
Contract NAS8-28144 
DPD No. 282 
DR No. MA-04 

Volume IV 

Program Development 
Requirements 

Final 
Report September 1972 

Astronomy 
Sortie 
Missions 
Definition 
Study 

(NASA-C R-129678) ASTRON MY SORTIE MISSION X73-70051 
DEFINITION STUDY. VOLUME 4: PROGRAM 
DEVELOPMENT REQUIREMENTS inal Report 
(Bendix Corp.) Sep. 1972 116 p Unclas 

00/99 16541 

WlARTIN WlARIET'TA 

Itek 



Contract NAS8-28144 
DPD No. 282 
DR No. MA-04 

Volume IV 
Final 
Report 

ASTRONOMY 
SORTIE MISSION 
DEFINITION STUDY 

Am 1002-1004 

September 1972 

ASTRONOMY SORTIE PROGRAM 
PROGRAM DEVELOPMENT 
REQUIREMENTS 

Prepared for: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Huntsville, Alabama 

BENDIX CORPORATION 
NAVIGATION AND CONTROL DIVISION 
Denver, Colorado 80201 

ITEK CORPORATION 
OPTICAL SYSTEMS DIVISION 
Lexington, Massachusetts 02173 

MARTIN MARIETTA CORPORATION 
DENVER DIVISION 
Denver, Colorado 80201 



FOREWORD 

This document is submitted in accordance with the Data Procure­
ment Document Number 282, Data Requirement Number MA-04 under the 
George C. Marshall Space Flight Center Contract NAS8-28l44. 

This is the fourth of four folumes of the Astronomy Sortie Mis­
sions Definition Study Final Report. This volume contains the 
program development requirements. 

Comments or request for additional information should be directed 
to: 

Dale J. Wasserman/PD-MP-A 
Astronomy Sortie Missions Definition Study 
Contracting Officer's Representative 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 

or 

William P. Pratt/8l02 
Astronomy Sortie Missions Definition Study 
Martin Marietta Denver Division Study Manager 
Denver, Colorado 80201 
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PREFACE 

The realization of a fully operational Space Shuttle will open the 
door for unparalled research opportunities in Space astronomy. 
One mode of operation currently envisioned for the Space Shuttle 
is the short-duration sortie mission. The sortie mission would 
consis,t of a low earth orbit of approximately:;even days' duration. 
During this seven days, research would be conducted by an experi­
ment crew utilizing a scientific payload located in the Space 
Shuttle cargo bay. 

For research in astronomy, the Space Shuttle sortie mission offers 
significant advantages. Several of the more important are (1) the 
ability to escape the Earth's atmosphere and, therefore, open up 
the entire electromagnetic spectrum to research, (2) the elimi­
nation of atmospheric pertubations and,. thus, the ability to use 
the spatial resolution of the telescopes, which is currently lim­
ited to approximately one-half arc-second for ground-based tele­
scopes, and (3) the ability to continually observe the sun during 
the seven-day mission without obscurations. Combining these sci­
entific advantages with the large payload capability of the Space 
Shuttle, the low-cost operation of the Space Shuttle, the avail­
ability of an experiment crew on-orbit with the experiments, the 
frequent space flight opportunities, and the ability to return 
the experiment to Earth for refurbishment and retrofit offer the 
scientific community a.unique opportunity for further research in 
the field of astronomy. 

While the opportunities for advances in space astronomy research 
are clear, it is evident that significant planning is required by 
NASA to ensure an orderly and timely program that not only satis­
fies the astronomy objectives but also provides the most return 
for the smallest investment. The primary purpose of this study 
was to provide NASA with an overview of the astronomy sortie mis­
sion requirements. 

The specific objectives of the study were to: 

1) Evaluate the responsiveness of the sortie mission concept to 
stated scientific objectives; 

2) Develop conceptual designs and interfaces for sortie missions 
including telescopes, mounts, controls, displays, and support 
equipment; 
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3) Develop a system concept encompassing the sortie mission fro~ 
mission planning through postflight engineering and scientific 
documentation; 

4) Provide funding estimates, development schedules, and suppor­
ting research and technology requirements for Shuttle sortie 
hardware. 

The approach used in performing the study con~isted of the follo~­
ing sequence: 

1) Analyzing and conceptually designing the alternative candida~e 
astronomy sortie mission program that maximized the utilizat~on 
of common features; 

2) Analyzing the astronomy sortie mission program to ensure com­
patibility between interfacing systems, evaluating overall 
performance 'and ensuring missibn responsiveness, and develop­
ing a complete mission profile; 

3) Analyzing the support subsystems to a depth sufficient to es­
tablish feasibility, compatibility with other subsystems, ad­
equate performance, physical characteristics, interface defi­
nition, reliability level, and compatibility with mann~d op-
erations; . 

4) Conceptually designing the selected astronomy sortie mission 
program, which included d,efinipg'lthe s,ignificant design fea­
tures, dimensions and interfaces on.layout drawings, and de­
fining the telescope system physical characteristics and sup-. 
port requirements; 

5) Providing funding estimates, development schedules, and sup­
porting research and technology requirements. 

The final report of the study is contained in four volumes of which 
this volume is Volume II, Book 1. They are: 

Volume 1 - Ast~onomy So~tie Missions Definition Study FinaZ Repo~t: 
Executive Summ~y 

This volume summarizes the significant achievements 
and activities of the study effort. 

Volume II - Astronomy Sortie Missions Definition Study FinaZ Repo~t: 
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Book 1 - Astponomy Soptie ~ogpam Technical Repopt 

Book 1 of this volume includes the definition of tele­
scope requirements, pretiminary mission and system 
definitions, identification of alternative sortie pro­
grams, definition of alternative sortie programs, eval­
uation of the alternative sortie programs, and selec­
tion of the recommended astronomy sortie mission pro­
gram. This volume identifies the various concepts 
approached and documents the ration~le for the con­
cept and approaches selected for further consider­
ation. 

Volume II - Astponomy Soptie Missions Definition Study FinaZ 
Repopt: 

Book 2 - Appendi:c 

Book 2 of this volume contains the Baseline Experi­
ment Definition Documents (BEDDs) that were prepared 
for each of the experiments considered during the 
study. 

Volume III - Astponomy Soptie Missions Definition Study Final 
Repopt: 

Book 1 - Design Analyses and Tpade Studies 

Book 1 of this volume includes the results of the 
design analyses and tradeoff studies conducted for 
candidate concepts during the selection of recommended 
configurations as well as, of the design analyses and 
tradeoff studies conducted for the selected concept. 

Volume III - Astponomy Soptie Missions Definition Study Final 
Repopt 

Book 2 - Appendix 

Book 2 of this volume contains the backup or supporting 
data for the design analyses and tradeoff studies that 
are summarized in Volume III, Book 1. 
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Volume IV - Astponomy Soptie Missions Definition Study Final 
Repopt: Pr>ogPaJn Development Requipements 

vi 

This volume contains the planning data for subsequent 
phases and includes the gross project planning re­
quirements; schedules, milestones, and networks; sup­
porting research and technology; and cost estimates. 
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INTRODUCTION 

Program development requirements for the selected Astronomy Sortie 
missions concept were generated and are presented in this volume 
in four parts as follows: Part I identifies the gross planning 
requirements that must be considered in subsequent phases of the 
project; Part II presents the schedules and logic networks for 
the design, development, and operation of the overall project; 
Part III identifies the supporting research and technology re­
quired to support the project; and Part IV presents the cost 
estimates of the selected concept, including development and 
the l2-year operations program. 

Data reported in each part includes the appropriate rationale 
with explanations of the guidelines and assumptions that were 
used in the analyses and estimates. 
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A. INTRODUCTION 

The gross planning requirements for subsequent phases of the 
Astronomy Sortie mission (ASM) project are presented here. The 
requirements were derived in five areas: (1) engineering and 
manufacturing; (2) testing; (3) quality and reliability assur­
ance; (4) facilities; and (5) project management. 

These requirements are not intended to limit future analyses in 
either scope or depth. Rather, these requireMents are the essen­
tial elements that must be considered (or provided) to synthesize 
an effective program that satisfies the objectives economically 
and on schedule. 

B. ENGINEERING AND MANUFACTURING 

The ASM telescopes and arrays are one-of-a-kind experiments that 
impose unique standards on design, fabrication, 'and acceptance 
for flight. Further, these telescopes and arrays will be used 
over a period of up to 12 years for several missions each. Thus, 
it is desirable that the telescopes and arrays be capable of ac­
commodating new detectors, filters, cameras, and systems to ex­
ploit scientific advances developed during the operations phase 
of the project. The total number of seven-day Sortie missions 
for each experiment is shown in the following tabulation. 
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\ Number Number 
Telescopes of Flights Arrays of Flights 

IR 31 Large Area X-Ray Detector 13 

Stratoscope III 24 Wide Coverage X-Ray 55 

Photoheliograph 26 Large Modulation Collimator 14 

X-Ray Telescope 26 Narrow Band Spectrometer 14 
Polarimeter 

XUV Spectroheliograph 26 Collimated Plane Crystal 13 
Spectrometer 

Coronagraphs 2q Gamma-Ray Spectrometer 14 

Low Background Gamma-Ray 14 
Detector 

Subsystems are needed for each Sortie Lab and pallet payload, re­
quiring the use of several flight units and spares to support the 
l2-year operations phase. Provision must be made for initial fab-

! 

rication of spares whenever possible, since it is impractical tb 
maintain manufacturing capabilities over long periods of time. 
Engineering considerations must include the requirement'S of long­
term storage of spares, allowing for the performance degradation 
effects of time and maintaining cleanliness, configuration con­
trol, and prod~ctiOn acceptance status. 

C. TESTING 

The overall test program will verify the compatibility of Astronomy 
Sortie payloads with the Shuttle interfaces and will validate the 
design and development of the payloads, assuring reliable experi­
ments that fulfill their Sortie mission objectives. Testing (and 
analyses) during the design development phases will accurately 
predict and verify failure modes as well as the stress levels at 
which failures occur. Stress levels refer to the intensity and 
duration of any parameter that affects the ability of a component, 
system, or complete payload to perform its design function, and 
includes both imposed environments and self-induced conditions. 
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Development and test of experiments, subsystems, and payloads will 
fully exploit existing space-qualified hardware, military-qualified 
hardware, and commerical airline hardware, giving consideration to 
the individual Sortie mission duration, the number of missions in 
the program (for that payload or experiment), and the maintenance 
and refurbishment that is possible between missions. Validation 
of hardware capabilities to meet payload objectives will require 
extensive systems engineering analysis, previous test results, and 
previous use. The inherent capabilities of hardware will be deter­
mined by thorough examination of systems design, failure mode and 
effe~ts analyses, and demonstrated performance under imposed en­
vironments. Capabilities will then be compared with operating 
requirements and environments for these Sortie missions. Addi­
tional testing will be concentrated on resolving those uncertain­
ties that systems design and previous test analyses have not satis­
fied. 

Performance that requires verification over the complete mission 
environments of temperature, vacuum, acceleration, vibration, and 
acoustics will be certified by methods other than test wherever 
possible. Methods will consist of one or a combination of the 
following items. 

1. Similarity 

Testing will be waived if it can be demonstrated that the item 
is similar or identical in design and manufacturing processes to 
another article that has previously been tested to equal or more 
stringent limits. 

2. Analyses 

Analytical techniques will be used in lieu of testing to certify 
compliance with specified requirements. Analyses may include 
systems engineering studies, statistics, qualitative reviews, 
and computer assisted modeling and simulations. 

3. Demonstration 

Some features of payloads or experiments, such as access for 
servicing or adjustment, and human engineering factors, will 
be certified by demonstrating that the payload or experiment 
operates properly. 
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4. Test Exercises 

Tests will verify proper operation of payload or experiment equip­
ment not certified by similarity, analyses, or demonstration. 
Tests will be run (when required) on hardware that has satisfac­
torily passed requirements for acceptance. .Tests will include 
exposure to environments or loads in excess of those maximums ex­
pected in a mission, or for durations longer than expected to 
certify that critical systems will not impose any detrimental 
effect on the Orbiter or crew. Noncritical systems will be tested 
to limits as required by the detail specifications. 

D. QUALITY AND RELIABILITY ASSURANCE 

1. Quality Assurance 

The ASM project includes experiment hardware developed by ex~eti­
ment contractors and principal investigators not always experienced 
in the fabrication and integration of space hardware. Further, 
the program provides for return of payloads from orbit, permitting 
refurbishment and modification of experiments on the ground prior 
to a later mission. These project requirements will be extended 
over the l2~year duration of operations, plus the preoperational 
phases, and impose the need for a comprehensive and continuing 
quality assurance program. 

It is intended that established quality techniques, methods, and 
management will be used to ensure that the engineering, hardware, 
and operations support from the different experiment contractors 
are integrated to provide a flight-ready payload at the PIC-MSFC 
and at the launch site so that maximum mission success is achieved 
within cost and schedule constraints. Contamination control of 
the experiment hardware will be a major challenge to the quality 
assurance program for the design and hardware phases of the pro­
gram. 

2. Reliability 

The reliability program will place primary emphasis on the identi­
fication of all single failure points in the payloads that are 
critical to crew safety and/or mission success. The~ost cost-
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effective means of eliminating or reducing the effects of these 
critical failures will be determined. The basic reliability pro­
gram philosophy will be to require redundancy only for safety­
critical items or where the cost of incorporation into the design 
is very low. Inflight maintenance, degraded modes of operations, 
or return to earth for maintenance will be evaluated for all other 
cases. The reliability program will require the evaluation of 
all experiment hardware, support hardware, and interfaces that 
make up the payload. In addition, this program will consider 
the effects that integrating the hardware at the PIC-MSFC, trans­
portation to the launch site, and installation in the Orbiter may 
have on mission reliability. 

E. FACILITIES 

Existing Government or contractor facilities will be used as much 
as possible to minimize modification and construction of new build­
ings, laboratories, clean rooms, test chambers, etc. 

The telescopes and arrays will be developed and built by principal 
investigators or experiment contractors and will be provided to 
NASA in a flight-ready condition for integration into the Sortie 
Lab and pallet. Facilities necessary for experiment integration 
will be identified and coordinated with facility requirements for 
other project phases. 

The subsystems will be developed and fabricated by the contractor 
and will be integrated into the Sortie Lab and pallet at the P1C­
MSFC. Facilities necessary for development, manufacture, and 
acceptance for integration, as well as those required for integra­
tion of the subsystems into the Sortie Lab and pallet will be 
identified and coordinated for time-phased needs, candidate ex­
isting installation, and interference with other projects. 

Facilities planning must cover the 12-year operations period for 
all phases of the missions. Of particular concern is the refur­
bishment phase in which capabilities to support the telescopes 
and arrays as well as the subsystems must be provided at the P1C­
MSFC. Storage and control of subsystem spares for the duration 
of this project may impose unique requirements that must be identi­
fied for analysis of the impact on facilities. 
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F. PROJECT MANAGEMENT 

-Project management requirements for ASM include defining subseq~ent 
phase study tasks, objectives, and schedules. These tasks must be 
coordinated with the Shuttle studies in progress and with other. ex­
periment and payload studies on a continuing basis. 

Coordination of the project with the astronomy scientific ,community 
is necessary and requires liaison to identify objectives and define 
methods of performance. 

Program control, progress reporting, and problem solving require 
definition of milestone obj ectives that may be statused periodi,cally. 
Control techniques must be imposed on subcontractors with effec;tive 
communications. 

The changing depths of analyses in subsequent phases of the program 
require review of responsibilities and manpower skills applied to 
the tasks. Management !llust develop a logical sequence of work to 
ensure synthesis of the concepts into systems characteristics defi­
nition. 
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A. INTRODUCTION 

All elements of the work breakdown structure (WBS) for the ASM 
program are included in the total program schedules presented 
here. Schedules were developed for the total system, identify­
ing individual schedules for each flight hardware item at levels 
5 and 6 on the WBS. 

B. PROGRAM MILES TONE SCHEDULE 

The program schedule shown in Fig. 11-1 begins with the issuance 
of the RFP for a Phase B study. This program schedule is based 
on the program flight schedule shown in Fig. 11-2 for the base­
line payload combinations. During the Phase B study period, 
authorization to proceed for long-lead-time (LLT) development of 
telescopes and arrays are scheduled. The ASM program contract 
award is scheduled for January 1975 with the first flight, a 
solar mission, scheduled in the first quarter of 1979. 

The telescopes, arrays, and subsystems will be accepted for inte­
gration at the contractor that develops and builds them and will 
be delivered to MSFC for integration into the Sortie Lab and 
pallet. Six months of integration and test activity for the first 
solar flight is scheduled. The totally integrated Sortie Lab and 
pallet, with subsystems and experiments, is then loaded in the 
Super Guppy and delivered to the launch site for three months of 
prelaunch operation before the first flight. 

Eighty-one flights, beginning in the first quarter of 1979 and 
ending in 1990, are planned. The first flights of the three basic 
configurations are: 

Solar (26 flights), 1st quarter 1979; 

IR (31 flights), 4th quarter 1979; 

Stratoscope III (24 flights), 1st quarter 1982. 
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The payloads are returned after each flight. The Sortie Lab and 
pallet with experiments is then shipped to the Payload Integra­
tion Center (PIC) at MSFC, the experiments are removed, and the 
Sortie Lab and pallet are refurbished to receive other experi­
ments. After integration of other telescopes and arrays, the 
integrated payload is tested and accepted as flight-ready. The 
payload is then shipped to the launch site for another Sortie 
flight. 

Flight paylaods do not pass through the Space Astronomy Control 
Facility (SACF). Film exposed in missions will be returned to 
the SACF for processing, and scientists there must have communi­
cations with the flight (through mission control), but the pay­
load handling capabilities necessary at the PIC-MSFC and at launch 
site are not needed at SACF. The overall turnaround time for a . 
payload to complete one flight and be refurbished ready for 
another flight, is ten weeks. as shown in Fig. 11-3. To meet 
the flight schedule of 81 flights during the 12-year period, two 
complete Sortie Labs and-pallets are required. 

C. FACILITIES AND GSE 

The primary facilities to be activated are the PIC-MSFC, the 
launch and landing site, and the SACF (F~g. 11-4). These facil­
ities will be outfitted with GSE developed concurrently with the 
flight hardware by the hardware manufacturer, and payload han­
dling and support equipment GSE developed by the program con­
tractor. 

D. LAUNCH, MISSION, AND RECOVERY/REFURBISHMENT OPERATIONS 

Eighty-one flights, each lasting one week, are scheduled begin­
ning early in 1979 and ending in 1990 as shown in Figure 11-5. 
The reusable flight hardware is planned to be refurbished on a 
ten-week turnaround period with refurbishment operations per­
formed at the PIC-MSFC. 
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E. TELESCOPES AND ARRAYS 

These experiments will be built using a singLe article approach 
in which the flight unit will be subjected to any development 
tests after which it will be modified and serviced for flight 
acceptance. It is expected that each telescope and arry will be 
contracted for individually by NASA and provided to this project. 
In some cases schedule dates shown in Fig. 11-6 and 11-7 require 
ATP before Phase CID contract award to meet integration, check­
out, and the first Astronomy Sortie flight. 

F. POINTING AND CONTROL, STRVCTURES, ELECTRONICS, AND THERMAL SUB­
SYSTEMS 

Test and flight articles are required for these subsystems (see 
Fig. 11-8). The test article will be used by the project con­
tractor in conducting systems tests (structural loading, dynamic, 
natural environments, and limited function) at the contractor's 
plant. The flight unit will undergo pre-integration acceptance 
tests before shipment to the PIC-MSFC where integration with the 
Sortie Lab and pallet is performed. The pointing and control 
system is the long-lead time development item and will require 
authorization to proceed concurrently with the Phase c/n program 
contractor award. 

G. MILESTONE LOGIC NETWORK 

Using the schedules as a guide, the logic network shown in Fig. 
11-9 was developed. No prerequisite event problem areas appear 
in either project development or operations. However, SRI tasks 
need to be started in early calendar year 1973 to support the 
subsystems DDT&E. 
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III. SUPPORTING RESEARCH AND TECHNOLOGY 

A. INTRODUCTION 

Supporting research and technology has been defined for the sub­
systems, assemblies, and components. Detailed requirements are 
presented in Section B of this part. 

In the telescopes and arrays, some technology requirements have 
been identified by title, but detailed definitions have not been 
made. The following items are examples of these requirements: 

1) Aspheric grating for the XUV spectroheliograph; 

2) IR detector compatible with the 2°K operating temperature; 

3) Cooling equipment systems for the IR telescope, requiring 
30 o K, and for the IR detector, which should be cooled to 2°K; 

4) Equipment systems for controlling contamination of critical 
surfaces of telescopes. 

B. SUPPORTING RESEARCH AND TECHNOLOGY (SRT) REQUIREMENTS 

Three SRT tasks for the subsystems have been identified. They 
are: (1) telescope fine stabilization actuators; (2) precision 
star trackers; and (3) contamination control and countermeasures. 

1. SRT Requirement No.1 

a. TitZe - Telescope Fine Stabilization Actuators 

h. Status - The external stability design goals for the ASM tele­
scopes are 0.5 jlrad (0.1 sec) in azimuth and elevation and 25 
jlrad (5 s~c) in roll. The selected concept for the pointing and 
control system includes two separate subsystems to provide the 
external stabilization for the telescopes: (1) a double gimbal 
CMG subsystem to stabilize the Shuttle Orbiter in an X-PDP atti­
tude; and (2) a fine external telescope stabilization subsystem 
using flex-pivots to stabilize the telescopes in azimuth and 
elevation and a servoed roll ring to stabilize them in roll. 
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The flex-pivot actuators capable of providing these stability re­
quirements have not been developed. 

c. Jus tification - The state of the art for stabilizing tele­
scopes attached to manned spacecraft is Skylab. The projected 
stabilization capability of this Skylab system as determined by 
computer simulation is 10 ~rad (2 sec) in azimuth and" elevation. 

The ASM external telescope stabilization goal of O. 5 ~rad (0.1 
sec) is 20 times better than that of Skylab. Even this stringent 
ASM stability goal is not sufficient for the photoheliograph and 
Stratoscope III, however, and these two telescopes will augment 
the external stabilization systems using internal image motion 
compensation to meet their final required stability. Consider­
ing these requirements, and to account for stabilization errors 
due to thermal flexing of the telescopes, an improvement factor 
over Skylab of approximately 50, or a stability of 0.2 ~rad (0.04 
sec), may be a justifiable goal. The baseline stability goal of 
0.5 ~rad (0.1 sec) is beyond that of the present verified state 
of the art; however, and does meet ASM scientific requirements. 
Systems to provide this capabili ty should be developed. 

d. Technical Plan 

Objectives - The objective of this task is to develop fine sta­
bilization actuators, which, when integrated with reference assem­
bly optics and electronics, will provide a stability of 0.5 vrad 
(0.1 sec) in elevation and azimuth and 25 ~rad (5 Bee) in roll. 

Technical Apppoach - Feasibility analyses are required to determine 
systems interfaces and establish specific performance requirements. 
These analyses should produce preliminary design requirements from 
which shop drawings suitable for fabrication of initial engineer­
ing test units may be prepared. Engineering test units will be 
fabricated and operated under suitable environmental conditions 
and appropriate loads to evalute the designs. 

The results of these development tasks will be reported to the ASM 
project as requirements and preliminary specifications for use in 
design, development, test, and evalua.tion (DDT&E) of azimuth and 
elevation actuators for fine stabilization of the telescopes. 
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e. Resource Requirements 

FY 1973 1974 1975 

CY 1973 1974 

Manpower 2.5 5.0 6.0 4.0 

Computer Hours 200 215 

Fab Shop 

Test Lab 

Funding $211,000 $518,000 $97,000 

f. Target ScheduZe 

FY 1973 1974 1975 

CY 1973 1974 

Analyses 

Design 1\ 

Fabricate A 

Test .1\ 

Report' 

2. SRT Requirement NO.2 

a.TitZe -.Precision Star Tracker 

b. Status - To properly guide the high-resolution ASM telescopes, 
an absolute angular measurement (pointing) accuracy of ±5 ~rad 

(±l ~c) is required. An angle resolution (stability) of 0.5 
~rad (0.1 ~) is required. These are considered design goals 
for the pointing and control system. 
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Precision star trackers capable of providing these requirements 
(when operated with appropriate actuat.ors) have not been developed. 
Current state-of-the-art equipment achieves about ±25 ~rad (±5 
sec) absolute angle measurement accuracy with resolution of 10 
~rad (2 ~) according to developer's claims. 

c. Justification - Several of the ASM telescopes require orient­
ing of their optical axes to specific astronomical sources of 
interest to within ±10 llrad (±2 ~). This uncertainty is total 
system error and includes reference measurement errors and instru­
ment-to-reference alignment errors. 

Those ASM telescopes with resolution eapabi1ity of 0.5 ~rad (0.1 
sec) will additionally require further contro;' of the image within 
the instruments. 

The required accuracy and resolution are not available from any 
form of "strapdown" (nongimba1ed) tracker system of reasonable 
size. The sensor field of view required for high probability of 
encountering stars of adequate brightness is far too large. Even 
for a girnba1ed star tracker, with wide range of freedom for se­
lecting reference stars, and limited instantaneous field of view, 
comparatively large (>20 cm diameter) primary objective apertures 
will be required to gather enough light energy from the brighter 
stars (mv < +4.5) to provide star tracker system bandwidths higher 

than 10 Hz together with resolution of 0.5 ~rad (0.1 sec). 

d. Technical Plan 

Objective - Development of a star tracker system capable of d~fin­
ing the orientation of the instrument platform with an absolute 
accuracy of ±5 llrad (±1 sec) relative to specified stars. The 
tracker bandwidth must be at least 10 Hz; the angular resolution 
performance must be 0.5 ~rad (0.1 sec) or better. 

Technical Approach - The development of telescope fine stabiliza­
tion actuators (SRT Requirement No.1) is a related requirement 
that must be accomplished concurrently with this star tracker 
task. In addition to these actuators, three specific items may 
be identified that require fundamental development effort: 
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Angular measuring devices (e.g., autosyns, optical encoders, 
optosyns, etc) with absolute accuracy of ±2.5 ~rad (±0.5 sec) 
over the full angular range of more than 0.52 radians (> 30 deg) 
and resolution of 0.5 ~rad (0.1 s~) or better; 

Compact optical systems with high transmission efficiency and 
diffraction-limited performance to minimize the weight and size 
of the sensor unit; 

Adaptation of electro-optical sensing or detection devices for 
star tracker use, to achieve maximum sensitivity (quantum effi­
ciency) and low inherent noise. 

Each of these component development areas requires engineering 
analysis and study to establish preliminary design requirements 
from which shop drawings suitable for fabrication of test units 
may be prepared. 

Engineering test units will be fabricated and operated under suit­
able environmental conditions and appropriate loads to evaluate 
the designs. Engineering tests will be conducted as much as 
possible at the adapted star tracker level at which the optical 
and angular measuring devices are integrated. 

The results of these development tasks will be reported to the 
ASM project as requirements and preliminary specifications for use 
in design, development, test, and evaluation (DDT&E) of the pre­
cision star trackers. 

e. Resource Requirements 

FY 1973 1974 1975 

CY 1973 1974 

Manpower 3.0 6.0 8.0 6.0 

Fab Shop 

Test Lab 

Funding $89,000 $441,000 $194,000 
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f. Target Schedule 

FY 1973 1974 1975 

CY 1973 1974 

Analyses 

Design A 

Fabricate A 

Test A 

Report 

3. SRT Requirement No.3 

a. Title - Contamination Control and Countermeasures 

b. Status - Known cleanliness requirements such as Class 100,000 
clean assembly and servicing areas for ASM payloads/telescopes, 
and arrays have been identified. Class 10,000 clean tents have 
been specified for control of certain critical components when 
unprotected or unpackaged. Environmental cover and control units 
that provide inert gas blankets have been identified to protect 
the payloads during transport between facilities. During pre­
launch, provision has been made for maintaining the inert gas 
blankets after installation of payloads in the Orbiter. Ground 
operating techniques have been specified to prevent condensa­
tion on cooled surfaces. 

During the missions, the Orbiter and Sortie Lab are expected to 
be significant sources of contaminants. The nature and rates 
of deposit· of detrimental contamination from these sources have 
not been defined. Equipment to redUCE! or eliminate "harmful" 
contaminants or countermeasures to disperse or prevent their 
deposition may be necessary. 

c. Justification - The scientific fields that are involved in 
contamination phenomena are essentially: 

1) Theory of adhesion; 

2) Theory of valences, molecular structure, and H-bonds; 
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3) Surface catalysis; 

4) Surface mobility and diffusion of absorbed molecules; 

5) Theory of nucleation. 

Ground work has been laid in these scientific fields to explain 
observed phenomena, and no new concepts (or theories) have to be 
developed. It is necessary, however, to perform experiments to 
predict the extent of the threat of detrimental contamination. 
The results of these tests will be used to develop equipment to 
control the emission of contaminants or to disperse emissions 
without harmful deposition. 

The required experiments can be carried out in a laboratory, 
because a zero-gravity environment is not important for the de­
position of matter from the vapor phase. Depending on test re­
sults, control equipment to limit emissions or dispersal equip­
ment (or both) must be developed to achieve maximum scientific 
objectives. 

d. Technical Plan 

Objectives - To determine the temperatures and contaminant con­
centration ranges at which detrimental deposition on a given sur­
face can be expected; and to develop equipment concepts for con­
trolling emissions or dispersing those that are detrimental. 

Technical Approach - A study of the total problem and an appro­
priate experimental procedure has been developed and can be ap­
plied to provide the test data. The experiments consist of the 
determintion of a dividing line temperature T (P) in a (P,T) 

c 

d · h d··d h . h d .. dm 0 Lagram t at LVL es t e area WLt a eposLtLon rate r = dt 

from the area where r < O. T (P) is to be determined in the 
c 

dark and under the UV-light level as experienced in space. P in 
this context is related to the particle stream of the contaminant 
under investigation while T is the absolute temperature. 

The approach is based on the fact that a surface contamination is 
'''detrimental'' only if it is at least a sufficient number of atom 
layers thick. In this case the influence of the substrate is no 
longer felt and the contaminant deposits on itself. In the pres­
ence of other contaminants and UV light, however, the creation of 
nucleation centers and the observation of incubation time effects 
can be expected. 
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The experiments will give insight into how the deposition of harm­
ful contamination may be avoided. Equipment concepts, procedures, 
and materials (agents) will be identified and recommended for de­
velopment as ASM systems if they are rE!quired. 

e. Resource Requirements 

Manpower 

Test Equipment 
and Facili des 

Materials 

Funding 

FY 

CY 

f. Target ScheduZe 

Analyses and 
Planning 

Test 

Evaluate 

Report 

Optional Tasks 
(If Necessary) 

Design Equipment 

Fabricate 

Test 

Report 
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IV. COST ESTIMATES 

A. COSTING APPROACH, METHODOLOGY, AND RATIONALE 

Parametric costing using cost estimating relationships (CERs), 
cost ratios, and factors in conjunction with detailed estimates 
was used to price the baseline configuration. Generally, sub­
system hardware was priced using CERs, software elements such as 
project management ,using cost ratios/factors, and operations ele­
ments using detail estimates. Estimates were derived for design, 
development, test and evaluation (DDT&E), production, and opera­
tions. The CERs, cost ratios, and factors used here were devel­
oped from Martin Marietta experience on programs such as Skylab 
and Viking, and from data bank information of other industry 
programs. 

A work breakdown structure (WES) containing the necessary cost 
elements as defined by the data requirements (DR) is presented 
in Fig. IV-2 (in Section F of this part). The cost elements of 
this WBS will be used in Section B to present nonrecurring (DDR&E) 
and recurring (production and operations) costs. A definition of 
the effort encompassed by each WBS cost element is provided by 
the WES Dictionary, Table IV-2 (in Section F). 

The general ground rules and assumptions used in this pricing are: 

1) Fiscal 1973 costant dollars; 

2) Sortie Lab and Pallet are GFE; 

3) NASA center cost excluded; 

4) Experiment and subsystem configurations remain fixed; 

5) No contingencies or discounts; 

6) Shuttle operations cost excluded; 

7) Costs include 10% profit. 
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The Astronomy Sortie DDT&E cost assumes that the telescopes and 
arrays are developed by various industry/university sources with 
the cost of instrument definition and contractor selection a NASA 
Center responsibility. The remaining cost elements are carried 
out by a single industry contractor. 

DDT&E cost for each subsystem was estimated by the application of 
the following logic: 

BASIC DEVELOPMENT + TEST ARTICLES + TESTING = DDT&E 

Cost estimating relationships (CERs) are used at the component 
level (WBS Level 6 and 7) to build up the basic development cost. 
Basic development encompasses basic engineering analysis, design, 
specification preparation, tooling design and fabrication, test 
criteria, etc. 

Development of each telescope and array requires producing one 
unit, using the unit for tests and checkouts, and updating the 
same unit for flight. The subsystems are composed of assemblies 
and components that, in some cases, are qualified and are avail­
able off-the-shelf, and in other cases, require extensive develop­
ment including recommended supporting research and technology (SRT). 
The inherent project advantages of returning each payload from 
orbit and the relatively short on-orbits tay times for each flight 
were conside~ed in recommending limited development tests requir­
ing only one test article in most cases. Conformance with Orbiter 
certification level requirements for qualification is planned for 
all "critical" components. 

Test article cost is the first unit cost obtained from CERs times 
the number of test articles computed on a 90% improvement curve. 
In most instances, the number of test articles is one. 

Component and subsystem development testing is estimated at a fixed 
percentage (22%) of the test article cost. 

No spares were specifically allocated to the DDT&E cost category. 
Spares quantities for the operational phase are scheduled to be 
built to enable their use during the DDT&E phase, and therefore 
provide a program cost savings. 
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Development of GSE, production GSE, and GSE spares is included 
in the DDT&E phase. GSE development is estimated as a percentage 
(29%) of the total subsystem development cost, and an operational 
production set of 116% of the subsystems first unit cost. Two 
sets of operational GSE were included. GSE spares for the oper­
ational phase are priced at 25% of the operational hardware. 

The facility cost estimate assumes no new facilities (contractor 
or government) and the maximum use of existing facilities. Con­
tractor facility cost will be primarily for minor modifications 
to existing facilities to be used for manufacturing, test, and 
integration. The estimate is derived from historical experience 
on programs of a similar nature. 

System support and project management costs are estimated as 
fixed percentages (11% and 7.6%, respectively) of program DDT&E 
cost. These relationships have been developed from previous con­
tract history. 

Production costs for the flight hardware were estimated by using 
cost estimating relationships. Costs were estimated at the com­
ponent or subassembly level. This was required to enable a con­
sistent application of a 90% improvement curve due to the vari­
able quantity of each item required for DDT&E, production, and 
operations (spares). This estimating process for a typical com­
ponent is as follows: determine the first unit cost using ap­
plicable CER; compute DDT&E cost on a 90% curve for units 1 and 
2; compute production cost for six units (on a 90% cureve - units 
3-8); and compute operations cost (spares) for six units (on a 90% 
curve - units 9-14). 

System support and project management costs are estimated at 11% 
and 7.6 respectively, of the production cost. 

The l2-year project duration requires the operation and coordina­
tion of activities between three active centers of responsibility: 
PIC-MSFC; the launch and landing site; and the Space Astronomy 
Control Facility (SACF). 

Each telescope and array will be accepted for integration at the 
developer's facility and will then be transferred to the Payload 
Integration Center at MSFC (PIC-MSFC) for integration into the 
Sortie Lab and pallet, which has been outfitted with the appro­
priate subsystems. The integrated payloads are tested and checked 
out to establish flight acceptance at the PIC-MSFC. Support 
equipment and ground operations are provided to maintain flight 
readiness with minimum checkout at the launch site. 

IV-3 



In addition to initial payload integration, the PIC-MSFC is re­
sponsible for refurbishment of the telescopes, arrays, Sortie Labs, 
and pallets. The refurbished items are subsequently integrated 
again for a later flight. 

The Shuttle launch and landing site is responsible for payload in­
stallation into the Orbiter and for prelaunch and postlanding 
servicing. The PIC-MSFC transient crew provides support for these 
operations. 

The SACF is the scientific center for Astronomy Sortie missions, 
including principal investigator support of ground and on-orbit 
operations and problem resolution. The payloads themselves are 
not handled, serviced, or operated at SACF, but scientific data 
are processed, stored, analyzed, and disseminated from this center. 

Cost estimates for the launch, mission, support, and recovery/re­
furbishment functions just described were based on the engineering, 
technical, and administrative manpower level required to sustain the 
baseline flight schedule. These cost estimates assume the func­
tions are accomplished by the contractor at three separate loca­
tions. They further assume that government facilities such as 
buildings, utilities, office equipment, transportation, gases, 
and fluids are available at each location at no cost to the con­
tractor • 

. B. SUMMARY COST PRESENTATIONS 

The detailed costs of the Astronomy Sortie missions are summarized 
in Table IV-I. The table shows total project costs by major hard­
ware item and operations functions in the categories of nonrecur­
ring DDT&E, recurring production, and recurring operations, as 
well as the total costs. Notice that in developing the GSE (DDT&E), 
units were fabricated that will satisfy the operations require­
ments. Therefore, production costs are avoided. 

The facilities cost shown in Table IV--I is for modification of 
existing facilities to manufacture thE~ subsystems. The costs of 
facilities for developing the telescopes and arrays, and for oper­
ations were not estimated in this study. 
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Table IV-l Astronomy Sortie Mission Costs (10 6 $.) 

DDT&E Production Operations 

Telescopes $ 47.04 $ 36.98 $ 37.17 , 

Arrays 39.40 47.32 72.11 

Pointing and Control 18.16 10.53 20.10 

Structures 29.78 12.52 12.14 

Electronics 11.32 4.09 12.91 

Thermal Control 2.32 0.43 0.27 

Ground Support Equipment 21. 37 3.73 

Facilities 0.25 

System Support and 
Integration 18.66· 12.31 23.77 

Project Management 14.31 9.44 18.22 

Launch Operations 14.79 

Mission Operations 7.95 

Support Operations 16.06 

Recovery & Refurbishment 18.84 

Total $202.61 $133.62 $258.06 

Figure IV-1 shows the total funding requirements in each fiscal 
year of the ASM project by nonrecurring DDT&E, recurring produc­
tion, and recurring operations categories. The total cost of 
$594.3 million for the project requires a peak expenditure of 
$156.1 million in fiscal year 1978. 

Total 

$121.19 

158.83 

48.79 

54.44 

28.32 

3.02 

25.10 

0.25 

54.74 

41.97 

14.79 

7.95 

16.06 

18.84 

$594.29 
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C. COST ESTIMATES BY WBS ELEMENT 

Estimates were prepared for nonrecurring (DDT&E) on Cost Data 
Form - A(l), for recurring (production) on Cost Data Form - A(2), 
and for recurring (operations) on Cost Data Form - A(3). These 
data are presented here at WBS level 4, 5, 6 or 7. 

A description of the contents of each column of the form follows: 

1) Identification Number - The 13-digit WBS number of the item 
of cost. 

2) WBS Identification - The alphanumeric nomenclature of the 
item from the WBS (not limited in length). 

3) WBS Level - The level at which the element is carried. 

4) Expected Cost - The cost estimate for the WBS item. For pro­
duction and operations items, the WBS item cost will be the 
total cumulative cost for the number of units quantified in 
the "Number of Units" column. 

5) Number of Units - The quantity of units for each WBS item 
used in the production and operations phases of the program. 

6) Reference Unit - The production sequence number of the first 
unit that is used in the recurring phase of the program. 

7) Reference Unit Cost - The cost of the reference unit. 

8) Learning Index - A numerical index of a learning rate related 
to the recurring cost. 

9) Td - The time (months) to design and develop or produce a WBS 

item. For nonrecurring category, Td is the cost duration of 

the DDT&E activity. For the production and operations ac­
tivities, Td is the cost duration of only the reference unit. 

10) T - The lead time (months) measured from the start of cost 
s 

accrual for. the item to the launch milestone. For the pro­
duction and operations activities T will be given for the 

s 
reference unit. 
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11) Spread Function - An index number representing a cost dis­

tribution curve that the estimator recommends for the time 
phasing of costs over T

d
• Standard distributions from Fig-

ure 8 of the Phase A and Phase B Studies Cost Estimates Doc­
ument No. MF-030A, were used in some cases. Other distri­
butions were used where applicable. 

12) Launch Milestone Date The date used in conjunction with T • 
s 

13) Confidence Rating - A value of 1 through 4 representing the 
estimator's confidence in the estimate shown in WBS item cost 
column. The values were obtained by reviewing the criteria 
presented in the Phase A and Phase B Studies Cost Estimates 
Document, DRD No. MF-030A, Table 1, "Confidence Level Groups 
for Cost Estimates," and selecting the value most applicable. 

14) First Unit Cost - The cost to produce theoretical first item. 
This is the intercept of the learning cure on a log-log plot. 
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STUDY TITlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-2S144 

COST DATA FORM - A(1) 

NON·RECURRING (DDT&E) 

IDENTIFICATION WBS EXPECT. 

NUMBER 
was IDENTIFICATION 

lEVel COST 

01-001-00-00-00-00 ASTRONOMY SORTIE 3 202.61 

MISSION PROJECT 

01-001-01-00-00-00 PROJECT MANAGEMENT 4 14.31 
-- f---,'-

01-001-02-00-00-00 SYSTEM SUPPORT & 4 lS.66 
--

INTEGRATION 

01-001-03-00-00-00 FACILITIES 4 .25 

01-001-04-00-00-00 GROUND SUPPORT 4 21.37 

EQUIPMENT 

01-001-05-00-00-00 PAYLOADS 4 14S.02 

01-001-05-01-00-00 TELESCOPES 5 47.04 

01-001-05-01-01-00 IR TELESCOPE 6 10.50 

01-001-05-01-02-00 STRATOSCOPE III 6 S.40 

01-001~05-01-03-00 PHOTOHELIOGRAPH 6 5.16 

01-001-05-01-04-00 X-RAY TELESCOPE 6 17.65 
-

01-001-05-01-05-00 XUV SPECTRO- 6 2.15 _._---1--------
HELIOGRAPH 

-

01-001-05-01-06-00 CORONAGRAPHS 6 2.98 
--------- .---- --------1------ r-- ---

--- ---- --- - -~-----

CON FlO. 
Td 

RATING 

4 81 

4 Sl 

3 12 

3 21 

2 54 

2 48 

2 39 

2 54 

2 39 

-- ~. 

2 39 
----- .-------

DATE SEPT 1972 

PAGE_l_ Of_8 _ 

Ts 
SPREAD 

FUNCT. 

96 50/60 

96 50/60 

i 
j 
i 

-

51 -

27 SO/SO 

69 -
63 -
57 -
66 -
57 -

-

57 -
-------- -
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STUDY TiTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NASS-2S144 

COST DATA FORM - A(1) 

NON-RECURRING (DDT&E) 

IDENTIFICATION was IDENTIFICATION 
was EXPECT. 

NUMBER lEVEL COST 

01-001-05-01-07-00 MONITORS 6 .20 

01-001-05-02-00-00 ARRAYS 5 39.40 

01-001-05-02-01-00 LARGE AREA X .. RAY 6 4.95 
--f---,.-

DETECTOR 
-

01-001-05-02-02-00 WIDE COVERAGE 6 2.25 

X-RAY DETECTOR 

01-001-05-02-03-00 LARGE MODULATION 6 6.95 

COLLIMATOR 

01-001-05-02-04-00 NARROW BAND 6 6.30 

SPECTRO/POLARIM 

01-001-05-02-05-00 COLLIMATED PC 6 5.10 

SPECTROMETER 

01-001-05-02-06-00 GAMMA RAY 6 7.30 

SPECTROMETER 
-. 

01-001-05-02-07-00 LOW BACKGROUND 6 6.50 
.-----------

X-RAY DETECTOR 
..• --.-- -

01-001-05-02-08-00 PROTON FLUX 6 .05 
----- . ---- .-.. ---.- ---.- -_ . 

DETECTOR 
-

CONFID. 
Td 

RATING 

3 15 

2 39 

2 27 

2 48 

2 36 

2 42 

2 42 

2 36 

3 6 
. - ------

DATE SEPT 1972 

PAGE_2_ OF_8_ 

Ts 
SPREAD 
fUNCT. 

30 -

57 -

54 -

66 -

54 -

57 -

57 -

57 -
-

IS -
------- . 

• 
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STUDY TiTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28144 

COST DATA FORM - A(1) 

NON·RECURRING (DDT&E) 

IDENTIFICATION was IDENTIFICATION 
WBS EXPECT. 

NUMBER lEVEL COST 

01-001-05-03-00-00 POINTING & CONTROL 5 18.16 
---- _ .. 

SYSTEM 

01-001-05-03-01-00 .CMG ASSEMBLY 6 .91 
--'--,.-

01-001-05-03-01-01 DOUBLE GIMBAL 7 .77 
-

CMGs 

01-001-05-03-01-02 INVERTERS 7 .14 

01-001-05-03-01-03 IMU 7 

01-001-05-03-02-00 COMMON MOUNT 6 1.32 

ACTUATORS 

01-001-05-03-02-01 AZIMUTH 7 .65 

POINTING 

01-001-05-03-02-02 DEPLOYMENT 7 .67 

01-001-05-03-03-00 TELESCOPE 6 2.16 . 

GIMBAL ACTUATORS 

01-001-05-03-03-01 ELEVATION 7 .89. 
- -----------

POINTING & 
.. -- -

STABILITY 
.----- . ..--------- -----1--

01-001-05-03-03-02 AZIMUTH 7 .51 

STABILITY 

CONFIO. 
Td 

RATING 

33 

4 

4 

3 

3 

1 

.- .------
1 

DATE SEPT 1972 

PAGE-l- OF_8_ 

Ts 
SPREAD 

fUNCT. 

51 50/60 

-

------
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STUDY TiTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28144 

COST DATA FORM - A(1) 

NON·RECURRING (DDT&E) 

IDENTIFICATION was IDENTIFICATION 
WBS EXPECT. _ 

NUMBER lEVel COST 

01-001-05-03-03-03 ROLL 7 .37 

01-001-05-03-03-04 PITCH & YAW 7 ,39 

(CORONAGRAPHS) 
----,--

01-001-05-03-04-00 ARRAY PLATFORM 6 .57 
-

ACTUATOR 

01-001-05-03-04-01 ELEVATION 7 .57 

POINTING 

01-001-05-03-05-00 REFERENCE ASSEMBLY 6 13.20 

01-001-05-03-05-01 STRAPDOWN 7 1.96 

STAR TRACKERS 

01-001-05-03-05-02 TELESCOPE IMU 7 2.72 

01-001-05-03-05-03 FINE SUN SENSOR 7 .90 

01-001-05-03-05-04 BORESIGHTED 7 2.13 

STAR TRACKER 
--

PRECISION 
. -----------

. 01-001-05-03-05-05 CORRELATION 7 5.49 
.. ---- -

TRACKER 
--_._- - ----- ------- f-------< 1--.-

01-001-05-04-00-00 STRUCTURES 5 29.78 
- -

CONFIO. 
Td 

RATING 

3 

3 

3 

1 

3 

4 

3 

3 
-- c-_ 

-- .-------
21 

DATE SEPT 1972 

PAGE_4_ OF_8_ 

Ts 
SPREAD 

FUNCT. 

-

f-- ... _- -

39 50/60 

, 

I 
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STUDY TiTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NASB-28144 

COST DATA FORM - A(1 ) 

NON-RECURRING (DDT&E) 

IDENTIFICATION was IDENTIFICATION 
WBS EXPECT_ 

NUMBER lEVEL COST 

01-001-05-04-01-00 COMMON MOUNT 6 7.05 

ASSEMBLY 

01-001-05-04~01-01 AZ !MUTR TABLE 7 1.73 
----, .. 

01-001-05-04-01-02 AZIMUTH YOKE 7 2.71 
-

01-001-05-04-01-03 DEPLOYMENT 7 1.20 

YOKE 

01-001-05-04-01-04 DEPLOYMENT 7 1.06 

GEARMOTORS 

& LAUNCH LOCKS 

01-001-05-04-01-05 JETTISON 7 .35 

EQUIPMENT 

01-001-05-04-02-00 TELESCOPE GIMBAL 6 6.84 

ASSEMBLY 

01-001-05-04-02-01 OUTER GIMBAL 7 1.62 
----

RING 
... 

. 01-001-05-04-02-02 OUTER ROLL 7 2.16 
.. _---- -

-
RING 

.. ~- .. - . .._-------- ---'- 1---•. 

01-001-05-04-02-03 INNER ROLL 7 1.37 

RING 

CONFIO. 

RATING 

3 

3 

3 
. 

3 

3 

3 

3 
--
---
3 

Td 

>--. 

-------

DATE SEPT 1972 

PAGE2-0f_8_ 

Ts 
SPREAD -I 
FUNCT. 

- -

-- .. ,-- . 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28144 

COST DATA FORM - A(1) 

NON·RECURRING (DDT&E) 

IDENTIFICATION 
WBS IDENTIFICATION 

WBS EXPECT. 

NUMBER LEVEL COST 

01-001-05-04-02-04 ROLL GEAR 7 .10 

01-001-05-04-02-05 TELESCOPE P&C 7 .48 

PLATFORM 
--~-,.-

01-001-05-04-02-06 GIMBAL GEAR- 7 1.11 
-

MOTORS & LAUNCH 

LOCKS 

01-001-05-04-03-00 ARRAY PLATFORM 6 4.77 

ASSEMBLY 

01-001-05-04-03-01 ARRAY MOUNT 7 3.89 

01-001-05-04-03-02 PLATFORM GEAR- 7 .88 

MOTORS & 

LAUNCH LOCKS 

01-001-05-04-04-00 SUPPORT EQUIPMENT 6 4.15 

SET 
-

01-001-05-04-04-01 CMG SUPPORT 7 .39 
- ---~ ------_. 

STRUCWRES 
... _--- -

01-001-05-04-04-02 WC X-RAY 7 1.47 
. __ .. - . . .. _-_ .. _---- '-._-- --

DETECTOR 
.- -

SUPPORTS 

CONFID. 

RATING 

3 

3 

3 

3 

3 

3 

3 
.-

Td 

' .. ------

DATE SEPT 1972 

'AGE~OF_8_ 

Ts 
SPREAD 

fUNCT. 

-

------- . 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28144 

IDENTIFICATION 
NUMBER 

01-001-05-04-04-03 

--,--_. 

01-001-05-04-05-00 
-

01-001-05~04-05-01 

01-001-05-04-05-02 

01-001-05-04-05-03 

01-001-05-04-05-04 

01-001-05-04-05-05 

01-001-05-05-00-00 

01-001-05-05-01-00 

01-001-05-05-02-00 
- ---- ~. 

- 01-001-05-05-02-01 
.. --~-

-----
01-001-05-05-02-02 

.-
01-001-05-05-02-03 

COST DATA FORM - A(1) 

NON-RECURRING (DDT&E) 

was EXPECT_ 
was IDENTIFICATION 

LEVel COST 

y-RAY SPECT 7 2.29 

HOUSING & EXT 

MECH.-

SOLAR TELESCOPE 6 6.97 

HOUSING ASSY 

TUBULAR 7 4.47 

STRUCTURE 

BULKHEADS 7 1.96 

SUNSHIELD - 7 .45 

FIBERGLASS 

APERTURE DOORS 7 .06 

DOOR ACTUATORS 7 .03 

ELECTRONICS 5 11.32 

CONTROL & DISPLAY 6 7.71 
---

ELECTRICAL 6 2.29 

LOAD CENTER 7 .10 

SWITCH 
----------- t-._-- 1---

FEEDER CABLES 7 2.00 

JUNCTION BOX 7 .19 

CONFID. 
Td RATING 

3 

3 

3 

3 

3 

3 

18 

3 

3 

-- -------

3 

3 

DATE SEPT 1972 
PAGE _ 7 _ OF_8_ 

SPREAD 
Ts 

fUNCT. I 

I 
I 

! 

I 
I 
I 
I 
I 

36 50/60 

-

~------ . 



H STUDY TITlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 

f CONTRACT NO. NAS8-28144 . 

~ COST DATA FORM - A(1) 

NON·RECURRING (DDT&E) 

IDENTIFICATION was IDENTIFICATION 
WBS EXPECT. 

NUMBER lEVEL COST 

01-001-05-05-03-00 DATA 6 1.32 

01-001-05-05-03-01 DATA BUS INTER- 7 .06 

FACE UNIT 
--f.--.,.-

01-001-05-05-03-02 COAX DATA BU S 7 .16 
-

01-001-05-05-03-03 PALLET 7 .55 

INSTRUMENTATION 

BOX 

01-001-05-05-03-04 DATA PROCESSOR 7 .55 

01-001-05-06-00-00 THERMAL CONTROL 5 2.32 

---. 

- -----------

... - -

------ - ._---------1----- ---

- -

CONFID. 
Td RATING 

3 

3 

3 

3 

3 9 

--- ~ . 

--- ---.----

DATE SEPT 1972 

PAGE_8_ OF_8_ 

Ts 
SPREADi 
FUNCT. ' 

27 50/60 

-

"-------
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STUDY nTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8~28144 

COST DATA FORM - A(2) 

RECURRING (PRODUCTION) 

IDENTIFICATION WBS was NO. OF 1st UNIT 

IDENTIFICATION LEVEl UNITS 
COST 

NUMBER T1 

01-001-00-00-00-00 .3 

01-001-01-00-00-00 PROJ. MGMT. 4 NA NA 

01-001-02-00-00-00 SYS. SUPT. 4 NA NA 

01-001-03-00-00-00 FACILITIES ·4 

01-001-04-00-00-00 GRD. SUPT. EQUIP. 4 

01-001-05-00-00-00 PAYLOADS 4 

01-001-05-01-00-00 TELESCOPES 5 

01-001-05-01-01-00 IR TELESCOPE 6 1 12.00 

01-001-05-01-02-00 STRAT III 6 1 7.20 

01-001-05-01-03-00 PHOTOHELIOGRAPH 6 1 4.61 

01-001-05-01-04-00 X-RAY TELE 6 -1 8.20 

01-001-05-01-05-00 XUV SPECT 6 1 1.00 

01-001-05-01-06-00 CORONO 6 1 1. 95 
-

01-001-05-01-07-00 - MONITORS 6 1 2.02 

01-001-05-02-00-00 ARRAYS 5 
--

01-001~05-02-01-00 LG. AREA X-RAY 6 1 4.58 
-.- -- - -- -

01-001-05-02-02-00 WC X-RAY 6 1 7.80 
--

01-001-05-02-03-00 LG. MOD. COLL 6 1 5.18 
----- ---.-- - f-. __ .-

01-001-05-02-04-00 NAR. BD SPECT 6 1 10.20 

EXPECTED REF. REF. CONFIO. 

COST UNIT UNIT 
RATING COST 

133.62 

9.44 NA NA 4 

12.31 NA NA 4 

--
84.30 

36.98 

12.00 1 12.0C 2 

7.20 1 7.2C 2 

4.61 1 4.6 2 

8.20-- 1 8.2( 2 

1.00 1 1.0( 2 

1. 95 1 1.9' 2 

2.02 1 2.0 3 

47.32 

4.58 1 4.5c 2 
r- -------

7.80 1 7.8( 2 

5.18 1 5.!J .--~ 
10.20 1 10.2C 2 

Td TS 

72 81 

72 81 

45 54 

36 45 

36 45 

30 39 

30 39 

33 42 

15 30 

I----

33 45 

·39 48 

36 48 

36 48 

DATE: SEPT 1972 
PAGE-1-0FL 

SPREAD LEARN 

FUNCT INDEX 

50/60 NA 

50/60 NA I 

I 
I 
I 

-1 

90% 

90% 

90% 

90% 
I 

90% 

90_~ 

90% 

----.-- t-

1--'--" 
901'~_ 

t-------.-
90% 
~.-c-~ 

90% -- ... - - ---- -------

90% 



H STUDY TITlE ASJ'RONOMY Sv~ ,_3 MISSION DEFINITION STUDY 
f CONTRACT NO~AS8-28i4-4-
I-' 
co 

I 

IDENTIFICATION 

NUMBER 

01-001-05-02-05-00 

01-001-05-02-06-00 

01-001-05-02-07-00 

01-001-05-02-08~00 

01-001-05-03-00-00 

01-001-05-03-01-00 

01-001-05-03-01-01 

01-001-05-03-01-02 

01-001-05-03-01-03 

01-001-05-03-02-00 

01-001-05-03-02-01 

01-001-05-03-02-02 

01-001-05-03-03-00 

01-001-05-03-03-01 

01-001-05-03-03-02 

01-001-05-03-03-03 

01-001-05-03-03-04 

01-001-05-03-04-00 

01-001-05-03-05-00 

01-001-05-03-05-01 
I 

WBS 

IDENTifiCATION 

COLL P.C. SPECT 

y-RAY SPECT 

LOW BACK X~RAY 

PROTON FLUX 

POINT & CONT. 

CMG ASSY 

DB. GIMB. CMG 

INVERTER 

IMU 

COMMON MT. 

AZ POINT 

DEPLOY 

TELE. GIMB. ACT 

ELE POINT. 

AZ STAB 

ROLL 

PITCH & YAW 

ARRAY PLAT. 

REF. ASSY. 

STAR TRACK 

COST DATA FORM· A(2) 

RECURRING (PRODUCTION) 

was NO. OF 1st UNIT 

LEVEl UNITS 
COST 

Tt 

_6 1 7.30 

6 1 4.50 

6 1 7.30 

6 1 .46 

5 

6 

7 6 .63 

7 6 .06 

7 2 .26 

6 

7 4 .16 
--

7 4 .13 

6 

7 4 .22 

7 4 .13 
.- -_. 

7 4 .08 
... - . - -. -

7 2 .08 
-- --.---

6 4 .14 
----- ------ - :-------

6 It 

7 12 .34 
I I I I 

EXPECTED REF. REF. CONFIO. 

COST UNIT UNIT RATING COST 

7.30 1 7.3( 2 

4.50 1 4.5( 2 
-

7.30 1 7.3( 2 

.46 1 .4( 3 

10.53 
.-

3.25 

2.65 2 .5( 4 

.25 2 .0' 4 

.35 5 .H 3 

.85 

.47 2 .1 3 

.38 2 .1 3 

1.37 

.64 2 .6 1 
-

.38 2 
, 

.l( 1 
--

.23 2 .()( 3 -- --- ---- .. 

.12 2 .01 3 

.41 2 .1 3 
. r------

4.98 

2.65 2 .2 1 
I I I I 

Td TS 

36 45 

30 39 

36 48 

DATE: SEPT 1972 
PAGE-L OF _5_ 

SPREAD LEARN 

FUNCT INOEX 

90% 

90% 

90% 

6 24 ' 90% 

15 27 50/60 

90% 

90% 

90% 

90% 

90% 

'-
90% 

90% 
- -- -------->---

90% 
_. _. -- -- .--- ------

90% 
- f---------- --"-

90% 
.. -- --- ---.. -- - .-.- - ._-----

90% 
I I I I 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8~~8!44_ 

COST DATA FORM - A(2) 

~ECURRING (PRODUCTION) 

IDENTIFICATION WBS was- NO. OF 1st UNIT 

NUMBER IDENTIFICATION LEVEL UNITS 
COST 

T, 

01-001-05-03-05-02 TELE. IMU .] 3 .26 

01-001-05-03-05-03 SUN SENS. 7 1 .74 

01-001-05-03-05-04 STAR TRACK 7 1 .28 

01-001-05-03-05-05 CORR TRACK 7 1 .76 

01-001-05-04-00-00 STRUCTURES 5 

01-001-05-04-01-00 COMM. MOUNT 6 

01-001-05-04-01-01 AZ~ TABLE 7 4 .37 

01-001-05-04-01-02 AZ. YOKE 7 4 .58 

01-001-05-04-01-03 DEPLOY. YOKE 7 4 .26 

01-001-05-04-01-04 GEAR & LOCK 7 8 .21 

01-001-05-04-01-05 JETT EQUIP 7 4 .07 

01-001-05-04-02-00 TELE GIMB. ASSY 6 

01-001-05-04-02-01 OUT. GIMB. 7 3 .35 

01-001-05-04-02-02 OUT. ROLL 7 3 .47 

01-001-05-04-02-03 INNER ROLL 7 3 .30 _.-

01-001-05-04-02-04 ROLL GEAR 7 ___ 3 .02 -- - ~ - - -

01-001-05-04-02-05 P&C PLAT. 7 3 .10 .- -----

01-001-05-04-02-06 GEAR & LOCK 7 6 .22 
-.---- ---"-- - :-----. 

01-001-05-04-03-00 ARRAY PLAT ASSY 6 

01-001-05-04-03-01 ARRAY MT. 7 2 .84 

EXPECTED REF. REF. 

COST UNIT UNIT 
COST 

.58 2 .58 

.59 2 .59 

.22 2 .22 

.61 2 .61 

12.52 --
4.83 

1.08 2 .30 

1.69 2 .46 

.76 2 .21 

1.10 3 .16 

.20 2 .06 

3.65 

.78 2 .28 

1.05 2 .38 -
.67 2 .24 

.04 2 ~_ .02 

.22 2 .08 

.89 3 .16 .-

1.93 

1.29 2 .67 

CONFID. 

RATING 

3 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
f-----

3 

Td TS 

12 24 

--

-" .. --

DATE: SEPT 1972 
PAGE_3_OF _5~ 

SPREAD LEARN I 
FUNCT INDEX I 

I 

I 

90% 

90% 

90% 

90% 

50/60 

90% 

90% 

90% 

90% 

90% 

9QL-

90% 

90% -------- -
90% ---.---- ------

90% 
- ~-.-.-.- r--'--

90% .. -. --. .-.. _- -- - --.--- ._-_._-

90% 
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STUDY TITlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACTNO.NASS-2S144 

COST DATA FORM· A(2} 

RECURRING (PRODUCTION) 

IDENTIFICATION was WBS NO. OF 1st UNIT 

NUMBER IDENTIFICATION LEVEL UNITS 
COST 

T, 

01-001-05-04-03-02 GEAR & LOCK 7 4 .22 

01-001-05-04-04-00 SUPT. EQUIP. 6 

01-001-05-04-04-01 CMG SUPT 7 6 .06 

01-001-05-04-04-02 W.C. MT. 7 1 .32 

01-001-05-04-04-03 y-RAY HOUS. 7 1 .49 

01-001-05-04-05-00 SOL. TELE. HOU S 6 

01-001-05-04-05-01 TUB. STRUCT .7 1 .97 

01-001-05-04-05-02 BULKHEADS 7 1 .42 

01-001-05-04-05-03 SUNSHIELD 7 1 .10 

01-001-05-04-05-04 APER. DOOR 7 6 .006 

01-001-05-04-05-05 DOOR ACT. 7 6 .004 
.. 

01-001-05-05-00-00 ELECTRONICS 5 

01-001-05-05-01-00 CONT. & DISP. 6 ' 2 1.57 

01-001-05-05-02-00 ELECTRICAL 6 

01-001-05-05-02-01 LOAD SW. 7 12 .03 
-- ------

01-001-05-05-02-02 CABLES 7 1 .50 
- .. .-- - . - - -

01-001-05-05-02-03 JUNC. BOX 7 2 .06 
.~ --.--

01-001-05-05-03-00 DATA 6 
------ . ------ ~.-- .. 

01-001-05-05-03-01 INTER. UNIT 7 S .02 

~1_~~1_~~_~~_~~_~~ "n.AV 7 ~ n/. 

EXPECTED REF. REF. CONFID. 

COST UNIT UNIT 
RATING COST 

.64 2 .1S 3 

.S8 

.23 4 .04 3 

.26 2 .26 3 

.39 2 .39 3 
-. 

1.23 

.78 2 .78 3 

.34 2 .34 3 

.OS 2 .OS 3 

.02 2 .00 3 

.01 2 .00 3 

4.09 

2.42 2 1.26 3 

.81 
. 

.22 2 .02 3 

.50 1 .50 3 
--f- --- .----

.09 2 .05 3 

.S6 
..--~ f------

.10 2 .02 3 

n7 1 n I. ') 

Td TS 

12 24 

1---

I- -. _. -. 

-. 

---- --. 

DATE: SEPT 1972 
PAGE-i-OF --L 

SPREAD LEARN • 

FUNCT INDEX 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% I 
I 

50/60 

90% 
--

90% 
---~ .. -- f-

90% 
~- .. -- .. - -----

90% 
1------ -0·- f-.-.-

--" •.. _- - -.. - -
_~_o ___ 

90% 

Of\al 
,.......... e'YI"",!, ~V!.L .. v""tJ J ;/\'//0 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28:t!~~ 

COST DATA FORM - A{2} 

RECURRING (PRODUCTION) 

IDENTIFICATION WBS WBS NO.OF 1st UNIT 

NUMBER IDENTIFICATION LEVEL UNITS 
COST 

T, 

01-001-05-05-03-03 INSTRU. BOX 7 2 .10 

01-001-05-05-03-04 DATA PROCES. 7 8 .10 

01-001-05-06-00-00 THERMAL CONT. 6 2 .38 

-. 

-- ----.--

.. -~ - - - ------

-- -_._--

-----.- .. _- -- ----" 

EXPECTED 

COST 

.15 

.54 

.43 

-

----

REF. REF. CONFID. 

UNIT UNIT RATING COST 

2 .08·· 3 

2 .08 3 

2 .30 3 

--

--

--- -- -_. -----

---------

Td TS 

6 18 

- c-----

- .- - --

DATE: SEPT 1972 
PAGE..L OF _5_ 

SPREAD LEARN 1 
FUNCT INDEX i 

90% 1 
I 

90% 

50/60 90% 

--

---- ------, -

-- ------" --------i 

- --------.- - --- ----------i 

.. _- --- .. --_. -- - -.- - --- ---------, 



~ STUDY TlTu: ASTRONOMY SORTIE MISSION DEFINITION STUDY 

I COI'HRACT NO. NAS8-28Izt4 
N 
N 

~:~ \.1~ l~;'~ f-l CATtO~~ 

r-~ ~i\16i.: R 
w~s IOi:NTifICATiGN 

COST DATA FOR., - A (3) 

RECJRRlNG (OPERATIONS) 
t , 

I RtF I 
.\:;~ NO. OF EXPECTl RE~. U;\l,Y iC0;\;HO> 
. ,-.>' ··S COS'" I H'".,- ~-". '_-,yo G; L.~\jtL IJtJil ~ ~ u:~~~ ~0~1 f"'.J-o!.~.N, 

C.i~Tt SEPT 1972 
PA~~f: __ J.._ Cf_ 5 

Tri \ 
f$\:;~~:',1~D; ,,"~,~ ... '.:~ \. 

C L .'t. ~ - ~ \; C; f.. X 

01-001-00-00-00-00 ; 3: :258. od ; · :, ., 
. ---'--'---''1 I - ---:---------1----,·-------,--;- --.-.. --.,;-.-----.. -,--.. -: 

01-001-01-00-00-00 PROJ. MGMT. 4 _ N.A. ; 18.22 N.A. : N.A.· 4 168 < 27 ;50/50 1 N.A. I "" ...... ~ ..... -.. -.-4··--~-··-·~·~~-l-----·-·-·-···-- ... ---_--{ _____ ..; __ ._........: ____ -

01-001-02-00-00-00 SYS. SUPT & INTEG '4! N.A. i 23. n N.A. ; N.A. c 4 ~68 ,27 ;50/60 i N.A. ~ 
------------- . - -----.---,----~ ---{ 

01-001-03-00-00-00 FACILITIES i 4! 1 ; ill ! ; [ ~ 
.'-~-' -·---·-~--~----t----; t ~ ~---l 1 ~ 

01-001-04-00-00-00 GR. SUPT. EQUIP... __ ~__ N.A.! 3.71 N.A. i N.A. j 3 '24; 15 i50/~ N.A. ~ 

01-001-05-00-00-00 PAYLOADS ; 4 N.A. !109.2~ N.A. f N.A. ! 1-1- l i N.A. ! 
, - -; .' 

01-001-05-01-00-00 TELESCOPES ; 5 N.A. 37.1 N.A. I N.A. I I N.A.j 
'-- , 

01-001-05-01-01-00 IR TELESCOPE r 6 .6 5.71 1. 6 5.76 2 57 1 48 I 90% l 
01-001-05-01-02-00 STRAT III ~ 6 1.1 6.2 1.1 5.22 2 48 I 39 I 90% 

01-001-05-01-03-00 I PHOTOHELIOGRAPH 6 I 2.6 I 9.04 2 I 3.69 I 2 I 48 I 39' I 90% 

91-001-05-01-04-00 I X-RAY TELEf 6 12 l 12.63 2 16.561 2 142 132 I 190% 

P1-001-05-01-05-00 I XUV SPECT I 6 I 2 I 1.54 2 I .801 2 142 132 I I 90% 

P1-001-05-01-06-00 I CORONO I 6 I 1.2 I 1.9$ 2 11.561 2 145 136 I I 90% 

~n-001-05-02-00-00 I ARRAYS I 5 I N.A.I 72.11 N.A.I N.A. I I N.A. 

p1-001-05-02-01-00 I LG. AREA X-RAY '6 I 2 , 7.0$ 2 1 3.661 2 151 J 39 J 90% 

1-001-05-02-02-00 W.C. X-RAY 6 I 2 90% 

1-001-05-02-03-00 LG. MOD. COLL ~2 90% 

1-001-05-02-04-00 NAR. BD. SPECr 6 j 2 I 15.71 2 I 8.~ 2 1 54 142 I --1- 90% 
1-001-05-02-05-00 COLL P.C. SPECT 6 2 11.2 2 5.84 2 51 39 t--_..1_ 90% 

I ___ L ___ J___ I I I I. I L 



STUCY TiTt.E ASTRONOMY SORTIE MISSION DEFINITION' STUDY 

CONYAACT NO.NASB-2BI44 

! ;'~ Jc :~~(~ Ft CATIOfi 

r.~r,,'6i:H 

01-001-05-02-06-00 

01-001-05-02-07-00 

W~$ IDeNTifiCATiON 

y-RAY SPECT 

LOW BACK Y-RAY 

01-001-05-03-00-00 I POINT & CONT 

01-001-05-03-01-00 I GMG ASSY 

COST DATA F OR:'11 - A {3} 

REGJRRiNG (OPERATIONS) 
G.4TE SEPT 1972 
PAGE -2----;'t: 5 

-~,~-.- '-# •• _-

! T REF I 
.\S~ ; NO. OF EXPECT REF. lL\lii :CG;';HO.' Tri \ 

,r' • ,. 'l-S COl'~ "f"'r (""V ~"y.~,,, 

t $':'';'';:- ~iD ~ :.~: .:\'- _" 

;~. \~':. -: ~ ; ~ \ ;k; L A t.t\i:':'L~ljtjl ~~ v.¥~~ t.-j~i r:./-(.~.I~\J. . 
6 -_ .. _-_._._/ 

6 

2 i 6.931 2 ; 3.60; 2 ,42 i 33 -,90%, 
--,.--___ .~. __ ~_ .~._~ _____ ''-- __ .-.A'_'_"_'.~ _____ -..~ _. ___ ~. ____ , .• --.---t--.--'-"'-.~ ....... 

2 ~ 11. 23 ~ 2 '5.84; 2 . 51 ' 42 i ; 90% '; 
-----l----'·-- ._-- . __ . ___ -..· __ .I,... ____ ~_-.-.--;- .. ---... l 

5 ~ 120.10' , : I 27 ~ 21 ;50/60~ ~ 
··~·--~f·~-----~~---~'--- ...... -·-----·-·--~-:--r--'-~ 
6! ; 3.96, ! i' ~ 

101-001-05-03-01-01 DB GIMB CMG'-" -7-----'9-1---3-:331-B---' •39 1 ~---;--l 90%1 

101-001~05-03-01-02 INVERTER : 7 , 5! •18i 8 .04! 4 ! J 90£] 

01-001-05-03-01-03 IMU ~._-71 3 I .451 15 i .151 3 I t 90% I 
01-001-05-03-02-00 COMMON MT ! 61 I 2. 141 I Ii! 
01-001-05-03-02-01 AZ POINT ! 71 18: 1.66: 6 : .10 3 I! I 90% 

01-001-05-03-02-02 DEPLOY. 7 6 .48 6 .09 3 90% 

01-001-05-03-03-00 I TELE GIMB ACT. I 6 4.77 

01-001,05-03-03-01 ELE POINT. 7 18 I 2.281 6 .141 1 90% 

01-001-05-03-03-02 AZ STAB. 7 18 I 1. 39 6 .091 1 90% 

01-001-05-03-03-03 ROLL 7 18 I .~~ 6 .051 3 90% 

01-001-05-03-03-04 PITCH &. YAW 7 6 I .311 4 .061 3 90% 

01-001-05-03-04-00 I ARRAY PLAT 6 18 I 1. 41 6 .091 3 90% 

01-001-05-03-05-00 I REF ASSY 6 7.7~ 

01-001-05-03-05-01 STAR TRACK. -7 24 4.2 14 .IS 1 =t 90% I 
H 01-001-05-03-05-02 TELE IMU 7 6 .9 1 7 .17 3 ~-- 90% I 
<: 
~ 01-001-05-03-05-03 SUN SENS 7 2 1. 0 3 .5: 4 9(J% 
w 



H STl:CY TITLE ASTRONOMY SqRTIE MISSION DEFINITION STUDY 
1 COI'HRACT NO. NAS8-28144 
N 
.j::o.. 

!~\;i..·f;::·~·t ~;:'lCATlOf\: 
WilS ,;.)t:NlirICATiGN 

l\.·~fj6i:R 

01-001-05-03-05-04 STAR TRACK 

COST DATA FOR'" - A \3~ 

Rc<~JF:;RING \OPERATiOl\;S) 

i 
,\ .~~ NO. OF EXPECT; REf: ReF 

U'~IY 
L;'./[L {jmTS COST! U t,-~ ~T r'-';'- ~"':~ 

~''';''''' I 

'~AYt SEPT 1972 
?A '31: _·~.·.J=~~F_· 5 .:: 

:, .... - . 
·t ( .• ~ ,..:. a:; r c : s.·:' ;'~:j .,. 
: f~:j:.";-:N [. . , . -.. " ... " 

7 2 /:' .40\ 3 ; .21 3 90% 
- ~. __ ... , ..... _-,.: . - ~- __ ,~- ____ ~". , .... __ " __ -. ___ , __ •••. '~_'.~ •.• ", __ • __ .____ ~ ••• a ••••••..• __ ~.' __ • _____ ••. .,...._ •• 

I 7 : 2: 1. 09 '3 .56' 3. . . . 90% 

,01-001-05-04-00-00 STRUCTURES 5"':--"---'i12~i4-:'---- --·-·-·-;·····-·--i24-:-i8~ .. ~-·------ .. -· .. :. 
01-001-05-03-05-05 CORR TRACK 

101-001-05-04-01-00 COMM MOUNT 6·---;--------; 2.7-i·:---.. t-----.. -:·----!-·-·--;--·-r---'--~--"l 
1---------+------------ _.- R •• _ ._ •• ___ ~-._---..:.----.-:.- ___ ._{. ___ i' __ • __ _: __ '"' __ ... __ ..;-.--_..t _____ ~ 
01-001-05-04-01-01 AZ TABLE 7 . 2 i .48; 6 '.24 i 3 ; ; 90% ~: 

I ," ____ --'_ l;.~ ,-----..:------1-----,: 
\01-001-05-04-01-02 AZ YOKE : 7 I 2 i .75 i 6 ! .38 ~ 3 I l-~ I 90% ~ 

i.--! I 2 1 .34/ 6 1·17 I. 3 f I~ 19.0% ~ 

I ~--- --~~-- ! ~l :-'-j*l~ I:~ H-H I I :~~ l 

01-001-05-04-01-03 DEPLOY. YOKE 

01-001-05-04-01-04 GEAR & LOr.K 

01-001-05-04-01-05 JETT EQUIP. 

01-001-05-04-02-00 TELE GIMB ASSY 6 5.32 

01-001-05-04-02-01 OUT. GIMB 7 6 1.33 5 .24 I 3 90% 

P1-001-05-04-02-02 OUT. ROLL 7 6 1. 79 5 .32 3 90% 

01-001-05-04-02-03 INNER ROLL 7 6 1.14 5 .20 3 90% 

P1-001-05-04-02-04 ROLL GEAR 7 6 .08 5 .01 3 .90% 

01-001-05-04-02-04 P&C PLAT 7 3 .20 5 .07 3 90% 

P1-001-05-04-02-06 GEAR & LOCK 7 6 .78 9 .13 3 90% 

P1-001-05~04-03-00 ARRAY PLAT ASSY 6 1.72 

1-001-05-04-03-01 ARRAY MT 7~ 2 1.16 4 .59 3 I --t 90% 

1-001-05-04-03-02 GEAR & LOCK -7 I 4 .56 6 .14 3 ,-- 90% 

1_ _n_~LTI . . . J ___ t __ T~J--= 



STU Y TlTli': ASTRONOMY SORTIE MISSION DEFINITION STUDY 
COi\:YRACT NO. NAS8-28144_ 

COST DATA FOR-.1 - A {3) 

8E::~JI:;RiNG {OPERA-nOi\;S} 

Ref 

C.iHf SEPT 1972 
? A G f '-4-----:'-;;-S 

-.. ---- ~ .---. 

!;\t t..~~ ~ .-~ .. :-:.=~ C ATior~ 
\"~S ~;.)cNljfiCATiON 

.\;~~ NG.OF EXPECT REI'. 
tL\;~ "'­
C':JST 

~lC.~~:C; T. 
c. \ 

1 ~- ,:'~ I ..... ;;. :..!~.~ .:. _;, . .;. -

r.;;(.16':B L,vCL lL'.iiTS COST tJ f'C ~ T :F:~.~~:;~C . i~,-;:L~~ 

01-001-05-04-04-00 SUPT EQUIP. 6 1.24! 
01-001-05-04-04-01 CMG SUPT '--"oj'''1 2 ··:0-;-'---10·.·-.. -.. 04.·;··--3"··· .. -----,·-·-··.··.·-----'-r90% .. -

•. ___ .• _.:;_. __ . ____ ' _.~¥. __ .• _, __________ * _____ • ___ •• ___ "-:. __ .. ___ -...~ • ...:._._. ___ --i_~--f 

01-001-05-04-04-02 WC MOUNT 7 2;.46; 3: .24; 3 i. 90% ; 
-~-""-~-;.'~--'----'--:'-~--' -'. --_._-' --~----':"--~---;--' -:---~---~-~ 

01-001-05-04-04-03 X-RAY HOUSING 7 2:.71. 3 t .36: 3 ~ " 90% ~ 
I - ..... -.. - . .-.. -------.:-------~.--. ___ f. ___ --!_---i ____ ~ ___ -< 

.01-001-05-04-05-00 SOL TELE HOUS 6; 1.15; ; t 
1"-'--- !.. i ~--- , 
.01-001--05-04-05-01 TUB. STRUCT 7 1 .72 i 3 f • 72 ! 3! i i 90% ~ 

101-001-05-04-05-02 BUL~EADS !. __ ? 1 .31j 3 1-31 1, 3 I 1-1 90% I 
01-001-05-04-05-03 SUNSHIELD 7 1 .071 3 I .071 3 t I 90% ~ 
01-001-05-04-05-04 I APER DOOR f 7 I 6 I .021 13 I .0031--3-- r i 90% 

90% 01-001-05-04-05-05 DOOR ACT. 7 12 I 0031 13 • 002 1 3 I 

01~001-05-05-00-00 ELECTRONICS 5 12.91 24 I 18 

01-001 .... 05-05-01-00 CONT & DISPLAY 6 I 12 111.621 4 I 1.101 3 90% 

01-001-05-05-02-00 ELECTRICAL 6 I .64 

01-001-05-05-02-01 LOAD SWITCH 7 I 12 .201 14 3 90% 

01-001-05-05-02-02 CABLES 7 I 1 1 .40 2 .401 3 90% 

90% 01-001-05-05-02-03 JUNC BOX 4 
1---------1------------41.. 7 1 .04 , ., I I I 1 I 

.041 3 

01-001-05-05-03-00 I DATA I--~ _____ -+ _________ -!_~ .65 I 

01-001-05-05-03-01 INTER UNIT 7 8 .09 10 .01 3 90% 
~_ I 

~ 01-001-05-05-03-02 COAX 7 1 .02 3 .03 3 90% . ----
~ 01-001-05-05-03-03 INSTRU BOX 7 1 • OJ 4 .07 3 90% 



H STU;VT!TLf ASTRONOMY SORTIE MISSION DEFINITION STUDY 

T CONYRAcr NO. NASS-28144 
N 

'" 

!;'t; i..; i :.~~;": ~:~ C ArlOf~ 
'h';:;$ ,.)cNlifiCATiCN 

i\~f;.16~R 

01-001-05-05-03-04 DATA PROCESS 

cosr DATA FOFi'i1 - A (3~ 

Rf.CJi:;RlNG (OPERAiIOI\;S) 

'~\. ~ ~---~ -
,',._.~ "G. 'Jr- ;tX?tt,1; R<:~. 

~ ... ' ';(l Gt~'lTS ~ COST ~ la-i;T 

; ReF 
U:'~,y 
""" ,...,. .... ...,~ 
r....J:! i 

.• / , v-
C Ct::-\~ ~ n .. ~ i C 

. F:A'r:~~ G. : 

)~.4·it .~~RJ __ 197 2 
PASf: _._:?. __ :.;;:: __ 5_ 

,­. ~ $.'-:' .. r • ..J 

, . ~. ~" 

. 7 . S .46 ! 10 ; .06 3 90% 
.. - .-.... -. "~-r . - -~--'--: ------~- '-''-~ _._-. --,---' ~~ .. ~- .. -- --- ----.- -,,~--,.~,~ ... ~-.-.- .-~- --'-~---- .. ~-

01-001-05-06-00-00 THERMAL CONT 6 1 .27' 4' .27 '3 21 12 i : 90% 
__ .. _.~ .. :_ .. _ .. ___ -' _~ ______ ,. _____ --.:. _____ ~ __ . __ ~ .... __ ~~;_-. __ -..-~_~_._----._: ___ ~ __ .. _~i 

01-001-06-00-00-00 LAUNCH OPERATIONS 4 1 NA ;14.79' NA :NA, 3 i168 : 27: . NA 
.... ~- ... ---; .. ---.-.-...... --~~-- ......... --.-->---.-:-----;--.-,--.--.. -:,-----:-----;: 

01-001-07-00-00-00 MISSION OPERATIONS _ .~ __ J __ ~A __ L!-=_~~;_ NA_.J_~Aj __ ~_JI68 __ :_ 27 _j __ -.: NA_! 

101-001-08-00-00-00 SUPPORT OPERATIONS 4 ' NA; 16.06 {NA NA I 3 1168; 27 ; ; NA . 

101-001-09-00-00-00 RECOV & REFURB OPS .-- L;--T---N-A-118.s4! NA NA I 3 1168 :2"7l--;-N-A--~ 
, , I 'I I' , 

; I i I !' I l i 

r-------:---+-------r_=j I I I I ri ! 

Ti -, [-1. 



D. TECHNICAL CHARACTERISTICS DATA 

Technical Characteristics Data (TCD) Form B sheets were prepared 
for each of the telescopes, arrays, and subsystems at WBS levels 
5 and 6. The TCDs are arranged here in order of increasing num­
ber. The data were used in estimating costs of each item. A 
description of the information in each column of the TCD form is 
as follows: 

1) WBS Identification Number - The l3-digit WBS code number of 
the item. 

2) WBS Identification - The alphanumeric nomenclature of the item 
from the WBS. 

3) Quantity or Value - The numerical quantity or value of the char­
acteristic (Column 5) under consideration; where no character­
istic is identified, quantity refers to the WBS item and iden­
tification number. 

4) Units of Measure - The identification of the units of measure 
associated with the characteristics (Column 5) under con­
sideration; where no characteristic is identified, units of 
measure applies to the WBS item and identification number. 

5) Characteristics - The identification of the technical property 
under consideration. 

6) Notes - Comments or explanations to clarify any of the informa­
tion presented. 

IV-27 



~ STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
t!., CONTRACT NO·b1AS8-281 44 
<» TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 5 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION . OR 

UNITS OF CHARACTERISTICS 
4rEASURE (1). NUMBER (2) (3)VALUE (51 

01-001-05-01-00-00 TELESCOPES 1 UNIT I-m INFRARED TELE-
SCOPE 

1 UNIT 1.2-m STRATOSCOPE 
III 

1 UNIT 1-m PHOTOHELIOGRAPI 

1 UNIT 0.32-m X-RAY TELE-
SCOPE 

1 UNIT 0.25-m X UV SPEC-
TROHELIOGRAPH 

1 UNIT CORONAGRAPH ASSEM-

I 
BLY (2.5-cm AND 
4.0-cm CORONA-
GRAPHS) 

4 UNITS MONITORS 

(6) 

DATE SEPT J 972 
PAGElOF~ 

NOTES I 



H 
< 
I 

N 
\0 

STU DY TITLE ..... A"""'S.u;MP~S __ _ 

CONTRA.CT NO.NASS-?81 44 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS 

(1) NUMBER (2) . (3lVAlUE 4rEASURE 
(5) 

01-001-05-01-01-00 INFRARED TELESCOPE 1.0 m PRIMARY APERTURE --5.0 min FIELD OF VIEW 

f/10 SYSTEM F NUMBER 

0.7-1000 MICRONS WAVELENGTH RANGE 

1 UNIT INTERFEROMETER 

1 UNIT LINEAR DETECTOR 
AP.RAY 

3.2Xl. 6D m SIZE 

1600 kg TOTAL WEIGHT 
(3525) (LB) 

I 

(6) 

DATE SEPT 1972 
PAGE.-2..-0F ..liL 

NOTES 

CASSEGRAIN OPTICS . 



H 
<l 
I 

w 
o 

STUDY TITLE 4SMDS 
CONTRACT NO.~S8-28144 

WBS 
IDENTIFICATION 

{tl NUMBER (21 

TECHNICAL CHARACTERISnCS DATA FORM 8 

vms LEVEL 6 

QUANTITY 
WBS IDENTIfiCATION OR UNITS OF CHARACTERISTICS 

MEASURE 
(3)VAlUE 41 (5) 

01-001-0S-01~02-00 STRATOSCOPE III 1.20 m PRIMARY APERTURE 

---6,0 MIN FIELD OF VIEW 

1.1 .,. PRIMARY f NUMBER 

1.2 - SYSTEM f NUMBER 

900 TO ANG- SPECTRAL RANGE 

20,000 STROMS 

2 UNIT FIELD CAMERAS 

2 UNIT SPECTROGRAPHS 

1 UNIT POLARIMETER 

1 UNIT I FIELD VIEWING 
MONITOR 

-', 
1 UNIT INTERNAL CLOSED-

LOOP GUIDING 
SYSTEM 

4. 2X1. 9r m SIZE 

(S.9X (In) (SUN SHADE EX-

1.9D) TENDED) 

1800 kg TOTAL WEIGHT 

(3962) (lb) 

/ 

(6) 

DATE SEPT 1972 
PAGE-.LOF~ 

NOTES 

RITCHEY-CHRETION 

(WITH 2X RELAY) 

J 2 OR 3 SENSORS 
PER MISSION 



~ 
I 

W 
I-' 

STUDY TITLE ASMDS 
CONTRACT NO. NAS8-28144 

was 
IDENTIFICATION 

(1) NUMBER (2t 

TECHNICAL CHARACTERISnCS DATA FORM B 

vms LEVEL 6 

QUANTITY 
was IDENTIfiCATION OR UNITS OF CHARACTE RISTI CS 

(3IVALUE 4rEASURE 
(5) 

01-001-05-01-03-00 PHOTOHELIOGRAPH 1.0 10. PRLMARY APERTURL 

---3.0 MIN FIELD OF VIEW 

3.85 ..., PRLMARY f NUMBER 

50.0 ~ OVERALL f NUMBER 

2000 TO ANG- SPECTRAL RANGE 
7000 STROMS 

3 UNIT FILM CAMERAS 

1 UNIT \ SPECTROGRAPH 

1 UNIT INTERNAL FINE 

I 
POINTING AND 
STABILITY SYSTEM 

4 .6Xl. 9 m SIZE 
Xl. 42 

570 kg TOTAL WEIGHT 

(1260) (lb) 

(6) 

DATE SEPT 1972 
PAGE--LOF~ 

NOTES 

GREGORIAN OPTICS 

THE INTERNAL 
POINTING AND 
STABILIZATION 
SYSTEM WILL BE J., 

SIGNIFICANT DE-
VELOPMENT ITEM 



~ STUDY TITLE ASMDS 
~ CONTRACT NO. NAS8-28144 
N TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (J)VAlUE 4rEASURE 
(5) 

01-001~O5-01~O4~OO :t·.·RAY TELESCOPE 32 em APERTURE 

----10 -- MIN FIELD OF VIEW 

10 OVERALL f NUMBER 

2 TO 100 ANG- JPECTRAL RANGE 
STROMS 

1 UNIT IMAGING SYSTEM 

1 TINIT CRYSTAL SPECTRO-
METER 

1 UNIT PROPORTIONAL 

1 UNIT 

I COUNTER 

FILM CAMERA 

4.6XO.7D m SIZE 

392 kg TOTAL 
(862) (lb) WEIGHT 

(6) 

DATE SEPT 1972 
PAGE--LOF~ 

NOTES 

GRAZING INCIDENCE 



~ 
I 

W 
W 

STUDY TITLE ASMDS 
CONTRACT NO. NAS8..,.28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIfiCATION was IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (31VAlUE 4rEASURE 
(5) 

01~OOl~O5-01~O5-00 XUV SPECTROHELIOGRAPH 25 em APERTURE 

..-
32 MIN FIELD OF VIEW 

12 - SYSTEM f NUMBER 

170 TO ANG- SPECTRAL RANGE 
650 STROMS 

1 UNIT FILM CAMERA 

3.4X1.3 
XO.76 

430 kg TOTAL WEIGHT 
(948) (lb) I 

(6) 

DATE SEPT 1972 
PAGE ...6.-0F 3L 

NOTES 

CONCAVE GRATING-
COLLECTING OPTIC~ 



H 
<: 
I 

w 
~ 

STUDY TItlE ASMDS 
CONTRACT NO. NAS8-28144 

was 
IDENTIFICATION 

(1) NUMBER (2) 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 

QUANTITY 
WBS IDENTIFICATION DR 

UNITS OF CHARACTERISTICS 
(3)VAlUE 4rEASURE 

(5) 

01-001-05-01-06-00 CORONAGRAPHS Ie / OC 

IC-INNER CORONAGRAPH 2.45/4.0 em APERTURE(S) 

OC-OUTER CORONAGRAPR 

3.25/15 deg FIELD OF VIEW 

12.9/ 
2.25 - SYSTEM f NUMBER 

4000 TO ANG- SPECTRAL RANGE 
7000 STROMS 

2 UNIT I FILM CAMERAS 

3.8X1.2X m SIZE 
0.7 

430 kg TOTAL WEIGHT 

(947) (lb) 

(6) 

DATE SEPT 1972 
PAGE.-LOF -.J1L 

NOTES 

REFRACTIVE OPTICS 
I 
I 
I 

I 
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STUDY TITLE ASMDS 
CONTRACT NO. NAS8-28144 

TECHNICAL CHARACTERISTICS DATA FOR~ .. '.B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 
(1) NUMBER (2) (J)VAlUE 4~EASURE 

(5) 

01-001-05-01-07~00 MONITORS 1 UNIT XUV MONITOR 
OPTICAL-MECHANICAL 

ASSEMBLY 
1.43X.26 m SIZE 

X.24 
45.3 kg WEIGHT 
(100) (lb) 

2 w POWER 
1 . UNIT CONTROL UNIT 
10 w POWER 
37X37X em SIZE 

16 
11 kg I TOTAL WEIGHT 
(24) (lb) 

1 UNIT XRT MONITOR 

20DX .em SIZE 
122L 

45.3 kg TOTAL WEIGHT 
(100) (lb) 

1 UNIT H-ALPHA MONITOR 

15 W POWER 
160X35.': 
X25.4 em SIZE 

56 kg TOTAL WEIGHT 
(124) (lb) 

(61 

DATE SEPT 1972 
PAGE .-!LOF -2L 

NOTES 

SOLAR TELESCOPE 
GROUP 

SOLAR TELESCOPE 
GROUP 

SOLAR TELESCOPE 
GROUP 

I 

I 
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STUDV TITLE ASMPS 
CONTRACT NO. NASB-28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTifiCATION OR UNITS OF CHARACTERISTICS 

NUMBER 4rEASURE 
(1 ) (2) (3)VALUE (5) 

01-001-05-01-07-00 MONITORS (CON'T) 1 UNIT FIELD VIEWING 

(CON'T) 
30 w POWER 
15X15X em SIZE 

94 
48 kg TOTAL WEIGHT 
(106) (1b) 

I 

(61 

DATE SEPT 1972 
PAGE..LOF~ 

NOTES 

IR TELESCOPE (ONLY 

I 

I 
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I 

STUDY TITLE MiliPS 
CONTRACT NO. }1,ASS-2SJ 44 

WBS 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 5 

QUANTITY 
IDENTIFICATION WBS IDENTIfiCATION OR 

UNITS OF CHARACTERISTICS 
4~EASURE 

(1) NUMBER (2) (3)VAlUE (5) 

01-001-05-02-00-00 ARRAYS 1 UNIT LARGE AREA X-RAY 
DETECTOR 

1 UNIT WIDE COVERAGE X-RA' 
DETECTOR 

1 UNIT LARGE MODULATION 
COLLIMATOR 

1 UNIT NARROW BAND SPEC-
TROMETER/POLARI-
METER 

1 UNIT COLLIMATED PLANE 

I 
CRYSTAL SPECTRO-
METER 

1 UNIT GAMMA-RAY SPECTRO-
METER 

1 UNIT LOW BACKGROUND 
GAMMA-RAY 

DETECTOR 

1 UNIT PROTON FLUX 
DETECTOR 

(61 

DATE SEPT 1972 
PAGE..1:Q.OF .-JL 

NOTES 

l 



~ STUDY TITLE ASMDS 
~ CONTRACT NO. NAS8-28144 
00 

WBS 
IDENTIFICATION 

(1 ) NUMBER (2) 

TECHNICAL CHARACTERISTICS DATA FORM 8 

WBS LEVEL 6 

QUANTITY 
WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS 

(3IVAlUE 4rEASURE 
(5) 

01-001-05-02-01-00 LARGE AREA X-RAY DETECTOR 0.1 TO KEV ENERGY BAND 
100 

1.15 deg FIELD OF VIEW 

6 UNIT DETECTOR MODULES 

1 UNIT DATA PROCESSOR 

2 .4Xl. 8 m SIZE 
XO.5 

315 kg TOTAL WEIGHT 

(695) (lb) 

I 

(61 

DATE SEPT 1972 
PAGE 11 OF-.1L 

NOTES 

i 
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I.J,l 
\0 

STUDY TItlE ASMDS 
CONTRACT NO •. NAS8 .... 28144 

TECHNICAL CHARACTERISTlCS DATA FORM 8 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (3IVAlUE 4rEASURE 
(5) 

01 .... 001 .... 05-02-02-00 WIDE COVERAGE X-RAY 2 TO 200 KEV ENERGY BAND 
DETECTOR(S) 

180 deg FIELD OF VIEW 

154 UNIT DETECTOR 

J,. UNIT DATA PROCESSOR 

1.2X2D m SIZE 

250 kg TOTAL WEIGHT 

(550) (lb) I 

(6) 

DATE SEPT 1972 
PAGE .J.2_0F-.1.!L 

NOTES 

DIVIDED INTO TWO 
QUARTER-SPHERES 
FOR HEMISPHERI-
CAL COVERAGE 

I 
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STUDY TiTlE ASMDS 
CONTRACT NO. NAS8-28144 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
UNITS OF IDENTIFICATION WBS IDENTIFICATION OR CHARACTERISTICS 

(1). NUMBER (2) (3)VALUE 4rEASURE 
(5) 

01-001-05-02-03-00 LARGE MODULATION 0.1 TO KEV ENERGY BAND 
COLLIMATOR 100 

2.9 deg FIELD OF VIEW 

6 UNIT DETECTOR MODULES 

1 UNIT DATA PROCESSOR 

1 UNIT GAS SUPPLY 

2.9X2.3 m SIZE 
XO.85 

375 kg I TOTAL WEIGHT 

(826) (lb) 

(6) 

DATE SEPT 1972 
PAGE 13 OF-2L 

NOTES 

ARGON/CARBON 
DIOXIDE 
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STUDY TITLE ASMDS 
CONTRACT NO. NASB-2B144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION was IDENTIfiCATION OR UNITS OF CHARACTERISTICS 

(1 ) NUMBER (2) (3) VALUE 4~EASURE 
(5) 

01-001-05-02-04-00 NARROW BAND SPECTROMETER/ 5.94 TO KEV ENERGY BAND 
POLARIMETER 8.37 

1.0 deg FIELD OF VIEW 

9 UNIT DETECTOR MODULES 

1 UNIT DATA PROCESSOR 

2.5X2.5 m SIZE 
XO.6 

543 kg TOTAL WEIGHT 

(1197) (1b) 

I 

(6) 

DATE SEPT 1972 
PAGE 14 OF _38 

NOTES 

(NINE SPECIFIC 
EMISSIONS) 
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STUDY TITLE -,A~S~MD~S~ __ 

CONTRACT NO.NAS8-28144 

TECHNICAL CHARACTERIST~CS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 
(1). NUMBER (2) (J)VALUE 4~EASURE 

(5) 

01-001-05-02-05-00 COLLIMATED PLANE CRYSTAL 0.5 TO KEV ENERGY BAND 
SPECTROMETER 10 

30 deg FIELD OF VIEW 

3 UNIT DETECTOR MODULES 

1 UNIT DATA PROCESSOR 

1.22X m SIZE 

1.33X 

1.84 

260.8 kg TOTAL WEIGHT 

(574) (lb) 

I 

(61 

DATE SEPT 1972 

PAGE 15 OF~ 

NOTES 

i 
I 

I 
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STUDY TiTlE ASMUS 
CONTRACT NO._NASB-28144 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 

I WBS QUANTITY 
I IDENTIFICATION WBS IDENTifiCATION OR UNITS OF CHARACTERISTICS 
(1). NUMBER (2) (3)VAlUE 4rEASURE 

(5) 

01-001-05-02-06-00 GAMMA RAY SPECTROMETER 0.06 TO MEV ENERGY BAND 
10 

72 deg FIELD OF VIEW 

1 UNIT DETECTOR 

1 UNIT CRYO REFRIGERATOR 

1 UNIT DATA PROCESSOR 

0.34X m SIZE 
0.34X 

x 0.7 
155 kg I TOTAL WEIGHT 

(341) (lb) 

(6) 

DATE SEPT 1972 
PAGE16 OF~ 

NOTES 



H STUDY TiTlE ASMUS 
f CONTRACT NO. NASB-2BJ 44 
~ 
~ TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 
IDENTIFICATION was IDENTifiCATION OR 

UNITS OF CHARACTE RISTI CS 

(1) NUMBER (2) (3)VAlUE 4rEASURE 
(5) 

01-001-05-02-07-00 LOW BACKGROUND GAMMA RAY 0.3 TO MEV ENERGY BAND 
DETECTOR 10 

no deg FIELD OF VIEW 

4 UNIT 'DETECTOR MODULES 

1 UNIT DATA PROCESSOR 

1.4X1.4 m SIZE 
XO.5 

994 kg TOTAL WEIGHT 

(2190) (1b) 

I 

(6) 

DATE SEPT 1972 
PAGE 17 OF~ 

NOTES 

, 

, 

I 



H 
<: 
I 
~ 
VI 

STUDY TiTlE ASMDS 
CONTRACT NO. NAS8 28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 

WBS QUANTITY 

IDENTIFICATION WBS IDENTIFICATION OR 
UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (J)VAlUE 4rEASURE 
(5) 

01-001-05-02-08-00 PROTON FLUX DETECTOR - - HIGH ENERGY ALERT 

90 deg FIELD OF VIEW 

0.4XO.4 m SIZE 
XO.4 

l3.5 kg TOTAL WEIGHT 

(30) (lb) 

I 

(6' 

DATE SEPT 1972 
PAGE 18 OF 38 

NOTES 

WARNS OF SOUTH 
ATLANTIC ANOMALY 

(TWO 45° CONES) 



~ STUDV TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
I CONTRACT NO. NAS8-28144 

.po 
~ TECHNICAL CHARACTERISTICS DATA FORM B 

WEB LEVEL 5 & 6 

WBS QUANTITY 
IDENTIFICATION WBSIDfNTlflCATION OR UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (3)VALUE 4rEASURE 
(5) 

01-001-05-03-00-00 POINTING & CONTROL SYSTEM 1 UNIT PER 
PAYLOAD 

01-001-05-03-01-00 CMG ASSEMBLY 1 ASSEMBLY 3 DG CMGS 
PER PAY- 3 INVERTERS 
LOAD 1 IMU 

01-001-05-03-02-00 COMMON MOUNT ACTUATORS 2 UNITS AZIMUTH POINTING 
PER DEPLOYMENT 
PAYLOAD 

01-001-05-03-03-00 TELESCOPE GIMBAL 1 UNIT ELEVATION POINTING 

ACTUATORS PER & STABILITY 
PAYLOAD AZIMUTH STABILITY 

I ROLL 

1 UNIT PEl ELEVATION POINTING 
SOLAR & STABILITY AZI-
PAYLOAD MUTH STABILITY 

ROLL 
PITCH & YAW (COR-
ONAGRAPHS) 

01-001-05-03-04-00 ARRAY PLATFORM ACTUATORS 1 UNIT ELEVATION POINTING 
PER 
STELLAR 
PAYLOAD 

(6) 

DATE SEPT 1972 
PAGE 19 OF-2.!L 

NOTES i 
i 
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STUDY TITlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO. NAS8-28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 5 & 6 

, 

WBS QUANTITY 
IDENTIFICATION WBS IDENTifiCATION OR UNITS OF CHARACTERISTICS 

(1 ) NUMBER (2) (J)VALUE 4rEASURE 
(5) 

01-001-05-03-05-00 REFERENCE ASSEMBLY 1 UNIT PER STRAPDOWN STAR 
PAYLOAD TRACKERS 

TELESCOPE IMU 

FINE SUN SENSOR 

PRECISION BORE-
SIGHTED STAR 
TRACKER 

I CORRELATION 
TRACKER 

DATE SEPT 1972 
PAGE 200F~ 

NOTES 

(6) 

2 SETS OF 4 FOR 
SOLAR PAYLOAD; 
1 SET OF 4 FOR 
STELLAR PAYLOADS. 

2 REQ'D FOR SOLAR 
1 REQ'D FOR STEL-

LAR 

CORONAGRAPHS 

IR TELESCOPE 

SOLAR GROUP 



-.;.. . 

~ STUDY TitlE ASMDS 
I CONTRACT NO. NASS-28144 
~ 

OJ TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 & 7 

was QUANTITY 
IDENTIFICATION WBS IDENTifiCATION OR UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (J)VALUE 4rEASURE 
(5) 

01-001-05-03-01-00 CMG ASSEMBLY 1 ASSEMBLY 
PER 
PAYLOAD 

150 WATTS AVERAGE POWER 

01-001-05-03-01-01 DOUBLE GIMBAL CMGS 3 UNITS 
2300 ft-1b- MOMENTUM CAPABIL-

sec ITY PER CMG 
191 kg UNIT WEIGHT 
(420) (lb) 

01-001-05-03-01-02 INVERTERS 3 UNITS 
25 kg UNIT WEIGHT 

(55) (lb) I 
01-001-05-03-01-03 IMU 1 UNIT 

6.S kg UNIT WIGHT 
(15) Clb) 

DATE SEPT 1972 
PAGE 21 OF~ 

NOTES . 

(6) 

SKYLAB 
TOTAL MOMENTUM OF 
6900 ft-lb-sec 

SKYLAB 
INCLUDES INVERTER 
HEATERS 

ELECTRONICS TO 
INTEGRATE RATE 
AND ATTITUDE DATA 
OF SHUTTLE 
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STUDY TitlE ASMUS 
CONTRACT NOOn NASS 28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 & 7 

was QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTE RISTI CS 

<H NUMBER (2) (3)VALUE 4rEASURE 
(5) 

01-001-05-03-02-00 COMMON MOUNT ACTUATORS 2 UNITS 
PER 
PAYLOAD 

01-001-05-03-02~01 AZIMUTH POINTING 1 UNIT ROLLING ELEMENT 
BEARING TYPE 

11 ft-lb STALL TORQUE 
5 --- POSITION INDICA-sec 

TION ACCURACY 
15.9 kg UNIT WEIGHT 
(35) (lb) 

01-001-05-03-02-02 DEPLOYMENT 2 UNITS ROLLING ELEMENT 

, 90 ft-lb 
I BEARING TYPE 

STALL TORQUE 
30 

--;---
POSITION INDICA-m~n 

TION ACCURACY 

13.6 kg UNIT WEIGHT 
(30) (lb) 

(6) 

DATE SEPT 1972 
PAGE 22 OF 38 

NOTES 



!;a STUDY TITlE ASMD~S --
I CONTRACT NO. NASB-2Bl44 

V1 
o TECHNICAL CHARACTERISTICS DATA FORM 8 

WBS LEVEL 6 & 7 

WBS QUANTITY 
IDENTlF!CATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 

(1) NUM'3ER (2) (3)VAlUE 4rEASURE 
(5) 

01-001-05-03-03-00 TELESCOPE GIMBAL 1 (SEE SET PER USE FOR IR, SIll, 

ACTUATORS NOTE) PAYLOAD OR PHG 

01-001-05-03-03-01 ELEVATION POINTING & 2 UNITS ROLLING ELEMENT 
STABILITY ELEVATION; FLEX 

PIVOT STABILIZA-
TION 

11 ft-1b STALL TORQUE 
ELEVATION 

7 ft-1b STALL TORQUE 
STABILIZATION 

5 
.-

POSITION INDI-sec I CATION ACCURACY 
28.1 kg UNIT WEIGHT 
(62) (1b) 

01-001-05-03-03-02 AZIMUTH STABILITY 2 UNITS FLEX PIVOT BEARING 
7 ft-1b STALL TORQUE 
5 sec POSITION INDI-

CATION ACCURACY 
15.9 kg UNIT WEIGHT 
(35) (1b) 

(6) 

DATE ~EPT 1972 
PAGE 23 OF.-lL 

NOTES 

ADDITIONAL SET 
REQUIRED FOR 
SOLAR GROUP 

I 

I 

I 
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STU D Y TI Tl E _A=S;;;...MD.=..;;S'--__ 
CONTRACT NO.NAS8-28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTE RISTI CS 

(1) NUMBER (2) (J)VALUE . 4~EASURE 
(5) 

01-001-05-03-03-03 ROLL 1 UNIT ROLLING ELEMENT 
BEARING 

2.7 ft-1b STALL TORQUE 
30 --min POSITION INDI-

CATION ACCURACY 
8.6 kg UNIT WEIGHT 
(19) (1b) 

I 

(61 

DATE SEPT 1972 
PAGE 24 OF~ 

NOTES 



H STUDV TITLE ASMDS 
;:: CONTRACT NO"':'. :'::N:!.:A=S.!::.8--2-8-1-4-4-
V1 
tv TECHNICAL CHARACTERISTICS DATA FORM B 

WBS Level 6 & 7 

WBS QUANTITY 
UNITS OF IDENTIFICATION WBS IDENTIFICATION OR CHARACTERISTICS 

(1) NUMBER (2) (3)VALUE 4rEASURE 
(5) 

01-001-05-03-03-00 TELESCOPE GIMBAL 1 SET USE FOR SOLAR 
ACTUATORS (SEE GROUP TELESCOPES 

NOTE) 

01-001-05-03-03-01 ELEVATION POINTING & 2 UNITS ROLLING ELEMENT 
STABILITY ELEVATION; FLEX 

PIVOT STABILIZATIO~ 
11 ft-1b STALL TORQUE 

ELEVATION 
7 ft-1b STALL TORQUE 

STABILIZATION 
5 --- POSITION INDICATIO sec 

ACCURACY 
28.1 kg IUNIT WEIGHT 
(62) (lb) 

01-001-05-03-03-02 AZIMUTH STABILITY 2 UNITS FLEX PIVOT BEARING 
7 ft-1b STALL TORQUE 
5 --- POSITION INDICATOR sec 

ACCURACY 
15.9 kg UNIT WEIGHT 
(35) (lb) 

01-001-05-03-03-03 ROLL 1 UNIT ROLLING ELEMENT 
BEARING 

2.7 ft-1b STALL TORQUE 
30 ---:-- POSITION INDICATIO ml.n 

ACCURACY 
8.6 kg UNIT WEIGHT 
(19) (lb) 

(61 

DATE SEPT 1972 
PAGE 25 OF~ 

NOTES 

SEE OTHER SET RE- I 

QUIRED FOR IR, SIn! 
OR PHG 
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STU~Y TiTlE _____ _ 
CONTRACT NO. _____ _ 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS Level 6 & 7 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (3IVAlUE 4rEASURE 
(5) 

01-001-05-03-03-04 PITCH & YAW 2 UNITS COR<)NAGRAPHS 
9.1 kg UNIT WEIGHT 

(20) (lb) 

01-001-05-03-04-00 ARRAY PLATFORM ACTUATOR 1 SET USE ON STELLAR PAY 
LOADS FOR ARRAYS 

01-001-05-03-04-01 ELEVATION POINTING 2 UNITS ROLLING ELEMENT 
BEARING 

11 ft-1b STALL TORQUE 
5 sec POSITION INDICATIO 

ACCURACY 
13.6 kg UNIT WEIGHT 
(30) (lb) 

I 

(6) 

DATE SEPT 1972 
PAGE1Q...OF~ 

NOTES 

NOT REQUIRED FOR 
SOLAR 

, 

I 



~ STUOY TITLE ASMDS 
0, CONTRACT NO. NAS8~28144 

~ TECHNICAL CHARACTERISTICS DATA FOP.~,,' B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
UNITS OF 

i IDENTIFICATION WBS IDENTIFICATION OR CHARACTERISTICS 

(1) NUMBER (2) (J)VAlUE 4rEASURE 
(5) 

01-001-05-03-05-00 REFERENCE ASSEMBLY 1 UNIT 
(SEE -
NOTE) 

01-001-05-03-05-01 STRAPDOWN STAR TRACKERS 4 UNITS OPTICS & ELEC-
TRONICS 

15 kg UNIT WEIGHT 
(33) (lb) 

01-001-05-03-05-02 TELESCOPE IMU 1 UNIT ELECTRONICS 
6.8 kg UNIT WEIGHT 

(15) (lb) 

01-001-05-03-05-03 FINE SUN SENSOR 1 UNIT ,OPTICAL-MECHANICAL; 
PREAMP ASSEMBLY; 
SIGNAL CONDITIONER 
CONTROL ELECTRONIC~ 
ASSEMBLY 

11 watts POWER 
24.5 kg UNIT WEIGHT 

(54) (lb) 

01-001-05-03-05-04 PRECISION BORESIGHTED 1 UNIT 
STAR TRACKER 11. 3 kg UNIT WEIGHT 

(25) (lb) 

01-001-05-03-05-05 CORRELATION TRACKER 1 UNIT 
25 watts POWER 
54.5 kg UNIT WEIGHT 

(120) (lb) 

(61 

DATE _~EPT 1972 
PAGE 27.0F _3L 

NOTES 

SECOND UNIT WITH 
FINE SUN SENSOR & 
CORRELATION TRACKER 
REQUIRED FOR SOLAR 

REQU IRED FOR 
CORONAGRAPHS ONLY. 
ATM 

INCLUDES ELEC-
TRONICS 

REQUIRED FOR IR 
TELESCOPE ONLY 

REQUIRED FOR SOLAR 
GROUP ONLY 

, 

I 

I 
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STUDY TitlE ASMDS 
C'ONTRACT NO. .. NASS-2S144 

WBS 
IDENTIFICATION 

(1) NUMBER 

01-001-05-04-00-00 

01-001-05-04-01-00 

01-001-05-04-02-.00 

01-001-05-04-03-.00 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 5 & 6 

QUANTITY 
UNITS OF WBS IDENTIFICATION OR MEASURE 

CHARACTE RISTl CS 

(2) (3IVAlUE 4) (5) 

STRUCWRES 

C.oMM.oN M.oUNT ASSEMBLY 2 ASSEM- 1 AZ !MUTH TABLE 
BLIES 1 AZIMUTH y.oKE 
PER PAY- 1 DEPLDYMENT y.oKE 
L.oAD 2 DEPLDYMENT GEAR~ 

MDT.oRS & LAUNCH 
LDCKS 
1 SET JETTIS.oN 
EQUIPMENT 

TELESC.oPE GIMBAL 1 ASSEMBLY 1 .oUTER GIMBAL 
ASSEMBLY (SEE PER PAY- RING 

N.oTE) LOAD 1 .oUTER R.oLL RING 
11 INNER R.oLL RING 
1 R.oLL GEAR 
1 TELESCOPE P&C 
PLATFORM 
1 SET GIMBAL GEAR-
MDTORS & LAUNCH 
LDCKS 

ARRAY PLATF.oRM ASSEMBLY 1 ASSEMBLY 1 ARRAY M.oUNT 
(SEE PER PAY- 1 SET PLATFDRM 
NOTE) LOAD GEARMOTORS & 

LAUNCH LOCKS 

(6) 

DATE SEPT 1972 
PAGE.2.8_0F~ 

NOTES 

SDLAR PAYLDAD RE-
QUIRES TW.o ASSEM-
BLIES 

REQUIRED FDR STEL-
LAR PAYL.oADS .oNLY 

, 

I 

! 
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STUDY TITLE ASMUS 
CONTRACT NO. NASS-2SJ44 

WBS 
. IDENTIFICATION 

(1) NUMBER 

01-001-05-04-04-00 

01-001-05-04-05-00 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 5 & 6 

QUANTITY 
UNITS OF WBS IDENTIFICATION OR CHARACTERISTICS 

(2) (3)VAlUE 4rEASURE 
(5) 

SUPPORT EQUIPMENT SET 1 SET PER 3 CMG SUPPORT 
PAYLOAD STRUCTURES 

1 SET WIDE COVER-
AGE X-RAY DETECTOR 
SUPPORTS 
1 GAMMA RAY 
SPECTROMETER HOUS~ 
ING AND EXTENSION 
MECHANISM 

SOLAR TELESCOPE HOUSING 1 UNIT 1 TUBULAR STRUC-
ASSEMBLY TURE 

2 BULKHEADS 
/1 FIBERGLASS SUN-

SHIELD 
6 APERTURE DOORS 
6 APERTURE DOOR 
ACTUATORS 

(6) 

DATE SEPT 1972 

PAGE 29 OF~ 

NOTES 

REQUIRED FOR ALL 
PAYLOADS 
~EQUIRED FOR STEL-
LAR PAYLOADS ONLY 

REQUIRED FOR STEL-
LAR PAYLOADS ONLY 

REQUIRED FOR SOLAR 
GROUP ONLY 
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STUDY TitlE ASMDS 
CONTRACT NO. NAS8 28144 

WBS 
IDENTIFICATION 

(1) NUMBER 

01-001-05-04-01-00 

01-001-05-04-01-01 

01-001-05-04-01-02 

01-001-05-04-01-03 

TECHNICAL CHARACTERISTICS DATA FOR~.' B 

WBS LEVEL 6 & 7 

QUANTITY 
WBS IDENTIFICATION OR 

UNITS OF CHARACTE RISTI CS 

(2) (3) VALUE 4~EASURE 
(5) 

COMl10N MOUNT ASSEMBLY 2 ASSEM .... 
BLIES 
PER PAY-
LOAD 

AZ IMUTH TABLE 1 UNIT BASIC STRUCTURE 
WITHOUT ACTUATORS 

0.69x m ENVELOPE SIZE 
1.27x 
1.27 

111 kg UNIT WEIGHT 
(244) (lb) 

AZIMUTH YOKE 1 UNIT BASIC STRUCTURE 

1.01x m 

I WITHOUT ACTUATORS 
ENVELOPE SIZE 

2.5lrx 

3.35 
172 kg UNIT WEIGHT 

(380) (lb) 

DEPLOYMENT YOKE 1 UNIT BASIC STRUCTURE 
WITHOUT ACTUATORS 

0.3lx m ENVELOPE SIZE 
4.0 x 
3.1 

76 kg UNIT WEIGHT 
(168) (lb) 

(6) 

DATE SEPT 1972 
PAGE" 30 OF _3JL 

NOTES' 



H STUDY TITLE 
f CONTRACT NO-. ------
V1 
(Xl TECHNICAL CHARACTERISTICS DATA FOR~.' 8 

WBS aUANTITY 
UNITS OF IDENTIFICATION WBS IDENTIFICATION OR MEASURE 

CHARACTERISTICS 

(1) NUMBER (2) (3lVAlUE 4) (5) 

01-001-05-04-01-04 DEPLOYMENT GEARMOTORS & 2 UNITS 
LAUNCH LOCKS 23.6 kg UNIT WEIGHT 

(52) (lb) 

01-001-05-04-01-05 JETTISON EQUIPMENT 1 UNIT 
20.4 kg UNIT WEIGHT 

(45) (lb) 

01-001-05-04-02-00 TELESCOPE GIMBAL 1 ASSEMBLY 
ASSEMBLY (SEE PER PAY-

NOTE) LOAD 

01-001-05-04-02-01 OUTER GIMBAL RING 1 UNIT ALUMINUM RING 
100 kg UNIT WEIGHT 

(220) (lb) 

I ALUMINUM RING 01-001-05-04-02-02 OUTER ROLL RING 1 UNIT 
133 kg UNIT WEIGHT 

(294) (lb) 

01-001-05-04-02-03 INNER TOLL RING 1 UNIT ALUMINUM RING 
84.3 kg UNIT WEIGHT 

, (186) (lb) 

01-001-05-04-02-04 ROLL GEAR 1 UNIT 
6.4 kg UNIT WEIGHT 

(14) (lb) 

01-001-05-04-02-05 TELESCOPE P&C PLATFORM 1 UNIT 
30.4 kg UNIT WEIGHT 

(67) (lb) 

(6) 

DATE SEPT 1972 
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NOTES 

INCLUDES GIMBAL 
RING SUPPORTS 

SOLAR PAYLOAD RE-
QUIRES 2 ASSEMBLIES 
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STUDV TiTlE ASMDS 
CONTRACTNO.NAS8-28144 

WBS 
IDENTIFICATION 

(1) NUMBER 

i 01-001-05-04-02-06 

01-001-05-04-03-00 

01-001-05-04-03-01 

01-001-05-04-03-02 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 & 7 

QUANTITY 
UNITS OF WBS IDENTIFICATION OR CHARACTERISTICS 

(2) (3IVAlUE 4rEASURE 
(51 

GIHBAL GEARM:OTORS & 2 UNITS 
LAUNCH LOCKS 24.5 kg UNIT WEIGHT 

(54) (lb) 

ARRAY PLATFORH ASSEMBLY 1 ASSEHBLY 

ARRAY HOUNT 1 UNIT BASIC STRUCTURE 
WITHOUT ACTUATORS 

200 kg UNIT WEIGHT 
(440) (lb) 

PLATFORM GEARM:OTORS & 2 UNITS 
LAUNCH LOCKS 24 kg UNIT WEIGHT 

(53) (lb) 

I 

(61 

DATE ~EPT 1972 
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NOTES 

~EQUIRED FOR STEL-
LAR PAYLOADS ONLY 



!;;l STUDY TiTlE ASMDS 
~ CONTRACT NO. NAS8-28144 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 & 7 

o 

was QUANTITY 
UNITS OF IDENTIFICATION was IDENTIFICATION OR MEASURE 

CHARACTERISTICS 

(1) NUMBER (2) (3)VALUE 4) (5) 

01-001-05-04-04-00 SUPPORT EQUIPMENT SET 1 SET PER 
PAYLOAD 

01-001-05-04-04-01 CMG SUPPORT STRUCTURES 3 UNITS BASIC STRUCTURE 
PER SET 

14.7 kg UNIT WEIGHT 
(32.5) (lb) 

01-001-05-04-04-02 WIDE COVERAGE X-RAY 2 UNITS BASIC STRUCTURE 
DETECTOR MOUNT PER SET 

77 kg UNIT WEIGHT 
(170) (lb) 

01-001-05-04-04-03 GAMMA RAY SPECTROMETER 1 UNIT BASIC STRUCTURE 
HOUSING AND EXTENSION 476 kg ,UNIT WEIGHT 
MECHANISM 1050) (lb) 

(61 
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NOTES 

INCLUDES INVERTER 
SUPPORT STRUCTURES 

REQUIRED FOR STEL-
LAR pAYLOADS ONLY 

REQUIRED FOR STEL-
LAR PAYLOADS 3AC 
& 4AC ONLY 

I 
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STUDY TiTlE ASMDS 
CONTRACT NO. NAs8-2-SIlili 

TECHNICAL CHARACTERISTI.cS DATA FORM B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR 

UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (3IVALUE 4~EASURE 
(5) 

01-001-05-04-05-00 SOLAR TELESCOPE-HOUSING 1 ASSEMBLY BASIC STRUCTURE 
ASSEMBLY 

01-001-05-04-05-01 TUBULAR STRUCTURE 1 UNIT BASIC STRUCTURE 
302 kg UNIT WEIGHT 
(290) (lb) 

01-001-05-04-05-02 BULKHEADS 1 UNITS BASIC STRUCTURE 
132 kg UNIT WEIGHT 
(290) (lb) 

01-001-05-04-05-03 FIBER GLASS SUNSHIELD 1 UNIT UNIT WEIGHT 
30.4 kg 
(67) (lb) 

01-001-05-04-05-04 APERTURE DOORS 6 UNITS I BASIC STRUCTURE 
1.81 kg UNIT WEIGHT 
(4) (lb) 

01-001-05-04-05-05 DOOR ACTUATORS 6 UNITS ELECTRO-MECHANICAL 
0.91 kg UNIT WEIGHT 
(2) (lb) 

{61 

DATE 8/22/72 
PAGE_OF 

NOTES 

REQUIRED FOR SOLAR I 

GROUP ONLY i 

INCLUDES FITTINGS 
AND PARTITIONS 
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STUDY TITLE ASMDS 
CONTRACT NO. NAS8 .... 28144 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 5 & 6 

WBS QUANTITY 
UNITS OF IDENTIFICATION WBS IDENTIFICATION OR 
MEASURE 

CHARACTERISTICS 

(1) NUMBER (2) (3) VALUE 4) (5) 

01-001-05-05-00-00 ELECTRONIC 

01-001-05-05-01-00 CONTROL & DISPLAY 1 UNIT 1 CB/DisTRIBUTOR 
PANEL 
2 MULTIPURPOSE eRTE 
1 SYMBOL GENERATOR 
1 FUNCTION KEy .... 
BOARD 
1 ALPHANUMERIC 
KEYBOARD 
2 KEYBOARD ENCODER~ 

1 MICROFILM VIEWER 
1 EVENT TIMER 

11 MISSION TIMER 
1 THREE AXIS 
CONTROLLER 
2 ANNUNCIATOR 
BANKS 
1 RECORDER 

01-001-05-05-02-00 ELECTRICAL 1 UNIT 6 LOAD CENTER 
SWITCHES 
- FEEDER CALBES 
1 JUNCTION BOX 

01-001-05-05-03-00 DATA 1 UNIT 4 DATA BUS INTER-
FACE UNIT 
1 COAX DATA BUS 
1 PALLET INSTR BOX 
4 DATA PROCESSOR 

(6' 

DATE SEPT 1972 
PAGE .34 OF~ 

NOTES 

EQUIPMENT IS IN-
STALLED IN SORTIE 

LAB FOR ALL PAYLOAD1 

REQUIRED FOR ALL 
PAYLOADS 

REQUIRED FOR ALL 
PAYLOADS 
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STUDY TiTlE ASMDS 
CONTRACT NO. NAS8~28144 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
UNITS OF 

IDENTIFICATION was IDENTIFICATION OR CHARACTERISTICS 
(1). NUMBER (2) (3)VALUE 4rEASURE 

(5) 

i 01-001-05-05-01-00 CONTROL & DISPLAY 1 UNIT PER INTEGRATED CONCEPT 
PAYLOAD 

415 W POWER 
149 kg UNIT WEIGHT 

(329) (1b) 

01-001-05-05-01-01 CB/DISTRIBUTOR PANEL 1 UNIT 

01-001-05-05-01-02 MULTIPURPOSE CRTs 2 UNITS VIDEO 

01-001-05-05-01-03 SYMBOL GENERATOR 1 UNIT GENERATE SYMBOLS, 
CHARACTERS, VEC-
TORS, RASTER VIDEO 

01-001-05-05-01-04 FUNCTION KEYBOARD 1 UNIT IFUNCTIONAL CATEGOR' 
DATA 

01-001-05-05-01-05 ALPHANUMERIC KEYBOARD 1 UNIT 

01-001-05-05-01-06 KEYBOARD ENCODERS 2 UNITS 

01-001-05-05-01-07 MICROFILM VIEWER 1 UNIT READ PROCEDURAL 
TYPE DATA 

01-001-05-05-01-08 EVENT TIMER 1 UNIT 

01-001-05-05-01-09 !MISSION TIMER 1 UNIT 

01-001-05-05-01-1Q THREE-AXIS CONTROLLER 1 UNIT INSTRUMENT POINTIN( 

01-001-05-05-01-11 ~NNUNCIATOR BANK 2 UNITS VISUAL ALERTING 

01-001-05-05-01-12 IRECORDER 1 UNIT MULTI CHANNEL 

(61 
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NOTES 

INSTALLED IN 
SORTIE LAB 

ALP~ERIC STATIC 
GRAPHIC 

/ 



:::l STUDY TITLE ASMDS 
~ CONTRACT NO. NAS8~28144 

~ TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
UNITS OF IDENTIFICATION was IDENTIFICATION OR MEASURE 

CHARACTERISTICS 
(1). NUMBER (2) (J)VAlUE 4) (5) 

01-001-05-05-02-00 ELECTRICAL 

01-001-05~05-02~01 LOAD CENTER SWITCH 6 UNITS 
lQ x 5 CM SIZE 
x 2Q 

W POWER 
2.72 kg UNIT WEIGHT 

(6) (1b) 

01-001-05-05-02-02 FEEDER CABLES 70 kg PAYLOAD WEIGHT 
(155) (1b) SOLAR 

60 kg PAYLOAD WEIGHT 
(133) (1b) STELLAR 

01-001-05-05-02-03 JUNCTION BOX 1 UNIT I WEIGHT 4.54 kg 

(10) (1b) 

(61 
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STUDY TITLE ASMDS 
CONTRACT NO. NAS8-2~ 

TECHNICAL CHARACTERISTICS DATA FORM B 

WBS LEVEL 6 & 7 

WBS QUANTITY 
IDENTIFICATION WBS IDENTIFICATION OR UNITS OF CHARACTERISTICS 

(1) NUMBER (2) (J)VALUE 4~EASURE 
(5) 

01-001-05-05-03-00 DATA 

01-001-05-05-03-01 DATA BUS INTERFACE UNIT 4 UNITS REMOTE COMMAND & 
MULTIPLEXING 

9 .• 5 W POWER 
10 x CM EVNELOPE SIZE 

8 x 
18 
1.81 kg UNIT WEIGHT 

(4) (lb) 

01-001-05-05-03-02 COAX DATA BUS 122 M LENGTH 
9.1 kg PAYLOAD WEIGHT 

(20) (lb) 

01-001-05-05-03-03 PALLET INSTRUMENTATION 1 UNIT I STATUS AND DYNAMIC 
BOX ENVIRONMENT MONITO! 

5.0 watts POWER 
2.26 kg UNIT WEIGHT 

(5) (lb) 

01-001-05-05-03-04 DATA PROCESSOR 4 UNITS 
3.0 watts POWER 
2.26 kg UNIT WEIGHT 

(5) (1b) 

(6) 
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A.LL PAYLOAD S 

ALL PAYLOADS 

ALL PAYLOADS 

ALL PAYLOAD S 
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STUDY TiTlE ASMDS 
CONTRACT NO.NAS8-28144 

WBS 
IDENTIFICATION 

(1 ) NUMBER 

01-001-05-06-00-00 

01-001-05-06-01-00 

01-001-05-06-02-00 

TECHNICAL CHARACTERISnCS DATA FORM B 

WBS LEVEL 5 & 6 

QUANTITY 
UNITS OF WBS IDENTIFICATION OR MEASURE CHARACTERISTICS 

(2) (3IVALUE 4) (5) 

THERMAL CONTROL 1 UNIT 

THERMAL COATING 293 TYPE WHITE 
PAINT 

5.45 kg PAYLOAD WEIGHT 
(12) (lb) 

MULTILAYER INSULATION PALLET EQUIPMENT 
59 kg PAYLOAD WEIGHT 

(130) (lb) 
SOLAR TELESCOPE 
HOUSING 

62.1 kg PAYLOAD WEIGHT 
(137) (1b) 

IARRAY PLATFORM 

22.6 kg PAYLOAD WEIGHT 
(50) (lb) 

DATE SEPT 1972 
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NOTES 
(6) 

ALL PAYLOADS 

~PPLIED TO ALL SUR-
WACES OF DEPLOYMENT 
~OKE 

ALL PAYLOADS 

SOLAR PAYLOAD ONLY 

STELLAR PAYLOADS 
ONLY 



E. TOTAL PROGRAM FUNDING SCHEDULE 

The time-phased estimates of the costs required to accomplish the 
total program are presented here on Data Form C. The WBS lower 
level cost estimates were time-phased by fiscal year against the 
proposed development or production schedule by estimated distri­
bution of costs or by using the appropriate spreading function. 
Spreading functions were selected from those p,resented in Phase 
A and Phase B studies Cost Estimates Document, DRDNo. MF-030A, 
Figure 8, "Idealized Cost Distribution Curves." The results were 
then summarized to develop the funding schedules of higher levels. 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 
CONTRACT NO.NAS8-28144 I=UNDING SCHEDULE DATA FORM C 

-L NON·RECURRING (OOT&E) 

RECURRING (PRODUCTION) 
RECURRING (OPERATIONS) 

PROJECT WBS ITEMS FY.l.!L.... FY 12._ 

ASTRONOMY SORTIE MISSION 3.58 18.51 
PROJECT MANAGEMENT .31 1.98 
SYSTEM SUPPORT & INTEG. .40 2.58 
FACILITIES .05 .20 

GROUND SUPPORT EQUIP. 
IR TELESCOPE 1.25 3.00 
STRATOSCOPE III 
PHOTOHELIOGRAPH 1.50 
X-RAY TELESCOPE 1.57 3.73 
XUV SPECTROHELIOGRAPH .75 
CORONAGRAPHS .95 
MONITORS 
LARGE AREA X-RAY 
WIDE COVERAGE X-RAY .25 
LARGE MODULATION COLLIM. 
NARROW BAND SPECTRO/POLA]. 
COLLIM. P.C. SPECTROMETEE 
GAMMA RAY SPECTROMETER .80 
LOW BACKGROUND X-RAY .90 
PROTON FLUX DETECTOR 
POINTING & CONTROL 1.87 

STRUCTURES 
ELECTRONICS 
THERMAL CONTROL 

-- ---

FY~ FY..II-

51.46 80.10 
6.03 4.16 
7.87 5.42 

9.20 
2.65 2.25 

1.10 
2.00 1.50 
5.90 4.50 

.85 .40 

.95 .89 
.05 
.80 

1.17 .83 
.80 1.65 
.90 2.35 

.50 
1. 75 2.10 
2.10 2.40 

10.37 5.84 
7.14 22.15 

.98 10.05 
1.96 

FY.za.....:: 

33.79 
1.16 
1.52 

12.11 
1.35 
2.60 

.16 
1.95 

.15 

.19 

.15 
1. 78 

2.15 
2.20 
1.30 
2.65 
1.10 

.05 

.08 

.49 

.29 

.36 

DATE SEPT 1972 
PAGE -L- DF-L 

FYli- FY..80..-

9.72 4.80 
.54 .11 
.70 .14 

.06 

2.40 1. 70 

1.52 .85 

1.95 .40 
.85 

1. 70 1.60 

FY -B.l- FY __ 

.65 202.61 

.02 

.03 

.60 
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STUDY TiTlE ASTRONOMY SORTIE MISSION DEFINITION STUDY 

CONTRACT NO . .NAS8-28144 FUNDING SCHEDULE DATA FORM C 

__ NON·RECURRING (ODT&EI 

~ -RECURRING (PRODUCTION) 
__ RECURRING (OPERATIONS) 

PROJECT was ITEMS FY~ F:V~ 

ASTRONOMY SORTIE MISSION .70 10.14 
PROJECT MANAGEMENT .02 .27 
SYSTEM SUPPORT & INTEG. .03 .86 
IR TELESCOPE .65 2.85 
STRATOSCOPE III 
PHOTOHELIOGRAPH 1.26 
X-RAY TELESCOPE .50 
XUV SPECTROHELIOGRAPH .15 
CORONAGRAPHS .45 
MONITORS 
LARGE AREA X-RAY 
WIDE COVERAGE X-RAY 2.20 
LARGE MODULATION COLLIM. 
NARROW BAND SPECTRO/POLAR 
COLLIM. P.C. SPECTROMETER 
GAMMA RAY SPECTROMETER 
LOW BACKGROUND X-RAY 1.60 
PROTON FLUX DETECTOR 
POINTING & CONTROL 
STRUCTURES 
ELECTRONICS 
THERMAL CONTROL 

~- ~.-

FY~ FY~ 

31. 75 54.89 
2.12 3.81 
3.60 4.50 
3.00 3.5.0 

1. 75 1.60 
2.75 4.95 

.35 .50 

.65 .85 
1. 78 

.63 
2.60 2.10 

.30 1.45 
2.80 3.70 

.80 
1.80 1.80 
2.40 2.70 

.28 
4.51 6.02 
2.35 10.17 

.77 3.32 
.43 

FY~ 

20.42 
2.05 
2.19 
2.00 
2.00 

.24 
1.58 

.90 
1. 78 
3.70 
2.30 

.90 

.60 

.18 

DATE SEPT 1972 
PAGE _2_ OF _3_ 

-
FY~ FY~ 

10.91 4.81 
1.03 .14 
1.01 .12 

2.50 2 •. 70 

1.92 .45 

1.65 

2.80 1.40 
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STUDY TITLE ASTRONOMY SORTIE MISSION DEFINITION STUDY 

CONTRACT NO .. NAS8-28144 FUNDING SCHEDULE DATA FORM C 

__ NOS AECURAISG IODT&EJ 
__ RECCRA:NG (PRODUCTION) 

X RECURRING (OPERA nONS) 

PROJECT WBS ITEMS FV...J..2.. FY--.lZ-

ASTRONOMY SORTIE MISSION 2.28 22.59 

PROJECT MANAGEMENT .17 1.37 

SYSTEM SUPPORT & INTEG. .60 2.62 

GSE 
IR TELESCOPE .45 1. 70 

STRATOSCOPE III .31 2.10 

PHOTOHELIOGRAPH .45 3.03 

X-RAY TELESCOPE 3.03 

XOV SPECTROHELIOGRAPH .37 

CORONAGRAPHS .03 .59 

LARGE AREA X-RAY 

WIDE COVERAGE X-RAY .13 2.90 

LARGE MODULATION COLLIM. 
NARROW BAND SPECTRO/POLAF .78 

COLLIM. P. C. SPECTROMETEI 
GAMMA RAY SPECTROMETER .45 

LOW BACKGROUND X-RAY .14 3.02 

POINTING & CONTROL 

STRUCTURES 
ELECTRONICS 
THERMAL CONTROL 

LAUNCH OPERATIONS .24 

MISSION OPERATIONS .15 

SUPPORT OPERATIONS .24 

RECOVERY & REFURB. OPS. 

FV.1L FV -.JL. 

67.39 71.81 
4.37 5.16 
6.28 5.74 

.70 2.75 

2.03 1.31 

2.54 1.24 

3.67 1. 79 
5.98 3.40 

.73 .41 

.86 .45 
1. 49 

4.75 3.45 

.87 3.06 
5.27 6.37 

2.11 

2.86 2.88 

4.71 2.97 

10.15 9.79 

4.67 7.33 

4.97 7.79 

.06 .20 

.48 .55 

.30 .33 

.50 .60 

.64 .64 

FV --.!llL 

23.73 
2.22 
2.30 

.28 

.27 

.07 

.10 

.21 

.03 

.02 
3.13 

.77 
2.97 
3.11 

4.63 
.74 
.39 

.16 

.14 

.15 

.01 

.61 

.35 

.65 

.42 

DATE SEPT 1972 

PAGE_J_ DF_3 

FV --BL FV -..82_ 

13.55 6.99 
1.00 .44 
1.08 .56 

2.14 .29 

1.06 .01 

.17 
3.64 .85 

.94 1.26 

.65 .65 
1. 34 1.34 

1.53 1.59 

---

FV~ FvM_ FV~ FY -E6...- FV-KL FV --BlL- FV~ FV~ FYR-

5.85 5.85 5.85 5.85 5.85 5.85 5.85 5.85 2.92 

.41 .41 .41 .41 .41 .41 .41 .41 .21 

.54 .54 .54 .54 .54 .54 .54 .54 .27 

1.26 1.26 1.26 1.26 1.26 1.26 1.26 1.26 .63 

.65 .65 .65 .65 .65 .65 .65 .65 .32 

1. 34 1.34 1.34 1.34 1.34 1.34 1.34 1.34 .67 

1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 .82 



F. WORK BREAKDOWN STRUCTURE (WBS) 

The final WBS dictionary and diagram are presented in this section. 
TI1is WBS is compatible with the breakdown that was used in estimat­
ing costs. 

The dictionary (Table IV-2) is a listing in numerical order of the 
functions and hardware which must be developed for the ASM project. 

Figure IV-2 is the diagram showing the relationship of these ele­
ments in a family tree. In the -1.ictionary, \,functions ,and support 
hardware shown only as level 4 on the diagram are further identi­
fi~d to level 5.. Components and assemblies of the payloads (a 
level 4 item on the diagram) are identified to level Sand 6 on the 
diagrams and in the dictionary. Further, the components and assem­
blies of subsystems are identified to level 7 in the dictionary. 
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Table IV-2 WBS Dictionary 

WBS IDENTIFICATION NUMBER 

LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7 WBS IDENTICIATION 

0 1 0 0 0 0 0 0 0 0 0 0 0 SHUTTLE SORTIE MISSION PROGRAM 

0 1 0 0 1 0 0 0 0 0 0 0 0 ATRONOMY SORTIE MISSION PROJECT 

0 1 0 0 1 0 1 0 0 0 0 0 0 .PROJECT MANAGEMENT 

0 1 0 0 1 0 1 0 1 0 0 0 0 PROGRAM CONTROL 

0 1 0 0 1 0 1 0 2 0 0 0 0 CONFIGURATION MANAGEMENT 

0 1 0 0 1 0 1 0 3 0 0 0 0 CONTRACTUAL DATA MANAGEMENT 

0 1 0 0 1 0 2 0 0 0 0 0 0 SYSTEM SUPPORT & INTEGRATION 

0 1 0 0 1 0 2 0 1 0 0 0 0 SYSTEMS ANALYSIS 

0 1 0 0 1 0 2 0 2 0 0 0 0 PAYLOAD INTEGRATION 

0 1 0 0 1 0 2 0 3 0 0 0 0 PROGRAM IN~EGRATION 

0 1 0 0 1 0 2 0 4 0 0 0 0 SAFETY AND RELIABILITY 

0 1 0 0 1 0 2 0 5 0 0 0 0 QUALITY ASSURANCE 

0 1 0 0 1 0 3 0 0 0 0 0 0 FACILITIES 

0 1 0 0 1 0 3 0 1 0 0 0 0 CONTRACTOR 

0 1 0 0 1 0 3 0 2 0 0 0 0 GOVERNMENT 

0 1 0 0 J- 0 4 0 0 0 0 0 0 GROUND SUPPORT EQUIPMENT 

0 1 0 0 1 0 4 0 1 0 0 0 0 ELECTRICAL & ELECTRONIC 

0 1 0 0 1 0 4 0 2 0 0 0 0 STRUCTURAL & MECHANICAL 

0 1 0 0 1 0 4 0 3 0 0 0 0 OPTICAL 

0 1 0 0 1 0 4 0 4 0 0 0 0 TRANSPORT & HANDLING 

0 1 0 0 1 0 5 0 0 0 0 0 0 PAYLOADS 

0 1 0 0 1 0 5 0 1 0 0 0 0 TELESCOPES 

0 1 0 0 1 0 5 0 1 0 1 0 0 IR TELESCOPE 
, 

0 1 0 0 1 0 5 0 1 0 2 0 0 STRATOSCOPE III 

0 1 0 0 1 0 5 0 1 0 3 0 0 PHOTOHELIOGRAPH 

0 1 0 0 1 0 5 0 1 0 4 0 0 X-RAY TELESCOPE 

0 1 0 0 1 0 5 0 1 0 5 0 0 XUV SPECTROHELIOGRAPH 

0 1 :) 0 1 0 5 0 1 0 6 0 0 CORONAGRAPHS 

0 1 0 0 1 0 5 0 1 0 7 0 0 MONITORS 

0 1 0 0 1 0 5 0 2 0 0 0 0 ARRAYS 

0 1 0 0 1 0 5 0 2 0 1 0 0 LARGE AREA X-RAY DETECTOR 

0 1 0 0 1 0 5 0 2 0 2 0 0 WIDE COVERAGE X-RAY DETECTOR 

0 1 0 0 1 0 5 0 2 0 3 0 0 LARGE MODULATION COLLIMATOR 

0 1 0 0 1 0 5 0 2 0 4 0 0 NARROW BAND SPECT.RO/POLARIM 

0 1 0 0 1 0 5 0 2 0 5 0 0 COLLIMATED PC SPECTROMETER 

0 1 0 0 1 0 5 0 2 0 6 0 0 GAMMA-RAY SPECTROMETER 

0 1 0 0 1 0 5 0 2 0 7 0 0 LOW BACKGROUND y-RAY DEIECTOR 

0 1 0 0 1 0 5 0 2 0 8 0 0 PROTON FLUX DETECTOR 
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Tab le IV-2 (cont) 

WBS IDENTIFICATION NUMBER 

LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7 WBS IDENTIFICATION 

0 1 0 0 1 0 5 0 3 0 0 0 0 POINTING & CONTROL SYSTEM 

0 1 0 0 1 0 5 0 3 0 1 0 0 CMG ASSEMBLY 

0 1 0 0 1 0 5 0 3 0 1 0 1 DOUBLE GIMBAL CMGs 

0 1 0 0 1 0 5 0 3 0 1 0 2 INVERTERS 

0 1 0 0 1 0 5 0 3 0 1 0 3 IMU 

0 1 0 0 1 0 5 0 3 0 2 0 0 COMMON MOUNT ACTUATORS 

0 1 0 0 1 0 5 0 3 0 2 0 1 AZIMUTH POINTING 

0 1 0 0 1 0 5 0 3 0 2 0 2 DEPLOYMENT 

0 1 0 0 1 0 5 0 3 0 3 0 0 TELESCOPE GIMBAL ACTUATORS 

0 1 0 0 1 0 5 0 3 0 3 0 1 ELEVATION POTING & STABILITY 

0 1 0 0 1 0 5 0 3 0 3 0 2 AZIMUTH STABILITY 

0 1 0 0 1 0 5 0 3 0 3 0 3 ROLL 

0 1 0 0 1 0 5 0 3 0 3 0 4 PITCH & YAW (CORONAGRAPHS) 

0 1 0 0 1 0 5 0 3 0 4 0 0 ARRAY PLATFORM ACTUATOR 

0 1 0 0 1 0 5 0 3 0 4 0 1 ELEVATION POINTING 

a 1 0 0 1 0 5 0 3 0 5 0 0 REFERENCE ASSEMBLY 

0 1 0 0 1 0 5 0 3 0 5 0 1 STRAPDOWN STAR TRACKERS 

0 1 0 0 1 0 5 0 3 0 5 0 2 TELESCOPE IMU 

0 1 0 0 1 0 5 0 3 0 5 0 3 FINE SUN SENSOR 

0 1 0 0 1 0 5 0 3 0 5 0 4 BORESIGHTED STAR TRACKER-PRECISION 

0 1 0 0 1 0 5 0 3 0 5 0 5 CORRELATION TRACKER 

0 1 0 0 1 0 5 0 4 0 0 0 0 STRUCTURES 

0 1 0 0 1 0 5 0 4 0 1 0 0 COMMON MOUNT ASSEMBLY 

0 1 0 0 1 0 5 0 4 0 1 0 1 AZIMUTH TABLE 

0 1 0 0 1 0 5 0 4 0 1 '0 2 AZIMUTH YOKE 

0 1 0 0 1 0 5 0 4 0 1 0 3 DEPLOYMENT YOKE 

0 1 0 0 1 0 5 0 4 0 1 0 4 DEPLOYMENT GEARMOTORS & 
LAUNCH LOCKS 

0 1 0 0 1 0 5 0 4 0 1 0 5 JETTISON EQUIPMENT 
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Tab le IV-2 (cont) 

WBS IDENTIFICATION NUMBER 

LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7 WBS IDENTIFICATION 

0 1 0 0 1 0 5 0 4 0 2 0 0 TELESCOPE GIMBAL ASSEMBLY 

0 1 0 0 1 0 5 0 4 0 2 0 1 OUTER GIMBAL RING 

0 1 0 0 1 0 5 0 4 0 2 0 2 OUTER ROLL RING 

0 1 0 0 1 0 5 0 If 0 2 0 3 INNER ROLL RING 

0 1 0 0 1 0 5 0 4 0 2 0 4 ROLL GEAR 

0 1 0 0 1 0 5 0 4 0 2 0 5 TELESCOPE P& C PLATFORM 

0 1 0 0 1 0 5 0 4 0 2 0 6 GIMBAL GEARMOTORS & 
LAUNCH LOCKS 

0 1 0 0 1 0 5 0 4 0 3 0 0 ARRAY PLATFORM ASSEMBLY 

0 1 0 0 1 0 5 0 4 0 3 0 1 ARRAY MOUNT 

0 1 0 0 1 0 5 0 4 0 3 0 2 PLATFORM GEARMOTORS & 
LAUNCH LOCKS 

0 1 0 0 1 0 5 0 4 0 4 0 0 SUPPORT EQUIPMENT SET 

0 1 0 0 1 0 5 0 4 0 4 0 1 CMG SUPPORT STRUCTURES 

0 1 0 0 1 0 5 0 4 0 4 0 2 WC X-RAY DETECTOR MOUNT 

0 1 0 0 1 0 5 0 4 0 4 0 3 y-RAY SPECT HOUSING & EXT MECH 

0 1 0 0 1 0 5 0 4 0 5 0 0 SOLAR TELESCOPE HOUSING ASSY 

0 1 0 0 1 0 5 0 4 0 5 0 1 TUBULAR STRUCTURE 

0 1 0 0 1 0 5 0 4 0 5 0 2 BULKHEADS 

0 1 0 0 1 0 5 0 4 0 5 0 3 SUNSHIELD-FIBERGLASS 

0 1 0 0 1 0 5 0 4 0 5 0 4 APERTURE DOORS 

0 1 0 0 1 0 5 0 4 0 5 0 5 DOOR ACTUATORS 

0 1 0 0 1 0 5 0 5 0 0 0 0 ELECTRONIC 

0 1 0 0 1 0 5 0 5 0 1 0 0 CONTROL & DISPLAY 

0 1 0 0 1 0 5 0 5 0 1 0 1 CB/DISTRIBUTOR PANEL 

0 1 0 0 1 0 5 0 5 0 1 0 2 MULTIPURPOSE CRT 

0 1 0 0 1 0 5 0 5 0 1 0 3 SYMBOL GENERATOR 

0 1 0 0 1 0 5 0 5 0 1 0 4 FUNCTION KEYBOARD 

0 1 0 0 1 0 :5 0 5 0 1 0 5 ALPHANUMERIC KEYBOARD 

0 1 0 0 1 0 5 0 5 0 1 0 6 KEYBOARD ENCODER 

0 1 0 0 1 0 5 0 5 0 1 0 7 MICROFILM VIEWER 

0 1 0 0 1 0 5 0 5 0 1 0 8 EVENT TIMER 

0 1 0 0 1 0 5 0 5 0 1 0 9 MISSION TIMER 

0 1 0 0 1 0 5 0 5 0 1 1 0 THREE-AXIS CONTROLLER 

0 1 0 0 1 0 5 0 5 0 1 1 1 ANNUNCIATOR BANK 

0 1 0 0 1 0 5 0 5 0 1 1 2 RECORDER 
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TabZe IV-2 (aonaZ) 

WBS IDENTIFICATION NUMBER 

LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7 WBS IDENTIFICATION 

0 1 0 0 1 0 5 0 5 0 2 0 0 ELECTRICAL 

0 1 0 0 1 0 5 0 5 0 2 0 1 LOAD CENTER SWITCH 

0 1 0 0 1 0 5 0 5 0 2 0 2 FEEDER CABLES 

0 1 0 0 1 0 5 0 5 0 2 0 3 JUNCTION BOX 

0 1 0 0 1 0 5 0 5 0 3 0 0 DATA 

0 1 0 0 1 0 5 0 5 0 3 0 1 DATA BUS INTERFACE UNIT 

0 1 0 0 1 0 5 0 5 0 3 0 2 COAX DATA BUS 

0 1 0 0 1 0 5 0 5 0 3 0 3 PALLET INSTRUMENTATION BOX 

0 1 0 0 1 0 5 0 5 0 3 0 4 DATA PROCESSOR 

0 1 0 0 1 0 5 0 6 0 0 0 0 THERMAL CONTROL 

0 1 0 0 1 0 5 0 6 0 1 0 0 THERMAL COATING 

0 1 0 0 1 0 5 0 6 0 2 0 0 MULTILAYER INSULATION 

0 1 0 0 1 0 6 0 0 0 0 0 0 LAUNCH OPERATIONS 

0 1 0 0 1 0 6 0 1 0 0 0 0 PRELAUNCH 

0 1 0 0 1 0 6 0 2 0 0 0 0 LAUNCH 

0 1 0 0 1 0 7 0 0 0 0 0 0 MISSION OPERATIONS 

0 1 0 0 1 0 7 0 1 0 0 0 0 MISSION CONTROL 

0 1 0 0 1 0 7 0 2 0 0 0 0 MISSION PLANNING 

0 1 0 0 1 0 8 0 0 0 0 0 0 SUPPQRT OPERATIONS 

0 1 0 0 1 0 8 0 1 0 0 0 0 EXPERIMENT CREW TRAINING 

0 1 0 0 1 0 8 0 2 0 0 0 0 SUSTAINING ENGINEERING 

0 1 0 0 1 0 9 0 2 0 0 0 0 GSE MAINTENANCE 

0 1 0 0 1 0 9 0 0 0 0 0 0 RECOVERY & REFURBISHMENT OPERATIONS 

0 1 0 0 1 0 9 0 1 0 0 0 0 TELESCOPES 

0 1 0 0 1 0 9 0 2 0 0 0 0 ARRAYS 

0 1 0 0 1 0 9 0 3 0 0 0 0 SUBSYSTEMS 
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