preflight.and
post-flight examination and evaluation of fhe flightAcrew,‘(i.e;, crew
physiological adaptiveléhanges due to weightlessness and operaﬁional

control procedures).
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2, Accomplish MOL specific laboratory testing of human

. sub jects in order to validate the MOL baseline flight environment as
reflected in the Laboratory Vehicle and personal equipment design and
operating specifications (i.e., testing of the atmosphere, temperature,
pressure and gaseouS»mixfure, diet adequacy and other life support
provisions). :
- 3. Provide bioastronautics technical assistance to the ;
MOL program in the -physiological, medical and human performance areas. i
§ The funding schedule in Figure VI-3 will assure timely inputs to system F
. design, integration, and operational concepts. ' '
; i
| |
i
»
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