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FOREWORD

This report documents The Aerospace Corporation effort on
Study 2.4, Standardization and Program Effect Analysis, which was
performed under NASA Contract NASW 2727 during the fiscal year
1975. The study direction at NASA Headquarters was under Mr. N. Rafel,

Director of Program Practices of the Low Cost Systerns Office.

This volume is one of four volumes of the final report for

Study 2.4. The volumes are:

Volume I Executive Summary
Volume I Equipment Commonality Analysis
Volume III Program Practice Analysis

Volume IV Equipment Compendium

Volume I summarizes the overall study in brief form and
includes the relationship of this study to other NASA efforts, significant
results, study limitations, suggested research, and recornmended

additional effort. —

Volume II documents the analyses performed in selecting the
flight-proven hardware for the NASA new starts. Volume Il provides
information on the design~to~cost procedures used on an Air Force
satellite program and the available cost data on program practices that

exist at The Aerospace Corporation.

Volume IV catalogs housekeeping subsystem components
from eight NASA and nine DoD current satellite programs., The
compendium provides a summary of programmatic, technical, and

environmental data for each component.
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1. INTRODUGCTION

During the early satellite era, spacecraft components were
generally custom designed for each new program. As spacecraft technology
progressed, there was emphasis on the use of developed hardware in an
attempt to reduce cost and shorten the developrhent time, and yet maintain
system reliability, The current trend is to inherit equipment from a space-
craft within its own "family." The concept of using components from outside
the "family" can be expected to be limited, because the accessibility of infor-
mation such as a compfehensive listing of developed hardware that provides

technical and cost data is not currently available to designers.

This task was conducted to examine the feasibility and cost
savings of using flight-proven components from a large sample of current
NASA and DoD satellites for new starts. The accumulation of component
data was conducted during the earlier part of this study and is cataloged
in the Equipment Compendium, Vol. IV {(Ref. 1), This catalog and the LCS
Standard Equipment Announcement were used as the information source on

available flight-proven hardware.

The new starts that were analyzed for application of flight-

proven components are:

a. Large Space Telescope (LST)

b. Heat Capacity Mapping Mission (HCMM)

C. Stratospheric Aerosol and Gas Equipment (SAGE)
d. Solar Maximum Mission {SMM)

e, TIROS-N

The new starts represent a spectrum of satellite sizes in low~earth orbit.
They range from 136 to 11,340 kg (300 to 25, 000 1b) satellites. The
technical information describing the new starts was obtained from reports

such as conceptual studies, contractor studies, or spacecraft specifications.

1-1



The selection of the components for the new starts was
performed by subsystem specialists who used technical data supplied
by NASA and the Spacecraft Design and Cost Model (SDCM) computer
program, The catalog provided information on component capability,
but the most important task of the specialist was to establish the
required component parameters and component inventory from the
data in the new starts, The component parameters were develoﬁea
from spacecraft performance requirements and were integrated with
‘the subsystem requirements. Spacecraft variations were also analyzed
where the subsystez'n design concepts could be reconfigured to study

the cost impact of design alternatives.

A cost estimating method that can account for selected
components was required to cost the integrated spacecraft and alterna-
tive con.;figurations. Existing cost models are basfcally subsystem
oriented and aré not sensitive to conﬁponent variations. For this task,
a routine within an existing computer program was modified to cost
the_spaceci'aft on the basis of selected components. This spacecraft

cost model was developed for use on DoD and NASA satellites,
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2., ANALYSIS

2.1 INTR ODUCTION

The method of analysis that has been used in examining
the application of flight~proven components to new starts consists of
three major steps. First, a suitable preliminary configuration is
generated by a computer~based design model that is inputed with data
on the new start. Next the design by computer is supplied, to the space-
craft subsystem specialists who use the computer printout along with
component requirements to make the component selection from the equip-
ment compendium (catalog). Finally, the engineer-selected components
are inputed to a computer cost model {(that is component oriented) and
comparisons are run between designs for baseline {"'business as usual")
spacecraft and flight-proven component spacecraft, i.e., spacecraft
that employ previously developed components. The purpose of this
section is to describe the analytical procedure that bas been followed

and to describe the models that have.been used in the procedure,

2.2 SPACECRAFT DESIGN AND COST MODEL

The selection of developed components for use in a particu-
lar spacecraft design depends on (1) establishing the satellite performance
requirements, (2) identifying components and subsystems that will meet
the required performance, (3) analyzing the interrelationships among
all the components and subsystems, and {4) developing a sufficiently
large source (data basei from which a variety of components can he
selected. The first step is accomplished by consulting study reports
such as those referenced in this report covering new start satellites.

For the remaining steps, it was determined that an effective tool for



starting the design procedure was to use the Spacecraft Design and Cost
Model (SDCM)#*, The SDCM is currently operating and has been used

in numerous applications for both NASA and DoD. Conceptually, the
model first accepts as inputs such basic design considerations as operating
altitude, system reliability, type of subsystems, mission equipment ’
weight and power, and pointing requirements. It then produces a series
of subsystem characteristics that meet the input requirements, and,
finally provides as output the cost associated with each configuration.
The model comprises technical, reliability, and cost portions. The
technical portion of the model consists of a tw‘o—step_process: the first
step selects subsystem configurations that meet the basic design con-
siderations, and the second step selects equipment from a data base

to mechanize each subsystem configuration. The reliability portion of
the model adds redundancies to p‘-z'ow..ride component quantities to meet
the system reliability requirements. The output of the techmnical model
is a number of spacecraft configurations that meet or exceed the basic
requirements, Each configuration is provided with information down to
the subsystem component (assembly) level. The cost required to design,
build, and operate the spacecraft is estimated by summing the individual
costs for each component called out by the computer as paxrt of the
particular configuration. {The cost portion of the SDCM is not required
at this juncture in the analysis; however, a variant is needed later and

is described in succeeding paragraphs.)

The data base in the SDCM contains component data drawn
from the catalog (Ref. 1) and components irom other sources. The
numbering system is cross-referenced in the data base between the catalog
numbers and the SDCM identification numbers as shown in an example of
selected data base information in Table 2-1. A complete printout of the
data base can be found in Appendix B and a printout of the SDCM is provided
in Appendix C. '

#  The SDCM was derived from a cost/performance spacecraft model
developed for NASA over the past several years. A complete descrip-
tion of the model can be found in Reference 2,
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2.3 TECHNICAL ANALYSIS

The procédure for selection of the componenfs was per-
formed by the subsystem specialists. The information supplied to the
specialists was the SDCM machine-produced configuration and the new
start data. The SDCM provides such data as the estimate of load power,
solar array area, battery capacity, satellite mass inertia, control impulse,
and quantity of each component to meet system reliability requirements. The
type of information produced by the SDCM would generally require many
design iteration cycles before spacecraft integration could be achieved by
the various subsystem specialists. The SDCM performed the initial design
cycles and thus shortened the design time. The specialists used the com-
puterized design as applicable in generating the component requirements;
however, in most instances the development of the component character-
istics required extensive analysis of the new start reports. At times, the
reports provided component specifications, but most often they were sub-
system specifications from which component characteristics were generated
by the specialist. This was generally the case with stabilization and com-
munication subsystems where mission equipment and ground support speci~
fications are regquired to be integrated into the spacecraft. The require-
ments that were generated during the study or obtained from NASA -supplied
reports are, i’ncluded, along with the characteristics of the selected candi-
date components.

The comparison between component requirements and
candidate characteristics provided the selection rationale. The catalog
(Ref. 1) was used to provide data on the component characteristics, and
if information was lacking, the contractor component specifications
were further examined for additional data. Some of the components could
be used as is, and others that did not match up on all parameters required
modifications to adapt the unit to the subsystem. The extent to which
previously developed components required design modifications and repack-
aging or whether they could be incorporated with no changes was determined
by the specialist. He also determined which components could not be based

on previous designs and thus required new development.
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In addition to conceptually designing the nominal spacecraft,
alternative designs were also configured to increase the use of flight-proven
hardwares from the catalog. To allow use of more components from the
catalog, the subsystem performance in terms of weight and power control
was varied, but the basic requirements such as communication links and

spacecraft pointing accuracy were not varied in the study.

2,4 SPACECRAFT COST MODEL (SCM)

Previously, where the incremental costs associated with
alternative designs were to be examined, no method of cost analysis was
available that could accurately model such effects because prior models dealt
with aggregate subsystem rather than with component costs, Improvements
in cost data acquisition have made possible the development of a spacecraft
model (SDCM) that is component oriented. This model has been adapted so
that the cost portion of the program can be used independently, Thus, the
engineering design subroutine can be bypassed in favor of a detailed analysis
by subsystem specialists., Accordingly, changes made in the computer pro-
gram provide for direct inputs to the cost subroutine of (1) engineering data
concerning component identities and characteristics, and (2) performance in-
formation related to structure, thermal, wiring, and other non-component
assemblies. The result was a modified cost model computer program called
SCM.

. In essence, the inputs to SCM represent those that normally
would be produced by the engineering model subroutine within the complete
model, Inputs can be grouped into three classes--one general one subsystem
oriented, and the third component oriented. The first group covers the follow-

ing items:

a. Satellite name )
b. Quantity of qual units (full-flight design but not to be flown)
c. Quantity of flight units '

Year of constant dollars (e.g., 1975 dollars)

The next group covers data for each subsystem, i.e., stabilizations and

2-5



control, auxiliary propulsion, data processing, communications, electrical

power, structure, thermal control and mission equipment:

a. Type of subsystem configuration
b. Weight of subsystem (plus dry weight of auxilié.ry propulsion)
c. Mission equipment design, development, test, and’ engineering

(DDT&E) and unit cost (if needed--treated as thru-put)

The third group includes the following information:

a. Identity code number of each component in each subsystem

b. Percentage of normal DDT&E that each component requires

c. Quantity of each coniponent required

d. Percentage 6f normal DDT&E that non-catalog assemblies
and subsystems require

€. Thrust of attitude control and translational thrusters

f. Data processing bit rate for spacecraft ilousekeeping and
rate for mission equipment

g. Harness weight

h. Power control weight

i. Weight of converters

Je Solar array area (square-foot) and weight

k. Battery capacity (A-hr) and number of cells per battery

Figures 2.1 and 2.2 are copies of input keypunch forms
actually used in preparing SCM cost estimates; they show all of the above input
data requirements. An example of the machine output is illustrated in
Figure 2,3 where breakdowns are shown for major categories of DDT&E and
unit (recurring) cost by s_i:tbsystem and total spacecraft, Figure 2.4 contains
a further breakdown by components.

The key to the usefulness of the SCM is that it allows the
analyst to select all components and their quantities, and most importantly,
it allows percentage factors to be applied to DDT&E for all components. Such
a procedure gives an analyst the ability to vary component development cost
from O to 100 percent. (In fact, percentages greater than 100 can also be
applied.,} When percentages less than 100 are applied to a particulaxr
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component, the computer program treats the component as an off-shelf item
and assumes that its production cost is less than normal, i.e., its cost has
decreased on the basis of learning-curve assumptions, System engineering

and program management costs are included in the cost output; -however, it

is assumed that such costs would be relatively unchanged when previously
developed compf.ments are used in a design, Such an assumption appears to

be borne out by an initial examination of certain Air Force STP costs. Accord-
ingly, the SCM can provide the data to permit comparisons of full development
programs with programs that employ previously developed hardware in their

designs.

2.5 STUDY CONSIDERATIONS

The foregoing discussion described the technical approach,
cost methods, and tools that were used in the study. It should be recog-
nized that all areas did not fall within the described technique, The exceptions
were in the structures and thermal subsystems, component environmental
- requirements, and component. modification cost factors.

The structure and thermal subsystems were examined
parametrically by the SDCM computer model, The model is programmed to
provide subsystem characteristics which are based on housekeeping equipment
data and spacecraft size.” This model was developed by technical specialists
using the Aerospace data bank to develop the necessary coefficients. The
structures and thermal costs that are generated by this method are applied
with 100 percent DDT&E to each new start and to both baseline and low cost
configurations., The baseline configurations are business-as-usual spacecraft,
and low cost configurations are spacecraft with a great amount of flight-
proven hardware. The structure and thermal subsystems are generally not
transferable between programs and, therefore, incur new development costs,

The environmental requirements in terms of component
vibration and temperatures were not supplied or developed in the study,
Generally the derivation of suitable component vibration levels for NASA/

GSF'C satellites is a task typically performed by the prime contractor,



Effort was not expended in this study to quantify the environmental levels
except to review the general environmental specification (Ref. 3).

The values inh Reference 3 which are intérface vibrations could be factored
by a resonant magnification factor. It is known in some instances that

the levels have been multiplied by a resonant mag;lification factor of five at
frequencies where component resonances may be expected. This approach
would result in increasing the power spectral density values in the general
environmental specification by a factor of 25, Such an approach would
probably result in prohibitively high levels over the broad frequency range
of possible resonances which would have to be assumed in the absence of
detailed information. If such an approach was taken, the estimated environ-
mental requirements may have disgualified most o‘f the flight-proven com-
ponents. In the absence of definitive component criteria, it was concluded
that reasonable consideration of required component ca.pa.bilities.. could not
be made at this fime,

When component modification is judged to be needed by the
technical specialist, costs are estimated by reviewing each equipment and
applying cost factors consistent with the amount and kinds of changes
required. Such factors are used uniformly across all of the new starts

considered, A schedule of the factors that are uséed is shown in the following

tabulation,

Component Modification DD(F’%%{E

No change (use as is) ' 0
Minimum change (minor adjustments) 10 to 25

Repackaging and requalification 50

" Partial redesign, repackaging and ' 75

requalification
Redesign, repackaging and requalification 100
New development 100




The preceding cost percentages are applicable to DDT&E cost only; however,

they can have an effect on unit (recurring) cost as explained in Section 2. 4.
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3. LARGE SPACE TELESCOPE (LST)

3.1 MISSION DESCRIPTICN

The LST mission equipment consists of an optical telescope
assembly (OTA) and scientific instrument (SI). The OTA includes the 3-meter
aperture optics, associated structures, thermal control, fine guidance sensors
optical performance sensors and controls and electrical distribution. The
associated structures are optics mounting structure, focal plane structure,
internal light baffles, and interface structure.

The SIis a package of individual scientific instruments
such as cameras, IR spectrographs, and polarimeters. The support
hardware which is dedicated to the SI is also considered part of SI. The
weight and power of the OTA and SI are listed in Table 3.1.1 (Reference 4)
and the overall arrangement of the payload is shown in Figures 3.1.1 and
3.1.2. The function of the SI is to convert the OTA focal plane energy into
scientific information which is transferred to the support service module
(SSM) for transmission.to earth stations. The SSM houses the electrical
power, communication, data handling, thermal control, sun shield, coarse
attitude sensing, and attitude control subsystems.

The nominal operating orbit is a 500 km (270 nmi) circular
orkit in 28. 8 deg, inclination., The satellite will be launched and serviced
by the Space Shuttle. The initial launch is scheduled for CY 82 with the
first servicing being return to ground by the Shuttle. The nominal servicing

interval is two years,

3.2 MISSION EQUIPMENT REQUIREMENTS

The housekeeping subsystemn requirements to meet the
mission requirements are summarized in Table 3.2,1. These basic sub-

system requirements were obtained from References 4 and 5. The system



design goals and system weight limit are also included since they influence

the component redundancy.

3.3 SPACECRAFT DESCRIPTION

The information supplied in the MSFC requirements docu-
ment (Reference 4) was inputed into the SDCM computer program to provide
the initial set and type of component required for each subsystem. The
computer output along with the MSFC LST Phase A report (Reference.b) pro-
vided the necessary information for the engineer to select candidate components
from the catalog. The rationale for the selected candidate components is
described in subsystem sections that follow.

' The estimated total satellite weight and electrical power
using as many catalog components as feasible, is 10, 600kg (23, 300 1b) and
1880 W, respectively. The subsystem weight and power that are listed in
Tables 3.3.1 and 3, 3, 2 are actual values for selected components and esti-
mated component weights and powers for the units requiring new development,
The structure and mission equipment (payload) data were obtained from the
referenced sources and were not determined in this study. The estimated
spacecraft reliability is 0, 88 at two years. This reliability is estimated for
the L.ST configuration with the auxiliary propulsion (AP) desaturating the,
control moment gyros (CMG),. The recommended configuration is to use mag-
netic torques to desaturate the CMGs and to use AP as an emergency backup.
The spacecraft reliability increases to 0.9 at two years when magnetic torques
are used to desaturate the CMGS. The spacecraft reliability which was
computed by the SDCM is presented in Table 3. 3. 3.

The reliability calculation used the actual failure rates for
candidate components, and representative failure rates for new hardware

and r edundancy.



Table 3.

1,1 LST Payload Weights, Power and Reliability

Weight Power Reliability
. (one year)
~ kg 1b W
OTA (3m optics) | 4,598 |10,136 825 0. 90
s1 907 2,000 440 0.90"
TOTAL 5,505 |12,136 | 1,265 0. 81

" assumed overall SI reliability

Figure 3,1,1 LST Operational Configurations.
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Figure 3,1.2 ILST Configuration and Payload Arrangement (Reference 3)




Table 3.2,1 LST Mission Requirements

Items

Requirements

Stabilization and Control
Coarse pointing
Fine pointing
{using OTA)

Auxiliary Propulsion
Electrical Power

Communication and Data Handling

Primary network

Alternate network
Data storage
Command storafge

Payload data rates

System
Design life

System weight

Orbit
Circular nominal
Range

Inclination

2 axis T 0, 15 prad (30 sec) 3¢
LOS t1,75 prad (0.1 deg) 3¢

3 axist 4.8 prad (1 sec) 1o

0. 079 rad/min (4.5 deg/min)
100 maneuvers/axis

Solar and rechargeable battery
28 t 2% V supply

TDRS

Single access available 1/3 of
orbit

Multiple access available 85%
of orbit

STDN
1 09 bits
24 hours

1 frame/orbit
600 M bits/frame

. One year reliability goal degraded

mode between one and two years

<11, 340 kg (25, 000 Ib)

500 km (270 nmi)
480-590 km
28. 8 deg




Table 3.3.1 LLST Weight Summary

SUBSYSTEMS WEIGHT
kg 1b
Stabilization and Control 534 1178
Auxiliary Propulsion
Dry Weight 48 106
Expendables 20 " 44
Communication and Data 83 184
Handling
Electrical Power 1162 2562
Structure )
Equipment Bay a 1058 2333
Adapters = 2007 4424
Thermal Control # 136 300
Mission Equipment -
O'l‘.Ab 4598 10,136
s1® 907 2, 000
TOTAL 10,554 23,267

Eﬂ'Re:Ee rence 5

bReference 4




Table 3. 3.2 L.ST Power Requirements

Subsystems Average Power
(W)

Stabilization and Control 178
Auxiliary Propulsion 0
Communication and Data Handling 136
Thermal Control 0
Structure 0
Mission Eq'_uipmenta 1265
Electrical Power and Contingency 299

Total Average Load 1878

EJ"Referenc:e 4
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Table 3. 3. 3 Reliability Estimate

ITEMS RELIABILITY 2
Stabilization and Control 0.9657
Auxiliary Propulsion 0.9474
CDH 0.9638
Electrical Power 0.9988

Spacecraft 0. 88.
Mission Equipment 0.81

Satellite L 0.71

MMD b months 21.6

a .. P
Missgion lifetime of two years,

b Expected duration of the mission before a failure occurs.
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STABILIZATION AND CONTROL {SC)

The SC is to provide the capability for the LST to view any.
source on the celestial sphere at any time while avoiding sun, moon, and
earth interferences. The spacecraft course pointing system is to provide
sufficient accuracy for the fine pointing system to take over the stabilization,
The fine pointing is to be achieved with the OTA fine guidance system pro-
viding the sensor information.

The SC functidna.l block diagram is shown in Figure 3.4,1
(References 5 and 6), The subsystem uses sun, star, and magnetic field
sensors; momentum wheels, magnetic torquers, and reaction control actuators;
and a centralized computer. Either CMGs or reaction wheels (RWs) c-an
provide the required poi‘nting accuracy; however, the CMG is preferred over
the RW (Reference 6) because CMGs are lighter, consume less power, and
provide faster spacecraft repointing., The control torquers to desatuate the
CMGs are provided by the magnetic torquers, The reaction control thrusters
are used for emergency sun acquisition mode and control of large disturbances
during docking operation. The attitude sensors are the sun sensors, fixed-
head star trackers, the reference gyro assembly, magnetometers, and the
OTA find guidance system. All of the sensor signals are inputted to the
transfer assembly for routing to the digital processor assembly in accordance
with the control mode in operation at the time. - The transfer assembly
serves as the interface between the sensors, computer, and actua.tors-. The
digital processor receives the appropriate sensor data and computes the
commands for the CMG gimbals, magnetic torquers, solar panel drive
motors, and valve drive amplifiers, and compensates for gyro drift.

The selected candidate components for SC are summarized
on Table 3.4.1. This table provides a listing of components, guantity of
each component, catalog index number, weight, and power. Also shown in
the table is the alternate control actuator unit. The RW is shown as an
alternate to the CMG.

3-9



01-¢

Table 3.4.1 LST Stabilization and Control Weight and Power

POWER
COMPONENTS RNCI:CL Ir&%?x Weight Operate Standby Tot., Pwr,
kg 1b )i Duty W Duty W
Reference Gyro Assy. (1) 3.} Ni-1-1 17.7 39.0 24 100% 24
Fixed Head Star Tracker 3 HEAOQO 16.0 35.4 10 100% 10
Coarse Sun Sensor 5 | HEAO 0.5 1.0 0 0
Magnetometer 2 | N3-1-1 0.7 1.5 1 100% 1
Magnetic Torquers & 6 | (nh)? 143.3 | 315.9 | 20 | -100% 20
Elect,
Control Moment Gyro & 4 | HEAO 308.0 680.0 70 100% 70
Elect, (2)
Transfer Assembly 2 | (nh) 9.3 20.6 27 100% 27
Digital Processor HEAO 6.8 15,0 16 100% 16
Assembly (1) '
Valve Driver Assembly (nh) 17.4 38.4 0 0
Solar Array Drive 2 | D1-1-5 14,1 31.1 10 100% 10
TOTAL 534 1178 . 178
(1) internally redundant
(2) alternate configuration
Reaction Wheel "4 | D8-1-2 128 282,0 | 435 20% 60 80% 135
Reaction Wheel 4 | D8-1-3 18 40 50 100% 50
Electronics

a
New hardware




Reference
Gyro Assembly
(6 gyros)

Fixed Head
Star Tracker
(22 and 1r)

Coarse Sun

Sensor
“{4a and 1r)

-

OTA Fine
l Pointing
' Assembly

h-————

l.
|-‘—’!—
B

Magnetometer
(1a2 and 1z1)

-Transfer

Assembly

Magnetic
Torquers and

Electronics (6)

Valve Driver
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(z)

Control

Moment Gyro
(4)

Sclar Actuator
Dzxive

(2)

Digital
Processor Assy
(la and 1r)

Figure 3.4.1 LST Stabilization and Control Subsystem
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3.4.1 Reference Gyro Assembly (RGA)

The RGA is an assembly with six floating single-~-degree-of-
freedom rate integrating gyro units. The gyros are arranged in a skewed
dodecahedron configuration. The unit provides rate and position information
during the star tracker or guide star occultation control modes. Any three
of the six gyros are to provide the three-axis attitude measurement data.
The most suitable assembly should be the unit selected for HEAQ or the
unit described in the NASA Low Cost System Standard Equipment Announce-
ment, assuming it can be flight qualified. The NASA standard unit employs
non-floating, strapdown gyros and is called Dry Gyro Inertial Reference
Unit (DRIRU). Two RGAs from the catalog which have performance char-
acteristics that may be equivalent to the HEAOs Bendix gas bearing spin
axis tyros alre:

a. 0O50-1 (N1-1-1), Azimuth Reference Assemblies. Each
unit consists of a pair of gyros in a thermal enclosure
which also houses ancillary electronics and heaters. The

bias drift stability is #0,001 rad/hr (£ 0.06 deg/hr} over
a four-hour period.

b. Nimbus/ERTS (N7-1-3), Rate Measuring Package., Each
unit has one gyro and associated electronics. The bias

drift change over one year is less than £0.004 rad/hr
( £0.25 deg/hr).

The candidate OSO-I (N1-1-1) unit will require repackaging
to arrange the six gyros in dodechedron orientation. It is estimated that the

development is approximately 50 percent of a new deve’lo‘pflent assembly,
s

3.4.2 Fixed-Head Star Tracker (FST)

The FSTs are used for pointing the spacecraft within the
fine pointing field of view (FOV) of the OTA, The FST requirements are:

Detection +6 magnitude stars or higher

Accuracy 0.15 m rad (30 arc sec), 3¢ transverse axis
1,80 m rad (0.1 deg), 3¢ LOS

FOV +0.052 rad (3 deg)

Three FST are positioned 0.79 rad (45 deg) apart in the

transverse plane of the LST longitudinal axis. The two other FSTs are positioned

3=12.



along the telescope viewing axis and located in the OTA fine guidance system,
The catalog does not provide any star trackers meeting the LST requirements.
The closest candidate unit is used on SAS-C (N3-1-3). The capability of the
N3-1-3 anit is;

FOV 0.09 x 0.17 rad (5 x 10 deg)
Detection - +4 magnitude star
Accuracy t0. 00145 rad. (55 arc min)

The HEAQ star tracker recommended in Reference 6

- appears to be the best candidate.

3.4,3 Coarse Sun Sensor

The coarse sun sensor requirements are:

FOov 2w steradian
Linear range 10,175 rad (£10 deg)
Linearity =~ 2%

Null accuracy 1,8 m rad (6 arc min)

The only passive units in the catalog with the required FOV are the ATS-F
two-eye (N6-1-10) and three-eye (N6 ~1-9) devices. These units do not meet
the requirements since the accuracy of the ATS-F devices are £0. 05 rad
(13 deg). The HEAO sun sensor which is not in the catalog should be

the candidate unit,

3.4.4 Magnetometer

The magnetometer requirements are based on the unit used
on the OAO program ; it has a range of i’_SO microtesla. The catalog has
three magnetometers that should be suitable candidates. The three candidates
exceed the performance requirements and their weight is less. The character-

istics of the candidate units are compared in Table 3.4, 2.
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Table 3.4,2,

Candidate Magnetometers

: SAS-C P72-1 - s3?
Parameters OAO Spec. (N3-1_—1) (D2-1-3) (D4-1-3)
Range (microtesla) +50 t50 t50 t60 (f10)
Sensitivity (V/microtesla) | 4.2 x 10™2 12 x 1072 4.9 x 1072 4.2 x 1072 (25 x 1072)
Linearity (microtesla) t1.5 to.2 To.5 10. 06 (0. 006)
Drift (microtesla) to.6 +0. 36 NA +0. 2 (0. 06)
Weight (kg) 3 0.68 1.5 0. 91

& The dual figures are for high range and low range, respectively,




3.4,5 Magnetic Torquer

The required size of the magnetic torquerer is to provide
a dipole moment of 2, 000 A mz (0.15 ft-1b/Gauss) per electromagnet. Two
such electromagnets per axis are required to desaturate the CMG and to
provide a backup direct control torquer in event of CMG failure, There
are no magnetic torquers in the catalog with the required magnitude of
dipole moment. The largest unit in the catalog is 98 A :m2 which is used in

the atmospheric explorer. The hardware will have to be developed.

3.4.6 Control Moment Gyro

The total momentum required to provide a maneuvering
capability of 1.57 rad (90 deg) in five minutes is 1000 Nm about the major
axis of the LST., The CMG momentum per actuator is 333 Nm for three
double-gimballed‘ CMGs, and 265 Nm for four single-gimballed CMG, A
four~-RW configuration will require twice the CMG momentum per actuator
because a RW does not use its total momentum capacity effectively., The
RW unit weights will, therefore, be twice the CMG and will use more power
during maneuvers. At 1000 Nm output torque, the RW power requirement
will be in the order of ten times that used by CMG.

The only CMG listed in the catalog is the unit used on STP
71-2. The unit momentum capacity is only 4.5 Nm and is therefore unsuitable.
The HEAQO unit appears to be the only available CMG.

A candidate RW is the unit used on the Defense Support
Program (DSP) (D8-1-2). This unit has an angular momentum of about
508 Nm which is nearly twice that required. The data on the associated
electronics unit are provided in the catalog data sheet D8-1-3, The combined
reliability of the wheel plus electronics is 0.922 for 15 months. Although the
RWs will consume much more power than CMGs during a slew maneuver, this
will probably occur only during a small percentage of the time, and the
average power level might be acceptable. It is understood that the require-
ment for slewing 1.57 rad (90 d'e g) in five minutes may be waived, in which

case RWs become more attractive.
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3.4.7 Transfer Assembly (TA)

. The transfer assembly is the interface unit that inter-
connects the sensors, actuators, computer, and electronics for control
mode logic, power converter, and switching. Although the TA can be a
modification of the HEAO TA, it will be agsumed in this study as new hard-

ware because of the amount of modification that will probably be required,

3.4.8 Digital Processor Assembly (DPA)

The design reference of the DPA is the CDC 469 computer
that was selected for HEAO.  The software must be developed for the LST
but the hardware will be essentially identical to HEAO, There are no DPAs
- in the catalog that will meet the CDC 469 computer capability which is six
2000-word memory expandable to 64, 000 words, and 16 bit instruction and
data words. The software effort is estimated to be 50 percent of a new

development.

3.4.9 . Valve Drive Assembly (VDA}
!

The valve driver for the selected reaction control thrusters
is recommended. The VDA will, however, require redesign and repackaging
for the logic signal and command signal input interfaces because the unit is
: packaged within the STP 72-2 control logic box. The estirmnated DDT&E is

50 percent of a new unit,

3.4.10 Solar Array Drive (SAD)

The SAD requirements are:

Torque 4,07 Nm
Angular position +0.07 rad (4 deg)
Rotational rate 8.7 mrad/s (0.5 deg/s)

The FLTSATCOM SAD (D1-1-5) appears to be the best candidate. The unit
produces a minimum of 8,2 Nm torque and a proportional accuracy of
£0.02 rad (+1 deg). The fastest rotational rate is 4.2 mrad/s (0.24 deg).



This maximum rate is used for slewing and is established by the minimum
stepping period, The data on the unit indicate that the minimum period

is not a limitation of the stepper motor but of the chosen design of the SAD
electronics, The rate could probably be increased by a minor redesign of
the electronics. The electronics will have to be repackaged since they are
contained within the FLTSATCOM control electronics assembly, and re-
designed to ensure proper input and output signals. Other important SAD
requirements such as the number of slip rings, current, noise, and torsional

and transverse stiffness must be defined and compared.
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3.5 AUXILIARY PROPULSION

The auxiliary propulsion subsystem is used for emergency
control in event of SC failure, backup control in the vicinity of the

Shuttle, and large control authority in case of misdock., The performance
requirements to provide the emergency backup to the SC was determined '

in Reference 6 and is summarized in the following tabulation.

PARAMETERS REQUIREMENTS

Type ’ Cold gas
Total Impulse 12200 Ns (2720 lIb~-s)

(2515 1b sec + 10%)
Thrust Level ' 44, TN (10 1b)
Number of Thrusters 6
Design Life 2 years
Refurbishment Ground servicing
Reliability No.Single Point Failure Mode
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Because of the low total impulse requirements, the recom~
mended type of propellant is cold gas nitrogen. The tank and propellant
weight are low and the cold gas nitrogen system is inherently most simple
"and reliable.

Redundancy is to be provided at each component to meet
-the single point failure mode criteria, i.e., redundant tanks, regulators,

and thrusters. In the event of leakage, each component may be isolated by

a command to close a latching solenoid. The functional diagram of the AP is
shown in Figure 3. 5 1. The thrusters are to be mounted in a cluster of three
primary and three backup. The 20 kg (44 1b) of nitrogen is contained in two
36,200 c:rn3 (2200 in, 3) volume tanks and under 2480 N/cmz*, {3600 psia)
pressure. The pressure regulator is to provide a regulated outlet pressure
of 103 N/cm? (150 psia). |

The candidate components are listed in Table 3,5, 1 and

the selected components are listed in Table 3. 5.2 with the rationale for
selection, All selected components are flight-proven units with modification
limited to changing the ''set point" of the pressure regulator. No new com-
ponent development is necessary; however, the integration of components
including the plumbing will require the normal development procedure.

The NASA standard propellant control assembly that is listed in the L.CS
Standard Equipment Announcement is not applicable because the unit is for
hydrazine propellant,
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Table 3.5.1 AP Candidate Components

Index No.,
Components No. Rq'd. Remaxrks

Tank D3-2-1 4 29 kg (64 1b)

Dg-2-3 3 22 kg (49 1b)
D9-2-2 2 20 kg (43 1b)

Thruster D3-2-2 2 Thrust must be derated from
67 to 44 N (15 to 10 1b) by
reducing inlet pressure

D9-2-1 4 3 valve cluster, early
version of above design

Pressure - D3-2-5 2 Integral relief, set point

Regulator change from 148 to
103 N/cm?2 (215 to 150 psi)
N1-2-3 4 Max, pressure marginal
set point change from 152 to
103 N/cm? (220 to 150 psi)
D7-2-5 2 Integral relief, set point
change from 345 to
103 N/cm? (500 to 150 psi)

Filter N1-2-6 1 MS fittings must be added

Isolation N1-2-4 8 One year design life

Valve D3-2-8 8 Six month design life

Fill/vent D3-2-7 1 Flight proven 0.1 kg (0,16 1b)

Valve D7-2-6 1 Not flown 0.3 kg (0. 72 1b}
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36, ZOO.CEn w7/ latching valves v,
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| !
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3 imfn 2 2 3
filter (54) - — bacl_cup thruster
. (typical 6 places)
valve primary thruster thrust: 44.7 N
nozzle (typical 6 places) (10 1bf. )

thrust: 44.7 N {10 Ibf)

inlet pressure: 103 N/cm? {150 psia)
specific impulse: 639 N s/kg (65 sec)

Figure 3.5.1 LST Auxiliary Propulsion Functional Diagram
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Table 3.5.2 Selected Components for AP

Components Index No, Weight Reason for
P No. Rq'd. kg 1b Selection
Nitrogen Tank D9-2-2 2 19.6 43.2 | Lower weight tank
Thruster D3-2-2 12 7.4 16.4 | Latest design
Pressure Regulator| D3-2-5 2 3.7 8.2 | Minimum set point
| change
Filter N1-2-6 1 0.1 0.3 | 10 micron absolute
filter
Isolation Valve, N1-2-4 8 12. 0 26,4 | Longer design life
Latching Solenoid units good for
longer durations
Fill/Vent Valve D3-2-7 1 0.1 0.2 | Flight demonstrated
unit
Relief Valve Integral 2 Integral unit
w/press (pressure reg)
reg
Temperature (std) 2 0.2 0.4 | Off-the-sghelf
Transducer
Pressure {std) 4 0.4 0.8 | Off-the-shelf
Transducer )
Test Port (std) 1 0.1 0.2 | Off-the-shelf
Plumbing (mh)® | 15m | 4.6 10.0
Dry Weight 48,1 [106.0
Nitrogen Prop. 20,0 44. 0
Wet Weight 68.1 150,0

a
New hardware




3.6 ELECTRICAL POWER (EP)

The electrical power subsystem is required to provide an
average power of 1878 W (see Table 3. 3.2) at a bus voltage of 28 Vdc 12%.
This average total power includes 300 W for power conditioning and storage,
and overall contingency. The EP is an oriented solar array - battery type
system. The required power conditioning is achieved with the series load
regulation configurations. This configuration is shown in Figure 3.6.1; it
functionally meets the conditioning requirements but has a relatively high
power loss in the selected power converter units, The type of components,
number of components to achieve EP reliability, candidate components
from the catalog,and the weight are listed in Table 3.6, 1.

Alternate configurations have been analyzed to evaluate
the effects of having a higher percentage of flight-proven components in the
EP subsystem. The alternate configurations are the shunt and discharge
voltage regulation, and the shunt voltage regulation configurations, The
functional diagrams of these two alternate configurations are shown in Figures
3.6.2 and 3,6, 3 and the candidate components are listed in Tables 3. 6.2 and
3.6.3., The shunt and discharge voltage regulator configuration will provide
28 Vdc T 4% service and the shunt voltage regulator configuration will provide
28 Vdc T 16% service, The components in the shunt voltage regulation con-
figuration can use all flight-proven units except for the solar array,

The shunt and discharge voltage regulator configuration,
being slightly out of the required voltage control range,has a significant
reduction in the solar array area because of its more efficient converters,
The cost comparison of the three configurations is presented in the cost
estimates section, -

For both of the alternate configurations it is assumed that
the voltage control can be achieved by secondary converters located at the
load unit, i.e., decentralized power conditioning, The alternate configura-
tions provide design flexibility since equipment power requirement changes

are limited to the converter at the load unit.
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Table 3.6.1 LST Electrical Power Subsystem

Weight, Series Looad Regulator Configuration

COMPONENTS e o Inl\‘llix Weight
. (kg) (ib)
Power Converter 24 D1-3-4 131.7 290.4
Power Control Equipment 6 D4-3-2 9.4 20.7
{A-hr meter)

Battery Charger 6 (nh) 8.2 18.0
Solar Array (547 ftz) 2 {nh) 372.0 820.0
Battery (20 A-hr, 22 cells) 6 |D8-3-6.] 143.4 316.2
Harness 446.8 985. 0
Sclar Array Boom 50.8 112.0

‘TOTAL 1,162, 2 2,562.3
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Table 3.6.2 LST Electrical Power Subsystem
Weight, Discharge Voltage Regulator Configuration

COMPONENTS leg;d In§2x Weight
(kg) (1b)
Power Control Equipment 6 D4-3-2 9.4 20.7
(A-hr meter)

Power Control Unit 1 (nh) 4.3 9.4
Shunt Regulator 20 |D2-3-1 10. 4 23.0
Discharge Regulator 6 D2-3-2 26.6 58. 6
Battery Charger = 6 (nh) 13.6 30.0
Battery (20 A-hr, 22 cells) l 6 D8-3-6 143, 4 316.2
Solar Array (391 ft2) 2 (nih) 265, 4 585, 2
Harness 446, 8 985, 0
Solar Array Boom 50. 8 112.0

TOTAL 971 2,140.1

a'Ba*,tf:ery charger to include current sensor
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Table 3.6.3 LST Electrical Power Subsystem
Weight, Shunt Voltage Regulator Configuration

COMPONENTS RI;’;; | e Weight
(kg) (Ib)
Power Control Unit # 2 D8-3-1 10.9 24.0
Shunt Regulator 34 D8-3-2 64.8 142. 8
Solar Array (391 £t%) 2 (nh) 265. 4 585, 2
Battery (20 A-hr, 22 cells) 6 D8-3-6 -1 143.4 316.2
Harness 446. 8 985.0
Solar Array Boom 50.8 112.0
TOTAL | 982 2,165

a Modify to drive 34 shunt regulators
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3.6.1 Power Converter

The power converter requirements and candidate unit

capability are as follows:

Parameters Requirements Candidate
(D1-3-4)
Input Voltage 20 to 60 Vdc 20 to 70 Vdc
Output Voltage 28 vdc T 2% . 28 Vdc T 1%
Output Power /Unit 300W Max. 75W
Efficiency @ Max., Load 90% 72%
On/Off Command Cap. Yes Yes
Current. Limiting Yes ' Yes

The candidate unit is used on Fltsatcom and is a buck
boost load regulator type that controls the varying input into a 28 Vdet 1%
supply. The parameters not met by the candidate unit such as efficiency
and power rating can be satisfied by increasing the solar array area and the
number of units, The other units.in the catalog do not meet the input voltage
range and output voltage limits. The DDT&E is estimated at 10 percent of

a new developmerit unit. This unit is used in the series load regulator

configuration.

3.6.2 ) Power Control Equipment

The power control equipment is an ampere-hour meter
and a current sensor for the battery charger. The requirements and the

characteristics of the candidate equipment are as follows:
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Candidates
Parameters Requirements
{D4-3-2) {(D3-3-2)
State of Change 100% 100% 100%
(of 20 A-hr)
State of Change (for 50% 50%
© load removal - i 30% 30%

command)
Charge and Dischargg Yes No No

(Battery Current)

The candidate units will require modifications, i.e., the
second candidate unit must be modified to provide a 30 percent state of
change (SOC) signal, and both candidate units must be modi:_‘ied to provide
battery ;:urrent. The units can be powered from the regulated 28 V output.
The DDT&E for the modifications is assumed to be 25 percent of a new
development unit. This device is used for both the series load regulators,

and shunt and discharge voltage regulation configurations,
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3.6.3 Battery Charger

The battery charger for the series load regulation con-

figuration requires the following characteristics:

Parameter

Requirements

Type

Input Voltage
Charge Current Limit

Charge Voltage Limit

Trickle Current

Special Design Features

Current and voltage limited with
trickle standby

40 to 60 Wfdc
20 A

Temperature dependent, linearly,
decreasing from 33V at 272K (30 F)
to 31V at 305K (90°F)

0.5 A

Automatic switch from high to trickle
rate upon receipt of 100% SOC signal
from A-hr meter or reach the voltage
limit. Automatic cut-off of charge
current for battery temperature
greater than 308K (95° F)

There are no charger units in the catalog that will operate

at the input voltage range and have the desired control functions.

The battery charger for the shunt and discharge voltage

regulator has the same requirements as listed above except for the following:

Parameters

Reguirements

Type

Input Voltage

Special Design Features

Voltage boost-current and voltage
limited with trickle charge

28V T 4%

On/off command capability from the
power control unit
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The catalog does not list a charger with the preceeding
design parameters.

The battery charger for the shunt voltage regulator con-
figuration includes the power controi unit (PCU) since the candidate unit has in-
corporated both functions ‘within one box. The 'candid:ate unit D8-3-1 controls
battery charge and discharge, drives the shunt regulator to limit the maxi-
mum bus voltage, senses minimum bus voltage, and distributes the main bus
to spacecraft loads. The candidate unit will provide 23 to 32V bus voltage,
and can charge three batteries and drive four shunt regulators per unit. The
unit must be modified to drive 17 shunt regulators per charger unit. To make

this modification, it is estimated that the DDT&E effort will be 75 percent of
a new unit.

3.6.4 Battery

The battery requirements as determined by the SDCM

computer program to supply an average power of 1878 Wattg are as
follows;

Electrical No. hye [ No. Total
Power Config. Cells A-hr/[Bat. Bat, A-hr
Shunt Voltage 22 32.4 3 97

Regulator
Series Load 20 32.4 3 97

Regulator

The catalog listed batteries do not meet the requirements as determined by
the SDCM. The alternate approach is to select larger gquantities of batteries
to meet the total required A-hr, The depth of discharge (DOD) that was used
in the SDCM was 30 percent whereas NASA normally uses a 20 percent DOD.
Thus, to be conservative, a larger number of batteries will be used in this
study than indicated by the SDCM. The selected quantity was 'six 20-A-hr

or four 30-A-hr batteries as indicated in the following tabulation,



Electrical Candidate No N Total
Power Index c li A-hr/bat, B ot. . AO 1_?‘
Configuration " No. elis -=at. ~ar
Shunt Voltage D7-3-4 22 30 4 120
Regulator
Series Load D6-3-2 20 20 6 120
Regulator

Battery assemblies using the standard cells in the Low Cost Systems Office

(1.CSO) Standard Equipment Announcement can also be used. The assemblies
will require temperature protection and automatic charge in}_ﬁbit/ terminate at
308K (95°F) Under-~voltage protection should also be provided by automatic
shedding of all nonessential loads as a result of either a =24V 31gnal from a

battery or a 70 percent DOD from an A-hr meter if one is used.

3.. 6.5 Solar Array

The solar array requirements for an oriented flat paddle

as determined by the SDCM computer program are as follows:

Requirements
Parameters Shunt Voltage Series Load
Regulator Repgulator
SDCM SDCM Modified *
Power, W

BOL 3883 4350 . 5438
EOL, 3689 4133 5166
Area, m 36 41 51
CE2) (390) (437) (547)
Weight, kg 265 297 372
(1b) (584) (654) (820)

% Values reflect the low efficiency of the candidate load regulator.
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The average power load is 1878 W. None of the arrays in the catalog meet
the power output and the mechanical design constraints imposed by the LST.

The array is a new development,

3.6.6 Power Control Unit

The PCU is used in the shunt and discharge voltage
regulation configuration. The unit optimizes the use of array energy
through control of duty cycle for the shunt regulator, battery charger, or
discharge regulator, The unit senses the load bus and commands the charger
"on' after an eclipse. If the bus voltage is high, the shunt regulator is com-
manded "offt! until the bus voltage drops to its low range, Then the discharger
regulator is commanded '"on" and the charger and shunt regulator are com-

manded "off'',

The PCU requirements are as follows:

Parameters . Requirements
Type Autonomous and ground commandable
Input voltage 28V t 4%
Special design Control the "on/off" status of the EPS
features equipment so that the battery recharges

immediately after an eclipse. If bus

voltage reaches its upper limit, the PCU
can command portions of the shunt regulator
"on,!'" If the bus voltage reaches its lower
limit, the PCU can command the boost
regulators "on,'" and the shunt regulator and
battery charger "off, " Ground command can
override the PCU and selectively operate
components of the PCU,

There are no PCUs in the catalog. The unit will require new development.



Shunt Regulator

The shunt regulator requirements are as follows:

Parameters

Requirements

At BOL
Peak Power

At BOL

Minimum Load

Array Current

Load Current
{(max - min)

Shunt Current

Required Power
(dissipation at max -
min load)

Type

Input Voltage

Limiting Voltage
when "on"

Shunt Current - masx

Power Dissipation max
(including external
resistors)

88 A
63.8 A

24,2 A
677 W

12.5 A
12,5 A

75.2 A
2110 W

Series dissipative across full bus
{so that it does not complicate

array design).
20 to 60 Vdc
29.12 Vde

75.2 A
2110 W




The candidate regulators from the catalog are listed in

the foliowing tabulation.

. Index Input Power Number
Satellite No. Volt Diss/Unit | Needed Remaz_-k
DSCS I D5-3-2 }16.37V 70 W 31 Driven by
(tapped PCU
. array)
Dsp D8-3-2 n 64.5 W 33 n
P72-1 D2-3-1 30V 110 W 20 Self driven
(with exter-
nal resistor)
5-3 D4-3-1 24 to 100 W 22 "
31,4V {with exter-
nal resistor)
0OS0-I N1-3-1 33V 66 W 32 "
(with exter-
nal resistor)
SMS N5-3-2 15v - iow 211 "
{tapped)
AE-C N2-3-1 -38.5V| 29.2 W 73 "
ATS-F N6-3-4 |14V 35 W 61 Driven by
) PCU

The prime candidate for the series load regulator configura-
tion is the unit used on STP 72-1 (D2-3-1) since it uses the sma:llest number
of regulators and is self driven., The DDT&E is assumed to be 10 percent
of a newly developed hardware.

The prime candidate for the shunt voltage regulator
configuration is D8~3-2 since this unit is compatible with the battery
charger and PCU that has been selected for this configuration, The
unit will provide a bus voltage range of 23 to 32 V, This configuration is -
the least complex of the configurations and will use flight-proven hardware,

but it will not provide the bus regulation required by LST. This unit can be
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used with no modifications.

3.6.8 Discharge Regulator

‘The discharge regulator is to be commanded by the PCU
whenever the bus voltage drops to its low range. The requirements and the

characteristics of the candidate regulator are as follows:

Parameter Requirements (%agf%l:i;’ )te
Type Boost pulse width
regulator
Input Voltage 24 to 31 V 19to 26V
Output Voltage, 26,88V .. 26,25t 1V
min. ,
Quiput Power 150w - - . 340 W
(one per battery) .
Efficiency 90% at max, N/A
load
Special Design Load sharing for
Feature parallel ops,
"on/off'" command
capability, current
lizniting

The candidate regulator is a self-contained unit and would be compatible with
the battery and load parameters by resetting the unit to provide a minimum
of 26,88V, '

The other discharge regulators in the catalog are an

integrated part of the PCU,



3.7 COMMUNICATION AND DATA HANDLING (CDH)

The basic communication network for the L.ST is the
tracking and data relay satellite {TDRS) system; an alternate communica-
tion network is the spacecraft tracking and data network (STDN). The
description of the TDRS and STDN that was used in this effort was based on
the 1975 edition of the TDRS User's Guide and the 1974 edition of the STDN
User's Guide (References 7 and 8).

The mission data to be transmitted per orbit were assumed
to be one image frame per orbit where the bit content of one frame is 600 M
bits {(Reference 6}, Since it is required to tra:nsmit one frame over one
earth station, the direct data rate to ground is 1 Mbps for a 10-min station
pass.,

The data rate via TDRS is 0.3 Mbps during one orbit access.
The access time is 33 percent of the orbit for single access link and 85
percent of the orbit for multiple access link. The multiple access link was
not selected for mission data transmission because the data rates are higher
than 50 kbps and the transmitting power will be ;elatively high.

The housekeeping data which are lower in data rates can,
however, use the TDRS rultiple access link. The use of multiple access-
links will require a spread spectrum transponder for maintaining the flux
density restriction imposed by the International Radio Advisory Committee.
This link will also be used to transmit tracking data [pséudo random noise
(PRN)] and commands. '

The LST communications requirement for both the mission
and housekeeping data is summarized on Table 3,7.1. The CDH functional
block diagram to meet these requirements is shown in Figure 3.7.1. The
information on component redundancies which is not shown in the block
diagram is provided in Table 3.7.2 for each component along with the

catalog index number, weight, and power.
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Table 3.7.1 Communication Requirements

Sensor Data TDRS STDN
Rates Link Link
Mission Equipment | 1 frame/orbit 300 kbps 1 Mbps
600 Mbps/frame Pulse modulation Pulse modulation
Housekeeping 1.6 kbps 1 kbps 51,2 kbps
Spread spectrum Pulse modulation
Data Storage 1x 107 bits 1 x 107 bits
Antenna Coverage
Telemetry Directional Ommni
Command Omni Omni




Table 3.7.2 LST Communication and Data Handling
Subsystem Weight and Power

I¥-¢

POWER
, No. | iINnDEX WEIGHT OPERATE STANDBY OT. PWR,|
COMPONENTS Req.} No. {kg) 1b W Duty w Duty W
Communication
Receiver/Demodulator 2 | N5-4-5] 3.7 8.1 6.9 4,9 6.9
a .
Baseband Assy 1 D8-4.-5 0.9 2.0 0.5 0 0.5
Transmitter (mission) 2 | D7-4-1] 1.7 3.8 24. 0 0 24,0
Transmitter (hskpg) 2 | Dbé-4-2 1.6 3.6 16,3 0 16, 3
Diplexer 2 | (nh) 1,4 3.0 0 0 0
Tracking Receiver 2 [ (nh) 3.5 7.8 6.0 0 6.0
Gimbal
Spread Spectrum 2 {nasaPl 6.8 150 |10.0 4.0 10, 0
Transp. . ) '
Omni~Antenna, S-band 1 (nh) 3.8 8.4 0 0
Hi Gains Ant, Gimbal 2 @ 11,0 24,2 10 0 10
Hi Gains Antenna 2 D8-4-9 1.9 4,2 0 0 0
Data Handling 36. 3 80,1 . "7'3. 7
Command Decoder 2 | (nh) 17.3 38.2 23,6 V 0 23,6
igi it~ 2 nh, 4.5 10,0 5,0 0 5.0
Digital TM Unit- Hskp. {(nh) | 23 Record
Tape Recoder (mission)| 2 |D3-4-3] 15,2 33,6 30 Playbacld 30.0
Tape Recoder (hskpg) C 2 NASA 10.0 22,0 4,0 4.0
Sub Total 47,1 J103,8 62,6
Total 83,4 183. 8 136.0

.a, Internally redundax}t
bBeing developed under separate efforts by NASA
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3.7.1 Receiver

The receiver requirements and characteristics of the

candidate unit are as follows:

Parameters Required g\?’;l fiic-lg.i):e
Frequency 2.09 to 2.12 GHz 2,03 GHz "
Acquisition 109 dBm or lower -110 dBm
Noise Figure pr 8 dB
Track + 90 kHz from t 90 kHz from

record frequency record frequency
. Time Delay Variations Low 10 nsec
Dynamic Range Good -70 to -110 dBm

a
Units are generally tunable to required band.

The candidate unit is a part of the S-band transponder
which has a demodulator included. Other candidate rece-ive;'s that are
flown on AE-C and ERTS-A would meet the general requirements but are
less desirable because of tl;.e higher power, heavier unit, and noise figure,
The estimated DDT&E is 50 percent of a new unit.
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3.7.2 Baseband Assembly

The baseband assembly requirements and character-

istics of the candidate assembly are as follows:

Candidate
Parameters Required ) (D8-4-5)
Subcarrier Frequency 1. 024 MHz 1.024 MH=z
Mpdulation 1.6 and 51,2 1 to 128 kbps
o kbps PCM PCM
Ranging Code PRN PRN

The selected candidate assembly consists of two
redundant units with each unit containing a 1.024 MHz subcarrier oscillator
and a summation amplifier. The PCM is put on the subcarrier and is
summied with the PRN ranging as input to the transmitter. Another
unit was considered because it probably can meet the requirements with

minor modifications,
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3,7.3 Transmitter (Mission)

The transmitter requirements and the candidate trans-

mitter for the mission data are as follows:

1" Candidate
Parameters Required D7-4-1
Transmitter Power 3.6W 5.5 W
Modulation PM PM
Efficiency High 23%
Frequency 2,2 to 2,3 GHz 2,2to 2.3 GHz

%See Table 3. 7.3 for link calculation

The transmitter used on DMSP (D7-4-1) will meet the
requirement with excess powe¥ ¢apablity. A second transmitter that
is used in SAS-C (N3-4-1) will also meet the requirements but it is not
as efficient, The NASA standard spacecraft transponder in the LCS
Standard Equipment Announcement will also meet the requirements for
this link, L
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3.7. 4 Transmitter Housekeeping

The housekeeping data transmittér requirements and

candidate unit are as follows:

) ) Candidate
Parameters . . r'Required _ D6-4-2
Transmitter Power® | 0.1 W 1w
Modulation 7 PM PM
Frequency , 2.2t0 2.3 GHz | 2.2to 2.3 GHz
Spurious Response ' Low -40 dB
Coherency " USB SGLS

a'See Table 3. 7.4 for link calculation

The only-fl_ig:ht-proven transmitter in the catolog that will
meet the requirements is the unit used on NATO-III-with minor modification.
The candidat‘e ti‘a;nsmitter is about 10 dB overkill in power for this link,

, The second choice is the SMS transmitter which is rated
at 0. 2W power but it has quadriphase modulation, The NASA standaxd,
spacecraft transponder in the LLCS Standard Equipment Announcement

will meet the requirements of this link.
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Table 3.7.3 Link Calculations (300 kbps link to TDRSa;
1000 kbps link to STDN)

Qutput Power Requirements - 300 kbps Link

31 + EIRP 55.2

TDRS Antenna Gain 20 4B

EIRP 24,2 dBm
Power 4,2dB=2.6 W

Onmi Antenna Gain Requirement - 1000 kbps Link

ILST Transmittc;,r Power (dBm) 32
LST Line loss (dB) -2
LST Antenna gain {dB) G
EIRP (dBm) 30 + G
Space loss (1400 nmi) (dB) -168
Ground antenna gain (dB) -30 ft dia 44
Total received power (dBm) ,' -94 4+ G
Ground station spectral noise density ~176.3 .
(dBm/Hz) ;
Received power to spectral noise density 82.3 + G‘\
(dBm/Hz) ’ ’
Noise bandwidth (1000 kbps) (dB) 60
Received power to noise spectral density (dB) 25.3+ G
Required signal-to-noise ratio (dB) 9.6
Ground station degradation (dB) ) 4
Link margin (dB) 3

25.3+ G =19.6

=-5.7dB

2From TDRS User's Guide (Reference 8) single access S-band return link
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Table 3.7.4 Link Calculations (51.2 kbps housekeeping link to STDN)

Required Transmitter Power - 51,2 kbps Link

LST Transmitter Powezr (dBm) Pt
LST Line loss -2
LST Antenna gain (dB) -5.7
EIRP (dBm) Pt -7.7
Space loss (dB) -168
Ground antenna gé.in (dB) -30 ft dia 44
Total received power (dB) -131.7 + Pt
Ground station spectral noise density ~176.3
(dBm/Hz)
Received power to spectral noise density 44,6 + P
" (dBm/Hz) -t
Noise bandwidth {dB) 47.1
Received power to noise ~2.5 + Pt
.Required signal~to-noise ratio (dB) 9.6
Modulation loss (dB) 3.0
Cround station degradation (dB) 4
Link margin (dB) 6.0
-2.5 +Pt = 22,6
Pt = 20.1 dBm
Pt = 10(.) mw
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3.7.5 Diplexer

The diplexer must transmitt and receive at USB
frequencies for theTDRS and STDN links, Each unit must contain a
hybrid to allow both receivers to monitor the uplink continuously and to
allow simultaneous traansmission of two downlink data sireams. There

are no diplexers in the catalog that will meet the re&;uireinents

3.7.6 . Tracking Receiver (Gimbal)

The tracking receiver is used to direct the hi gain antenna.
This type of component is not contained in the catalog. It must be a new
design, possibly a monopulse tracicing type. The pointing or tracking
accuracy requirements are in the order of ¥0,02 rad (£ 1 deg), Two
receivers are ‘required to provide continuous line of sight when the LST
is in view of the TDRS,

3.7.7 Spread Spectrum Transponder and Electronics

When the TDRS is used, the forward and return links must
incorporate spread spectrum meodulation techniques. The modulation being
staggered quadriphase PRN, The command data is (modulo-2) added to the
PRN on both I and Q channels of the forward link, I and Q channels are the
data stream transmitted by 0 and 180 degrees, and 90 degree phase modu-
lation of the reference carrier, respectively. The housekeeping data,
tracking, and command can use the TDRS multiple access communication
service system since the data rate is lesg than 50 kbps. However, the
mission data at 300 kbps must use the TDRS single access service system,

The equipment to provide this function of spread spectrum
transponder, a correlator for extracting the command data, a modulo-2
adder, and an error correcting encoder is not currently available, NASA
is planning to develop-a standard TDRS compatible transponder. The )
schedule delivery date for the first unit is May 1978.
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3.7.8 Omni Antenna - S-Band

The omni antenna for the S-band link to the STDN stations
is a low gain, two boom-mounted conical log spirals, There are no
antennas in the catalog that will meet both transmit and receive USB
requirements, There is an anténna (D2-4-1) in the catalog that meets
the transmit requirements and may possibly be modified to incorporate
the receive capability, ' The unit is a boom~-mounted conical log spiral
that was used on STP 72-1, The gain requirement is at least -5 dB over’ -
85 percent of 4w steradian. Two boom-mounted conical log spirals would

have to be used to get this coverage and gain.

3.7.9 Hi-Gain Antenna and Gimbal

The hi-gain antenna for the TDRS link requires a gain-of
-20 dB (see link calculation, Table 3.7.3). The only known I;i--gain unit
is the parabolic antenna used on the DSP (D8-4-9). The antenna diameter
is 0,61 m (2 ft) and weight is 1 kg (2.1 1b). An antenna gimbal system
that appears suitable-for this application has been flown on an Air Force
program.. The unit has been designed to provide a pointing accuracy-of
+0,02 rad.{1 deg), and was fabricated at Aerospace (Reference 9). The -
unit gimbal weight including electronics for motor, detections, and
circuitry is 5,4 kb (12 1b}). Power usage is 5 W. No other known gimbal
system has Been designed and flown in space. Two hi-gain antenna and
gimbal assemblies are required to provide TDRS line of sight. The

estimated DDT&E is 25 percent of a new unit.

3-50



3.7.10 Command Deccder

The basic requirements of the decoder are as follows,

Parameter Requirements
Number of stored commands 4000 wozrds
Stored command time interval 24 words
Word length 28 bits

The command decoders in the catalog cannot meet the
required capability. The 28-bit word length and 24-hour command storage
time are beyond the capability of the flight-proven units. The longest word
length amongst the decoders is 16 bits. The OSO~I memory unit (N1-4-7)
has 4096-word memory capacity and 16-bit word size. The AE-C memory
unit (N2~4-14) also has 4096-word memory capacity but only 10-bit word

size. The unit will require new development.
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3.7.11 _ Digital Telemetry Unit (DTU) and Clock

The DTU which includes a multiplexer, analog-to-digital

converter, clock, and conditioner has the following requirements.

Parameter Requirements

Bit rate ‘ 1.6 kbps
Word length
Number of main frame words

Number of words per subframe

Glock stability 1in 107 in 24 hours
Time resolution l pns
Time error recoverable to GMT - 10 ms

The catalog has no DTUs that can provide such a low bit
rate (1.6 kbps), Furthermore, sufficient information on requirements
is not provided to estimate the number of channels required. The clock
is arbitrarily included in this unit. It provides timing for the LST

transmitted data. This unit will be a new development.
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3.7.12 Tape Recorder (Mission Data)

The mission data recorder requirements and the

characteristics of the candidate recorder are as follows:

Candidate

Parameters Requirements D3-4-3
Record Rate 500 kbps 32, 512 and 1,024 kbps
Total Storage 1x10? bits 1. 53x107 bits
Record/Playback 1:0.6 & 1:1 32:1/2:1/1:1
Speed Ratio
Bit Error Rate 1in 10° 1in 100

(BER)

The candidate recorder that was used on STP 72-2 would have to be
modified to accommodate the record rate and the record playback speed
ratios., The NASA standard 109 magnetic tape recorder will meet the require-

ments. The DDT&E is estimated at 10 percent of a new development,

3.7.13 Tape Recorder {Housekeeping)

The tape recorder requirements for the housekeeping

and scientific equipment status data are as follows:

] NASA Std Tap

Parameters Requirements Recorder - 10
Record Rate 1.6 kbps 1.7 kbps (min)

Total Storage 30x10° bits 3. 2x108 bits
Record/Playback 1:32 160:1 to 1:160

Speed Ratio

Bit Error Rate 1in 10° 5in 107 @ BOL
(BER) 1 in 105 @ EOL
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None of the tape recorders in the catalog could meet the low record rate

of 1,6 kbps. The lowest record rate in the catalog is 6.4 kbps. The NASA
standard 108 maghetic tape recorder that is described in the LCS Standard
Equipment Announcement rneets thé requirement except for the recor'a‘
rate and BER. For this study it is assumed that the requirement or

capability will be changed to meet the needs.
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4. HEAT CAPACITY MAPPING MISSION (HCMM)

4,1 MISSION DESCRIPTION (Reference 10)

The primary mission objective is to produce a thermal map of the
continental United States at the optimum times for thermal inertial measure-
ments for discrimination of rock types and mineral resource location. The
secondary mission objectives are to:

a. Measure plant canopy temperatures at frequent intervals
to determine the transpiration of water and plant stress.

b. Measure soil moisture effects by observing the temperature
cycle of soils.

c. Map thermal effluents, both natural and man-made.

d. Provide frequent coverage of snow fields for water runoff
prediction.
To accomplish the mission objectives, the spacecraft is to pro-

vide the following:

a. Desirable and minimum lifetime - 12 months.

b, 600 km (324 nmi) circular orbit x 97. 8-deg inclination
(sun synchronous). The allowable orbit must be correctable
with the orbit adjust system to 600 + 30 km circular
sun-synchronous orbit.

¢. Ground communication - STDN network.

The launch vehicle is the four-stage standard Scout. The fourth
stage, including the payload, is spin-stabilized.

4.2 MISSION EQUIPMENT DESCRIPTION

The HCMM instrument characteristics are summarized in the
following tabulation, and a drawing is shown in Figure 4. 1 (References

10 and 11},
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Weight 37.4 kg (82.5 1b)

Power 40W max.
34 W data taking
22 W standby .
26 W average/orbit”

Pointing zccuracy 3-axis stabilized
+ 0,17 rad ( 1 deg) roll and pitch
+ 0,35 rad (£ 2 deg) yvaw

Voltage 28 Vde £ 2%
Size (m) 0.54f x 0.43h x 0.23w
Data rate Wideband data

S-band (2.2-2.3 GHz)

The instrument is earth pointing along the Z axis and three-axis stabilized
(see Figure 4.2). The weight includes sensor, converter, support electronics,
multiplexer, structure, thermal control, and harnesses.

4,3 SPACECRAFT DESCRIPTION

-The spacecraft (base module) which houses the housekeeping
subsystems is constrained in size to fit within the standard Scout shroud and
in weight to 97 kg (214 1b). The housekeeping subsystems are the stabiliza-
tion and control (SC), auxiliary propulsion (AP), electrical powetr (EP), and
communication and data handling (CDH) subsystems. Alternative configura-
tions for SC and EP subsystems were examined; however, the AP and CDH
subsystems were limited to-one design each because of the weight constraint
and communication requirements.

The spacecraft is launched and inserted into orbit with the ~
fourth stage attached and spinning. Affer insertion and separation from the

spent fourth stage, two stabilization methods were considered for earth

*Calculated from the power profile in Reference 11,
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acquisition, The stabilization sequence for HCMM includes a sun pointing
mode followed by earth acquisition, The second stabilization sequence
which can be used for both HCMM and SAGE is configured to acquire the
earth directly. The HCMM-only configuration is lighter since only one
scan wheel assembly is required. The HCMM/SAGE configuration has
two scan wheel assemblies. Both designs will provide the same on-orbit
pointing accuracy. The HCMM-only configuration is not applicable to the
SAGE mission because of the orbit characteristics.

The EP subsystem considered two types of power control methods:
series load regulation and discharge voltage regulation configurations, The
oriented arrays were not traded against fixed arrays because oriented
arrays are generally lighter than fixed arrays for sun synchronous missions
and require cells on only one side. The deployable array arrangement
with respect to orbit plane and spacecraft pointing direction is shown in
Figure 4,3.1

The total HCMM spacecraft weight is 102,5 kg (Table 4. 3. 1),
The estimated weight exceeds the maximum allowance of 97 kg. Weight
reduction can be achieved by design optimization; however, it can be ‘
expected that extensive use of flight-proven hardware can result in high

weight since in many areas the component capability exceeds requirements.

4-5



Table 4.3.1 HCMM Weight and Average Load Power

WEIGHT AVERAGE
LOAD
SUBSYSTEM kg b POWER
\ii
Stabilization and Control 24.8 | 54.7 24.0
CDH 11,1 24,6 19.6
Auxiliary Propulsion
Dry Weight 6.5 14,3 0
Hydrazine 9.2 20.3
Electrical Powerx 30.5 67.1 02
Structures and Thermal 20.4 45,0 0
Spacecraft Total 102.5 | 226.0 43,6
Mission Equipment 37.4 82.4 26.0
Satellite Total 139.9 | 308.4 69.6

a . _— .
Electrical power converter and storage efficiencies not

considered as load power,
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4.4 STABILIZATION_AND CONTROL

The satellite is injected into orbit by the launch vehicle at about a

90 rpm spin rate. The SC must despin, three-axis stabilize, and earth point
'tl_le satellite. The SC is also required to be capable of stabilizing the satel-
lite from a turﬂbling mo'dq' at any time in the mission lifetime. To provide
this capability, two SC approaches were considered for HCMM. The first
version, which is suitable for HCMM, does not meet the SAGE requirements
because of the different orbit. The SAGE orbit is 50-deg inclination, and
the HCMM orbit is 97, 8-deg inclination for a sun-synchronous 2:00 PM
ascending node, Both orbits are circular at 600 km altitude. The two types
of orbits during the one-year orbit about the sun are depicted in Figure 4.4.1

for a specific set of launch condi.tiong.A

The acquisition of the satellite for the first version is performed
by initially acquiring the sun and then acquiring the earth. This
maneuver sequence results in requiring only one scan wheel assembly.
The second version, which is applicable to both HCMM and SAGE, acquires
the earth directly, but the maneuver will require two scan wheels. The
scan wheels are heavy. The weight of the HCMM-only configuration is
lighter than the HCMM/SAGE configuration by 3.6 kg (7.9 1b). The two
types of SC configurations use basically the same components, but they

differ in the quantity of each component and the control electronic assembly.

The candidate components, along with the quantity, weight, and
power for the two configurations, are listed in Tables 4.4. 1 and 4.4. 2.
The estimated weights for HCMM and HCMM/SAGE are 24. 8 kg (54.7 1b) -
and 28.4 kg (62. 8 1b). The block diagrams of HCMM and HCMM/SAGE
are shown in Figures 4.4.2 and 4.4.3. The HCMM configuration uses
four sun sensors for the sun acquisition mode and one scan wheel as iin/ﬂglgr.
The HCMM/SAGE configuration uses two scan wheel assemblies and no

sun sensor information for automatic acquisition.
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Table 4,4,1 HCMM Stabilization and Control Subsystem
POWER
WEIGHT OPERATE STANDBY [TOT. PWR,
COMPONENTS No. § INDEX
. Reg.| No. (kg) "1b W Duty W | Duty W
Scan Wheel Assembly® 1 |D3-1-1} 6.6 14,6 4 100% 4
" Rate Gyro Assembly 1 (nh) 0.9 2.0 8 b 0 b 0
Coarse Sun Sensor 4 |Né6~1-9] 1.3 2.8 0 b 0 0
Sun Sensor Elect. 1 {nh) 1,8 4,0 4 0 0
Wide Angle Sun Seasor 2 [developef 0.1 0.3 0 0 0
Solar Array Drive Mtr 2 (nh) 5.5 12,0 0 100% 0 0
Solar Array Drive Elect. 2 (nh) 2,3 5.0 10 100%- 0 10
‘Valve Driver© 1 (nh) 0.9 2,0 0 0 0
Control Elect, Assembly® 1 (nh) 5.4 12,0 10 100% 10
24,8 54,7 24
2 Reaction wheel and earth sendor combination (RI/MC409-0003)
b Operates only during acfguisitfon manepvers
€ Internally redundant




1%

Table 4,4,2

HCMM/SAGE Stabilization and Control Subsystem

POWER
COMPONENTS No. | INDEX WEIGHT OPERATE STANDBY OT, PWR |
Reg No, (kg) b W Duty w Duty W
Scan Wheel Assembly® 2 |b3~1-1 13.2 29,2 8 100% 8
Rate Gyro Assembly 1 (nh) 0.9 2.0 8 b 0 b 0
Sun Sensor 1 [N5-1-1 0.1 0.3 0.03 100% 0
Wide Angle Sun Sensor 2 levelopeq 0.1 0.3 0 0 0
Solar Array Drive Mtr. 2 {nh) 5.5 12,0 0 0 0
Solar Array Drive Elect 2 (nh) 2,3 5.0 10 100% 0 10
Control Elect. Assembly® 1 (nh) 5.4 12,0 10 100% 0 10
Valve DriverC 1 (nh) 0.9 2,0 0 0 0
28.4 62.8 28

a Reaction wheel and earth s

b Operates only during acqui

€ Internally redundant

ENLSOT

bition

maneuve

'S

combination (RI/NC409-00p3)
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Both of the SCs assume that the satellite can be launched at any
time of the year and that orbital reacquisition capability at any time of the
year shall be provided. It is also assumed that the spacecraft "'Z" (yaw)‘
axis is to be earth pointing and the ""Y'"' (pitch) axis is to be normal to the
orbit plane throughout the mission life. The acquisition sequence of events

is summarized in Table 4.4. 3.

Detailed discussion and analysis of the two control concepts are

presented in Appendix A.

4,4.,1 Scan Wheel Assembly (SWA) -~

The scan wheel assembly scans the earth and controls the space-
craft attitude by momentum exchange. The requirements of the SWA and

the characteristics of candidate components are as follows:

Parameter Requirement Candidate
D3-1-1
Angular momentum 0.41 to 0. 55 0.55 to 0. 69
mkgs (ft-lb-sec) . (3 te 4) (4 to 5)
Accuracy, mrad (deg) 8.7 3.5 (0.2}
(0.5)—

Altitude, km 600 < 2780
Output : pitch and roll pitch and roll
Power, W . 21 19
Weight, kg (Ib) low 6.6 (14.6)
Design life, yr 1 © 0.5

The candidate units exceed the requirements in all the listed
parameters except the design life: the STP 72-2 specified design life was
0.5 yr; however, the plan was to use the unit for 1 yr. The weight can be

reduced since the angular momentum capability exceeds the
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Table 4.4.3 HCMM Acquisition Sequence of Events

HCMM

HCMM/SAGE

Despin (thrusters)
Acquire Sun

Pf)int at Sun (thrusters)
Runup Wheels

Acquire Earth

* Point at Earth (thrusters)

Fine Earth Pointing

Despin (thrusters)

Runup Wheels

Acquire Earth

Point at Earth (thrusters)

Fine Earth Pointing
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requirement by about 25 percent. For this study, it is assumed that this
weight reduction will not be performed., The wheel spin (pitch) axis is

perpendicular to the orbit plane,

4.4,2 Rate Gyro Assembly

The RGA is used only durin;g the acquisition phase and is not used

during the fine attitude control. The requirements of the RGA are as follows:

Parameter Requirement

Range, yaw rate 0.17 mrad/s to _
0.35 rad/s (0.01 to 20 deg/s)

Withstand 18,85 Tad/s (1080 deg/s)

Tolerance
about any axis while not operating
without subsequent degradation -
Design life 1 year

There are no RGAs in the catalog; however, there exists a flight-proven
single-axis channel of a three-axis RGA unit that was manufactured by
Timex Corp. for LMSC. It is recommended that the gyro unit be repackaged
for a single-axis only to conserve weight and powel". For this study, it

will be ass‘umed that the repackaging and requalification is equivalent to a
new development effort. The characteristics of the unit using the Timex

components should be as follows:

Parameter Characteristics of Candidate
CD040 Gvro
Input range + 0,35 rad/sec ( 20 deg/s)
Threshold 0.17 mrad/sec (0.01 deg/s)
Nonlinearity t 12% to+ 0.1 rad/s (& 6 deg/s)
Features Will withstand design rates with no
. significant degradation subsequently

Design life : 1000 hours min. of operation
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4.4.3 Coarse Sun Sensor and Electronics

The sun sensor is used to align the yaw axis of the spacecraift
with the sun. During the initial acquisition or reacquisition, the spacecraft
orientation can be in any direction, The sun sensors must,' therefore,
provide 4w steradian coverage. The requirements of the sun sensor and

the characteristics of the candidate unit are as follows:

Parameter Reguirement Candidate
) (N6-1-9)
FOV 417 st 41 sr with
4 units
" Accuracy error < £ 10% +3%
- -12% within
+ 0.22 rad @& 13°)
of null
Design life 1 year NA
Measurements pitch and roll pitch and roll
about sun line about sun line

Two of these sensors, which are used on ATS-F, should be
located on the .-I-X axis and two on the -X axis., It is theoretically
possible to get the necessary spherical coverage with two three-eye sensors
(N6-1-9) and two two-eye sensors (N6-1-10); however, actual installation
may not provide a completely unobstructed FOV, Also, to exclude un-
warranted reflections from the spacecraft, it may be necessary to restrict
the FOVs of the heads by appropriate restrictions. The sensors should

be applicable without any changes.

The .electronics for the sensors, however, will require new
development. The electronics must process the coarse sun sensor pitch
and roll signals from all four sensors, The output representing pitch
and roll signals of the satellite to the sun line will be fed to the control
electronics assembly. This unit is only energized during the acquisition

phase.
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For the HCMM/SAGE control configuration, the sun sensor data
is used only to provide spin rate data to the ground station. This infor-

mation is not used in the control logic, and therefore only one unit is

required.

4.4.4 Wide Angle Sun Sensor (WASS)

The WASS is mounted on the active side of each solar array to
provide pointing data i"o:_r the solar'array drive electronics. The output
will be a funéﬁon of the angle between the sensor and the array normal.
The ‘requirements of the WASS and characteristics of the candidate are

as follows:

Parameter Requirement Candidate
FOV 1.57 rad (£ 90 deg) 1.57 rad (£ 90 deg)
Accuracy + 0.09 rad (x5 deg) + 0.035 (£ 2 deg)

The candidate device is a Bendix wide angle sun sensor (P/N

1771858), These devices were to be used in a similar application on the

Earth Limit Measurement Satellite (ELMS) Program, which has since

been cancelled. No suitable devices are in the catalog.

4,4.5 Solar Array Drive and Electronics (SADE)

The reguirements of the SADE are as follows:

Parameter Requirement

Load SAS-C type arrays

Rotation rate 0.07 rad/min. (3. 75 deg/min}
Accuracy 0.175 rad (10 deg)

Weight Low (< 6 1b)

Power Low (< 5W)
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The SAS-C solar panel rotation system was examined for this

application, but was found to be unsuitable because of the following reasons:

a. - No slip rings are incorporated, since the shaft rotates only
1.57 rad (90 deg).

b. Mechanical linkage of levers and pulleys would probably be
difficult to adapt to HCMM.

c. Rotation speed is probably too high. A new speed reducer
or a lower speed motor will probably be required.

d. The power usage is high (8W).

The electronic assembly to drive the motors with inputs from
the WASS and ground commands will also be required. The assembly

should contain dc~dc converters, intermal logic and control elements,

and angular position sensors.

4,4,6 Valve Driver Assembly

The VDA is required to accept the control signals from the CEA
and to apply 28V to the eight 1-1bf and the two 0. l-1bf thruster solenoids.
The 1-1bf thrusters and the 0, 1-1bf thrusters are from the ERTS and
FLTSATCOM Programs. The FLTSATCOM valve drive and electronic
units are contained within a larger package of other subassemblies,
and the unit is capable of driving 20 thruster solenoids. The unit weighs_
too much because it has too great a capability. Specification data for ERTS

were not available.

The VDA must be completely redundant since the candidate
thrusters have dual solenoids, and the active circuitry should be selectable
by ground command. Also, the thrusters should be controllable from the
ground as a backup Iﬁode. The VDA will be a new development.

4.4,7 Control Electronics Assembly (CEA)

The CEA is required to provide the following functions during

the acquisition and fine control phases:
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a. Process and filter the inputs from sun sensors and rate gyros
during the acquisition mode, and the earth sensor inputs from
thé SWA for the spacecraft fine Ppointing mode.

b. Process ground commands including AV corrections.

c. Compute the pitch and roll analog signals acéor&iﬁg t6 the control
laws governing the momentum exchanger devices and sequence
the control events.

d. Drive the SWA motors and provide signals to the VDA,

e. Convert 28V bus voltage to regulated secondary dc volta.ges and
and ac reference waveforms for the SWA.

" The cir‘cuif.ry should be completely redundant to enhance reliability
and minimizé or preclude single pdint failures.” Only one-half of the circuit
should be active at any one time.  Ground commands should select the cir-
cuits to be energized., No units exist in the catalog that Will‘provide the

above logic functions. The CEA is a new development

4.5 AUXILIARY. PROPULSION

The AP de51gn requlrements for prowdmg attitude control velocity

correct1on, and a,cqu1s1t1on are€ as follows

Parameter = - Requirement

Total ‘Implllse o ' 16 000 ‘Ns (3600 1b-s) + 10% marg:.n *
Thrust levels - Eight 4. 4N (1 1b9)
Two 0, 4N {0, 1 ib{)
Life . One year, 50,000 pulses
Reliability No single point failure mode.
' with exception of tank and pressurant
- fill valve . i

Hydrogen monopropellant was selected because of the critical
weight constraint. The hydraz:me propellant subsystem is 13.6 kg (30 1b})
less thanh a cold gas nitrogen system. A pressure blowdown method is
recommended which eliminates a ‘separate. n1trogen pressur1zat1on source.

The propellant tank may be isolated wﬂ:h the latch:mg valve in the event of

* Total impulse reqmred has been mcreased to 20 172 Ns (4535 1b s)
(see Appendix A, page A-11)
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a plumbing leak. The thrusters have dual seat and dual coil valves and

are not isolated. Redundancies are not provided in the AP subsystem.

~ The total impulse was obtained from the SDCM program which
computes the torques from é.erodynamics, solar radiation, and gravity
gradient disturbances. The 0.44N thrusters are to provide the fine pointing
for roll-yaw correction, and the 4.4N thrusters are to provide pitch, roll,

and yaw torques and velocity correction.

.The functional diagram of the AP is shown in Figure 4. 5.1. The
candidate units for each component are listed in Table 4. 5.1, and the
" selected components with the selection rationale are shown in Table 4. 5. 2.
All of the AP components will be flight proven. The plumbing and inte~
- gration, however, will require the usual DDT&E expenditure. The total '

weight is 15.7 kg (34. 6 1b), and the average power is zero.
4.6 ELECTRICAL POWER

The basic requirements for the EP subsystem were determined
from the SDCM computer program. The SDCM selects components from
the data base and scans the component power, assuming 100 percent
duty cycle. The program computes the power in this manner and uses this
level as an average load power. The average load power was recomputed
using the components selected by the engineers and the estimated duty cycle
of each’component. The average load power is shown in Table 4.3.1. The
required solar area was also recomfmted to reflect the reduced average
load power and.the efficiencies of the selected components. The com-
parison of the SDCM results and the modified values for duty cycles and

efficiencies are as follows:

SDCM Modified
Average load power, W 113.2 69.6
BOL power, W 2'75.7 201.4
EOL power, W 262.0 191.4
Solar array area, mz(ftz) 2.58 1.88

(27.7) (20, 3)
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Figure 4.5,1 HCMM Auxiliary Propulsion Subsystem
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Table 4.5.1

Candidate AP Components for HCMM

INDEX WT/COMP, | NO,
COMPONENT NO. CHAR}-X.CTERISTICS (ke) REQD,!
Tank, hydra-
zine, 3 3
diaphragm | D7-2-1]| 7,374 cm’ (450 in. % 1.6 2
Né-2-1| 38, 100 cm?3 (2325 in,>) 4,6 1
cTs® | 17,700 cm3 (1080in.3) 2.5 1
Thruster
1 Ibf NT7-2-7!| Dual seat valves 0.3 3
D1-2-3| Dual seat valves 0.4 8
(unflown)
Thruster
0.1 1bf N6-2-2] Single seat valve 2
D1-.2-4| Dual seat valve 2
Filter N2-2-7| 15 micron 0.13 1
N6-2-4| 25 micron 0,05 1
D1-2-6} 10 micron 1
D5-2-4] 15 micron 0.20 1
Isolation N2-2-3| Non-sliding 0.08 1
Valve N5-~2-4; Non-sliding 0.24 1
N6-2-3| Sliding solenoid 0.54 1
Fill/drain N1-2-5 0.11 2
Valve N2-2-6 0.10 2-
Nb-2-5 0.11 2
N6-2-5 0.13 2
D1-2-5 0,07 2

2 Flown on Canadian Technology Satellite, P/N PS1 80187-1,
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Table 4.5.2 HCMM AP Components

' TOTAL
: INDEX NO, RATIONALE FOR
COMPONENT NO. RED WEIGHT SELECTION
(kg) | (1b)
Tank, hydrazine [(developed) 1 2.5 5.5 | ~Min. weight and vol.
diaphragm a ) T ' _
Thruster, 1 1bf N7-2-7 8 2.3] 5.1 Unit flight proven
Thruster, Di-2-4 | 2 | 0.6 1.3 |. Dual seat valve
0.1 1bf N i
Isolation valves N2-2-3. 1 0.1{ 0.2 Min. weight and non- -
latching . sliding configuration
Filter N2-2-7 1 “0,1]| 0.27). Min, weight and filter
. rating .
Fill/vent valve D1-2-5 2 0,11 0O, 3 Min, weight
Terﬁp. trans, - -1 0,11 0,2
Press..trans, - 1 ' 0.1] 0.2
Plumbing - 2m| 0.6] 1.3
Dry Weight 6.5(14,3
Hydrazine P 9.2120.3
Wet Weight ) ] 15.7{34.6

2 Tank developed for Canadian Technology Satellite by PSI

b Required hydrazine has been increased to 11.6 kg (25. 6 1b) because of
required increase in total impulse. It is proposed that this increase be
accommodated by reducing ullage volume in the tank,
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The solar area requirements were computed for sun-oriented flat panel
configuration., .

The voltage control specified in Reference 11 is' 28V % 2 percent.
The EP configuration that would be simple and meet the voltage requirement
is the series load regulator, As an alternative configuration, the shunt
and discharge voltage regulator has been included to examine the effects
of providing a more efficient power control but less voltage control, The
alternate configuration provides 27V * 6%. The functional block diagrams
of these concepts are shown in Figures 4.6.1 and 4.6.2. The components
that have been selected for the two configurations are listed in Table 4.6.1,
The series load regulator configuration weight is 30.5 kg (67.1 1b) and
the alternate configuration is 31.3 kg (68,6 1b).

4,6,1 Power Converter

The requirements of the power converter and the characteristics

of the candidate units are as follows:

Candidates
Parameter Requirements -
D1-3-4 N1-3-3 N6~3-1
Input voltage, | 20 to 60 20to 70 | 23 to 33 30,5 0.6
v
Output voltage, 28 = 2% 28 %+ 1% 32+£1 28.0 + 1.6%
v . :
Cutput power, 70 75 60 150
w
Efficiency, % 80 : n
Design life, yz i 5 1 2
Special design | Current Commandable | Commandable | Part of
limiting and |[triple section | redundant power
fault pro- section regulator
tection’ ) ’ . unit
Weight, kg(ib) |[5.5 (12, 1) 5.5 (12,1) 3.2 (7.0) na
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Table 4.6.1 Electrical Power Subsystem Component Listing

NO. INDEX WEIGHT
COMPONENTS REQD. NO. &g T 5)
Series Load Regulator
(28V + 2%) :
‘Power Converter 12 D1-3-4 2.2 4.9
Battery Charger {nh) 2,4 5.2
Battery N5-3-4 6.8] 15.0]
Solar Array (21.6 £°) N3-3-1P 14,1] 31.0
Harness S 5.0 11.0
30.5) 67.1
Discharge Voltage Reg-Alt
(27V + 6%)
Shunt Regulator 2 D4-3-1 1.2 2.8
Discharge Regulator 1 —D2-3-2 4.5 9.8
Battery Charger 2 (nh} 2,4] 5.2
Battery ‘ 2 , N5-3-4 6.8] 15.0
Solar Array (17.3 ££7) 2 N3-3-1¢ | 11.2] 24.8
Harness 5.0} 11.0
31.1] 68.6

2 Remove two of the three sections in this unit,

b sAs-C array panel modified by adding two panel segments to
each solar wing for a total of five segments/solar wing

C SAS-C array panel modified by adding one panel segment to
each solar wing for a total of four segments/solar wing.

4.28




The prime candidate is the first unit (D1-3-4) since it will operate over

the wide input range and provide the desired output véltage-. Each unit
contains three 75-Watt sections that can operate in parallel, Since weight
is critical, two sections should be removed, Thié should reduce the weight
to about 2,2 kg {4, 9 1b). The modification to remove two sections is
estimated to be about 20 percent of the DDT&E,

4.6.2 Battery Charger

The requirements of the battery charger for the series load

regulator, and shunt and discharge regulator configurations are as follows:

Series Load Discha,az'ge
Parameter Regulator Regulator
Type Current and voltage Same
limited with trickle
. standby
Input Voltage 20 to 60 V 20 to 28.56 V
Maximum Charge ZA Same
Current . —
Charge Voltage - Temp. linearly decreas~ Same
Limit ing from 30V at 272K to
22V at 305K
Trickle Current 0.1A Same
Special Design Automatic switch from Command charger
maximum charge rate to "off'" when discharge .
trickle rate upon reach- | regulator is deliver-
ing charge voltage limit. ing battery power
Automatic cutoff for
battery temperature is
greater than 308K,

There is no battery charger in the .catalog that will provide either

of the desired control functions, The chargers will require new development.
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4,6.3 Battery

The requirements for the battery and the characteristics of

the ¢andidate units were determined from the SDCM computer program

and modified to reflect the reduction in average load power when duty cycle

and selected components are considered.

SDCM Modified
Di g charge i?)l;,lg ° 1 Di EChar ge
eq. Reg. eg.
Average Load Power, W 113,2 69.6 69.6
Total Capacity Req'd, A-hr 8.8 6.4 5,4
Number of Cells 17 20 17
Number of Batteries 2
o
The candidate batteries are as follows:
— Candidates
Parameters
N5-3-4 N4-3.4 N7-3-2 .
Capacity/Battery, A-hr 3 6 4,5
Number of Cells 20 23 23
Weight/Battery, kg (1b) 3.4 (7.5) 6.1(13,4) 17.0 (15.5)

For the series load regulator configuration, two N5-3-4 batteries
should provide the best power storage since they meet the cell requirements.

Although their capacity is marginal, the actual capacity available from NiCd

batteries is generally 1, 15 times greater than the manufacturers rated

capacity,
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For the shunt and discharge voltage regulator configuration,
two N5~3-4 batteries are also the best candidates, To meet the required
cells, the battery must be modified by shorting 3 of the 20 cells to provide
a 17-cell battery.

4.6.4 Solar Arravy

The solar array requirements for the series load re'gulator,

and shunt and discharge voltage regulator configuration are as follows:

SDCM Modified
Parameters Series Discharge | Series Discharge
Load Voltage Load Voltage
Average Load 113,2 . 113.2 69.6 69.6
Power, W
BOL Power, W 275.6 275.6 201.4 166.3
EVL Power, W 262,0 262:0 191.4 158,0
Solaz Array Area, 2,58 (27.7){ 2.58{27.7]1.88 (20.3)| 1.59(17.1)
m” (%) _
Number of Array 14 14 10 8
segments

(2,16 fi%/seg.)

A sun-oriented solar array based on the SAS-C panel segments
were selected because the panel segments appear to be additive to provide
adequate area. With a sun-synchronous orbit, an oriented array would be
very efficient. Results of a previous study (Ref. 12) showed that when
both thermal and sun angle effects are accounted for, the average power
output of a sun-oriented array is 1.43 larger than the average power .output
of a fixed array on an earth-pointing satellite of the same area. In addition
to increases in array area for fixed array, the battery charging require-
ments would also increase causing further increase in array area. The

larger area will increase the weight and volume.
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The types of modifications for the SAS-C panels are to add array
segments to mount cells on only one side and to-provide array drive mecha~
nism. These modifications would be considered major and are estimated to

be about 75 percent of a new solar array development.

4.6,5 Shunt Regulator

The requirements of the shunt regulator and the characteristics

of the candidate units are as follows:

Require- Candidates
Parametets mq nt ’ , - -
HHSnLs 1 D2-3-1 © D4-3-1 N1-3-1
Input Voltage, V| 20 to 60 30 31,4
(unregulated)| .(reg. max) (reg_. max) {req. max)
Power Dissipa- 132 110 100 T
tion, W ’ .
Limiting 28.6 30 27.2 to 31,2 32.8
NVoltage, V
Weight/Unit, Low 0.5(1,2) 0,6(1.4) 0.4(0.9)
kg (1b) . —1—
Design Features Self Self Self
Driven Driven Driven
Adj. volt
Hmit '

This unit is--used in the shunt and discharge voltage regulator
configuration. The prime candidate is the second unit {D4-3-1) since it is
self-driven and the voltage limit is adjustable in 0.5V increments, so that
a limit of 28,2 *+ 0,2V can be obtained. The other candidates do not provide

the desired voltage control.
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4,6.6 Discharge Regulator

The requirements of the discharge regulator and the character-

istics of the candidate unit are as follows:

. . Candidate
Parameters Requirements D2-3-2
Type Boost pulse width regu- Same
lator
Input Voltage, V 22 to 29.5 19.1 to 26
Output Voltage, o 27,44 26,251
Minimum, V
Cutput Power, W 69.6 - 341
Efficiency 90% at maximum load 80 to 90%
Design Feature Current limiting fault No current limiting.
protection. Signal to Current discharge out-
turn "off!" battery put available,
charger when regulator
is delivering battery
power,

The unit is used for the shunt and dischér gev voltage regulator
confi guration.‘ This is the only candidate in the catalog, ~and the unit does
not meet the requirement. Since this is the only available candidate, this
unit determines the minimum voltage 1:1m'1t of the configuration whichl is
25.25V. The unit does not provide current limiting fault protecti_on.- This

feature is desirable but not required.

4.7 COMMUNICATION AND DATA HANDILING

The HCMM communication link is the STDN network, i.e., TDRS
is not planned to be used for this mission, The description of the STDN has
been obtained from the 1974 Usert's Guide (Ref. 7)., The basic requirements
for CDH were obtained from References 10, 11, and 13 and are summarized

as follows:
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Commands

Frequency: 149 MHz

Modulation: PCM/FSK/AM/AM

Real-time Commands: 112 (56 for instrument plus

56 for housekeeping)

Stored Commands: 256

Storage Time: 2 hours

EIRP (uplink): ~-74 dBm (1nc1udes space loss)
Tracking

Frequency: 136 MHz

Interferometer system using the VHF telemetry link,
Telemet.ry.
' - VHF link (instrument and housekeeping data)

Frequency: 136 MHz

Modulation: PCM/PM

Bit Rate: 1200 bps

EIRP: +14 dBm

S-Band link (a1l mux. and encoding performed in Instrument

Module).

Frequency: 2.2 to 2,3 GHz

Modulation: PM ) .

Three Subcarriers: 2 subcarriers for instrument video

1 subcarrier for 1000 bps hskg data.
EIRP: - +29 dBm

The CDH subsystem functional diagram is shown in Figure 4.7.1
and the list of candidate components that have been selected or that are
representative candidates from the cdtalog is shown in Table 4,7,1., Ina
few instances a selection could not be made because adequate component
data were not available, and only a representative component was selected
assuming one of the candidates can meet the requirements.

The instrument video data for the S-band transmitter are assumed
to be multiplexed and encoded in the instrument module. The downlink VHF
link transmits the housek.ée:p'ing and instrument status data at a data rate of
1200 bps, The tracking is provided by the VHF interferometer system which
uses the VHF transmission link, The command messages are in binary form
which eliminates signal conditioning in the CDH, The CDH total weight is
12,3 kg (27.1 1b) and the average power is 19,6 W,
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mitter Instrument Module

S~Band-
Trans- e Instrument Module
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Figure 4, 7.1 Communication and Data Handling, Block Diagram
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" Table 4.7.1

HCMM Communication and Data Handling Weight and Power

POWER
Lo , WEIGHT OPERATE STANDBY OT, PWR.
COMPONENTS RN°' INDEX : f
eq.| No. (kg) b w Duty w Duty W
Communicationa _
VHF Antenna 17 [N1-4-11 0.8 1,8 0 0 0
VHEF Transmitter 1 N1-4-3 0.5 1,2 4.4 100% 0 4,4
VHE Diplexer 1 NbE=4-3 0.7 1.5 - 0 0 0
VHF Receiver 1 Né6-4~7 0.6 1.3 0.5 100% 0 0.5 i
S-Band Antenna 1 |D4-4-4 1 0.4 0.8 0 0 0
S-Band Transmitter 1 D1-4-3 2,1 4,7 18.2 20% 0 4.0
Subtotal 5.1 11.3 8.9
Data Handling
Command Decoder ‘1 {D3-4-5 1.9 4,2 6.0 20% 0.8 80% 1.8
Stored Programmer 1 [D146P| 2,3 5,1 5,7 50% 0 2.9
Digital TM Unit 1 | (nw)® 1.8 4.0 6.0 100% 0 6.0
Subtotal 6.0 13,3 10,7
Total 11.1 24,6 19,6
" 25ee Page 45 in Ref, 11 for dufy cyc]ﬂe
b Major modification required
€ Estimated values




4.7.1 VHF Antenna

The desired characteristics of the VHF antenna and the charac-

teristics of the candidate components are as follows: -

Desired Candidate
Parameters Characteristics (N1-4-11)
EIRP
Transmit +14 dBm
Receive -74 dBm
Gain )
Transmit - 6 dBm
Receive ~-13 dBm.
Coverage 47 steradian 97% minimum
471 steradian
Frequency .
Transmit 136 MHz 136,92 MHz
Receive 149 MHz=z 149,52 MHz
Polarization Circular Circular

The candidate meets the required characteristics without modification,

are two other candidates but they do not match the reéuirements as well,

The selected unit was used.on OSO-I
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4.7.2

VHE Transmitter

The desired characteristics of the VHF transmitier and the

characteristics of the candidate units are as follows:

. Candidates
Parameters Desired
Characteristics | N1-4-3 N2-4-3 N3-4.2

Frequency, MHz 136 136 137 136,68
Output Power, W| 0.5t0 1" 1 1to3 0.25to 1.5
Modulation Phase Phase Phase Phase
Frequency Stab. | #0.0025% £0.0015% | £0.0037% +£0,001%
Freqguency Acc, £0.001 ns ns ns
Carrier Phase <0,05 rad rms ns <0, 35 rad ns

Instability
Modulation 1,1 rad 0.8t 1.5 1.25 rad 0.80 rad

Deviation rad ;
Deviation *10%

Linearity 0 to 1 rad ns — ns <1%
Deviation + 10%

Response Amp. | 100 Hz to 10 kHz ns ns ns
Deviation

Stability =10% over temp 50, 05 rad -ns ns

range

Noise, Harmonics

and Spurious <60 dB ns <60 dB < 640 dB

Emission
Weight, kg Low 1.68 0.74
Power, W Low 4,4 6.2

‘With the available information, the N1-4-3 appears to best meet the required

characteristics. The unit should be applicable with only minor modifications.
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4,7.3

VHF Diplexer

The desired characteristics of the VHF diplexer and the character-

istics of the candidate units are as follows:

Desired Candidates
Parameters Characteristics
) N5-4-3 N1-4-9 N6-4nd

Frequency

Transmit, MHz 136 136,38 136.92 136,67

Receive 149 148,56 -149,52 151,20
Isolation

Transmit port ~ 50 dB 55 4B 60 dB ns

to receive port
Insertion Loss

Transmit chl £24d8 0.4 4B 1.5 dB <£1.0 dB

Receive chl 5,0 4B 1.0 @B £1.,04dB
Bandwidth

Transmit chl 2 MHz 2 MHz ns 2 MHEz

Receive chl 1 MHz 1 MHz ns 6.6 MHz
Power Rating, W 2 10 2 10
Weight, kg low 0.7 0.2 0.70

The N5-4-3 unit should be applicable without any modification.,




4,7.4

VHF Receiver

The desired charactéristics of the VHF receiver and the character-

istics of the candidate units are as follows:

: . Candidates
Parameters Desired , -
Characteristics N4-4-7 N4-4-1 N3-4-4
Frequency, MHz 148 154,20 148, 56 . 148, 96
. : 148,262 kHz .
Modulation PCM/ESK/AM/AM| PCM/FSK/ AM PCM/FSK/
. AM/AM AM/AM .
Command Bit 600-1200 bps ns ns 64 kbs
Rate
Receiver -105 dBm for -110 dBm ns ~95 dBm
Sensitivity BER 10-5
Frequency stab. *0,0025% +0,0014% £0.005% *0, 00_5%
Noise figure 7 db max ns <10 db ns
Preselector <4 MHz ns 20+0,003% ns
Bandwidth : MHz
Intermediate 50 £ 10 40 48 5547
Predetection
Filter, kH=z
Dynamic Range, -30 to -105 =27 to «110 ns -95 to -40
dBm :
Weight, kg Low 0.6 1.1 .
Power, W Low 0.5 - .

The candidate receivers are listed in the order of best meeting

the desired characteristics. The amount of modification appears to be in

tuning the frequency and electrical connectors.
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4,7.5

S-Band Antennd

The desired characteristics of the S-band antenna and the char-

acteristics of the candidate units are as follows:

Desi Candidates
esired
Parameter Characteristics

- D4-4-4 D2.4..10 DI-4-7
Frequency, GHz 2,2t02.3 |2.21t02.3 2.2t02.3 | 2.2t02.3
Gain, 4B 0 0 -0.5 -3
Coverage, deg 150 180 +50 107
Power Rating, W 2.6 2 4
Weight, kg Low 0.4 0.9 1.2

The D4-4-4 antenna appears to be the best selection because of its low weight

and adequate coverage and gain,




4,7.6

S-Band - Transmitter

The desired characteristics of the - S~band transmittef and the

characteristics of the candidate units are as follows:

Parameters - Desir.?d . Condidates
. Characteristics Di1-4-3 Dé-4-2 N1-4-2

‘EIRP 429 dBm .
Frequency, GHz 2,2t02,3 2,2t0 2.3 2,2t0 2,3 2,2to0 2,3
Modulation PM PM PM PM
Output power, W l1to2 2to2,8 1 lto 2
Frequency Stabil. +0,0025% +0,003% ns +=0,002% -
Frequency Accur., *0.001% ns ns ng
Carrier Phasé |'<x0.05 rad rms ns ns ns

instab. ’ .
Modulation devi. 0,3VRMS=1rad} 1,8 rad 1.5 rad ns
Devi. linearity *10% O0to l,5rad] =ns |, 7% @ 1 rad ns
Deviation stab. *10% <3,5 deg ns +3 deg
Incidental AM <5% @ 1.5 rad ns ns ns
Incidental FM <20HZ pto p ns ns ns
Spurious < 60 dB 60 dB 40 dB 60 dB

Emissgion
Efficiency High 11% 6.1% 10.5%
Weight Low 2.1 1.5 1.5

The three listed candidates are listed in the order of preference and they -

will meet the basic reguirements.,

4-42 -



4.7.7

Command Decoder and Stored Programmer

The desired characteristics of the command decoder

programmer, and the candidate units are as follows:

and stbred

Candidates
Parameters Desired Decoder Programmel
Characteristics g
D3-4-5 D6-4-6 N1-4-6
Real-time 112 288 168
Commands
Stored program 256 1360
Commands
Stored Command 2 hr 2.9 hr
Storage Time
Command mes- 10/sec ~30/sec ~50/sec
sage rate
Bit rate, bps ns 1000 1000
Word length, bits ns 33 - 20 48
Number of ns 12
Memory
Addresses
Weight, kg Low 1.9 2.8 2,3

Additional information is required to make a selection,

The units will

probably require major modifications for the components to match and be

compatible.



4.7.8

a.
b.
C.
d.

Digital Telemetry Unit-

The desired characteristics of the DTU are-as follows:

Bit rates: 1.25, 2.5, 5 kbps; or 1.6, 3.2, 6.4 kbps
Bit rate stability: T 0.001'% over the qual. temp. range
Word structure: 8 bits min/word

Provide synchronous pattern and subcommutator identification
in every minor frame,’

Convert analog inputs to 8 bit resolution with accurac.y better
than one half the least significant bit,

Dump cormmand memory on commaind within 100 seconds.

Bit rate selection to be by ground command,

In addition to the above listed desired characteristics, informa-

tion to establish the number of channels is reguired before the unit can’be

adequately parametized. However, with the available data it-can be ‘determined

that the catalog does not contain a DTU that remotely resembles the require- .

ments. A new special design is required or the requirements must be

changed to fit: existing design, namely the 1.2 kbps transmission bit rate.

More common bit rates are 16, 32 {and up) kbps.
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5. STRATOSPHERIC AEROSOL AND GAS EXPERIMENT (SAGE)

5.1 MISSION DESCRIPTION

The mission objective of SAGE is to determine the
spatial distribution of stratospheric aerosols and ozone on a global scale,

.The specific objectives are:

a. Locate stratospheric aerosol and ozone sources and sinks.

b. Monitor circulation and transfer phenomena to a limited
extent,

c. Observe hemispheric differences.

The satellite orbit is 600 km near circular, 50 deg

inclination. Stationkeeping or maneuvers will not be required during the-

one year mission life, The launch vehicle is the four-stage standard Scout

vehicle, The communication link is the STDN network (Reference 10),

5.2 MISSION EQUIPMENT DESCRIPTION

The SAGE mission equipment characteristics and descrip-

tion are as follows:



Weight 26.4 kg (58.2 1b)

Size 40.6 x 40.6 x 67.1 cm
(16 x 16 x 24,4 in.)

Power 4 W min. , -20 W peak
8 W average
28 Vdc + 2%

Pointing Accuracy 3-axis stabilized

+ 0.017 rad (£ 1 deg) roll and pitch
t 0.035 rad (f 2 deg) yaw axis

Communication S-band

2.0 to 2.1 GHz range uplink
2.2 to 2,3 GHz downlink
PCM/PM modulation

Data Storage 7x 108 bits
2.56 x 10° bps playback

The mounting and sensor pointing direction of the mission
equipment is shown in Figure 5.2.1. A sketch of the equipment is shown

in Figure 5. 2. 2.
5.3 SPACECRAFT DESCRIPTION

The goal in configuring the SAGE spacecraft is to be identi-
cal to HCMM. Any subsystem deviations from HCMM configurations are thus
limited to meeting the SAGE mission requirements and to reduce the combined
HCMM and SAGE program cost. The SAGE mission requirements basically
determined the SC and CDH configurations, The SC configuration is the two-
scanwheel arrangement of HCMM. The communication portion of the CDH
is SAGE unique but the data handling portion uses HCMM components. The
EP subsystem considered the same alternative power regulation methods that
were studied for HCMM. The SAGE solar arrays are, however, larger than
" HGMM due to the orientation and orbit of the spacecraft with respect to the

sunline during the one year mission lifeline.



SPACECRAFT MOUNTING g
INTERFACE

THIS FIELD OF
VIEW IS TO BE
UNOBSTRUCTED

INSTRUMENT ALTITUDE 600 KM.

Y
TOWARDS
EARTH

Figure 5.2.1 SAGE Mission Equipment Pointing Direction
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The AP subsystem considered three alternatives, They
are (1) the HCMM‘AP, {2) a low weight hydrazine unit that meets SAGE
requirements, and (3) a cold gas propellant system. The HCMM unit exceeds
SAGE needs by an order of magnitude but is attractive since the development
will have been accomplished in the HCMM program. A cold gas propellant
system was considered because of its low cost aspects. The various SAGE

combinations that were considered are tabulated in Table 5. 3, 1.

Table 5.3,1 SAGE Configuration Combinations

Title Subsystem Configuration ?Otai Weight
{program developing subsystem kg b
1. l.ow Cost ~ SC - SAQGE (HCMM)
{Baseline) AP - Hydrazine (SAGE) '
EP - Series Load Reg. i 147.7 325.7
(HCMM)
CDH - (SAGE)
2. Low Cost - SC - SAGE (HCMM)
AP/Cold Gas AP - Cold Gas (SAGE)
EP - Series Load Reg. |- 161.0 | 354,9
_ (HCMM)
CDH - (SAGE)
3. Low Cost - SC - SAGE (HCMM)
AP/HCMM. AP - Hydrazine (HCMM) ]
EP - Series Load Reg. 156.9 | 346.0
(HCMM) o
CDH - (SAGE)
4, Low Cost - .8C - SAGE (HCMM)
EP 2 AP.- Hydrazine (SAGE)
EP - Discharge Volt Reg, } 147,5 325.2
(HCMM)
CDH - (SAGE) !




The baseline SAGE consists of the HCMM alternative SC,
SAGE hydrazine AP, HCMM EP, and SAGE CHD, This configuration provides
a margin of 2,7 kg (6 1b) since the total spacecraft weight is estimated at
121. 3 kg (see Table 5. 3. 2} and the allowahle spacecraft weight is 124 kg

(Reference 11),

Table 5.3.2 SAGE Weight and Average Load Power

Weight
Subsystems A&Pr,ir_a;g: ch;a’d
: kg 1b OWer,
Stabilization and Control 34,0 | 75.1 38.0
Communication and 22.3 49,4 27.3
Data Handline
Auxilary Propulsion
Dry Weight 5.4 | . 11.9 0
Propellant 1.1 2.4 0
Electrical Power 39.9 87.7 02
Structures and Thermal 18.6 41,0 0
Spacecraft Total IFo121.3 267:5 65.3
Mission Equipment 26.4 58.2 8.0
Satellite Total | 147.7 | 325.7 73. 3

2 Flectrical power converter and storage efficiency considered
but not included as load power.
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For additional weight margin, there are two potential areas
that can be changed to reduce the weight, They are the scanwheel assembly
and the solar arrays. The selected scanwheel which exceeds the capability
can be replaced with a smaller unit that is available on the market. The
solar array is another area where weight reduction should be possible if
an extensive analysis is conducted to optimize the array arrangement and
launch time. The use of fixed arrays as specified in Reference 10 was not
analyzed in this study, Only the four-array configuration was considered

for the one year mission

5.4 STABILIZATION AND CONTROL

The acquisition mode for HCMM will not work for SAGE
orbit, but the SAGE acquisition mode will work for the HCMM orbit, The
SAGE orbit results in large variations in sun to spacecraft to earth radii
angles, These large angles require a larger FOV earth sensor if the HCMM
configuration is to be used. To achieve a large enough FOV to acquire the
earth from SAGE orbit using the HCMM configuration, an additional scan-
wheel must be added. By adding this scanwheel for SAGE orbits the FOV
‘of the earth .sensors is increased and the need for body-mounted sun sensors
is eliminated. An added benefit with two earth sensors is the independence
frofn altitude variations, i.e., first orbit can be circular or elliptical.

The details of the above discussion are presented in
Appendix A. The discussion on the candidate components is presented in
Section 4. 4 except for the sun sensor and devices associated with the control
of the solar arrays. The selected candidates are listed in Table 5.4.1 and
the functional diagram is shown in Figure 4, 4, 3,

The listed scanwheel is sized for HCMM requirements,
This unit can be replaced with a smaller unit because of the lower disturbance
for SAGE. The use of available smaller units which are not included in the
catalog can reduce the spacecraft weight by approximately 6 kg. This study
did not incorporate the smaller unit since the goal is to select cataloged

components,



Table 5,4.,1 SAGE Stabilization and Control Subsystem, Component Listing

POWER
COMPONENTS RN?d Inl\cli:x Weight Operate Standby Tot., Pwr.
) qc. . kg b W Duty W Duty W

Scanwheel Assembly 2 D3-1-1 13.2 29. 2 100%
Rate Gyro Assembly 1 (nh)2 0.9 2.0 b b
Sun Sensor 1 | N5-1-1 0.1 0.3 0.03 100%
Wide Angle Sun Sensor 4. |Developed® 0,3 0.6
Solar Array Dr. Mtr, 4 (nh)2 10.9 24,0
Solar Array Dr. Elect, 2 (nh)2 2.3 5.0 20 100% 20
Control Elect, Assembly 1 {nh) 5.4 12.0 10 100% 10
Valve Driver 1 (nh)? 0.9 2.0 0

Total 34,1 75.1 38

% Same as HCMM (no development),

b Operates only during acquisition mode,




The controls portion of HCMM and SAGE can be identical;
however, the solar array drive electronic portion of SC will differ if oriented
arrays are selected. Amnalysis to determine a satisfactory concept is neces-
sary, as discussed in the EP section (5.6). A tradeoff analysis of fixed
versus oriented arrays and optimization of oriented arrays are suggested
before the solar array electronic drive characteristics are- defined. For
this portion, the study assumed that four solar array drive motors and

electronics are required.
5.4.1 Sun Sensor

The HCMM and SAGE missions have a requirement to
telemeter the spin rate of the fourth stage., This requirement was met for
HCMM by the coarse sun sensors which provided information on the sun-
line angle about the spacecraft axis and the spin rate. Since the need is to
supply only the spin rate for SAGE, a single sun sensor with a wide FOV
is all that is required. -The requirements and the characteristics of the

candidate unit are as follows:

Candidate Requirement Candidate
) (N5-1-1)
" Spin rate 90% 0.5 rpm 50 to 110 rpm
. 0. 03 rad (2 deg)
accuracy
FOV ' As wide as 3 rad (174 deg)
; practical
Design life 1l year 5 years

The candidate sensor outputs can be used to drive a timing pulse whenever
the sun crosses a selected spacecraft plane containing the spin axis. The

sensor should be applicable without any modification.
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5.5 AUXILIARY PROPULSION

The SAGE auxiliary propulsion subsystem requirements
differ from HCMM because SAGE has less instrument disturbance torque
and does not require AV corrections to maintain sun synchronous orbit which
results in less total impulse and two less thrusters. With the lower total
inipulse, the inherently more reliable and lower cost cold gas propellant
systems may be a suitable applicat:;ton. The requirements of the SAGE

auxiliary propulsion are as follows:

Parameters ' Requirements
Total Impulse 1855 Ns (417 1b-s)" + 10%
Thrust Levels Six 2.22 N (0. 5 1bf) thrusters
Two 0.44 N (0. I 1bf) thrusters
Life ' One year, 50,000 pulses
Reliabilities No single point failure mode

A cold gas propellant and a hydrazine system were con-
figured to meet the above requirements.

The cold gas propellant system is shown in Figure 5,5, 1,
The tank can be isolated in the event of a plumbing leak. The candidate '
components are listed in Table 5,5.1. The selected thrusters have redun-
dant series and soft-seat valves, and are not isolated. A backup pressure
regulator is provided in the event the primary regulator fails closed or can
be detected open before the downstream thrusters are damaéed.

The selected tank which is the closest to meeting the
requirements is oversized for the required impulse.. The tanks can be off-
loaded to 2069 N/c:m2 (3000 psia), The pressure regulators will have to be
reset to 21 N/cm2 (30 psig) pressure. All of the candidate components

were selected from the catalog on the basis of minimum weight except for

"Reference Appendix A,
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GN,

fill/vent valve l..D<l' ‘ (P)

isolation valve (typical)

ni—><

filter, 15 absolute

regulator

relief valve
(typical)

test port

0.5 1bf
thruster

0.1 Ibf thrusters
Figure 5.5.1 AP Cold Gas Propellant Schematic Diagram for SAGE
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the ti-zrusters and regulators. The selection of the thrusters was based on
dual seat arrangement and regulators were based on minimum change in set
point (see Table 5,5.2).

The hydrazine system components are listed in Table 5. 5. 3.
These components are described in Section 4, 5. The selected tank is smaller
than the candidate unit for HCMM but still oversized for SAGE, Larger tanks

will provide ullage volume which should provide less change in thrust level for
the blowdown pressurization system, -The total wet weight of the hydrazine

system is substantially lower than the cold gas propellant system, Because of
the weight reduction, the hydrazine system is selected as the baseline AP,

N

5.5.1 Candidate Components for AP

Components h;\?ex Remarks
o.
0.5 1bf thrusters Ni1-2-1 0.5 kg
N7-2-5 0. 3 kg, dual seat
N7-2-3 0.2 kg
0.1 1bf thrusters D3-2-4 0.4-kg, dual seat
Isolation Valve - Nl-2-4 0.7 kg
DS-Z“B 1. 1 kg
Filter, (15 p N1-2-6 10 g, 0.14 kg
absolute) N2-2-7 15, 0.13 kg
N7-2-3 10,
D8-2-6 15y, 0.16 kg
Pressure Reg. N1-2-3 152 N/émz(ZZO psig) set point,
(100 psig) 0.55 kg >
N7-2-4 10 to 26 N/cm (0 to 40 psig)
set p01nt 0.59 kg
D3-2-5 138 N/cm?(200 psig) set point,
3 . 1.96 §
Tank, 8244 cm N1-2-2 15,652 cm3 (955 in3) @ 2482 N/cm?Z.
(503 in3) 2 {3600 gsm.) 5.22 kg 2
2069 N/cm . D3-2-1 14,522 cm3(886 in2) @ 3172 N/cm
(3000 psia) (4600 p51a), 7. 26 kg
Fill/Vent Valve N7-2-9 2482 N/cm? (3600 psig), 0.13 kg
N7-2-2 1793 N/cm2(26oo psig), 0,18 kg
D3-2-7 3172 N/cm2(4600 psig), 0.07 kg
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Table 5.5.2 SAGE Auxiliary Propulsion,
Cold Gas Propellant

. . s ohi
Component RNC'):i Iz;lex Welg
q'd. o. ke b

0.5 1bf thruster 6 N7-2-5 1.9 4,2
0. 1 1bf thruster 2 D3-2-4 0.7 1.6
Isolation Valve 5 N1-2-4 3.4 7.5
Filter 1 N2-2-7 0.1 0.3
Regulator 2 N7-2-4 1.2 2.6
Tank 1 Ni-2-2 5.2 11.5
Fill/Vent Valve 1 D3-2-7 0.1 0.2
Relief Valve: 2 0.2 0.4
Temp. Transducer| 1 0.1 0.2
Pres, Transducer 2 0.2 0.4
Tubing 2 m 0.6 1.4
Dry Weight - 13,7 30.3

. Nitrogen . LY 4,2

Wet Weight 15.6 34,5
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Table 5,5.3 SAGE Auxiliary Propulsion, Hydrazine

Component No. Index Welent
1
Rg'd. No. kg b
Tank 1 D7-2-% 1.58 3.5
Thrusters )
(1 1bf) 6 N7-2-7 1.71 3.8
(0.1 1bf) 2 Dl1-2-4 0,64 1.4
Valve, Latching i NZ2-2-3 0.08 0.2
Filter 1 N2.2-7 0.13 0.3
Valve, Fill & Vent 2 D1-2-5 0.14 0.3
Transducers 2 0.18 0.4
Plumbing 3m 0. 64 2.0
Dry Weight 5.4 11.9
Hydrazine & 1.1 2.4
Nitrogen
Wet Weight 6.5 14.3
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5.6 ELECTRICAL POWER

The SAGE power subsystem is basically the same as

HCMM except for the solar array. The average load powers for HCMM
and SAGE are 69.6 and 73.3W, and the bus voltages are identical. The
two oriented solar arrays are efficient for the HCMM sun synchronous
orbit; however, SAGE requires additional arrays to provide adequate power
during the one year of flight operations. The range of sun angle during the
four seasons is illustrated in Figure 5.6.1. The sunline can range from
0 to 73 deg from the roll axis, The angle is dependent on the time of launch
and the time of year. From the range of the sunline, it is apparent that
three or four arrays will be required for SAGE. To determine the optimum
arrangements and area, a tradeoff analysis is necessary; however, for
this study, four arrays will be used where the area of the second pair is
75 percent of the area of the HCMM solar arrays., The four arrays are
assumed to be programmable to provide the required orientation for one
year,

A The lists of components for the series load regulator
and discharge voltage regulator configurations are shown in Tables 5.6. 1 '
and 5, 6,2, The functional diagrams of the two candidates are shown in
Figures 4. 6.1 and 4, 6, 2,
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Table 5.6.1 SAGE Electrical Power Component Listing, Series
Load Regulator Configuration

' Weight
No. Index
COMPONENTS Rad. No
kg 1b
Power Converters 12 Di1-3-4 2.2 4.9
Battery Charger 2 (nh) 2.4 5.2
Batteries 5 2 N5-3-4 6.8 - 15.0
Solar Array (~36 £t ) 4 | N3-3-1 | 23.5 51.6
Harness 5.0 11.0
TOTAL EP WEIGHT 39.9 87.7

2 Remove two of the three modules in this unit.

bgas.¢ array panels modified by adding segments.

Table 5.6.2 SAGE Electrical Power Component Listing, Shunt
and Discharge Voltage Regulator Configuration

COMPONENTS I{fl o | Tidex = Welght
Shunt Regulator 2 D4-3-1 1.2 2.8
Discharge ‘Regulat'or . 1 |D2-3-2 4.5 9.8
Battery Charger 2 (nh) 2.4 5.2
Batteries 2 N5-3-4 6.8 15,0
Solar Array (~30.3 :Etz) 4 N3-3-1 19.7 43.4
Harness ' N3-3-1 5.0 11.0

TOTAL EP WEIGHT 39.6 87.2
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5.7 COMMUNICATION AND DATA HANDLING

. Although the SAGE communications and data handling sub-
system utilizes the STDN network and the spacecraft is the same as HCMM in
many areas, the transmission links for comznarid, tracking and telemetry are
not the same as HCMM. The HCMM transmission frequencies are basically
a combination of VHF and S-band, and SAGE uses only \S—Band frequencies.

A comparison of the basic communication links between HCMM and SAGE are

as follows:

Items HCMM SAGE
-Command . VHF/2 hr S-band/24 hr memory
Tracking VHF S-band
Housekeeping VHF and | S-band
S-band
Mission Data S-band | S-band, playback
real-time

) The general requirements of the SAGE CDH which are itemized
in Table 5. 7.1 were obtained from References 9, 10, and 11, The transmission
links are all on STDN S-band and not planned to interface with the TDRS, The
information concerning STDN was obtained from the User's Guide, baseline
document (Reference 7). The CDH configuration that meets the general require-
ments is shown in Figure 5.7.1, The candidate components along with the
quantity, weight, and power are listed in Table 5. 7. 2.

The communication configuration is a unified link with
common antenna and a separate downlink, The baseband assembly unit {BAU)
modulates the housekeeping data from the digital telemetry unit on a subcarrier
and combines this subcarrier with a PRN ranging code from the S-band receiver.
The low data rate transmitter modulates the housekeeping data, amplifies the

power to required levels, and accepts ranging code and driver signals for
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coherent operations, The hi data rate transmitter dumps the stored mission
data once per day at a rate of 256 kbps,

The low data rate is transmitted via omni antenna during as-
cent and early stabilization period, Once the spacecraft is stabilized, the low
data rate is switched over to the hemispherical antenna, The high data rate

uses the hemispherical antenna at all times.

Table 5.7.1 SAGE Communication General Requirements

. Parameters Requirements
Command
Real time 112
Stored 256
Time to execute 24 hr
Command bit rate 10 commands/sec
EIRP ~74 dBm
Frequency (uplink) 2.09% to 2.12 GH=z
Tracking PRN ranging and range rates coherent

for 2-way Doppler and PRN ranging

Telemetry
Links 2 downlinks @ 2. 2 to 2. 3 GHz

Housekeeping and
command verification

Mission data Recorded @ 1200 bps

Transponder antenna Omni during ascent and early orbit
before stabilization on transponder
link EIRP = 4+ 14 dBm

1200 bps transponder

Mission/tape recorder

antenna EIRP = + 30 dBm
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Table 5.7.2 SAGE Communication and Data Handling

Subsystem Components

POWER
COMPONENTS gc:é Ill'ilciex Weight Operati Standby Tot, Pwr,
1 qc. . kg i i Duty W Duty W
Communication
Baseband Assembly Unit | 1 D§-4-5 0.9 2.0 0.5 20% 0 0.1
S-Band Receiver ) 1 |  N5-4-5 1.8 4,0 6.9 100% 0 6.9
Diplexer 1 mh) | 0.7 1.5 0 0 0
Hemispherical Antenna 1 (nh) 0.6 1.3 0 0 0
Omni Antenna 1 N2-4-6 3.8 8.4 0 0 0
S-Band Xmtr-Mission 1 D1-4-3 2.1 4,7 18. 2 0.5%* 0 0.1
S-Band Xmtr-Housekpg. | 1 D6 ~4-2 1.9 4,2 | 16.3 20% 0 2.3
Subtotal 11.8 26,1 9.4
Data Handling
Command Decoder 1 D3-4-5 1.9 4,2 6.0 27% 0.8 73% 2,2
Stored Programmez 1 N1-4-6 . 2.3 5,1 5,7 100% 0 5.7
Digital Telemetry Unit 1 (nh) 1.8 4,0 6.0 | 100% 0 6.0
Tape Recorder (108 bit) 1 § (NASA Std)| 4.5 10.0 4,0 100% 0 4,0
Subtotal 10.5 23,3 17,9 .

2 Reference 10
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5.7.1 Baseband Assembly Unit

The requirements of the BAU and the characteristics of the

candidate unit are as follows:

1

Parameters Requirements 8;‘;1 :iic}:;?e
Input bit rate 1.2 kbps 1 to 128 kbps
PRN input Yes ’ Yes
Subcarrier 1.024 MHz 1. 024 MHz
Power Low 0.52 W
Weight Low 0.9 kg (2 1b)

The selected candidate appears to meet the requirements, Any other device
in the catalog would require modifications to match the bit rate requirements.

DDT&E should not be required.

5.7.2 S-Band Receiver

The requirements of the receiver and the characteristics

of the candidate unit are as follows:

‘ Candidate
Parameters Requirements " (N5-4-5)
Freguency 2,09 to 2,12 MHz 2.09 to 2.12 MHz
Freguency t 30 kHz 1 part in 106
Stability

Dynamic Range
Ranging

Tracking Range
Noise Fig{J,re
Power

Weight

-50 to -110 dBm

Provide coherent
two-way range-
rate and ranging

>120 kHz
=7.5dB
Low

Low

~-70to -110 dBm

Provide coherent

two-way range-

rate and ranging
N/A
8 dB
6.9 W
1.8 kg (4 1b)




The only receiver in the catalog that comes close to the
requirement is the unit (N5-4-5) from the SMS program. It appeatrs from
the available specifications that the unit may need some modifications to the
wideband filters to meet the SAGE requirements, If this modification is found

necessary, the unit would have to be repackaged and requalified.

5.7.3 Diplexer

The diplexer requirements are as follows:

Parameters Requirements
Frequencies
Transmit 2.20 to 2,30 GH=
Receive ) 2.09 to 2.12 GH=
Isolation (transmit 50 dB
to receive port)
Insertion Loss 2 dB
(transmit channel)
Bandwidth
Transmit channel 2 Miiz
Receive channel 2 Mtz
Power Rating 2w

The diplexers listed in the catalog do not meet the require-
ments because they are not applicable to unified S-band frequencies. A new

unit will have to be developed.
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5.7.4 Hemispherical Antennas

The 27 steradian antenna requirements are as follows:

Parameters Requirements’
Coverage Horizon to Horizon (.<130 deg)
Gain ‘
Transmit 0 to -3 dB for downlink EIRP =

+ 30 dBm and power limited to
2 W transmitter

Receive Receive link can operate at lower
signal level than attained with
transmitter gain since uplink
EIRP = -74 dBm

Frequency
Transmit’ 2,20 to 2, 30 MHz
Receive 2.09 to 2,12 MHz
Polarization Right hand circular
Power Rating 2w

The catalog does not list an antenna that approaches the above requiréments.

The antenna will have to be developed.
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5.7.5 Ommni Antenna

The ommni antenma is used for transmitting telemetry and
receiving commands during ascent and on orbit phases, and to receive
commands during the pericds when the spacecraft is not stabilized, The
requirements of the antenna and the characteristics of the candidate unit are

as follows:

Parameter Requirement ?i'éﬁ_"gfg‘;
Frequencies
Transmit 2.20 tc 3,30 GHs= 2.2895 GHz
Receaive 2.09 t0 2,13 GH= 2.108 GH=
Type ] Omnidirectional Omnidirectional
Gain .
Transmit (EIRP = +14 dBm) | -7 dB @ 90 +50°
-15 dB @ 130 to 170°
Receive (EIRP = -74 dBm) -9 4B @ 90 + 50°
~-17 dB @ 130 to 170°
Polarization Gircular . Linear
Power Rating ZW 10W

The AE-C antenna (N2 —4-;6) comes close to me‘é’cing the above requirements.
Modification for circular polarization may be required. The estimated
DDT&E is 10 percent,



5.7.6 S-Band Transmitter for High Data Rates (Mission)

The requirements for the high data rate transmitter and

the characteristics of the candidate unit are as. follows:

: . Candidate
Parameter Requirement (D1-4-3)
Frequency 2,2 to 2.3 GHz 2,2 to 2.3 GHz
Modulation PCM/PSK/PM PCM/PSK/PM
Frequency 5in 1070 for t 0.003% long term
an average 7
. time of 5 hr 1 part in 10" short
term
Modulation linearity 5% max N/A
Efficiency High 13%
Weight Low - 2.1 kg (4.7 1b)
Power 2W Z W min
2.8 W max

The FLTSATCOM (D1-4-3) transmitter was selected based primarily on
efficiency and weight. Other candidates in the catalog including the NASA
standard transponder will meet the basic requirements, Information indicates.

that there should not be any DDT&E effort,



5.7.7 S-Band Transmitter for Low Data Rates (Housekeeping)

The requirements of the low data rate S-band transmitter

and the characteristics of the candidate device are as follows:

Parameter Requirements ((Zgaéui[i‘ﬁazt)e
Frequency 2.2 to 2,3 GH=z 2.2 to 2:3 GHz
Ranging Bandwidth 50 kHz to 3 MHz N/A
Frequency Accuracy 1t 20 kH=z N/A
Frequency Stability 5 x 107° for 5 hr N/A
Modulation Linearity 5% max t 7%
Ranging Mod Index 0. 3 radjans N/A
Modulation PCM/PSK/PM PM
Output Power 0.5 W ' 1w
Efficiency High 6%
Weight . Low 1.9 kg {4. 2 1b)
Coherency USB receiver SGLS receiver

The NATO-III (D6-4-2) transmitter will meet the requirements with minor
modifications., The unit will require modifications for coherency with the
USB receiver. These modification are in the catagory of frequency adjust-

ments which can be accomplished without repackaging or requalification.

5.7.8 Command Decoder and Stored Programmer

The requirements of the command decoder and stored
programmer, and the characteristics of the candidate units are the same as
described for HCMM (see Section 4.7.7) except for the storage time duration.
HCMM and SAGE desire 2 hr and 24 hr memory duration., For this study it
will be assumed that the storage time can be made to accommodate both

program needs, The HCMM decoder/programmer should be suitable for SAGE.
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5.7.9 Digital Telemetry Unit

The DTU for SAGE is basically identical to HCMM, The
HCMM-developed DTU should be applicable to SAQE.

5.7.10 Tape Recorder

The r equirements of the tape recorder and the characteris-

tics of the  LCSO magnetic tape recorder are as follows;

Parameter Requirements (N A(S:zngigzgzr d)
Record Rate 1200 bps 1700 bps min
Playback Rate 256 kbps 272 kbps max
Total Storage T x 108 bits 3.2x lb8 bits
Playback-to-Record [ 213, 3:1 160:1

Ratio
Weight Low 4.5 kg (10 1b)
Power Low 4 W record

8 W playback

To meet the above requi rements, the recorders in the catalog will have to
be redesigned; ho-wever, a new design is probably a better aﬁproach The
magnetic tape recorder described in the I.CSO Standard Equipment Announce~

ment will also not meet the requ1re:ments as itemized above. The NASA

standard recorder has a storage capacity of 1- 1/2 da.ys of recordmg at

1700 bps which exceeds once per day readout requ1rements. It is suggested
that the SAGE requirements be altered to meet the NASA 108 magnetic tape

recorder capability. The study will assume that the standard recorder will

meet the SAGE requirements.,




6. SOLAR MAXIMUM MISSION (SMM)

6.1 SMM MISSION

The SMM objective is to investigate the cause and nature of
solar flares. The data gathering is to emphasize both the thermal and
non-thermal components of the flare, and check the scolar magnetic field
as a flare-energy source. The secondary objective is to investigate the
solar flare effects (Refe'rences' 14 and 15).

The preferred orbital characteristics are a near—;:ircular orbit
of 574 % 28 km (310 £ 15 nmi) with a 33 ¥ 0.05 deg inclination. Minimum
mission lifetime is _one.yéar but the desired li“feti‘me‘ is three years. The
spacecraft is to maintain a constant sun orientation and no orbital maneu-
vering capabﬂity is required. )
¢ The two-stage Delta 2910 is planned as the launch vehicle; it
is a modified Thor booster incorporating nine str;ap-on Thiokol solid rocket
motors. To cover the next solar mauxim{up, the launch is scheduled for
1978. The communication link is planned.to use both TDRS and STDN where
the STDN will provide the pre-TDRS link. N

y

6.2 SMM MISSION EQUIPMENT REQUIREMENTS

The mission equipments will be dedicated to solar observations
and consist of many instruments that will be mounted on a plate 1,83 (72 in.)
by 1.52 m (60 in.). The specific instruments, yet to be determined, will be
limited to seven to nine scientific instruments, mounted on a common plate
as shown in Figure 6.2.1. The instrument assembly will be housed in a
thermal enclosure as shown in Figure 6,2.2. The spacecraft requirements

to satisfy the mission objectives are listed in Table 6.2, 1,

6.3 SPACECRAFT DESCRIPTION

The SMM spacecraft is three-axis stabilized with deployable
‘oriented arrays. The estimated gross weight is about 1360 kg (3000 1b)

including the mission equipment. The spacecraft is a box structure to
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Table 6,2,1 SMM Instrument Requirements

Wejght (instrument structure, 850.5 kg (1875 1b)
support electronics and - ’ ) ’
scientific instruments)

Power (peak) S 174.0 W

(eclipse) . - 35.0 W

(average) 118.4 W
Input Voltage Range 28V % 25% unregulated
Pointing Accuracy (pitch and yaw) *24,2 yrad/s (5 sects)

- (roll) + 1.75 mrad/fs (6 min/s)

Pointing Stability (pitch and yaw) x5 Mrad/5.min

Lo (roll) ~ £0.3 mrad/5 min.
Communication (downlink)- f=2.283 GH=z

two channels
PCM (split phase) /PSK/PM
~ PCM (split phase)/PM ’

(uplink) f=2,1027 GHz
PCM/PSK/PM
Data Handling (data rate) 8 kbps
: {record/reproduce) 1:20
(playback rate) -160 kbps
(telemetry rate) 16 kbps

accommodate subsystem modules. The modularized subsystem approach
is desired for future Shuttle on-orbit maintenance capability; however, this
analysis assumed an integrated spacecraft, i.e., curfent spacecraft design
approach, The SC concept is reaction wheels 'with magnetic torgquers and
cold gas to unload the wheels. The communication is via STDN and TDRS.
During periods of solar activity, the scientific and housekeeping data are
stored on tape recorders. The AP studied only the cold gas propellant
method because of its inherent simplicity, low cost, and unconstrained

weight limit. The EP considered two configurations: one is to usea similar



configuration to the SMM conceptual study and the second is to configure
with all components being flight proven, The latter configuration is possible
because the bus voltage is unregulated 28V % 25%, The system weight and
power breakdown by subsystems are shown in Table 6.3.1.

Table 6.3.1 SMM Satellite Weight and Power Summary

WEIGHT
SUBSYSTEM : POWER
kg 1b
Stabilization and Control 81,2 - 179.0 181.0
Auxiliary Propulsion .
Dry Weight 18.1 40.0 0
Nitrogen 4.9 10.8
Electrical Power 160.5 353.9 02
Communication and Data Handling 78.3 172.7 47.6
Structurc and ThermalP? ) 158.8 350.0 0
Mission Equipment 850,5 1875.0 118.4
Total - 1352:3 | 2981.4 347.0

a .
Not considered in the load power determination.

Estimated by SDCM computer assuming integrated structure, i,e.,
not modularized.

6.4 STABILIZATION AND CONTROL

The SC requirements to meet the scientific objectives that are
outlined in Section 6.1 and specified in Section 6,2 require a three-axis
stabilized control system. The actuators in the SC are reaction wheels
with magnetic torquers and thrusters to unload the momentum wheels.
‘The rate and position sensors are inertial gyros, sun and stellar sensors,
and magnetometers., The sequence and operation modes of the spacecraft

are as follows: (Reference 15).
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Initial Stabilization Initial tumbling sensed by gyros,
) tumbling removed by thrusters and
mapgnetic torques

Sun Acquisition Orient to sun with analog sun sensor,
digital sun sensor and magneometer
, data
Attitude Acquﬁsition Calibrate to determine attitude and

provide required stability
Normal Opeération Inertially stabilized using gyros and
_ pointing data provided by fine point-
ing .sun sensor and star sensors
The functional block diagram of the SC subsystem is shown in Figure 6,4.1
and the requirements for the components are provided in the SMM conéeptual
study report (Reference 15). In some cases the specified réquirements are
given in terms of characteristics of an existing unit which are indicated to
be suitable values. In these instances, it is probablé that the candidate
components are better than required or other candidates could have been
considered if minimum requirements were specified. ..Because the require-
ments may not be supplied in terms of minimums, the candidate components
were not eliminated for marginal pérformance. The marginal components

are indicated in the cases whére performance is below that speciﬁéd. Also,

the power and weight values-indicated in Reference 15 were not considered

a constraint, since it appear-s_ that adeguate overall Wei;ght margin exists.

) ) o The selected components are listed in Table. 6.4.1 along with
the weight and power. The total estimated SC subsystem weight'is 81,2 kg
(179.0 ib) and the estimated power is 181 W. The r@gt{ifements, candidates,
characteristics, and remarks for each component are pi'qvided in Tables
6.4:2to 6.4.7.
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Table 6,4.1 SMM Stabilization and Control Subsystem Components

COMPONENTS RNQOD'_ IN]?SD,{ ' rRIent 138%‘.’%311-’1
' kg Ib W

Inertial Reference Assy 4 | N7-1-3 22,7 | 50.0% 96
Star Sensor 2 |(developed)® | 10.0 [22.0 20
Fine Pointing Sun Sensor 1 Nl~1-2 1.5. 3.3 2
Digital Sun Sensoxr 1 D7-1-5° 0.9 | 1.9 1
Analog Sun Sensor 3 Né6-1-9 0.3 0.7 0
Magnetometer 2 N3-1-1 0,7 1.6 1
Magnetic Torquer 6 D2~1-4 5.4 | 12,0 3
Reaction Wheel 4 D1-1-3° 22,1 } 48.8 48
Valve Drive Assemblyl 1 {nh) 1,5 3.2 0
Control Electric Assembly 1 (nh) 4,5 | 10.0 10
Solar Array Drive and 2 (nh) 11.6 | 25.5

Electronic

Total 81.2 [179.0 181

b Unit has been developed but not listed in the cata,'log.

C rr . : . . :
Unit performance is marginal,

® Weight includes mounting platform.
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Table 6.4.2

Inertial Reference Assembly

REQUIREMENTS

CANDIDATES

CANDIDATE
CHARACTERISTICS

REMARKS

Configuration: Four SDF
gas bearing gyros,
one. redundant,
integral electronics

Weight: 13.6-18.1 kg
(30-40 1b)

j?owe:_r: 40-60 W

Short~term bias stability:
35 grad/hr
(0002 deg/hr)

Torquing rate: 5.2 rad/hr
“(300 deg/hr)

Requirements within

© state of art, but no
conforming unit known,
If developed, recom-
mend using any of
following gyros:

Bendix: 64-PM-RIG
Northrup: GI-K7G
Honeywell: GG 334

Configuration: Four SDF
gas bearing gyros,
one redundant,
integral electronics

Est., Wt: 15.9 kg (35 1b)
Est. Powezr: 50 W

Short-term bias stability:
26 yrad/hr
(0.0015 deg/hr)

Torquing rate:€13.1 rad/hz
(750 deg/hr)

New development
to meet require-
ments

Nimnbus-E/ERTS-A,

(N7-1-3) rate nieasuring
package., Each
package contains one
GI-K7G gyro and
associated electronics

SDF gas bearing gyro,
integral electronics

Weight: 22,6 kb {50 1b}

Power: 130 W
Short-term bias stability:
26 yrad/hr

(0.0015 deg/hr)

Torquing Rate: 13,1 rad/h
(750 deg/hr)

¥

Exceeds weight
and power limits
and needs
mounting
structure

Assume DDT&E =
50%
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Table 6.4.3 Star and Fine Pointing Sun Sensor

‘ REQUIREMENTS

CANDIDATES

CANDIDATE
CHARACTERISTICS

REMARKS

STAR SENSOR.

Accuracy: 48 u rad
(10 sec) rms
a

" Sensitivitys E>mV

FOV: 0,14 x 0,14 rad
" (8 deg % 8 deg)
Weight: 4,9 kg (11 1b)

Power: 10 W’

(Requi-rerﬁent based.
on suitable unit.)

Ball Bros, strapdown
. star sensor that is

used in the mission
equipment portion of
SAS-C, The (N3-1-3)
SAS~C unit in the
catalog is used.in the
SC subsystem and is
not suitable

Accuracy: 48 urad

(10 sec) rms
Sengitivity 6 m

FOV: 0.14x 0,14 rad
(8 deg x 8 deg)

Weight: 4,9 kg (11 1b)
Power: 10 W

The star sensor used
in the mission
equipment meets
the requirements,
DDT&E should not
be expected

EINE POINTING SUN |

[SENSOR .-

| Acfcuracy: 12-39-# rad
{2..5-8,0 sec)rms]

Weight: 4.5 kg (10 1b)

Power: -5 W'

Exotech PIA Sun Sensor
(N1-1-2) used on OSO

| Power:

Accuracy: 22«39 urad
(4.5-8.0 sec) rms

Weight: 1.5 kg (3.4 1b)
2,0 W

DDT&E is not expected

a

- m_ is the magnitude based on visual response-
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Table 6.4.4

Digital Sun and Analog Sun Sensor

REQUIREMENTS 7

" CONDIDATES °

|

. CANDIDATE
CHARACTERISTICS

" REMARKS

1 DIGITAL SUN SENSOR

Accuracy: 0.3 mrad
(1 min)

Resolution: 68 yrad
{14 sec)

1.1x 1,1 rad
(64 deg %64 deg)

Weight: 2.3 kg (5 1b) |
1w '

FOV:

Power:

T Adcole digital solar

. aspect sensor, used
. on OAO-Copernicus

FOV: 1.1 x.k 1 rad:

Accuracy: 0.3 mrad
. (lmin)

68 urad "

{14 sec)

Resolution:

(64 deg x 64 deg)
Weight: 2,3 kg (5 1b)

Power: 1 W !

DDT&E is not
.expected

lAdcole sun sensor unit

(D7~1-5) used on
DMSP .

.Accuracy: 1.5 mrad(5min

Power: 0.9 W

Resolution: NA.

FOV: 1.74x 1.74 rad
- (100 deg x 100 deg)

Wéight: 0.9 kg (1.9 1b)

Marginal performance

ANALOG SUN SENSOR

" Accuracy: 0.09 rad
, (5 deg) ;

" "Weight: 0.5 kg (1 1b) -

Power: 0

.
' v e

“lAdcole 3-eye coarse

analog sun sensor
. (N6-1-9) used.on
ATS-F

Accuracy: 0. 05 rad(3 deg)
Weight: 0.3 kg (0.7 1b)

Power: 0

DDT&E is not
expected

[Adcole é-eye coarse

analog sun sensor
(N6~1-10} used on
ATS-F

Accuracy: 0,05 rad(3 deg)
Weight: 0,3 kg (0.7 1b)

Power: 0

DDT&E is not
expected
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Table 6.4.5 Magnetometer
CANDIDATE
REQUIREMENTS CANDIDATES CHARACTERISTICS REMARKS
Accuracy: 0,035 rad - |Schonstedt unit (N3~1-1) { Accuracy: *0.035 rad DDT&E is not
(2 deg) used on SAS-C (2 deg) expected
Weight: 9.1 kg (20 1b) Weight: 0.4 kg (0.8 1b)
Power: 6 W Power: 1 W

(Weight and power
include magnetometer
plus 3 axes-magnetic
torquers)

Schonstedt unit (D2-1-3)
used on P72-1

Accuracy: 0,022 rad

. (1.3 deg)
Weight: 1.5 kg (3.3 1b)
Power: 1 W

DDT&E is not
expected

Schonstedt unit (D4-1-3)
used on §3

Accuracy: 0.044 rad

(2.5 deg)
Weight: 0.5.kg (1.0 1b)
Power: 1.1 W

Marginal performance

Schonstedt unit (Nl-—1-6)
used on OSO.

Accuracy: 0,052 rad
. (3 deg)

Weight: 0.5 kg (1.2 1b)

Power: 0,23 W

Marginai performance
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Table 6.4.6

Magnetic Torquer

REQUIREMENTS

CANDIDATES

CANDIDATE .
CHARACTERISTICS

REMARKS

Dipole mom/axis:
10, 000 pole-cm

Weight: 9.1 kg (20 1b)

6 W

(Weight and power
include magnetometer
plus 3 axes magneti
torquers) ",

Power:

TRW unit (D2-1-4) used
on P72-1

Dipole mom/axis:
10, 000 pole~cm

Weight: 2.7 kg (6 1b)
3 axes

Power: 2.9 W, 3 axes

DDT&E is not
expected

Ithaco unit (D3-1-3) used
on P72-2

Dipole mom/axis:
10, 000 pole~cm

Weight: 1 kg (2.3 1b)
3 axes

Power: na

DDT&E is not
expected

RCA unit (N2-1-6)
used on AE-C

Dipole mom/axis:
13, 000 pole-cm

Weight: 9.1 kg (20 1b)
3 axes

Power: 12.6 W, 3 axes

Exceeds power
requirements

RCA unit (N4-1-6)
used on ITOS-D

Dipole mom/axis:
9, 500 pole~-cm

Weight: 1.4 kg (3 1b)
Power: T W

Marginal performs-
ance
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Table 6.4.7 Reaction Wheel and Valve Drive Assembly

CANDIDATE

REQUIREMENTS CANDIDATES CHARACTERISTICS. REMARKS
{REACTION WHEEL .
Torque: 14.2 Nem Bendix unit used on LES | Torque: 21.3 Nem . [No modification
' . (20 oz~in) with Vela motor (30 oz~in)
Weight: 9,1°'kg {20 1b) Weight: 8.8 kg (19.5 1b)
Power: 5 W Power: 5 W |
JTRW unit (D1-1-3) used | Torque: 1057 Nem Marginal performance
used on FLTSATCOM _ (15 oz~in)
Weight: 5.5 kg (12,2 1b)
Power: 12 W

VALVE DRIVE ASSEMBLY

H

No,:of valves: 6 pri

and 6 sec
Voltage: 32 V
~Power: 40 W

Requirements within
state of art, but no
conforming unit known,
Recommend develop-
ment of new assembly
similar to one used on
HCMM SAGE mission,
but with a capacity for
twelve valves instead
of only two '

New development




6.5 AUXILIARY PROPULSION

The AP requirements as determined by the SDCM computer

program and Reference 15 are as follows:

Total impulse 3114 Ns (700 1b sec)
Thrust levels 0.44N (0.1 1bf)

Life One year, 50, 000 pulses
Reliability No single mode of failure

Cold gas was chosen due to the low total impulse and no weight
constraint, and its inherent simplicity and low cost. An average specific
impulse of 637 Ns/kg (65 sec) was used for determining the amount of
cold gas propellant, The functional diagram of the AP is shown in Figure
6.5.1. Thrusters, pressure regulators,and relief valves are redundant.
In the event of any one component failure as detected by telemetry, the
entire primary system can be isolated and the backup leg is activated. A
single nitrogen tank is used; however, the failure rate for this nonfunction-
ing component is extremely low.,

In Table 6.5.1, the candidate components that were considered
are listed along with the key characteristics. The selected components
are listed in Table 6.5.2. The isolation valve, fill and vent valve, and
filter were selected on minimum weight. The P72-2 (D3-2-4) thruster
was selected because of its low weight and redundant valve seat and nozzle.
The Nimbus (N7-2-4) pressure regulator was selected on the basis of -
redundant regulator seats and regulation of ?Jl‘N/r.:.'c:o.2 (45 psia)
pressure. The selected tank came closest to the required volume and
also provided some growth capability. The tank pressure for the design
total impulse is 1669 N/cm (2420 psia).

6.6 ELECTRICAL POWER

The requirements of the EP are to provide a primary bus voltage
of 28 _5V and an average load power of 450 W. This power level includes
347 W of identified power load {see Table 6.3,1) and a contingency of 103 W,
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fill/vent valve l-D(] : @

isolation valve

<

filter (154)

M1

relief valve
typical

isolation valves

pressure regulator (typical)

IX G K IX E’Jtest§

(typical)
6 each primary 6 each secondary
0.1 1bf thrusters 0.1 1bf thrusters

Figure 6.5.1 SMM Auxiliary Propulsion
Subsystem, Functional Diagram
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Table 6.5.1 Auxiliary Propulsion Component Candidates

COMPONENT X REMARKS
0.1 Ibf Thruster N1-2-1| 0.5 kg (1.1 1b), 55N/cm> (80 psia)
N7-2-5| 0.3 kg {0.7 1b), 41.4 N/cm >
(60 psia} dual seat, nozzle not
included
D3-2-4| 0.4 kg (0.8 1b), 31,0 N/cm?
(45 psia) dual seat
Tank 3 3 3 3 2
17,701 cm” (1080 in. ") } N1-2-2| 15,652 cm” (955 in. ), 2482 N/cm
2, 482 N/cm>(3600 psia) (3600 psia), 5.2 kg (11.5 Ib). ,
D3-2-1 14,510 cm™ (886 in.”), 3172 N/cm
(4600 psia), 7.3 kg (16 1b)
D9-2-3| 26,420 cm® (1612 in. ), 2482 N/cm®
{3600 psia), 7.3 kg (16.2 1b)
Pressure Regulator N7-2-4| 0.6 kg (1.3 1b), 10-14 N/cm?
(15-60 psia) dual seat plus
integral relief valve
D3-2-6{ 0.5 kg (1.15 1b), 23 N/cm>
(33 psia), integral relief valve .
Isolation Valve N1-2-4] 0,7 kg (1.5 1b)
D3-2-8( 1.1 kg (2.5 1b)
Fill and Vent Valve N7-2-9]" . 0.1 kg (0.3 1b)
N7-2-2| 0.2 kg (0.4 ib)
D3-2-7| 0.1 kg (0.2 1b)
Filter N2-2-7| 154, 0.14 kg (0. 3 1b)
D8-2-6] 15, 0.16 kg (0.35 1b)
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Table 6.5.2 SMM AP Subsystem

' , ] WEIGHT
COMPONENTS RNE% ID&%EX

. . kg 1b
0.1 1bf Thruster 12 D3-2-4| 4.4 9.6
Tank 1 {D9-2-3| 7.3 16.2

Pressure Regulator 2 D3-2-6| 1.0 ) 2.2

Isolation Valve 3 | N1-2-4{ 2.0 4.5
Fill and Vent Valve 1 | D3-2-7! 0.1 0.2
Filter 1 | N2-2-7] 0.1 0.3
Transducers 4 0.4 0.8
Tubing 10m 2.8 6.2
DRY WEIGHT 18.1 40,0
PROPELLANT 4.9 | 10.8
WET WEIGHT 23.0 50.8
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Using these requirements, the SDCM computed the following required

characteristics for the shunt discharge voltage regulator configuration:

Array BOL power
Array EOL power‘

Total Solar Array Area (Oriented)
Battery Capacity/Battery

Number of Batteries

Numbetr of Cells

1084 W

1030 W

10. 1m? (109 £%)
17.5 A-lir

2

17

The functional diagram of the discharge voltage regulator configuration

is shown in Figure 6.6.1, and the summary of components is listed in

Table 6.6.1,

An alternate configuration is the shunt voltage regulation concept

that is shown in Figure 6.6, 2.

voltage are:

Array BOL power
Array EOL power

Battery Capacity/Battery

Number of Batteries

Number of cells

The required characteristics of the shunt

991 W
941 W
11.6 A-hr
2
22

The electrical control unit used on the DSP can be used for the SMM with modi-

fications made fo:

. Power Control Unit §D8-3— 1)

1) Increase shunt regulator drive amplifier to handle eight

regulators,

23 Battery charge controller would have to be adapted to
handle the batteries selected for SMM, The DDT&E is

estimated at 50 percent.

b. The Solar Array; it would have to be tapped to accept the shunt

regulators,

The list of components is shown in Table 6.6, 1.
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Table 6.6.1 SMM Electrical Power Component Summary

COMPONENTS amo | NoEX RIS
) * kg 1b
DISCHARGE VOLTAGE
REGULATOR
Shunt Regulator 6 D2-3-1 3.1 6.9
Battery Charger 4 (nh) 9,1 20.0
Power Control Unit 1 (nh) 4.5 10.0
Battery 4 | D4-3-3 40,8 90.0
Solar Array 1 D1-3-8 44,9 99.0
Harness Weight ‘ 58.1 128.0
Total 160.5 | 353.9
SHUNT VOLTAGE
REGULATOR
Shunt Regulator 9 Dg-3-2 17.2 37.8
Power Control Unit 1 D8-3-1 5.5 12.0
Battery 3 |D4-3-3 | 30.6. 67.5
Solar Array 1 D1-3-8 44,9 99.0
ﬁarnéss Weight 58.1 128.0
Total 156.3 344.3
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6.6.1

Shunt Regulator

The req}iireinents of the shunt regulator to meet the system

needs are:

Type

Maximum Power Dissipation
Limiting Voltage When ON

Special Design Feature

Series dissipative across the
full bus so that it does not
modify the array design

634 W
35V

Commandable enable [disable

control

The candidates from the catalog are as follows:

Index Inpu%: Voltage Power Number

No. Voltage, V Limit, V Digs., . W Required
D2-3-1 30.0 30.0 110 6
D4-3-1 31.4 27.7 - 31.2 100 7
Ni-3-1 33.0 32,8 66 10
N5-3-2 15.0 29.4 10 64

All of these units are self driven.

D4-3-1,

incorporate an enable-disable command capability.

at 75 percent.

The prime candidates are D2-3-1 or
The unit will require modifications to limit at the 35V level and
The DDT&E is estimated

6.6.2

Battery Charger

There is no battery charger in the catalog that will provide the

desired characteristics. These characteristics are:

Type

Input Voltage:

Maximum Charge Current

6-22

Current and voltage limited
with trickle standby

20 to 35 V
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Temperature dependent, linearly
decreasmg from 30V at 273K
(30° F) to 28V at 305K (90°F)

" 0.15A

Automatic switch from maximum
charge rate to trickle rate upon
reaching charge voltage limit,
Automatic cutoff of all charge
current for battery temperature
greater than 308K (95°F).
Commandable enable-disable
control :

Charge Voltage Limit

» Trickle Current

Special Design Features

The unit mus.t be developed.

.6.6,3 Power Control

The power control unit is a centralized controlier for optimizing
the use of array energy. It senses the status of the main bus,” the charger,
and the shunt regulator. The charger is commanded ON immediately after
eclipse. If the bus voltage attempts to exceed the 35V limit, the shunt
regulator is commanded ON. Under low bus voltage 'conditions, the power
control unit commands non-essential loads OFF in order to protect the

battery from overdischarge.

6.6.4

The catalog does not contain a candidate.

Solar Array

The requirements of the solar array and the candidate arrays

are as follows:

: Requirements - Candidates
PARAMETERS
Discharge Shunt D9-3-8 D1-3-8
BOL, W 1084 991 435 863
Array Area, m>(ft%) 110.1(109) | 8.5 (91.8)| 4.2 (45 | 10.9 (117)
Weight, kg (Ib) 36.7 (81) | 44.9 (99)
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The array from STP71-2 (D9-3-8) is an assembly of nine flat panels which
are deployed by a scissors-type mechanism. Use of tllﬁs arrangement will
require one additional panel per wing. The FLTSATCOM array {D1-3-8)
is listed for one wing and is lighter than the STP71-2 array. For this
study it will be assumed that one (D1-3-8) array is adequate to handle the
identified load power. The DDT&E is expected to be about 10 percent.

6.6.,5 Battery

The battery &esign parameters are provided in Section 6.6. The
candidate battery is the unit from STP S3 (D4-3-3). The quantity of batteries
should exceed the required capacity. This will result in a higher average
state of charge and battery voltage so that the number of cells used (21)
will provide adequate voltage despite the calculated requirement of 22 cells
for the shunt voltage regulator concept. The DDT&E is expected to be
about 10 percent. ‘

6.7 COMMUNICATION AND DATA HANDLING

The SMM will utilize the STDN network and the TDRS for com-
munication., For the TDRS, prime support will be obtained from the single

access S-band link. The general CDH requirements are:

a. Commands, 64 power switching commands, 63 magnitude
commands. All of these are real-time commands and all are
stored in the computer for later execution. Since command
rates were not specified in References 14 or 15, a rate of 1000 bps,
was assumed, Commands will be received on the omni-
directional antennas from STDN and on the hi-gain antennas via
TDRS.

b. Tracking. The unified S-band PRN ranging and range-rate -
system will be used for tracking and ephemeris determination.
Tracking will be from the STDN stations and the TDRS.

c. Communication. Only one telemetry link is required. The signals
will radiate from the omnidirectional antenna to STDN and from
the hi-gain antenna to TDRS. Data will normally be read out
in real-time and recorded at 8 kbps; the record/reproduce
ratio will be 1:20 to produce a 160 kbps playback rate. Upon
recognition of a flare event by the mission equipment, the
telemetry rate will automatically increase to 16 kbps and the
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record speed will change to maintain the same 160 kbps playback
rate. In the read-out mode to STDN, the 8 or 16 kbps real-time
data are put on a 768 kHz subcarrier and the 160 kbps playback
data are put on a 1.024 MHz subcarrier. Both subcarriers, in
turn, phase modulate the carrier, In the TDRS read-out mode the
8 or 16 kbps is modulo-2 added to the PRN and put on the I channel
and the 160 kbps is modulo-2 added to the PRN and put on the Q
channel., The modulation scheme for the STDN downlink is
PCM/PSK/PM and that for the TDRS return link is Staggered
Quadriphase Pseudorandom Noise (SQPN).
The CDH functional diagram is shown in Figure 6.7.1 and the
candidate components are listed in Table 6.7.1. The link calculation for the
downlink portion of STDN is shown in Ta_ble 6 7.2. The required STDN

transmitter power iz 1W to prov1de ab dB margln.
6.7.1 Receiver

Two receivers meet the requirements as shown in Table 6.7. 3.
The AEC (N2-4-2) receiver appears a better ‘choice than.the SMS (N5-4-5)
receiver because (1) it is nearer to the assigned freq;uency and hence should
be easier to tune, (2) the SMS unit will need filter modifications, and {3)
the AE-C unit has a better dynamic range., The SMS unit has, however, a
lower time delay variation, and although i.fs noise figure is not available,
it is probably better than the 13 dB noise figure of the AE-C unit. The
DDT&E is estimated at 10 percent.

6.7.2 Transmitter

The two candidate transmitters are compax:ed with the transmitter
requirement in Table 6.7.4. Both units will require modifications for
coherent operation with the USB receiver. The NATO-iII (D6-4-2) unit
is recommended over the FLTSATCOM (D1-4-3) unit on the basis that
the output better matches the required power. The DDT&E is estimated
at 25 percent. )

6.7.3 - Spread Spectrum Transi)onder and Electronics

According o the TDRS User's Guide, the forward and return links

must be spread spectrum with the modulation being staggered quadriphase PRN.
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Table 6.7.1 SMM Communication and Data I-i‘andling Subsystem Components

LZ-9

' . POWER
_ ‘ ) WEIGHT OPERATE STANDBY OT. PWR/J
COMPONENTS No. | INDEX - —t-
Req.} No. {kg) 1b W Duty w Duty W
COMMUNICATION

Receivew 2 NzZ-4-2 5.4 12.0 . 6.3 100% |- - 6.3
Transmitter a 2 D6-4.2 3.8 8.4 10,0 20% 0 2.0
Spread Spectrym Xponder 2 (nh) 7.3 16,0 10.0 85% 4.0 15% 2.1

Diplexex 1 (nth) 0.7 1.5 "0 0

S-Band Antenna 1 (nh) 3. 8. 8.4 0 0

Hi-gain Gimbal Antenna 1 | D8-4-9 1.0 2,1 0 ' 0
Antenna, Gimbal & Elect® 1 5.4 | 12,0 5.0 , 85% 0 4,3
Tracking-Receiver?d- - 1 {nh) 1.8 |p 4..0. 3.0 85% 0 2.6

Hybrid Diplexer 1 (nh) 0.7 1.5 0 0
Sub Total ' 29.9 | 65.9 17.3

‘|’ DATA HANDLING ’ .
Premodulation Processor 1 b 5.0 11,0 5.5 20% 1.0 80% 1.1
DTU 2 (nh) 4,5 | 10.0 5.0 | 100% 5.0
Cn-board Computer 2 {nh) 22,7 50.0 14,2 100% 14,2
Command Decoder 2 Nl-4-4 4,9 10.8 5.8 20% 1.0 80% 2,0
Command Relay Unit 2 .| (nh) 2,3 5.0 - 5,0 20% [ 1.0 80% 2.0
Tape Recorder 2 KNASA 9.1 20.0 6.0 100% 6.0
STD) .
Sub Total _ 48,4 | 106.8 1 30. 3
Total 78,31 172.7 . 47.6
® TDRS Multiplé Access Ling
b ERTS hardware, internally redupdant
.




Table 6.7.2 Link Calculations - Downlink to STDN

The STDN antenna that will be used is the USB 9. 1 m (30 {t)
antenna. The modulation index of the PRN ranging on the baseband is
assumed to be the standard 0.3 radian, . It is as sumed that, as in SGLS;
the sum of the modulation indices on a link is a maximum of 3 radians.

This leaves 2.7 radians for both the 768 kHz and 1.024 MHz subcarriers.
The indices are set on the subcarriers such that the difference in modula-
tion loss roughly equals the difference in noise bandwidth between the two
subcarriers. This difference in noise bandwidth is 10 dB since the maximum
bit rate on the 768 kHz subcarrier is 16 kbps and the bit rate on the 1.024
‘MUz subcarrier is 160 kbps. The modulation index on the 768 kHz sub-
carrier is 0.9 radian and on the 1,024 HMz. subcarrier it is 1, 8 radians. .
The following are link calculations for the 160 kbps to determine the required

transmitter power:

Vehicle Transmitter Power (dBm) P,
Vehicle Line Loss (dB) -2
Vehicle Antenna Gain (dB) =5
EI RP (dBm) _ : P - 7dB
Space Loss (dB) h -168
Ground Antenna Gain (dB) ' 44
Total Received Power (dBm} -131 + P¢
Ground Station Spectral Noise Density (dBm/Hz) ) -176.3
Received Power at Spectral Noise Density (dBm/Hz} 45.3 + Py
Noise Bandwidth (dB) : " 52,0
Received Power to Noise Spectral Density (dBm) -7.3+ P
Required Signal to Noise Ratio (dB) 9.6
Modulation Loss (dB) 3.6
Ground Station Degradation (dB) . 4
Link Margin (éB) 6
~7.3+ P = 23,2
P; = 30.5 dBm
P=1W



Table 6.7.3 Receiver
Parameter Reéuirement Candidates
N2-4-2 N5-4-5
Frequency, MHz R102,722843 2108,247917 2030
Tracking Threshold] Low -122 dBm na
Dynamic Range Good -122 to -29 dBm | Noise Level
. to =70 dBm
Demodulation Phase Phase
Noise Figure Low <13 dB na
Time Delay Vari. Low £40 ns 10 ns
Wei ght ' 2.7kg (6.01b) | 1.8 kg (4.0 1b)
Power 12.8 W 6w
Table 6,7.4 Transmitter
IR' i Candidates
Parameter equirement BE—T> Tz
Frequency, MHz 2283.5 2200-2300 2252,5 and
2262.5
Output Power 1w 1w 2 W min,
2,8 W max.-
Coherency With uplink ﬁo No
Stability £0.003% +0,003%
Bandwidth Flat 1 4B between |na (1.024 MHz
+2 MH=z |} subcarrier)
Spurious Output 40 4B dwn with 60 dB dwn from
’ respect to'carrierfunmod. carrier)
Weight Low 1.9 kg (4.221b) | 2.1 kg (4.7 1b)
Power Low 10W' 18 W
Efficiency High 10% 11%
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The command data is modulo-2 added to the PRN on both the I and Q channels

on the forward link, On the return link the 8 kbps real-time data are modulo-2

added to the PRN and put on the I channel, and the 160 kbps recorded data are

modulo~2 added to the PRN and put on the Q channel., Algo, according to

the TDRS User's Guide, the return link must be single access since the

maximum data rate that can be sent on the multiple access links is 50 kbps.
The equipment that will be needed to do this job includes a

spread spectrum transponder, a correlator for extracting the command

data, a modulo-2 adder, and an error correction encoder. None of these

equipments are in existence as flight qualified units at present. There are

indications that NASA is planning to develop a standard TDRS compadtible

transponder. The delivery date for the first unit is planned for May 1978.

6.7.4 Diplexer

A diplexer as characterized in Table 6.7.5 is not available in the
catalog because the frequency required is USB. The units in the catalog
operate in the 1.75 to 1.85 GHz frequency range. This unit will require

development, -

6.7.5 S~Band Antenna

There are no antennas in the catalog that will meet the USB
transmit-receive requirements that are indicated in Table 6.7.5. The
antenna that meets the transmit requirement could possibly be modified to
meet the receive requirements. The unit is a2 boom-mounted conical log
spiral on STP 72-1 (D2~4-1)., Two of these antennas would be needed to
obtain the required coverage. The DDT&E should be based on a new

development effort,

6.7.6 Hi-gain Antenna System

The hi-gain antenna systemn consists of the gain antenna, gimbal
and electronics, and tracking receiver., In Reference 14 an 0.9 m (3 ft)
parabolic dish is indicated; however, link calculations show that an 0,6 _fn (2 ft)

‘dish will close the return link with about 1.2 W of transponder output power,
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Table 6.7.5 Diplexer, S-Band Antenna, Cornmand Decoder
and DTU Reqmrements

Parameters Requirefnents
DIPLEXER
Frequencies Transmit: 2200 to 2300 MHz
Receive: 2025 to 2130 MHz
Isolation 50 dB (transmit to receive port)

Insulation Lioss
Bandwidth

Power Rating

52 dB (transmit channel)

2 Mz (transmit and receive chl)
2 W .

S~-BAND ANTENNA

Frequencies

Gain
Polarization

Power Rating

Transmit: 2200 to 2300 MH=z
Rece_ive: 2025 to 2120 MHz

215 dB over 85% of sphere -
Right hand circular
2w

COMMAND DECODER

Number of Commands

Command Execute Rate
!

64 power switching
63 magnitude, 37 bits each
128 bi-level

20 per sec from ground
20 per sec from computer

DTU

Bit Rate
Number of Input Channels

Bit/words

Words/Minor Frame

Minor Frames/Major Frame
Outputs

8 kbps switchable to 16 kbps

32 analog and 32 digital directly
128 analog and digital from each four
submulitplexers

8
128
256

2 bhit streamn, one to the transmitter
or recorder and one to the computer

L
T

TR -
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With the smaller dish, the candidate antenna can be the unit on the DSP

program (D8-4-9), The antenna characteristics are:

Gain on Axis =~ 20 dB _

Frequency Band : 2200 - 2300 MHz
Polarization Right-hand circular
Coverage Angle Gain 15,5 dB gain at a subtended

angle of £0. 15 rad (8,5 deg)
and 10 dB gain at a subtended

angle of £0,21 rad (12 deg).
The antenna feed portion will have to be modified tév receive in the 2025 to
2120 MHz band. The DDT&E is estimated at 25 percent.
' An antenna gimbal and electronic assembly does not exist in the
catalog; however, a special unit has been designed and built at The Aerospace
Corporation and successfully operatéd on an Air Force satellite program.
This unit appears suitable for this a.pplicajtion. The drawings are not
currently in a form for manufacturing an additional unit, but they can be

made available within a reasonable time. ~The unit characteristics are:

Pointing Accuracy ' 0.02 rad (1 n;itn)
Power . 5W
Weight - 5.4 kg (12 1b) -

The DDT&E is estimated at 50 percent,

Tracking receivers are also not contained in the catalog., The
unit will require development. The pointing accuracy requirement is about
* 0,02 rad (1 deg).

6.7.7 Premodulation Prfocessor

The premodulation processor demodulates the command data
and provides suitable subcarriers for phase modulating the transponder
transmitter in the STDN link, The only processor is the ERTS unit {Ref, 15)
which is not contained in the catalog., The requirements and characteristics
of the can:::iida.te are compared in Table 6.7.6. This unit will require
modification to change the existing 597 kHz oscillator to 1. 024 MHz. The
DDT&E is estimated at 50 percent.
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Table 6. 7.§ Premodulation Processor

Parameters Requirements Candidate (ER'_I‘S)
Discriminator 70 kliz 70 k=
Subcarrier 768 kHz, PCM/PSK ’ 768 kHz, PCM/PSK
1.024 MHz, PCM/PSK 597 kHz, PCM/PSK
Receive PSK modulate 8-16 kbps PSK modulates signals
on 768 kHz Subcarrier on both Subcarrier

PSK modulate 160 kbps
on 1,024 MHz Subcarrier

Linearly sum two sub- Linearly sums both sub-
carrier and PRN ranging carrier and IF output
of data collection
receiver
6.7.8 Digital Telemetry Unit (DTU)

None of the DTUs in the catalog will meet the bit rates, number
and types of channels, and format requirements. For this study, it will be

assumed that this unit must be developed,

6.7.9 On-Board Computer

The computer requirements are summarized in Table 6.7.7 which
is based on a GSFC computer design. No such computer is known to exist
in industry. Apparently GSFC will provide the drawings and specifications
to the prime spacecraft contractor. The DDT&E will be assumed to be

equivalent to a new development.

6.7.10 Command Decoder

Froi’r_l the information supplied in the catalog, none of the listed
decoders will n‘;-ee‘t the requirements shown in Table 6.7.5. The SMM
conce};;f;'ua,l study (Ref. 15) s’ca.tes.that the OSO-I or the IUE decoders could
satisfy the requirements. The OSO-I unit is in the catalog (N1-4-4}, nbut
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the data sheet information does not provide enough to select the unit as a
candidate. The study will assume the unit is satisfactory and estimate a
DDT&E of 50 percent,

Table 6.7.7 On-Board Computer and
Hi-gain Antenna Requirements

Parameters Requirements
Modules Processor and Memory
Number of Instructions 55 ‘
Number of Words in Memory 8192
Bits per word 18
Number of Input Channels 8
Number of Cutput Channels 8
Weight ‘ : 11.4 kg (25 1b)
Power 14,2 W
6.7.11 Command Relay Unit

The catalog does not contain a unit of this type which is used for
switching power to various spacecraft components. The unit is to provide

64 relay switches and will ‘require development.

6.7.12 Tape Recorder

There is no tape recorder in the catalog that is capable of
recording at the low rates. The required rates are not common with current
recorders. The unit that comes closest to meeting the requirements listed
in- Table 6.7.8 is the recorder that is being used in STP-S3 (D4-4-6), To
make this unit meet the requirements, it would have to undergo a major

modification, The NASA magnetic tape recorder in the LSC's Standard

Equipment Announcements will meet the requirements,
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Table 6.7.8

Tape Recorder

Candidate
Parameter Requirements

: NASA Std D4-4-6"

Record Rate 8 and 16 kbps { 1.7 kbps to 1.088 16.384 kbps
. Mbps
Total Storage 108 bits 3.2x 108 bits 2 x 10° bits
Reproduce/ 20:1 © 160:1 to 1:160 8:1
Record

Record Time 210 min 2,2 min to 53 hr 210 min

Weight

Power

4.5 kg (10 1b)

6w

6.6 kg (14, 6 1b)

7 W Record
14 W Playback
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7. TIROS-N

7.1 TIROS~N MISSION

-~ The spacecraft mission is to (1) provide an economical and stable
platform for the advanced instruments to be used in making measurements
of the earth's atmosphere, its surface, its cloud and the proton and electron
flux near the earth; and (2) receive, process, and retransmit data from free-
floating balloons, buoys, and remote antomatic observation stations distrib-
uted around the globe,

The nominal orbit will be at circular 833 kin (450 nmi) altitude and
sun synchronous inclination of 98,74 deg. The launch will be from WTR
using the Atlas F/TE-M-~364-15 booster. The final orbit descending node
is to be 0600-1000 oxr 1400-1800 {(Ref. 16).

7.2 MISSION EQUIPMENT

The instrument complement is:

1. Advanced very high resolution radiometer (a five channel
imaging line scan sensor) - AVHRR

2, TIROS operational vertical sounder (a 22 channel step
scanned spectrometer consisting of three separate units -
a basic sounding unit, a stratospheric sounding unit, and

a microwave sounding unit), - TOVS
3. Space environment monitor {five units) - .SEM
4, Data Collection System - DCS
5. Complement of growth sensors devised in anticipation of

future operational requirements .

The description of these instruments are summarized in
Table 7.2.1 (Ref. 16).

7.3 TIROS-N SPACECRAFT

The TIROS-N is basically the DMSP 5D spacecraft., The space-
craft size in the launch configuration is 1,87 m (74 in.) diameter by 3.70 m
(146 in,) long,. and the nominal weight is about 653 kg {1440 1b). An orbital
configuration of TIROS-N is shown in Figure 7.3.1.
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Table 7.2.1

TIROS~N Instruments Mission Equipment

IFOV Number WEIGHT Number .
Unit of of TLM i Commands Data Rate
km |nmi (Channels| kg 1b Analog
AVHRR 1.1 | 0.59 4 23,1 | 51.0° 20 28 39,936 k samples/s/chl
TOVS BSU 22,0 |11.80] 14 28.5 | 62.8 12 19 2880 bps
55U 147.2 79,5 3 12,5 | 27,6 8 7 480 bps
MSU 109.1 | 58.9 16.3 | 36.0 9 16 320 bps
Power 4,5 | 10,0 '
DCs Power . 2,3 5.1 16 i6 480 bps
Receiver 7.5 | 16,5 .
Signal Proc. 8.2 | 18.1
SEM
LEPAT 1.8 4,0 4 6 160 bps
HEPAT 3.4 7.5 5 4
TED 2,0 4.4 4 4
POD 1.8 4,0 4 2
DPU 0.9 | 2.0 2 : :
Growth MSU 6 27.2 | 60.0 14 21 480 bps Replaces MSU
Growth MSUE 5.9 13,0
Microwave Imager 2 27.2 { 60.0 20 15 300 bps
Pollution 22,7 { 50,0 20 15
Monitor{HIRS)
5 Channel AVHRR 5 23 31 Replaces AVHRR




€L

Figure 7.3,1

TIROS -N Orbital Configuration



The changes that were made to DMSP 5D components were to
satisfy the TIROS~N requirements or to ‘configure a more cost-effective
spacecraft. These changes are summarized in Table 7.3.1 (Ref. 16}. The
differences are the launch vehicle, fairing,- and the orbital nodal crossing
times. The DMSP subsystem changes are in the SC, EP, and CDH sub-

systems and are as follows:

a. Stabilization and Control - Software change, delete

celestial sensors and add
‘ sun sensors for redundancy

b. Auxiliary Propulsion ~ No change

C. Electrical Power - Modify power supply electroncis
and pulse lead regulator for
added busses.

d. Communication and - Change all components affected

Data Handling , by frequencies.

The changes in the SC and EP subsystems are basically limited to software,
quantity of components, anﬁ modification of DMSP components, The CDH,
however, cannot use most of the DMSP components because of the difference
in communication frequencies. Thus the TIROS-N analysis is limited to
only the CDH subsystem. The CDH component requirements summarized in
the following section were obtained from Reference 16, The CDH functional
block diagram is shown in Figure 7, 3.2,

7.4 COMMUNICATION AND DATA HANDLING

The general requirements of the CDH that can be developed from

Reference 16 are as follows:

a. Command, The command uplink frequency is at VHF, 148,56 MHz,
The modulation is FSK/AM. The command rate is 1, 000 bps
ternary FSK. There are 800 command words both stored and in
realtime. A ccmmand word is 25 bits in length. There is an
on-board ccmputer to handle the stored commands.

b, Tracking, The ephemeris determination and periodic orbital
updates are obtained from skin tracking with Air Force radars.
The Air Force processes the tracking data and’ transmits it to
NOAA. No vehicle equipment (such as a transponder) is reqmred
for the tracking function.
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Table 7.3.1 DMSP and TIROS-N Comparison

ITEM

5D

s5D2

TIROS5-N

Launch Velcle

Heat Shield

Orint
Nodal Times

Spacecraft Sun
Angle

Lifetime
Attitude Control

Load Fower Req.
{Orbit Average}

Weight

Command

Telemetry Process-
ing

Communication
Links

Central Ground
Station

Data Processing

Recording

Instruments
Growth

{Classificd/ TE-M-364-4/
TE~M-364-15)

1.7m {67 in.) dia

833 kum {450 nmi) Sun Synch

Any: Ascending or Descend-
ing

0to 1,7 rad {0 to 95 deg)

2 years
Primary {Classified)

Backup {Classified)
(Classified)

280 W
< 467 kg {1030 1b)

S-Band SGLS
1 kbps

Non~Redundant
Real Time S-Band 1 Mbps

Serial Playback (High Power)
S-Band {1-2, T Mbpa)

Saerial Pfayback [{Low Power)
S-Band (1-2. 7 Mbps)

TLM S5-Band

{2, 10, or 60 kbps)

Two in Continental U.S.

GFE

GFE .
Four Reﬁorders at
1.6 x 107 hits

Unique

SLV-2A/TE-364-4/TE-364-15

1.7 m (67 1n.) dia

833 km {450 nrm) Sun Synch

Any: Ascending or Descending

0 to 1.2 rad (0 to 70 deg) Scl-
ectable

1to 1.7 rad ({55 to 95 deg}
before launch

2 years

Primary {Classificd)

Backup {Classified)
{Classified)

370 W
<649 kg (1430 1b)

S-Band SGLS
1 kbps
Additional Redundancy

Completely Redundant

Real Tyme S-Band 1 Mbps

Serial Playback (High Power}]
$-Band (1-2,7 Mbps)

Serial Playback (Low Power)
S-Band (1-2. 7 Mbps)

TLM S-Band
(2, 10, ox 60 kbps)

Real Time Sounder
UHF 1 kbps

GFE

GFE
Four Recgorders at
1.6 % 107 bits

Unique

Atlas F/TE-M-364-15

2.1 m (84 in,) diz Metallic
Fairing (OV1) and Delte 2,4 m
{94 .} dia Isogrid Fairing.

833 km (450 nrm) Sun Synch

0600 - 1000 Descending or
1400 - 1800 Ascending

0 to 1.2 rad (0 to 68 deg)

2 years

+0,02 rad (#1 deg) Control
3,5 mrad {(+ 0,2 deg) Pre-
diction for }2 hours

1.7 mrad (0.1 deg) Knowledge

0.6 mrad/s (0.035 deg/s) rate
{Pi1teh and Yaw)
0.3 mrad/s (0.015 deg/s) rate
{Roll}

330 W Baseline
425 W Growth

< 1225 kg {2700 b}
2 580 kg {1500 1b}

VHF SGLS
1 kbps

Completely Redundant

Real Time S-Band 667 kbps

Dual Playback
S-Band (2.7 Mbps} each

Real Time VHF Z kHz
Real Time TLM =8 kbps VHF
and Low Rate Data

Two CDA's
Cne European Station

MNon-Bedundant Processor
for 5-Channel AVHRR
667 kbps
&7 kbps
2 k=
Redundant Processor for Low
Rate Sensor Plus TLM
8320 kbps

10 Mihutes - 667 kbps
428 Minutes - 67 kbps
220 Minutes - 8320 bps
Four Re%orders at
1.6 x 107 bits

Unigue

Growth MSU

HIRS

Five channels AVHRR
ESMR

Real Time
Temperature Profiles

ORIGINAL PAGE IS
OF POOR QUALITY
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C.

T.4.1

Telemetry, There are five telemetry downlinks on the vehicle.
The beacon downlink contains 60 kbps during launch and 8, 32 kbps
during orbital operations. The information on this link is house-
keeping, command verification, and some sounder data. The
modulation scheme is PSK/PM. The beacon transmits continu-
ously from launch, The VHF real-time link has a 2..4 kHz sub-
carrier.which is AM modulated, This subcarrier in turn FM
modulates the carrier. This link is on continuously after orbit
injection, There are three S-band downlinks, One of these
transmitters will run continuously and transmit real-~time data
and the other two will transmit tape recorder dump data. The
real-time data will PSK/PM modulate the carrier at a bit rate

of 660 kbps, It will be read out at various High Resolution Picture
Taking (HRPT) and Automatic Picture Taking (APT) ground
stations each of which has about a 3 m (10 £t} and 31 dB gain dish
at 1, 700 MHz. One of the other links will transmit at a 160 kbps
rate to either the HRPT, APT, or the Command and Data Acqui-
sition (CDA) ground stations., The third link will transmit at
either 1.33 Mbps or 2, 66 Mbps rates to the CDA ground stations
at Gilmore Creek, Alaska and Walleps Island, Virginia. The
modulation scheme on these two links is PSK/PM also. Actually,
the three S-band transinitters will be cross-strapped such that
any of the bit streams can be switched by command to any trans-
mitter. The power output from each transmitter is 5 W,

S-Band Transmitters -
The requirements are:

a. Frequency band: 1695 - 1710 MHz
b.  Frequency Stability: *2 x 107>
c. Power Output: 5 W

d. Modulation: PSK

e. Bandwidth (with Doppler):- =<3 MHz

f. Baseband: 160 kbps, 660 kbps, 1.33 Mbps, and 2,66 Mbps
ge Spurious PM: =5 deg rms

h. AM Noise: =5 percent

i, Duty Cycle: 1 unit 100 percent, 2 units 10 percent

3. Number Required: 3

There are no transmitters in the catalog that will meet the above

requirements, RCA documentation (Ref., 16) indicates they were planning to



modify the DMSP transmitters for this application but in discussions with
NASA, it was stated that RCA has abandoned this plan and will go out for a

new design, Apparently the modifications ne¢essary, primarily a change
from the 2200-2300 MHz band to the 1697-1710 MHz band, would be too

extensive,

7.4.2 VHF Real-Time Transmitter

The requirements are:

-
b.
C.
d.

Frequency: 137,5 and 137,62 MHz
Frequency Stability: %2 x 107>
C)utput Power: 5 W
Modulation: Carrier FM; Subcarrier AM
Bandwidth (with Doppler): <50 kkz

Modulation Index: Carrier 17 kHz, peak;
’ Subcarrier =92 percent

Subcarrier Frequency: 2.4 kHz
Residual FM Noise: 340 Hz peak-to-peak
AM Noige: =5 percent i o
Duty Cycle: Continuous

Number Required: 2

The ITOS-D (N4-4~3) VHF real-time transmitter is the only one

in the catalog that will come near meeting the above requirements and it will

require some modifications, The characteristics of this unit are as follows:

a.
b.
C.
d.
€,
£,
g.
h.

Frequency: 137.5 and 137.62 MHz
Frequency Stability: 5 x 107>
Output Power: 5 W minimum
Modulation: FM

Bandwidth: 4.2 kKHz
Modulation Index: Not Specified
Residual FM Noise: 60 Hz

AM Noise: Not Specified
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The modifications necessary are the bandwidth and frequency
stability, The bandwidth modification probably only involves filter changes,
The stability requirement may be waived as the 2 x i0™> may be an arbitrary
number, It will depend entirely on the ground station requirement. If'the
modific(ation is necessary it will require a new crystal which will probably

‘require requalification,

T.4.3 Beacon Transmitter

The requirements are:

a. Frequency: 136,77 MHz

b. Frequency Stab:ility: *2 x 107
C. Output Power: 0,5 W

d. Modilation: PSK/PM

e. Bandwidth (with Doppler): =30 kHz
f.  Modulation Index: 47210 deg, peak
g. Data Rate: 8.32 and 60 kbps

h. Spurious PM: 1.5 deg rms

5

i. AM Noise: =5 percent
j»  Duty Cycle: Continuous
k, Number of Units: 2

There is no transmitter in the catalog that meets the above

requirements. A new unit will have to be developed.

T.4.4 Command Receiver

The requireinents are:

a.. F;req;lency: 148,56 MHz

b.  Frequency Stability: +2 kHz

c. BER: 107% at -88 dBm

d. * Dynamic Range: -88 to -8 dBm
e, Noise Figure: =7 dB

£, Unsquelch Level: .9 dB



g Modulation: Carrier AM .
Subcarrier Data 1, 000 bps ternary FSK
Clock AM on subcarrier

h. Modulation Index: Carrier 85 + 5 percent
Clock 50 percent

i. IF Bandwidth: =242 kHz

. Clock Rate: 1,000 Hz sinewave
k. Ul 8 kHz

1. now . 12 kH=

m. ngir s 10 kHe

No receiver in the catalog meets the above requirements, None
of the NASA programs utilize the ternary system. Several of the receivers
meet or nearly meet the requirement from the front end to the IF but none

meets the requirements past the IF. This will have to be a new development,
7.4.5 Antennas

There are six antennas on this vehicle; This includes three S-band,
one VHF teal-time, one beacon/command, and one data acquisition antenna,
The requirements for each of these are delineated in the RCA documentation.

According to these requirements, there are no antennas in the catalog that

can be used for these functions.

T.4.6 Command Decoder

No requirements have been given in the RCA documentation.
The DMSP Program Office.advises that there are about 800 real-
time and 800 stored program commands, each 25 bits in length, RCA
states that they are going to use the DMSP Controller Interface Urit (CIU)
for the decoder function and a DMSP c;)mputer for the stored commands.
The data sheet in the catalog on the CIU does not provide sufficient technical
data on the capability of the unit, Without requirements or details on the

CIU it is not possible to select a candidaté for a decoder for this program,
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7.4.7 Tape Recorder

The requirements and performance characterigtice of the DMSP

{D7-4-5) recorder are as follows:

a. Record Rates: 66.56, 665,6, and 1331.2 kbps
b. Input Data Format: NRZ-L

c. Record Time: 400, 40, or 20 min,

d.  Total Storage: 1.7 x 107 bits

e, Record/Reproduce: 40:1/2:1

f. Reproduce Time: 20 or 10 min,

g. Reproduce Rate: 1331, 2 kbps or 2662.4 kbps

The requirements for TIROS-N correspond to the characteristics
of the DMSP recorder (D7-4-5).

7.4.8 Digital Telemetry Unit

Requirements were noi': provided for a DTU. The TIROS Informa-
tion Processor {TIP) and the Manipulated Information Rate Processor (MIRP)
willlha.ndle this function. Both have memory storage and computational
capabilities. Stored program commands will be stored in either one or
the other of these units. The RCA documentation gives considerable detail
as to how the TIP and the MIRP work., As nearly as can be ascertained,

both of these units appear to be new development,
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8. COST ESTIMATES FOR NEW STARTS

The basic concept used in performing cost analysis in this study
is to prepare estimates for a baseline new start spacecraft, assuming that
all of the components and subsystems must be fully developed according to
normizl procedures, and alternatively, for new starts where it is planned
that as many components as possible would be used from previously -~
developed spacecraft. The SCM * is used to produce estimates that cover
DDT&E and unit (recurring) cost in terms of constant 1975 dollars for all
cases, - ‘

DDT&E is taken to include engineering design, development, test
(including qualification testing), and evaluation. In addition, it includes
tooling, ground support equipment (GSE or AGE), and the manufac.:tur;s of
any qualification units. Recurring unit cost includes fabrication, assembly,
inspection and acceptance testing labor as well as materialg, subcontract,
and production engineering (or sustaining engineering) effort. It has been
assumed that only one article for qualification and flight is needed for all
new starts. Spacecraft related costs only are included. For example,
checkout and testing of spacecraft at the launch site is included in the
recurring cost, but launch vehicle costs are excluded, Contractor fee
(or profit) is included, but is shown as a separate category. The model
treats mission equipment as a throughput (i.e., all mission equipment
related costs are estimated outside of the model); hence, output e;:]_uals input,
For purposes of cost analysis, it has been assumed that mission equipment
remains uncha.ﬁged between baseline and alternative cases.

A summary of costs for the baseline case and all alternative cases
for each new start is presented in this section, Detail cost breakdowns can
be found in the Appendixes D through G. Detail breakdowns include the
basic computer output as well as the component-oriented output for each
case, examples of which were previously shown in Figures 2,3 and 2,4

respectively.

* The SCM is described in Section 2. 4.
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The component-oriented outputs contain listings by subsystem of components
that have been selected to meet the requirements of each particular design.
Quantities and weights are shown along with cost and other pertinent data;
however, it should be noted that certain components in the listings may not
be exactly the same as those described in the technical discussion in

Section 3 because a few components have not been entered in the SCM.data
base. Whenever particular components were missing from the data base, a
substitution was made that most nearly approximated the desired item. In no

case did such substitutions have any appreciable effect on the analysis.

8.1 LST COST ESTIMATES

Table 8.1 contains a summary of costs together with the
possible savings that could be realized by using LST alternative concepts
to the baseline case. The table presents cost estimates witn and without the
effect of mission equipment cost. Detail breakdowns are in Appendix D,

Six cases are considered: the baseline and tive alternatives. The
alternatives deal with differing combinations of components within a particu-
lar subsystem. For example, Lo Cost (RW-EP2) covers an LST configura-
tion that uses previously-developed hardware to achieve a Lo. Cost design
but replaces a control~moment gyro (CMG) with a reaction wheel (RW) type
of stabilization and control subsystem and replaces a series load regulation
(EPI) with a discharge regulation (EP2) electrical power subsystem,

A comparison of total program costs for the various alternatives
presented in Table 8.1 reveals that savings could be approximately 12 to 14:
percent compared to a normal satellite program represented by the LST
baseline. The fact that total satellite costs form the basis for' corﬁparison
may obscure a more realistic appraisal of possible savings because mission
equipment cost, vhich is substantial, is included in total cost but plays no
part in generating possible savings. Accordingly, a second set of numbers
is included in Table 8.1 that shows possible savings when mission equipment
cost is excluded from consideration., The second set of numbers produces

savings estimates that fall between 30 and 40 percent of spacecraft total



Table 8.1

1.ST GCost Estimates-

Cost Including Mission Equipment

. . DDT&E | Unit | Total | Cost %
LST Configuration Cost Cost Cost Savings | Savings
LST Baseline 392.1 165.8 557.9
Lo Cost (CMG-EP]) 346.5 146, 2 492,17 65.2 11.7
Lo Cost (RW-EPI) 345, 1 139.7 484, 8 73.1 13.1
Lo Cost (CMG-EP2) 343.8 143,2 487.0 70.9 12,7
Lo Cost (RW-EP2) 342.4 136.7 479.1 78.8 14.1
Lo Cost (RW-EP3) 341.2 | 136.,7 477.9 80.0 14,3
Cost Excluding Mission Equipment
. . DDT&E | . Unit Total Cost % .
LST Configuration Cost Cost Cost Savings| Savings
LST Baseline 142, 1 65.8 207.9
Lo Cost (CMG-EP1) 96.5 46, 2 142, 7 65,2 31.4
Lo Cost (RW-EP1) 95.1 39.7 134, 8 73.1 35,1 -
Lo Cost (CMG-EP2) 93.8 43,2 137.0 70.9 34,1
Lo Cost (RW-EP2) 92,4 36,7 129.1 78.8 37.9
Lo Cost (RW-EP3) 91.2 |- 36.6 127.8 80.1 38.5




' cost, If DDT&E and unit cost subcategories are considered separately,
potential savings percentages of 32 to-36 for DDT&E and 30 to 44 for unit cost
are observed, L

The basic conclusmn that can be drawn from an exarmna,tlon of
-the:figures. in Table 8.1 is that when prev10usly-deV810P8d components are
used in an LST de51gn, total satelhte program costs could possibly ] be
decreased by more tha.n 10 percent 30 percent for spacecraft only. Addi-
tional savings could mater1a.11ze if the types of alternative subsystems
listed for LST were consu:lered in tradeoff studles, however, the relatively
minor increase’s in potential savings must be we1ghed aga.mst any uncertain-
ties and technologlcal risks that such alternatlves might enta11 Fmally,
.substannal un1t (recurrmg) cost savzngs appear to be a prospect for the

1ST (but not for the other satellites considered in th1s sectlon)
8.2 HCMM COST ESTIMATES

Table 8. 2 contains cost estimate summaries for six HCMM cases;
Appendix E provides detail cost breakdowns. Of the six alternative cases
considered, two. 1nc1ude baselme designs--one for the HCMM that uses a
s1ngle scan wheel and another that substitutes a SAGE type two-scan wheel
sy‘stem in stab111zat1on and control. (The HCMM/SAGE design is over-
weight from a technical standpomt but is included for cost coml:;arison. )]
Two electrical power alternatives are also treated. The figures in Table 8.2
show program cost savings of approximately 15 to 20 percent for Lo Cost
type designs, i.e., designs that use previously-developed cbmponents. Note
that cost saviflgs for the 3rd and'Si:h cases are calculated fro1_'n the HCMM
baseline (with the single scan wheel) and the 4th and 6th cases use t}‘xe )
HCMM/SAGE baseline. If only the spa(;ecraﬂ': portion of program costs
is considered as a base, potential savings are 25 to 30 percent. Unlike
the previous LST comparison, DDT&E is the major contributor to cost
savings for HCMM.
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Table 8.2 HCMM Cost Estimates

Cost Including Mission Equipment

. R DDT&E Unit Total Cost o
HCMM Configuration Cost Cost Cost | Savings| Savings
HCMM Baseline 61,2 14.1 | 75.3
HCMM/SAGE Baseln 54,0 15,1 69.1
Lo Cost - (1 SW) 47.1 13.0 60.1 15,2 20
Lo Cost - (2 SW) 44,9 13.5 58.4 10.7 15
Lo Cost - (1 SW-EP2)] 46.6 12,9 59.5 15,8 21 -
Lo Cost - (25W-EP2) 44,4 13.5 57.9 11,2 !.6
Cost Excluding Mission Equipment
. . DDT&E | ~ Unit Total Cost %o
HCMM Configuration Cost Cost Cost Savings| Savings
HCMM Baseline 42,2 10. 6 52.8
HCMM/SAGE Baseln| 35.0 11.6 46, 6
Lo Cost -(1 SW) 28,1 9.5 37.6 15, 2 29
Lo Cost -(2 SW) 25.9 10.0 35.9 10.7 23
Lo Cost -(1 SW-EP2) 27.6 9.4 37.0 15.8 30
Lo Cost -(28W-EP2) | 25.4 10,0 35,4 11.2 24
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The basic conclusions that can be drawn from the figures in
Table 8.2 are that program savings could approximate 20 percent (30
percent for spaceci:‘aft only) and that such savings stem principally from

the development cost category.
8.3 SAGE COST ESTIMATES

Five alternative cases are considered for the SAGE program.
Table 8.3 contains the pertinent data from which approximations ‘of poten-
tial cost savings can be made. Appendix F provides detail breakdowns.
Cost estimates for all five cases, including the baseline, are based on the
assumption that the HCMM program precedes SAGE and that the HCMM
stabilization and control and electrical power subsystems can be used on
SAGE. Thus, the SAGE baseline may be a misnomer because it includes
previously-developed components and potential savings are relatively low
compared with those for the other programs. Program savings could be
as high as 15 percent; spacecraft savings could be over 20 percent, Agéin

DDT&E contributes the major share of potential savings.
8.4 SMM COST ESTIMATES

Three cases are presented for the SMM as shown in Table 8.4
The detail breakdowns can be found in Appendix G. Program savings
appear to be between 15 and 20 percent; spacecraft savings could be
approximately 25 percent. Unit cost contributes to total estimated savings
but the largest share is attributable to DD T&F.

8.5 OBSERVATIONS

For the satellile programs treated in this section, it appears
that a case can be made for expecting cost savings that range from 10 to
20 percent if components from previously-developed spacecraft are used
in new start designs. If the spacecraft only is considered, values of 20
to 40 percent may be achievable. The latter figures may represent a
more straightforward set 'of values because they are based on costs that

exclude mission equipment, which is not treated in this analysis. It must



Table 8,3 SAGE Cost Estimates

Cost Including Mission Eguipment

SAGE Configuration | DDT&E|. ypit Total Cost %
Cost Cost Cost Savings Savings |

SAGE Baseline 39.6 14. 3 53.9

Lo Cost 33.0 13.6 46.6 7.3 14

Lo Cost -(AP/CG) 33.7 14,1 47.8 6.1 11

Lo Cost- (AP/HCMM)| 31.9 | 13.7 45,6 8.3 15

Lo Cost- (EP2) 32.8 13,5 46,3 7.6 14

Cost E;xcluding Mission Equipment

SAGE Configuration | DDT&E | Unit Total | Cost %
Cost " | Cost Cost Savings| Savings

SAGE Baseline 23.0 11.9 34.9

Lo Cost 16.4 11,2 27.6 7.3 21

Lo Cost-(AP/CQ) 17.1 11.7 28.8 6.1 17

Lo Cost-(AP/HCMM) | 15.3 11,3 26.6 8.3 24

Lo Cost-(EP2) 16.2 11,1 27.3 7.6 21
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Table 8.4 SI(/IM Cost Estimates

Cost Including Mission Equipment

Cost

* 8MM Configuration f DDT&E | Unit Total % .
Cost Cost Cost Savings | Savings
SMM Bageline 103.3 40,2 | 143.5
Lo Cost 86.0 35.6 | 121.6 21.9 15
Lo Cost-{EP2) 83.2 35.4 118, 6.. 24,9 17
Cost Excluding Mission Equipment
SMM Configuration |DDT&E | Unit Total | Cost %
- Cost Cost Cost Savings{ Savings
SMM Baseline 68.9 21.9 90. 8
Lo Cost 51.6 17.3 68.9 21.9 24
Lo Cost- (EP2) 48, 8 17,1 65.9 24.9 27
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be remembered that the baseline estimates in most cases represent
normal full development programs and that many current programs
often take advantage of prior developed hardware. Accordingly, the

cost saving percentages presented in the tables are thought to represent )
~upward boundaries.
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' 9., CONCLUSIONS

The study has indicated that a very high percentage of the house-
keeping components can use flight-proven hardware if a complement of
equipments, as provided in the equipment compendium, is available. Further-
more, the usage of developed hardware appears to be attainable with not-too-
extensive modifications to the components for most of the selected equipments.
Of the components that were selected from the catalog for use in NASA new °
starts, the distribution between the components that were developed by DoD
and NASA were about equal. This strongly suggests that components can be
transferred between programs and not be limit;ed to contractors, centers, or
agencies, '

Significant savings came from applying the catalog of developed
components to the baseline. The sensitivity of alternative designs to increase
the use of developed components was not productive in providing additional
savings. The increase in the use of developed units from those selected in the
baseline was very nominal and the added savings were very small. The possible
savings were increased from an average of 26 to 30 percent for the alternate.

In the following subsections, the data are summarized to show how
the above conclusions were reached. The study excludes structures and ther-
mal control as housekeeping components., The TIROS-N is not included among
t}:1e cost analyses of LST, HCMM, SAGE, and SMM new starts because no addi-
tional flight-proven components could be selected over the contractor-configured
spacecraft. The TIROS-N spacecraft is basically the DoD/DMSP spacecraft
except for the CDH subsystem. The use of catalog components did not increase
the number of ﬂight-provén hardware in the CDH subsystem beyond the con-
tractor study.

9.1 USAGE OF DOD AND NASA COMPONENTS
DoD and NASA flight-proven components that are listed in the

equipment compendium {catalog) can provide up to 61 percent of the hard-
ware for the four new starts. Of the selected components, 35 percent
were DoD and 26 percent were NASA-developed units. The catalog from

which the selections were made contains 202 DoD and 198 NASA components,



The NASA standard equipments that are documented in the LCS Standard
Equipment Announcement and equipments fromother current pPrograms
that have not been cataloged, provided an additional 11 percent of flight-
proven components. The balance of 28 percent to complete the house~
keeping component is new development hardware. The distribution of
components between the four new starts and sources providing the developed
hardware are shown in Table- 9.1, Also shown in the table is the hardware
usage for the'alternate configuration, The baseline configuration is the
-spacecraft design that meets the subsystem requirements in the manner
desired by the program,- whereas the alternate configuration meets most
of the requirements. '

"~ It should be recognized that the study intent is to provide data to
determine the influence of flight-proven hardware on cost savings; it is not
intended to be an optimization effort. As an example, HCMM and SAGE
have a weight constiaint which has been exceeded slightly when developed
components were selected. Design tradeoffs to optimize the system con-

figuration to reduce weight were not conducted in this study.

9.2 COMPONENT MODIFICATIONS

Component selections were made by examining the key technical
characteristics as to their ability to provide the required functions. The
modifications were identified to the extent of providing the required functions,
As an example, a redesign may involve modifying a filter in a receiver, or
a repackaging may involve removing one of three sections from a power
converter., It was assumed that any changes for environmental criteria,
electrical connectors, electrical match up, signal levels, mechanical
mountings, and thermal interface can be integrated into the subsystem with
no cost impact., Based on this ground rule, the levels of modifications
were indicated on each component to provide the information to estimate
the component DDT&E cost. The cost schedule to go along with the changes
is described in Section 2.5. The method supplied a uniform estimating

approach across all of the new starts. A summary of the number of
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Table 9.1 Distribution of Developed Component Usage

(A) Baseline Configuration

CATALOGED | .o, [OTHER | oo [0
NEW STARTS sto, |DEVD | SEY TOTA

DOD | NASA ‘ | aDwE. . .
IST 13 5 2 5 10 35
HCMM 8 | 10 0 2 28
SAGE 9 9 1 0 22
SMM 12 8 1 3 13 37
Total 42 |32 4 10 34 122
Percentage 35 26 3 8 28 100

(B) Alternate Configuration

, CATALOGED | oaga | OTHER NEW | TOTAL

NEW STARTS sTp. | PEV'D DEV.1 COMP. -

DOD | NASA * | uDWE. : .
LST . 14 | 5 2 4 9 34
HCMM . 9 | 10 0 2 7 28
SAGE 10 9 1 0 3 24
SMM 13 8 1 3 11 36
Total - 46 32 4 9 30 | 122
Percentage 38 26 ] 3 7 25 100
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modifications, according to source of hardware, is shown in Table 9. 2.
Over 40 percent of the cataloged candidate components can be used with
less than 10 percent DDT&E and 18 percent of the cataloged components
selected will require modifications greater than 10 percent DDT&E, Based
on this distribution, 70 percent of the components from the catalog can be
used '"as is'' and 30 percent will require over 10 percent modification. The
data also indicate that 50 percent of the housekeeping components can

be employed with less than 10 percent component modification under the

definition of this study,

Table 9.2 Component Modifications

NO SOME,
MODIFICATION | MODIFICATION
NEW DDT&E <10% | DDT&E. >10% NEW
STARTS Catal Other Catalo Other DEVELOQOP,
atalog Source g Source
18T 12 4 6 3 10
HCMM 12 2 6 0 8
SAGE 13 1 5 0
SMM 15 2 5 2 13
Total 52 9 22 5 34
Percentage 43 7 18 4 28

9.3 DEVELOPED COMPONENT DISTRIBUTION

The distribution of developed components between subsystems
provides further information on commonality between agencies. In general,
the DoD programs are earth-~directed missions and NASA programs are
space~-directed missions. This basic mission difference results in more

NASA components in the stabilization subsystem than DoD components for
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NASA new starts; however, the oth.er subsystems are not as mission
oriented. They are the propulsion, electrical power, and communication
which shows more DOD candidates than NASA components. The distribu-
tion by subsystems is shown in Table 9.3. The percentage of flight com-~
ponents from the catalog for propulsion, electrical power, and communica=

tion is 96, 71, and 51 percent, respectively,

Table 9.3 Developed Components Distribution
Between Subsystems

TOTAL TOTAL
BASELINE | DOD | NASA|qprwlr | COMPONENTS | 7
e 6 8 14 32 44
AP 13 10 23 24 96
JEP 8 4 12 17 71
CDH 15 10 25 49 51
TOTAL 42 32 74 122 61

9.4 COST SAVINGS

The cost savings from using over 70 percent of the developed
components have produced an average spacecraft cost reduction of approxi-
mately 26 percent for the baseline configuration., The mission equipment
cost is not included in the percentage. The baseline cost for '"business as
usual" is primarily an estimate with all new components, The baseline
cost for "Low Cost" is the use of flight-proven hardware as selected
candidates in this study from the catalog, NASA standard equipment, and
other developed hardware sources. The difference is the baseline cost
savings. The major portion of the savings {76 percent) comes from the

reduction in component DDT&E and the balance comes from reduction i



the unit recurring cost (24 percent). Lower unit recurring cost savings
result from the learning curve, i.e, P productlon line for the unit exists.
The savings in going from baseline to alternate configuration is
relatively low. The alternate configurations did not ‘produce a significant
increase in the usage of flight-proven components. This is prin:;arily due
to the alternate configurations being limited to varying only the electrical
power and stabilization subsystems. Communication subsystems could
not be altered because the parameters were. such that only one basic con-
figuration could be considered in meeting the network and data rate
requiréments. There was no advantage in reconf1gur1ng the propulsion
since the baseline could be configured with all fllght-proven units. Recon-
figuring would not increase the percentage but could change the Welght.
The cost savings is sumraarized in Table 9.4. The percent
savings is based on one flight unit and total program cost without ml.SSlOH
equipment. The total savings for the four new starts which exceeds $100M
should be accepted as maximum amount, i.e., optimistic savings. The
fifth new start studied was not included in the cost analysis since the space-
craft is basically a DoD configuration except for the CDH subsystem. ’
This approach of using an existing spacecraft maximizes the use of f11ght-

proven hardware.
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Table 2.4 Summary of Cost Savings

NEW DDT&E UNIT TOTAL
STARTS Savings % Savings % Savings To
$M Savings $M Savings $™M Savings

LST

Baseline 45,6 32 19,6 30 65.2 31

Alternate 50,9 36 29,2 44 80,1 39
HCMM

Baseline 14,1 33 1.1 10 15.2 29

Alternate 14,6 35 1.2 11 15.8 30
SAGE )

Baseline 6.6 29 0.7 6 7.3 21

Alternate 7.7 33 0.6 5 8.3 24
SMM

Baseline 17.3 25 4,6 21 21.9 24

Alternate 20.1 29 4.8 22 24.9 27

f—_——— — ———  — ———— ————— .~ —
Baseline 83.6 30 26.0 17 109.6 26
Alternate 93,3 33 35.8 21 129.1 30




APPENDIX A

SC DESIGN CONSIDERATIONS
FOR THE HCMM BASE MODULE

Al INTRODUCTICON

This analysis addresses preliminary attitude and velocity control
system design considerations of the heat capacity mapping mission (HCMM)
base module. The base module must accommodate two payloads: (1) the
heat capacity mapping radiometer (HCMR), and (2) the stratospheric aero-
sol and gas mission (SAGM)* sensor.

The HCMM mission requires a 600 km (324 nmi), 89 deg inclined,
sun synchronous orbit. It has a 70 m/sec velocity requirement for
the purpose of circularizing the orbit and changing the average altitude.
These velocity requirements necessitate a propellant with high specific
impulse such as hydrazine.

The specification requires that the SC have a;utomatic acguisition
capability. Reacquisitions must be performed within one day. The speci-
fication demands autonomous control, i.e., ""Perform Initial Despin, Acqui-
gition, and Reacquisition 1n a Closed-Loop Fashion...'"; and "Perform Fine
Control in a Closed-Loop Fashion..." The specification (Reference 11)
suggests a three-axis momentum bias system be used to provide this control.

The solar, aerodynamic, and gravity gradient torgues are
negligible for this orbit. The primary disturbance torques are: (1) the
magnetic dipole of the payload reacting with the earth's magnetic field;
and (2) a cooling system failure of the payload producing a torque through
one orbit. Other sources of disturbances include various residual angular
momentum sources on the payload. ‘

The SAGE mission uses the HCMM base module in a 600 km
(324 nmi) 50 deg inclined orbit. The SC requirements for SAGE are similar

*This experiment has the acronym SAGE.



to the HCMM mission with the exception of the delta V requirement. The
primary sources of distrubances for SAGE are payload residual angular
moments and n;agnetic dipole.

In the following section, an acquisition sequence is developed
that meets the requirements of the specification in that it requires minimal
ground base interaction. In Section A.3 the mass properties and disturbance

models are used to size SC subsystem components which meet the specifications,

A.2 ACQUISITION SEQUENCE

" The HCMM vehicle will be launched by a four-stage Scout F
lau.nch‘vehicle into the 600 km (324 nmi) circular, nearly polar, sun syn-
chronous orbit. The injection point will be on'the dark side of the earth
for this orbit, which has a 30-deg vehicle-earth-sun ahgle on the ascendiz:zg
node. The vehicle and fourth stage are spin-stabilized at 90 rpm prior,
during, and 320% 20 sec after the burn. Subsequent to spin-up, the SC
is required to provide a spin speed measurement. It is assumed that this
measurement can be performed on the light side via a spinning sun sensor.

Due to the mass properties of the payload, the spin a,x1s of the
vehicle will be the axis of minimum inertia (prior to solar array develop-
ment). To avoid a buildup ik transverse rate, the despin should be initiated
during the first orbit after injection. The despin will be done closed loop via
a rate gyro. The gyro, whose range must be limited for subsequent use
in acquisition, will be initially saturated and must be capable of withstanding
the 9.4 rad/s (540 deg/sec) of the spinning phase. A closed-loop design
is desirable, since ground station passes are limited to 5 to 10 min for
telemetry and less for commands,

. Following despin and subs'equent array deployment, the remainder
of the mission will require earth pointing for both the HCMM. and the SAGE
missions. The orbital coordinate frame for tl}ese missions has the Z-axis
pointing to nadir, the X-axis along the velocity vector, and the Y-axis com-
pleting the right-hand triad. The payload is mounted on the +Z vehicle

axis. Fine pointing for these missions requires aligning the vehicle co-

ordinate frame with this orbital coordinate frame.



Each mission requires a differing payload FOV. The HCMM
mission maps the heat capacity by rotating its scanning sensor head about
the X-axis while looking out of the Z-axis. During the SAGE mission, its
payload scans the horizon by rotating the scanning head about the vehicle
Z-axis. Accommodating both of these FOV requirements necessitates that
the base module not have any structure interfering with these FOVs,
Since the primary attitude sensing device will be an earth sensor, these
FOV requirements necessitate that the sensor be mounted on the base
module jtself. This assumes that payload mounting of the sensor is
structurally impossible and undesirable. A scanning wheel earth sensor
can be used to determine earth referenced attitude from a base module

mounted location.

A, 2.1 HCMM Acquisition

The HCMM mission, due to its sun-stationary orbit, lends itself
_ to an acquisition sequence beginning with a sun acquisition, followed by a
transfer to earth point when the vehicle Z-axis is 30 deg relative to nadir.
At e‘quinox, 'this would -correspo'nd to the ascehding node of the orbit.

After despin, the vehicle w111 have residual rates and an azl'b1-
trary orientation. To acqu:lre the sun from these initial conditions, the
sun sensor requlres a 47 steradlan FOV. -

. The earth sensor must also have a wide FOV, since its radius
‘at 600 km (324 nmi) alt:tf:ude is 1. 15 rad (66 deg) (honzon-to-honzon half
cone angle). But, to stay within the FOV constraints of the payload, the
sensor will of necessity ‘be mounted on the base module. Either a conical
scan or a radiance-balance sensor would be suitable. However, the
radiance balance type would have to be mounted around the pe rii::hery-of the
payload, necessitating rather .complex thermal compensation in the pro-
cessing electronics; hence, the conical scan is favored: -

The three-axis controller used for the fine pointing phase of. .:
the mission ‘requires a yaw reference to be supplied by momentum bias.
ora star-tracker. The momentum bias approach is favored.for, its-sim-

plicity, ease of.acquisition, and flight-proven performance.. Hence,’ the



wheel control configuration, consisting of roll/yaw offset thrusters for
roll control and variable speed wheel for pitch contrql, was chosen for
the fine pointing phase of the mission.

The conical scanning earth sensor has a large weight penalty
associated with it, as does the wheel. The two are combip.ed in the form
of a scanning wheel with momentum bias. To obtain earth sensor signals
the wheel must be spun up prior to earth acquisition. A single wheel-
mounted scanning earth sensor provides only one axis of information unless
the earth chord is fixed (i.e., constant altitude). This acquisition sequence
is adjusted to accommodate this limitation. ‘

Since the vehicle acquires the earth with an arbitrary yaw error,
this vaw error transfers to a roll error ina éuarter orbit and is removed
by the roll controller at that time. Since the error could be large, the
acquisition thrusters rather than the roll/yaw thrusters should be used
during the first orbit after earth acquisition.

' Table A-1 summarizes the acquisition sequence suggested for
HCMM. Bga}c_quisitions Woﬁld begin at.sun acquisition and proceed through
to earth fine pointing.

In addition to the operational features given in Table A-1, the
HCMM mission requires periodic velocity (delta V) corrections to main-
tain the orbit. This delta maneuver can be performed using the earth

point mode in conjunction with the rate gyro, as described in Section A. 3.

A.2.2 SAGE Acquisitio_n_

The SAGE mission utilizes a 60Q km (324 nmi) circular orbit,
inclined 50 deg - with respect to the equatorial plane. For this orbit an
acquisition sequence beginning with a sun acqui‘sii_:ion works :.Father we}](.
when the ascending node coincides with noon spacecraft time. However,
for any other times of the year, a single scan Wheelﬁ_earth sensor would
not always be able to determine a unique two-axis earth sensor output
while sun pointing. This ambiguity can be overcome by adding an additional
scanner wf:eel, as described in Reference 17. Using a dual scan wheel

configuration with a full conical scan FOV also increases the earth range,



Table A-1 HCMM' Acquisition Sequence

’ Step

Mission Phase-

Vehicle Situation

Despin

Solar Array Deployment

Sun Acquisition

Réeaction Scan Wheel
Run-Up

Earth Acquisition

Earth Point

Fine Farth Point

Yaw rate gyro reference
despins the vehicle with yaw
thrusters from 90 rpm to

zero, Rate gyro holds

- vehicle yaw rate at null.

Zero yaw rate,

From arbitrary initial
conditions vehicle neg Z
axis is pointed using pitch

and roll thruster control.

After sun lock, wheel is
run up to provide earth

sensor signal,’

Switch from sun sensor to
earth sensor when the pitch

error becomes small,

Earth point for one orbit
as yaw errotr is nulled.
Rdte gyro no longer controls

yvaw rate,

Spacecrait controlled in
pitch by wheel, in roll by

roll/yaw thrusters.




Table A-2 SAGE Acquisition Sequence

Step

Mission Phase

Vehicle Situation’

Despin

Solar Array Deployment

Reaction Scan Wheel
Run-Up

Earth Acquisition

Earth Peint

Fine Earth Point

Yaw rate gyro reference,
despin with yaw thrusters
from 90 rpm to zero. Rate
gyro holds vehicle at zero

rate,
Zero yaw rate,

Running up wheels rotates
vehicle in pitch and provides

earth sensor information

Acquire earth using roll
and pitch earth sensor
output to drive roll and

pitch thrusters,

——HEarth point for one orbit

as the yaw error is nulled.
Rate gyro and yaw thrusters

are inoperative,

Spacecraft controlled in
pitch and roll/yaw by two

reaction wheels,




making a sun acquisition unnecessary. A full conical scan can be attained
when the scan cone has a FOV which is clear of body structure.

Then the acquisition sequenée, subsequent to despin, would begin
with running up the two wheels. These wheels would be mounted such that
the primary momentum component is along the vehicle pitch axis. Running
up the wheels would in turn impart to the vehicle a rate about the pitch axis
to maintain total momentum at zero. This rate would cause the vehicle to '
search for the earth by rotating about its Y axis, When the earth comes
into the sensor field of view, the earth would be acquired automatically
via commands generated by the control electronics. Fine earth pointing
could be established after less than one orbit after the yaw error had been

nulled., This acquisition sequence for SAGE is given in Table A-2,

A3 DESIGN CONSIDERATIONS

The configuration as defined in Section A, 2 is sized based upon
the vehicle mass properties, disturbance torques, and the pointing accuracy

requirements, These design considerations follow.

A.3.1 HCMM Design

"The mass properties for the HCMM vehicle are given in Table
A-3, The payload mass properties are taken from the siaecifica.tion while
the vehicle is assumed to be a2 uniformly dense cylinder. Two solar a:rra.ys
are used as described in the Electrical Power section. The mass propertieé

are given for the vehicle before and after solar array deployment,

Table A-3 HCMM Mass Properties -

Vehicle . . 2 ) 2
Configuration Vehicle Inertias, kg ms“ (slug ft7)

I I I

X y z
Array Stowed 2.4 (17.5) 2.5 (18, 1) 1.2 (8, 84)
Array Deployed 5.9 (42, 9} 2.2 {16. 2} 4,7 {33.6)

Weight = 152 kg (337 1b)



During the spinning portion of the mission, the SC is required
to supply a measure of spin speed within 0.5 rpm of the 90 rpm desired
5pin.spee‘d. The specification is not clear regarding the purpose of this
measurement so we assume it is telemetry for ground information, and
that it can be provided by a spinning sun sensor. The injection occurs on
the dark side of the earth. Separation is delayed some 324 sec beyond
injection a,nd( Scout burnout. Due to the unfavorable inertia ratio, separation
and despin should occur within the first orbit to minimize coning burnups.
The spin information can be delivered on the first telemetry pass over a
station., The spinning sun sensor should have a m rad (180 deg) FOV so that
the spin rate can be determined from large sun elevation angles.

The rate gyro used during despin should provide a saturated output
during the spinning phase, This output can then be used to drive a bang-bang
yaw-thruster control system. This provides an essentially open loop thruster
despin command until the gyro comes out of saturation, When the gyro
comes out of saturation a derived rate modulation feedback can be used to
prevent overshoot of the zero rate point,

This rate gyro serves two other functions: preventing yaw rate
build-up during sun acquisition and providing a yaw reference during velocity
corrections, The latter places the most stringent requirements on its
output characteristics., To maintain the yaw attitude within the specification
value of 0,03 rad {2 deg) for 30 sec during delta V, the effects of
drift rate and threshold must be less than 0.3 m rad/s {0.0167 deg/sec).

A wheel control type system is proposed for the fine pointing
phase of HCMM., For details of this design procedure see Reference 18.
For the wheel control system, the yaw error is fixed by the wheel momentum
and the disturbance torques, For this orbit the,torqules generated by
aerodynamic, solar, and gravity gradient forces are greatly surpassed by
the magnetic dipole moment of the payload. This magnetic moment of

1000 pole cm ( = 1000 _Ga.uss - cm3 =1, A mz) interacts with the earth's



magnetic field to produce a maximum of 62 pNm (46 u ft- 1b) torque at
the earth's magnetic pole. This torque is assumed inertially fixed. A
smaller peak torque of 31pNm (23 p ft.1b) is obtained at the equator.
Using the larger torque, the vehicle accumulates 62 mNms (46 m ft-1b-
sec) of momentum per radian of orbital motion., The yaw error then
will exceed the roll deadband by the ratio of this disturbance momentum
divided by the bias momentum. Hence, a bias momentum of 5. 4 Nms
(4 ft-1b - sec) will produce a yaw deviation beyond the roll deadband of
less than 0. 02 rad {1 deg).

The purge transient will act to produce a torque in the roll/
pitch plane. It acts 53,3 cm (21 in.) from the center of mass producing
0.17 Nms (0, 126 ft- 1b -sec) of body-fixed momentum in one orbit. A
10 percent control authority in pitch can easily tolerate the worst case
combination of the transient and the magnetic torques.

The rate requirement of 0, 17 m rad/s (0.01 deg/sec) for roll
can be met by using a momentum correction of 0.01 Nms (0.0075 ft-1b -
sec) or less. This momentum, requirement can be met using a 0,45 N
(0.1 1b)} thruster acting on a 30 cm (1,0 ft) moment arm, During fine
pointing and in the absence of on-board payload disturbances, yaw and
pitch rates will be an order of magnitude below the specification,

The HCMM payload has a 0.4 Nms (0, 3 ft-1b -~ sec) component
of momentum along the X axis when the compensation motc;r is not on.

* This, of course, is an abnormal condition. When the compensation motor
is on it cancels all but 0,02 Nms (0.015 ft ~-1b ~sgec) of this momentum,
Using a 5.4 Nms (4 ft-1b-sec) pitch wheel results in a yaw error of

0.075 rad (4.3 deg) uncompensated, and 3.5 m rad (0. 2 deg) compensated.

The specification requires that attitude measurements during
fine control must be known to + 8.7 m rad (+ 0.5 deg) about pitch and roll
and + 35 m rad (+ 2.0 deg) about yaw. The scanning earth sensor must
provide the roll and pitch attitudes within this accuracy which should inclﬁde

alignment errors, null offsets, and random noise. While yaw has no



reference source available directly, the vehicle bias momentum will hold

it within 35 m rad (2 deg) of nullduring normal operation.

The total SC complement of equipment is given in Table A-4,

SN

Item Accuracy Comment
Spinning Sun Sensor 90 rpm, + 0,5 rpm mrad (180 deg) FOV

Yaw Rate Gyro 0.35 rad/s (20 deg/sec) + ) Must withstand
] 0.3 m rad/s (0.016 deg/sec) |9.4 rad/s {540 deg/sec)

Coarse Sun Sensor ‘4'wsteradian,
.+ 0.09 rad (+ 5dep)

Earth Sensor . 0.79 rad (45 deg)scan cone,

"£6 m rad (+ 0. 35 degy
Wheel 5.4 Nms (4 ft ~1b -sec) + 10% speed variation
: nominal for pitch control

The thrusters required for HCMM include eight 1-1b thrusters
for despin, acquisition, wheel unloading, and delta V plus two 0.44 N (0. 1.
1b} thrusters for fine pointing,

The fuel budget for HCMM includes the despin, an acquisition,
four worst cé,se reacquisitions, 70 m/s (230 ft/sec) total delta V, and one
year of fine control using roll/yaw thrusters, The fuel required for this
mission is calculated assuming a 152 kg (335 1b) spacecraft and a 0.3 m
(1 ft) thruster moment arm. Acgquigitions and reacquisitions reqﬁ.ire that
6.8 Nms (5 ft ~1b ~sec ) of momentum be precessed 1.57 rad (90 deg) and

zeroed., The results are shown in Table A-5,
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Table A-5 HCMM Fuel Budget

Events Impulse Ns (1b sec)

Despin 370 {83, 3}
Acquisition 57 (12, 8)
Reacquisition 229 (51. 4)
Delta V 10644 (2393.)
Fine Point 7001 (1574.)
Margin 1870 (420.5)

Total . e R 20172 (4535})

A3,2 Modifications for the SAGE Mission

The mass properties for the SAGE mission are given in Table
A-6, They are delivered for a configuration which includes four sun

pointing solar arrays.

Table A-6 SAGE Mass Properties

Vehicle . . . 2 L2
Configuration Vehicle Inertia, kgms ™ (slug ft)

I I I

x v }A
Array Stowed 2.4 (17.5) 2.5 (18, 0) 1,2 (8.8)
Array Deployed 4.0 (28.7) 4.0 (29,1) 4.4 (32, 1)

Weight = 161 kg (354 1b)
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The disturbance torques for SAGE are due to magnetic dipole
and aerodynamic forces, The dipole moment is 100 pole <:m3 producing
peak torques of 6,2 Nm (4.6 ft -1b) at the earth's pole and 3,1 pNm
(2.3 pft-1b) at the equator. The aerodynamic torques are on the order
of 2, 7TuNm (2 'p. ft -1b ). Then worst case torques are 8. 9pNm (6.6 pft - 1b)
in magnitude, There are a few negligible sources of residual angular
momentum that are ignored in the following.

The vee wheel configuration suggested for SAGE, as described
in Reference 17 has a momentum bias along the body Y axis provided by
two reaction wheels, The wheels, mounted at an angle relative to the
X-Y plane, each have a component aleng the Z axis that cancels when the

_wheels are at identical speeds. Then identical variations in wheel speeds
control pitch attitude while differential variations control roll attitude.
This method of control is used for fine pointing while thruster control is
used to acquire and reacquire the earth,

The use of two scanning earth sensors also elimiinates errors
in roll due to altitude variations, This is important for SAGE since it has
no orbit correction capability. ) .

The disturbance torques for SAGE are much smaller than those
of HCMM, As a result, the yaw error can be held to 4.3 m rad (0. 25 deg)
with a pitch momentum bias of 1 Nms (0.75 ft -1b -sec) from each wheel.
A 0.035 rad (2 deg) control authority can be attained about roll by canting
the wheels 0, 35 rad (20 deg). 'i'his maximum authority coincides with one
wheel 10 percent fast, the other 10 percent slow. This cant angle can be
increased by up to 0.17 rad (10 deg) if need be, to clear body structure from
the FOV of the scan wheel., '

The disturbance torques have both inertiallyfixed and body-fixed
components, The body-fixed com‘ponents require that some form of wheel
momentum unloading be é.va,ilab}e along both the pitch and yaw axes.
During periods of unloading, the thrusters are used to transfer momentum

from the wheels creating body transients. Rate requirements are not met
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during unloading but are eas.ily met for the remainder of the fine pointing
portion of the mis 5101;1. i

The remainder of the mission SC equipment is the same as that
required by HCMM, These are listed in Table A-7,

Table A-7 SC Component - SAGE

Item Range and Accuracy i Comment
Spinning Sun’' Sensor 90 rpm, + 0.5 rpm rad (180 deg) FOV
Yaw Rate Gyro 0.35 rad/s (20 deg/sec) + Must withstand

0.3 m rad/s (0.0167 deg/sec)| 9.4 rad/s (540 deg/s)
Earth Sensor 0.79 rad (45 deg) scan cone,
+ 6.1 m rad (+ 0.35 deg)
Wheels 1,0 Nm (0.75 ft - Ib-sec) | + 10% speed variation
nominal for pitch and roll
control

The thrusters required for SAGE are two on each of the three
axes for use in despin, earth acquisition, and momentum unloading. This
mission does not require any orbit corrections. The resulting fuel budget
is listed in Table A-8,

Table A-8 SAGE Fuel Budget

Events Impulse - Ns (Ib - sec)
Despin 389 (87.5)
Acquisition 57 (12, 8)
Reacquisition . 229 (51, 4)
Momentum Unloading 1001 (225,)
Margin 179 {40, 3)

Total 1855 {417, )
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A.4 CONCLUSION AND RECOMMENDATIONS

An acquisition sequence and 2 set of SC components have been
proposed for both HCMM and SAGE missions. These components, when
incorporated with a properly programmed control electronics c\ompute r,
will meet the specifications in the Reference 11 document. The mlist of SC
equipment for HCMM is given in Table A-4, while Table A-7 contains a
list of equipment for the SAGE mission. ' . o

The HCMM vehicle can be controlled by ten thrusters; eight 4.4 N
(1 1bf) for roll, pitch torque and delta V, and two 0.4 N (0.1 1bf) for roll/yaw
torque during fine pointing., The SAGE vehicle can be controlled by six
thrusters; two 4.4 N (1 1bf) thrusters on each axis, SAGE has no delta V
requirements. For SAGE, fine pointing in roll/yaw is controlled using a
momentum component from the two ca..nted momentum bias wheels.

The approach used to define thése ‘sets of mission equipment -
wasg to consider the two missions separately. If the base module is to be
used interchangeably for both HCMM and SAGE, then the SAGE system

could be modified by using larger wheels to meet the HCMM requirements.
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APPENDIX B

DATA BASE

This appendix contains the data base that was used for the

SDCM and SCM computer programs. The data base printout relates the

computer code to the catalog index number, and provides a few of the

component attributes for a quick 'look up."

B.1
B.2
B.3
B.4
B.5

Stability and Control Subsystem
Auxiliary Propulsion Subsystem
Electrical Power Subsystem
Communication Subsystem

Data Handling Subsystem



SUPSYSTEM

CONTRGL

STARILITY AND

COYPCME NT

PRIG~AY

coog

[P Tt =1
* > & @
Labaiys
T S OMTUWINODTOT ™ 0
oW he e ST ISR Ta I T AR R Lo =] Y]
o2 O 3ISM AN -~ M
. " LN B B I B T ™Y -

QM OMN QITOCCE A HOOwWU PN OALUN MOC S ECc COTNOCNO O Co oo oM
FCOTO G Pyl O F IO A AR T EOMAINEOINMANO RN 4 A e MR AN O N

Lol V) MT 2 LAt I o B L R ot oo o o D Eauin e SONNPEC TS o] S0 OO0 UMDt

3y -~ L3} [ p B 1 (AT N[ a JC I K To I MO G vt [ o
-~ -t Ll

W FLNO-D oM O D oo T DA D D v AT o T v DO O D D O O A = 0
-4 ™ D ou -t -t

O O SO EMMA Qo MOAed e 0 C TR DI O 1 0 O e O IV 1S3V M R (L OO P 0 T
M OOCODOQOOARNALOMPN 30 LAAN LOOHOC OO O OO C OO E M O &0

L A A L e R I T T

Tt - g =

T DWO TN DN TP NI T IR N N M e vl DD IR A B THTNE M e ©IM5 OO O e LN PO
.........I".l.."‘l'.......‘...........-.'.......'

MO bl DI NM PO AT A T N AT et i RS LaVILE LA ol (AN TN o AR TAY- TY. ad oS )
[ 5] M ledd - -t
-t
> el > > i >
N %) [ () v) v) [&] %91
Nt D= NIy T (X3 n S =z w
D a Lo TR T T TR I TR TR PR PRt e TV S <f <X 1] r S on U S o i |
prrag o A LA CAN A M-l n b= 1 Lo
= XX A EEXEZITLEFXERSSSYNECN Y Y < ) UXa wiHow
Lyige TR 1} g G € o N SR TR P Y oot Taut X o v OO0 TTIN
LB LY YN GO OmOOOL 10 VAN PANL D Ny Y g (v e o NNRTTZ=E
LSO COoOoO0 MNP TR Zrs0C Q000000 0LIOOLR2
FEIN I LIMNNNINNE D L E T T T L ) LWL JLLBILWIAVIID DD NANIN (Y LILWEZZZZ
COAMITETFZZZOCDOQO00CE 34 A AN NN E T T T E T T E T A A0
ZZ Ll e e = b S b b O T Widu i tow Jul)Ods by
Fabap Ll 2N AAINUI pmbm b b~ o b e ST R - T T T T T T A AN I WHAAWDIY jrats 2 A o
aA0>>m> I ATl el e el & TF -2 W b e b o b=~ QOO0

NN b J e ST DT Flr bbb bbb ¥ Dl e L £ VOV ER 2R EZT TEZZ bl Ll gL
LlL. <1 D DD DD DD DI DIDHOHHIIIIAIL I DD DD DI D DO r Lag ol uiliie)
DAV AANNNNEZZFZ ZZZ Z OO0 OIS L U U () A A YL LY Y oo

SMP L lie = M AMIN TG M T N D 3 TN NN ADWRO UL N O d il 3
i . -

_-_-__.__-.-__-___..__-.__.._._-__._a-..“ t1r 1ty
Rl e e D R i ks L B B B L B e e O QU Uiy QA ST WU P A YU A JUP R P PO PR I S P D GO P S S SAS P PR Pl S
AN A N R N
THOINOINMNA T ed FINOIA O 2 Ol FOMDININ w4 (0N O O DD 085 0 P ot ored T30 P Y ed e B P

O AN Z IOz I N E N 0N0OZ 0N ROl NZEZZZE 2N ZOZTNIZZO]
HM SO MO TN =M DTN SR IO B NOIIN O M0 PO —f TP MM OOMIO M RAILN
SO0COTOO MO OO vl A D O IO DM 4l i U O IO A H N A CI D D O e i

AN NMIMMMND 3 323 TR0 R D00 DG OO DOV R TV I MM VN
et

@EQEEN PAGE IS .
OF POOR adﬁwawm



ToAaemoo Mo
e e a0 » * -0

H DD Mo

oMo =

-V o in

‘I
'
(=} COCOOON FIOCOAD Mot oMm
Eard Lt @ 0ai oo o LTI RT3 el
o SO DAC TMN.OO oDDOg
-

* & & 8 & 0 8 & e & p oo » o 0 s 0

Wococoomutiomo oo doord oM o oO oo o e
O o~ O 0 OO ChMMINC IO O T O &Yoo O
TN TN IO 0N MO IO DI A0 i 2P - (I DS &) $ Mg e
od b~ O JC gt I el DNAMAMIND O MDD M
o - -l [ZWYEL | if — it

-~ .

O ol JONNMPRINO T -S0OMOMEOWINNTP«— TN MO o 2 0mNy
- o v—!v—h—lh-.d' BTN Lot oV Lop i B B P - N -0

AT OQMININMAE A AT LN MDA (M T U ME M S e CNS VD)
MR ONMLE I e—SOOA NS 3 30 O o ad M O M (IR S O LAl
®a @ 0 & b P e b E oY S g e P B R B g s 8BS S g S g P e b
[ B AN ] V] — - O o
-

I O MO M AU U DN T O UM e MO M OO O W RO T OM A O 3 OO et
P8 2 % 9 2 &S A B S B S E S S S S SN S e S AS s a8 s s AR s e

Ot M OOULEG N AN T WO .3 PMMMOA0 M T00 W NN G e s MY

RaamtPaial ot ] el Mt vt At ety
-~
> o >3- 2> <o n
i b VN> DD00D00D 2] "o >
A NY 0 IWN0 X X0 YD v > 1AtN T
dad 2T UL UL LY (XL e & T SIUI 3 D 3 3 D D e < O UalT S
SO = e =t LD DO ] —J:en--
LJp LRIV PEE (2 4 uJuJD’&Yb-l-C}.UO: [+ 4 AV 4T o
pon i wplh A | LS mJou.’ra’ VYV OO ZT=-1N LYY w
EXT XU SELES L lu TSOSLOLLOONNNNNILZOQCOC D

I Z20CZae ’é‘ Bt G L LN Z 2 ZZE W F I N nNv N
TTEZTZCVNGOZZD LT l-t—t~lut W, OFRZZTTTT
COC  COETZONHSOACON FZZZT T T T T INNnn X ouwiniigan Lt

P T b I TTY) e b bt o el O TUINAIANAD
el ol el o v el s T d 1 W S NV WL NTHI P Y] ITITITIQY g
QOO LM ad B b= S S S e W g s S b febm b e e A G 5053 S

AMTIA AT EZZ LI ZZTC JoJ Ik b E 0 Y ZZddAda
AU NNUC O D00 0QCAII Tl AT L LT Lo <L Ll O Db b pm =t (D

Y AEEYOAVIO QLA O O T Y A A (A LD I L OO IO AUTNCD
b o LAV B TSR S Tund oy B T ﬂNN)NE\..I")v-(Hv—!d)NJ TN MM nH
Al habal
L3I ryr1r et it L0 O T O I I I R I | [ I I I ]
i M lepoMmnmM il e A A e -~
LU I | 11410001 LU I T I I IO I I I I I | | I I I ]
GO0 ~hOOh MmOV MO A OO MM A (MO 0 M T
ZZZO QZZAN000 OOZZFZCIDZTOI0 Ny TZ=Z =

D] F P ) A DA TR A NI D Od T OMMTOALAD M 08 O-hodu v
QIO N e DO NN VI O S O O = NI OO H e D O OO D O D
MMM Y $ 533 T I UND OO R M P b b P D O 0 DD O DO o Sl
wdved vt ot v vt e T A e e e v b v e = DI OO N O DI

@%@3



EM

SYST

AUXTLLRRY SRCELLSICN

0 o

3t
i~ _1

0 IPONENT

PRIGRAK

11}
|
o
[ &)

SN DO CINOOOCCOCODOINOLE SO M w O GING TP O O S OCIN O L Ol oo e
OO NOLDOD T O NOOCOOHOACEO HOM I OO M 3 (D NI 0 60 v e AL D 05
- N O IO O DN D WD OO D) AN T G P D O DN D DD O

MMM T A0S T IO GO RN 3 VG

N oOInNONhOODOoOOCOoOOOoOo
DOHROOF FOONOOOCILSO
& B & & 4 & " s e b 40
NMMIMNIND oS

ot py I

C'.‘QC.JC‘OE\DL'JUDFDC\QLJC)DDCDDC'!ODUﬂ(3QCJC\C'IC!f"ll:)LJQDCJC:DLIC"DC\LJOCCJDDC‘UL)
et ydad I NI D NI I N A AL I IS I SIS 3§ ) A e b £ J U [N G JU PN S NN PAN S DU JE Y P P O
COoOCCOCOO00oCOCODOODLOOCODOOO0O sjuleislelelalalalslalelolalvlnlelolalelel )
COLVOIVLOCILLOVLLOVDOLLLOLOOOOL0 A O00OOLIICOOOOOQMIOL

COoOC OICOIOOSHhes C.IEDC:C'-QC‘O'.‘:M"DI'DQ-HIDh QDQDG@ODQQOED—‘{”D&QC‘D'BGQC‘
Qe OOCDOMONICOCM O M AN E OO0 MO OC WO Lot o P JT o LodVUall oVl o)

MRS POR R BB RN N MR -t tCooDoOMNOOoOMMM Laalualiartond vp e Lop BosTond
it [ERYTATLITENYTA T e¥ 4}
o [ T - 3 o o = o o

I INT PO DML COHOON 140 T oSO oGO O O 0O o O O Lot BC 4 ol AN T o )

CORCOOEROHOACMAMML OO O v et S G O (L O G < IO LR [=L o ST =1 T}

.I...'O-..I..'........-.l.C...'-0.".'0--'.....0..:
i e

M T A A N T OO v TS ARl AL AR AR = Loy Tasl Lol as Do 1 V3 Lo PEN Ty PF) Ll aVE Sl gl Ll S =] pT ol o] AW T Al o Yaa FI ¥ .Y
e A A A I R I I I
- E o — ety O MOdog Labakabal b g £ 0T Vg LIV oS U A S TSV T o oF BN Tk T TToT o)
e D OO L LD

-~

YYNn L
| et e e ol mo ot o

il gl Tl felcTafat
R e B~ ] [ T UG S U N N B
. [ P D P | DD3TD DDHDD
ST Qg T LDOULLOCUVLLY
ol e b Wl bl pie ) o J e St Lt
ER MGG VY
LT
W MY RN Y LSCODCO0 Ldodladd Btk il
Pl ST L S el L P TS 0 0 L E R T e bk g el e A YN orynrnenoe

i b b bbb b b b b e bl R O DD DSOS SSDDS

DN DT WNININEAIN UL «f el <T ot el <1 1.1l U HLIIA AN U ENENLYD
SDDDDDDDDDDD DT D it S d Jb b= b = U UHA AU M N M N Y Y ¥NY VYWY
[0 >4 0 3 L TN Y iy g S e B COCOOI0 L Iy wei i) NI E T F T mmZ e LT E 22
TITITTITIT II‘I.T"'."_'TIrnmmmmmHl-lHHHct'xﬂ:mfv.z.xn’:l’&’ﬁ::rﬂq.dq <L af Yo «f =l el <
betobodnd b bt b bbb b b e b e et e e U U T B L 0L O O T O (L O b= e o b b e fom e e e b e

— Iy Moo 157 TR < Ut JE. JENC S TV s JUU Y oV PP STV LN
1 LI 1 J 1 L] 1 1 1 ! U } Ity 1 ¥
o SJOININS o) N rd L I S o A 4 V1 48 L SO I ol 1oV 1o Y SIS}
o1 U ' ] L [ U 1 J LI 1 USLI s
— MM, M ™ - M o N DY M B ™om
Z 9aZoD a Q =z o= Z O Z 0 NDZO o Zox [ T |

O PO 3NN T OMDTOIN R M NGO VIO T e UMD DN AP PO P PwrdOJIN Do e M
DAl AAANININIMMI M T IO D vl v D D I AP 3 v weorrd b wd 7 T VI O 23 wedred v L O BV PO TS
Aabalabababul s rtnaaatalalalabalalaU VAV NIV BT pY T R, T R T e e Ty T AL TR T AR TP

»

B-4


http:It!W.W.fj

CH @IS AU 23O It eIl LD OO N e O O D SV OO LS O e O QU C OLNHD T COWER N

B0 O N Sh S LMIEINAG M EONACMINOWIMed 1Y OO WU o U OO H OO O O L O e

o R L Y, YAV TP L TR TAVT o T, TPa RV Lo N T NN L 1o T o] RN L, Lo H SRR ST 3 a%e ) T plm Y o UG AN IV Jo Al T ks R IR U Tn AT EAY TR S
w103 S =i f ot et

et ML DO EH (DO QIO O LIS D
it e O ORI DD Rt AT e N e T e
* 4 ¥ F B F 5 & 5 & F S F B 5 S P s g E ae F g
wdrdwded . L3 SR O DO D0

JaN {4 VIS, B ELL A0 R

L gty +]

OO OCHLIOT WO OO ODILCGLC ODOLDO OO QUL CUOVOUCOLCODUCOLRODDLICO
et A R E e R e R R R R N R R T f e e B R P Rl R I F R e S 2R T E T I EE
OCOOOOOLUCUUOOCOOOLUOLLILIODOLEDOLONLLOLDOOCLOVLODOOWICOLLGY
M A OO L Ty S N LYy TR I F 2 4TI 2 222 AR AT AT ANTREINEELEY

St 7S 3 3 T 3 I Gl £ CO TV ) P00 0 8 ST T §0 e O 00 O 10D S0 L Sty wbeeffoe C O OOITT o2 {0 B LD {0
PP e DR B CHEMNTD O v O LR ED IO N D0, O PRIV Il ENEI I O O I b vl SO L abatat ol Ve iUyl Cal )
o LN S N L N N Lt N E o] o e N BN [N W —tey -~ MY AR e
wededed et el e el O e e e e

IO DOt Do mO) QIO S LMD D OINED DS DO DO

e M DL M PRI M it 1 Mk, P P Oed et DL EHROOK F DO O el oo O HiRe 3
T T D 35 a0 CHED CI S I O~ DI £ DO v I U L C iR D v DR R O D vl 0 OOk G foiHf 1D
o..‘.!.’o-.q.’ﬂ.-c.PIl.‘..‘.’.0-..‘.!0'...!‘0..--.0...'..

it
P S ODEG OO O B Bt S 2 nen ke (Yt TR A ORI RS IO S OOPL PO TN DY SRS ENYDN PG wrint pelsaliat i atiis]
.b.t‘.i"l!I*.Uil".-'.'-ﬁ.‘#‘....0’l.!"'t"‘tli‘.....’.‘
By -l wdwd el PODHANMI ] e i JA¥IAN Lok SWRR b
-y
LiZT» D7
™1 Julddd
I = L b BT gt
I LI b el R (S
™ “X whiad e d ded A S
ZaA™EZZ " e <X v o < el oL
bt LW B e RN R AT
ol A0 G- £ giS *
LY O R 0 «F PHELLLENETEZEZE
TN O WAL E RN U R P U OO0 oDo00Eoo
o L L L L L D B W T e 0 L TR L N 2 it by b e e d b el

B I T T g L T T e e e et ot ot o tel ol ot st S L el ol o B e ol o e ol Sl PR A LR T S i

LN WAV HANAADINHO AR N NN I DAL < of of <T o < vl el < <F Loty ieibciobe ' of
At B AT S DD MM INNI DD DTN DD D DD atwd —f wlf o dwded bbb e b N0 NOX
ol e A b B N P Y R O S EE YE e A VDO ODOQ0OT0 WA LT D 2 E
T AR T T T T I L L T TR T Y TIT T I T E T XTI I T UMAACIAACALAR et bt bd el 3 T G L
RLAL 30 LA B B ¥ Bt o o fom oot B am o o e bt e bt e e b o e b o b o o s oo e i oo ook St md o o A UL T L LR L bt o e e

LN TR M fhd M e O ASVE o ] -5 O PP I UMD Wit D i 4 IO
LI e i s H 113 £ 4 1 [ BRI A LI 2 T TR I ] [N I {
QI U N TdINg o CIOIDIN oed &8 CuLIDIDIDI [abiat ol ot I 2 E 4N Ity
15 ¢ L3 ] ] LA | ] CIR B L ] i [0 I I O I i1+ 5t 14 LI B A
LA PR o] S ] WY =iy - e DN [Sodis] "~ THOOINGE w10 I LTl e 23 Yis)
DZE D D Z0Z 2 Z20Z [ e [ QZZZ2Z THAZE EXE O Zy

Y 450D I D T e DIV O e d P, DN 0 OV LA 20 od F R DMUO M FOFED W wd B WD DIMIN O e DRI MOHR
T 6 £ 4k €3 EHCIED ard b e CURI DT A MMV NP 3 o TN DY OB 63 € Ch vt oot (AN T St vird i U D O O vl it
DD DD 0 P SO0 20 20 G0 e 50 D 30 0 52 40 00 10 90 T3 40 60 90 a0 10 V0 O D VP PP PP P O D OO D v rivd it

] ot et ad et ol ot and v e

- ‘ @ﬁ
@%&ﬁ B-5


http:tpP.Nt.N4
http:q+,4r4.4j

S #0 e O AN NN IR I D SR S RO S OO O O DO SO o

mmamwwtﬁmxﬁﬁmcwac‘:tzmmm@: Mo COmnOoOoDMnDIo

TR VNG MM LGN ARD OV TUWEND Tt w00 e (WP NI MY T S a MDD
-t mMIM -

540

Loe[omn [ o Jom Jom [ovio L ove f = ]
L [ Ly s B oo Loite Lo Lo |
* 8 29+
WM oMo o
LaVEat Lol f=lo |
MDD

OLLOOOROOROOOOOUOLO
PR ETE R T T L BT Z T Z bbb bt Rt bl it ] bt bk A bl
[aElwlelnlnlolelaldlalalalalolBblolalolnl Migiibiiir i lalrelrelaniselebitels Sradealss irakiedv o]
LYY EET LT EE R T ER Y

goh COM SOOI TEIMOMIID SONG CUIOIOO D IO O T o O T e O

O L AD O O e Bt B AP R TS T O D T T DT O St A T T

R I Lo B a7 ] PP b Baf PP OO el o ed alialal Bt &Y
g ol e v el e v

=M

A T O (N IS M O M wd NI DO AT B 0N, e AN el o oo g
O WMLl NNNCO OO S OO D st O NI wF U P S OO i 10 D bt
- % » F 5 6 % 2 B 4 % F B B R U SR " P PP s ® Yo Hos kT S
i wd e DI i ] B
-l

W OUN O o MEOJOUILMI OO M OEN L0 TN VRN IV B O EVDIES ) S iy
I I T T I T I N B S i R R e
D O M et ity b HOND PN f Lo

-l g el e ed et i R b LA Ty
-
- S ha B H - 157 =]
O P LT P e -t Lot
R B g ] < TR TR LY 181 ] =~
e e R S R e S -4 e e wnd
. <L > PO J U i o | T
PAEAEZI>TE = el el =
e tad o SR o T - e e e
Lo £ R e & et T34 XL 4 =
feg gl g Tnigy STt s 4 ZHEEE —
DE‘:C‘C_QL,JC'::.J e I O (2 D0 T
el b P PR H B Pt et bt et 3
+¢+¢o+++>m+b»hhk»hbwukkkw o
AN FHAIN LT g ~

k‘bﬁyxxx&&r.du_!_r.d wbed ok dd DD T DWDD b S b W NN W )
ZR ot b S d S A PO AR OO OO IS ZXTE W
<I=Iﬂﬁddd&EHHHHHHHHHHHIITI*II'.Tmfﬂl‘ifﬂb’lHHdﬁﬂid"ﬁw
o N oS ot o X o FRET R FIR FUR TR SSET R FOE VIR S0 1 9 St SR S Tg S e e A et D T IR FIR o Ry ot e

.

Ol 4l it MLV MO BN
P
L3N A | £ L3 2 20 SO I I O I O |
[AV¥ 1o Cutd  DEOSGINS DINRINNSS
1t 11 IR LI I I I
[LF Y, Hied  Owd 030y IR OIRCPRL O
TZE R OMoZ OZ0ZZTZ

Dive 8 Pred-F Poe AP AN D O d o P U T END P 0 w0 N A D wd V) P U
wrtrd e A1 OO MO A v ted S AN O EHD O O OIS IIC O MO D
vt ed v it e W OO O OIS SOOI UM IO NI IS M IO O 4 o SN0 OO0 N
e L T e T B L e b L e B D L e e e e L e e R S Aot ol s L

B-6



5TM

Suasy

F

=

CTSICAL PCH

t

-

D C T (] (R Yo T T g T Y e = Do P Lo P T T P on T P Y L Yo T T e R e Do P o Mol F e Yo o Mo T oo Rom X e B L Yo 8 o Tt ot R T md e W W o
TAE OO 0N A A DM IR Ot T DY OO wd 3P C3NID OYVOULD 0 IR MO L 0
QL-L OO N LG R S PO PO DO IM S D M PO NG N OO0 FE DT

v el el HN N AN O QI OIS MO MMM M T L T DD RN VNN

wed 1Y Lo e e e = bl i e R = e e Dol e fanY ey o Lom Joe fom Rrpf ge D= Repm T Roa T Lo R op f e Y o Lomfom Tt ol oed = ¥ e R ] o 3

i T Ol OO OO OO0 OCC IO OO OO OO OO OO Y S
eI - % R A I ANG EAV TGV Lo UL AN TGN 2oV TGN ToN T oL HTN Lo LoV Lo W L SV EAVTAR WY SN O 1oV TN E QN TAN EANT OV IST NTNE STV N TN U S E N T VLN TAN T N T N9 T VT \NT N
|3 25g £¥ N4 ~+
~
~r
(L O
>E2Xx
L0~
Lamd -
b= W MMA O TP O M T P OMIS D A P O IR M OO e PO AU T P OVOID e et
O Sl O O et e NI M MN I A F3 10NUE OOUMS N N G O PO OO0 OO O v el e ORI DI MY
=z L AL B B A N A I L T A A B I I R I R R I IR N LR T I I U I S I R I T RSO I Y
2 G ot A e e
o
= e~ QMMM MOMIMINT LA DD OO M A D T MU M M OB AR B 00 M (D R OIS B
= LA B B AR B B B B I 2 IR O BN BN B BN B RN S B A R R I IR I R R R N I B N I Y Y

CF T AANTOOOMUY I CTIMOC SN WM S DAL C OO 0L M R TN DO O 0O PNy (e
D o~ bR ab el ok o [WNUATE AN ToNE s Dol s Lor Bl giF. S o0 = o JRNEoRTA W AN +JUART o3V« LVo 1 0S80 N SIE. o o1 0l a2 aToaRon ¥y N A0}
i

Qe B U O g B L et e I e XL P Y e Bk o O
AT OOCONCoDOOO0OOODOOCCOOOQOOOCACOCOCoOOOOOC OSSO0
e o ] e e o el e e el el e e e e o e ol ol e e R ey B e e R e e el I L A e e e e o e e
bt b @ LT e AT el 2T T o el o L el T T oX o o < T <L e o e s <X F o Lo F 2f T < o] L <X L LT
o S S S0 A B S RS R U L RN D R U R DU JURTUSS Y S QU JUNT Y JOUE DR N SO PP DR OUS T I T TN T S O PO P D Y S T T
HA-d A ADT°DDDDDTIDIDIDIOTIDDDIDDIDDIRIDIDIDTIDIDIDDIDDODDISDOIN DI TINDD
prongmpee T PR LG TG TG LT TG T D T T T A K L G T G T L T T G L T T G T G TG T G T T G N G LT TG T T T
LDEDLDUI T ol I e by 1y PR L e VR ) s Bt L L L3 e L B I VT L ) R e L L ¥, 1 e L Sl ) Lk
wmmwnqﬁ&&%mauwmrfaaiﬁﬂﬁm&wrg.azﬁzztmymmwammuwwxwamy
o n-
| ettt ettt ettt S el el e ol S B e S T S e e e e B T S T B e e ad . ol et et o
A I I T I L T T I E R e PP E R R Z P R P T BT 2 2 R AR 2P T T R e 2T 2R
DD DD DD ADDLDDIDTDTIIOIDDIDIDDIDIDIDDITIDSDIDDOD
LS iy Qs wi gt S S s s e e s oa Al b s i s e s e s gl e S e e 2 i e e i e adpeosie e Sl g v s 1 ke il e el i a4
DLWAC BN AW DAL NN DN IRVEAGIVIA e niu) ) AVHAOWBRInur N IARAn Y

0

COIPONMENT

1141
MINIIG
L
mehin.T

PRIGRAM

0000

MO AN FIMOP- DO B M DD A OO IOV FIOOP 0 PO {00 210 DM DM it Ny
QODAHAMMMM MMM MMM 3 3T T3 T3 UDUIDAIDID A D GO O O - DO D N Mo I B b e,
hahah e b o R Dl R e T R D D e L b e D e R R R L R R L R

COdE




I3 IS IIILSIITLIAFIIIISIIFIII TSNS
AD AL O ACADAD AL WAL D A0 D UMD O OO DO O WD DDA D EHD WD (i

MU N O™ e SO DS DDA O O O3 WD OOoM L DO O UNG
wferd ot e el vof o el ] et 00 OJ OB O DM QY I D 3 DD WD D e
it

S D E O BT CIIT D ED DY DT O
P VDO et P D0 D OV LA D e TP
SO U D D wd AU D SHO NS 409 3 IR P !
AL PO M PP P P B P D D TR D DT O

o an Rowie ol an Lo Rl e T on Rrve 3 =8 ctiom T ol v ¥ me o] iy o § o f i Y arid
302 EPEIEOIT SN G BT M D CHMI T I I ET D O O I
[x8 oV T AN TN EAREXVToN 1At oW T\ N1 aN4 oWl t (a0] JWE W] L NEAN JuN Fo 8] llo¥ 14}

£51

ALY DU T e N A 8 P I 2D U (VN A D MU Tt DO bt 25 D e D W v Nl I O wd o DO B DIt
MV A S ST OGO PP wes TP oo oo ooODCCoCCooRooOooo o
I I IR R Y I N T R I I I S I T S I R O AL R T B B I T R B I B N N L R R B A

et el ] s T e ] e e v e v et e o e

£

OO AR AINIU A O DD MO OIS ST RG D T e BD ED MG e WO ML R O D LD O D LY
[N BT I T R I S O R I Y T R R N B RETIN JNE T R Y N O TN R R B I R B N IR B R LA B N
T A0S0 P P et NI PR 300 E N LN P e ol vl el il By GEOOIMIDLIR G S DY Y
mwﬂﬁﬁd“(\ijNNN‘M'Ol"‘M 'r-:r_t +-.rm

B e T R hs AR -

VP W L L B Pa ot 2000 UGl
oo OC‘W"*C”O")CJ(I"'(‘"OOC‘F"C‘DOC‘”)
I e e e e e e e o el e e e
E £ €5 5 E . B £ 0 e 0 £ oo £ £ 2 £ £5 e - o &
P I N N K DU N O O JUE U R DR DU DA DO N
o s Jhuy 20w e ooy 1 "’”‘*"‘:53"3*33“3:)‘:},‘_‘)'\'3"\:3
L N L Y L A N T S A ST G L T LT T T2
LU PR YRALES P P PRI AR TR I P LT L R AR PR TN ER (PN S TR TP SN VL3 9%
IO o D e XY R vt JEPR S S T T - WP ) S Ha Ay
S S Do e D e T3 B B T B I S e e B o S T B T e S e S 2 S B 2 S S B e e
o OO0 O U G I KON O B (Y (Y I R N OO 0 o (UG Y
fod pf— e r-i—}-:-—s-»:»s—s-»}—w;-b— e b b g 0 s e L e e J I R T vl b Tt e e ot A U o e el s J et -
B O T R D BT AT e B T T 7 Tt bt = v e b e e o o B e o o e s e e e B
.—ID ")D.JDD‘.«DDDDZJDDD:?D DD D bt b b o b e e o by e e o o o o o o e o s o ot b - e e
ITTITTTIZTITYNT NI TLEILT Y of XY <f = < v «f w ok L f Lok < <l € a6 o <Laf of L <Ll ol <t <X of <1 E ol L
t/m Jlmmmwwmm'ﬂrr: ANV DA IO 0 NG 0 00 CHTHD X IIHGO L O £ 61 QY0 £ (0D (T FDM (0 Q2 o as

P N O B A R A N T & o~
' KR t 01 b bl Eo
M mmMmmMm M M MM Bme MM
L L2 I 3 ] [ L] [ 200 I | [ 3 ]
N T T e D D ~ o
Z mzzE @ 0QZ OwZ 00D = =]

K VD OIS LA LD P VS OUVE LT DO B il I AU 1 O B T 0 QSIS v 00 P D i T O 0 e TR M DM OING UN
P B 00 030 A0 ) 00 A D XN RONVED OV OV WP P €060 €0 €3 030D e €2 wed wmbd U DSSI I M AOD M PO 203710 EOLOHE O D A M P B
ieh vttt et e ity vt et el v e e et (VDS DR OGN 03 00 SO I DN OI TN DU SO O O OO D0 I DN DO O DU DO (Y DN


http:CZItttZ.TL

FISITIT AT IINCONINC OCOOC OO NG 1N LALNEE OOV O
TOoOUO OO OdoodoCoODCOODOICIOo e 1 md, oTa oo
Lab e L Bl R e R Lo b o]

OO DD o
DI DDDLOoOo
(ALY S JTolVe] SN aFs )

M t+ooOooDMIND OO o rovm

W Fatnowm—ie O [ o N o T PP

10 35 SN TR Ay Mt

-y
NreCOoNoooo OO Tino [Telot}
—M ol oihoneine L L o

el OIMM I o

DT OO CODOCOIOOOROOCMMOCHOOCOMD A MO OCT OC M Of -
e 00O O OO WO OO N ORI LD OOANC GRD O Thl T
A SISO N IO DA O NI v LB M oty
~ A o3 4%} -

TN OAM MNNO MNP T MO PO O TS O DD, MM (T O AT OO
B0 CICrrird rard e O I A MUV DO DN M U G L E 3OO0 O I DC M-t & 2
LB A A L L L B B N L I B R N L R B I I I R I R R I R N L N R R

ts vt g -« Lal ~

PenD 3NN I IS @ O M T COHNO IS QOO NESrT A M T O L MMM UKD D MO DVMECS Ch (DR
ARSI A S A N I I I B R B I NI I B I R N R I T R R N R )

W O T oMM C IO M OO P A L R OO P HO T X UM T P g Mo

Heledrd -y Al o S NM M T L O [aVE o I 4 LAt B L ist
oINS o

[ R fan F3 -4 - x o

WYY Y Y YUY QX RV = O VO Y DDOWO Y - 1t
Wik L L LIS LW L U el T = £ O 00O CILT  LIWL Linie)
[LILTLIGIL TG TG I TG YL TG 1, JLTL TH TV -l..l-l<rl-—!-l—l-l--l—&_“)l_')$_m£»¥-¥fl S TILs Joun T P NN |
EECCEEXEEEFLFRECLDDD JaaaaatErED PR OO0
A AL LTSI LTI LT LD D S I I I LT LD AT LY X Y
TLXLITLXITIXRTTIITITLT LWL DDODIDDTI I I dSa I I Tl b -
QLCOOROLULOCCLAOUOIXKY P LIPOLLLOVOOLZOOTOCOE.LZ
) 0 Lutpgutbailg sl Oddpid - ODOOCO
D3 3m e B 3 e e Do 3 3 3 B 3 e 3 B D D S e B 3 D e (VNI B O AN O S B e () L R R000
WEXEYEEXEXED O & NS L. OO MO DS < NN LN
Lt e L L b G L L bl b L L L T 20 0 T e bt e b L T 2 L A D L Y e S
rPhHPhPPhPWhhhhﬁhhwhhhkhkugUUQZZZZZZhhthHHHhhﬂmmJ
e b bt b bbb b e b e e f b b e e = = AT A D DO D D Db I Y- T XX
A QT Il T Al L T L L L LT L LA T L T AL L bl AT T T T I T A S OLILRI IS 000
D C3 COTEE ATCT 07D D 0D LD (1 40 XD B0 (300 M 0 MM £ 00 SR NNV IDOMA. AU MINLA O,

o BEEE T NP A2 L MO e 0 e
’ ' AN . ' AL R Y
™ MMM 17151 T 5Tt S Y T YT T TS T T Y
1 | L I B | 1 1t 13010t 1t 111118 ta
o - FUANMITM CHOR DN DN CURe Wyt O vt - TN
o (nlafatntal OROZXZTZD OO ZITZZIOZ. - 220

3O 0O N wd (I MO DO T S M) D P 20 TID PO M O OOV VUM M OO M NALD
Al P IO DO DO O =l NN TR DO DO OO NTPOS NSO OO OO
. NNNNNNNNmnmmnnmmmmmmmmpnm¢a::¢mmmmmmmwoncmwwmmszﬁﬁ



@

ICATION

&

COPMUN

COMPIHENT

CODE PRIGRAH

Rl ot Vil ol A el v otk el e D AN e S e d T3 ed €37 et Clh e 00 O

A D D PO D) € S el T OO O S CUI L DN 0 0 v OGS B e S
ol ey el wd iR 1SS

LI DO QOO O

e Lo ] g oes ] oui § o | LMy Wi WD Lt fsle) S D
ooy WG i L Lt B O S o e Lo Ll e B e LA DU IR DD
fom 1 29 LN N N R R FUNAY R S I U VW WO A I Y00 ¥ T T T | OO LY U N N

Bt o el ed ek 4 Lo Lt as B e Ty ou T B o |t e T S o 1]
EEL THEZE TETEZ L2
QUUUUQUUUUUUUU

e rfad wedoed o wped

UNIFIFC
UNIFI=H

BOOOWELACOCO Ll @ OO DI T FOOL N 0O e i A S oI encs
DD AT COwd I DD Y D I CICD T IO e N SO NN
PRI FI PG INGMGVIAOID  BOMASIIN I VIR L MY WG NI OO O VAT G oD el ey vy e
LAVLAVIANE AVSAR AW oV o G L SN B A AN LAt 1o e o VIR bRV LaRT oV R n LN EuN IuN AN TANT ST aN 1 W1 N T NPT T WRLE BE/PE SUN S I RO B

LR LN 2 o ~x “«omg wf A0 d P el ed vl et ] ] et
(AT R4V TRt o 18] [t LAV A LAt I EAYY & BN o TR A4 [ oV
w0 N0 L= - L= B AN (V4] [ Foicn

Lol e o o wed

Y NI R D et B O C O YT AL A DTN O T O™ 9 E D AP A (5 O D 0 ol £33 00 € Ll
R ot (Rl ge T V. £ . L L L ag aU ol — L o1 AT of SN f o Top Tl Yol S O aYon BE, Tond ot Pau Tog ot LY W NT Ve Lo Yy T T Y = PO o

o Med Pur e P EN IO CIC DTS O T 1D O D NIV D B e
-0y Ml [T N AN FOUEDN WD OO G D ST SO MM I L BN
-l ~t O -t Sl ety ed i
-t
= ) LD DAL NI SN OD CILANE M I D P MY DN e M T3 e
Rl B SR hrTatEae JENE'E SEAR AN (NN o S, 7 ST o TG L BT » R O i
wt
B DI e e d PO O DT e D N Y T DN SR R N O TN T D I U ek YD OO TG LT aed e S OIS G5 P e O
& RO HHd OIS S M O MO QIR OO IR M OO O G G OO L SO DS S NS
L] LR S B AR B B O B O N N I B I I N BN RN A R AR BN A R AN I I B R T B T RS R

(5 %] -t

LV CvDP 4 T D U LA T T et D e d A O DT YIRS I AL PR N I GO ED €D DN PG v d IR DAL SO UG
. LA AL B B A S N R O BN B A B R N R R A B RO B RO R R A I )

LS EERANEE S o] A Lt IS S TR NSV ET AT NN TNS calt R TaVTNT N Toe Lop BT WP BTSN TN T VTN W PTSPE J JTT PR
et - - i -t

Lo and ot ol

e

ZzZZ

DDDD e
bt zZ

= e 3 1) 0o

W AL VIR O Y O O U Y Y Y YR YV el £

rAniA e TR TR R YT PUT IY IR TPY TN PRI EWAR VY] PRI I P O] FY T TV Y

<J el <Xt o e e e o s s el [ e e s B s i e e o o i eh
£ ot e e R e e e e o e o o el ol el o ol o o) S Al < S S CET R oly ol ]

I T 0 F &F o o wt w08 AT 2Ll o o ol bk forrd bt U b T ok st b e U e b bt S e L2 M iy oty B L4 T3 FOAILSY
R L R Ty L Ly Ly T F T E S mmm s

.00 EEE 2 AR T T T EAAUHA T UHA YA T HD A U U et it bed i ek (1
Ll IS LU O LI HL T LI E S R T E 2 NNNNNNNNN‘NNNNNN&NEE,:F_.LE_L 3 -0
DR LLAALTSEVS L vod el el ot mid et 78 o e g el e i s B B e B T e B e B s B o = € N R - L - A AR T S TR TS TA TS - 2
b Sl S il A A Vel ) A Tl s A 4 o T S U g S e T I P Y T B T Tt
CyMIDINAY ol oL T L L L L L Lo 2 L o b b e B o s B v o e e o o e o s s o o VY AV 07 G2 Y LK K O

W 00 PO I F SN DI TD e eI N Pude OV WEE By a0 O Wi
-l b ] ™ ot ¥ Lo iatl s -
i R B EERERERE
4 FF 2FIIIIIFIFIIT SFHAIT FrdsTr O F2FE X O JE S Q. e R
L] t s f et Ve 1830 [ 20 I O S I ) ] I H RN
2 0] MO v vd FIDIMNET OINIOWEITD AV edPe O MO B D T VT e PRI

0 Q0 ZINOoOOAZIOONO00 OO0 GaOZ0Z O SOO0o0 2 NOODCIACHDADOTY
N DOV UMD O PO 03 vl Do DS 0 S5 0 IV O OFF ot 210N P O VD N AT 0 ok P B SO I T I O e T P MY

5 O wd (N Dt ard ol e I OSMI MBI 005 89 D vk rd U QY QUL QUMD 10 L P IDIDDT N (R 0 0 e d v S0
g e e N OO U S A U DS OO I MO IO IO G MHG I MG IS IGISIG MMMV I I 03 3 i

B-10



=T
NN
Pt D
] el

oo
oD
Larlasl o e}
FAN oY [aNENN |

hatan

o oo LESY OO EoN Fo VIR BN B o]
[Te n i Tal ol-al VT N TN T 117, G |
HAD A O o AT G e

~1 N ~t
W - MNP O
~4 OO e vt

S Ot e e
IS €365 DI IV, M S o
- - *® & 9 » " & ¥ F s ®

o=

O T QN MM O
L B I I T R T B R I I )
GO MM e DI MO

i At

i )

e

[ v 4.2 Me Y ol 3

o0 LI PR TR T TR
= > b

£ Y S L T

7 I TN I IN TN

=4 T BT

(oL FHREZE L

il L XTCOOCO

"‘U"llar.lu_]u'r_)-' WL

2

O et it e iy 1 7
TE S dfa el Lt
ZTEXOLOLOZRTIZIXX
OO =T OCOC O
(XD DOMONAn Q.

IV ey oLt
o '

L LLLEE L
SF A memem
[ I 14900
AT VD F ™

OO0 200 o000
Toed 1 0N D IO T

D O H e O v = N O
T PITRP Y. 1V O N Ny

B-11



DATA HANDLING SUBSYSTEM

Y LN
O
oLt

WT
(L3

&

OTY  UNIT
SAT

i

COMPONENT

PROGRAM

CoDE

D O LT S BT R B LD N LI
N ORI S O S IO R S e
WA 00 iy EID OO MDD S0
iy T LD C il ED e £ T €
3 NI MO D

ity B UOMNO D
ﬁﬂﬂmﬂﬁg

F DD OO TG a0 D
-t i

ot
13 0D DD IDED
L i LU IIELY]

S LT OIS DS IO T e O G DI NN 0 L1 D0 O OIn e WA N (IR (U

AG LN EILIIN D A MDD DU RN A OJOJOS OV MY 0 O v el OIS
LR latlataVe] il oY = Lo) - LV iaT) v rlwlvi NN OO0
falal ﬂNﬁ

O ENCIEI D D RN ) L ANVEI €38 6240 G 57 €9 63 CICD KLY EX B OLY © QI A K CHD O QIO I 6
QMDD GO0 O O DT N OO IR CHNICHD O w1 T T O E S IO I 1O 4 QO DTN O M O 00
P DT GHE R MO0 T f0 P PRI G I SO0 U IO ORI DI DD 3 P I D
u\ﬂmlnmmu‘.mlhml"}JcﬂMmNNu\\ON\DwNCOMNﬂHﬁﬂﬂoﬂ«ﬂﬂﬂﬂlﬂﬁ#ﬂﬁu\wﬁﬁr‘ww
B LN e e L e L] i - - T L] L) el NN o)

mamoammawmm:mwﬂﬁmn¢mmmmhmmn¢a¢hm&mhwmamammchm GironN
OO 2 U e * -t it - N -t MIOSNO IOt

uammc-ac'acamd‘-dmﬂﬂh.mHmcmwmmmﬁaomNammmuwmf:u':‘um'nmomcxdc:a\crd
LRI A N N A I N N E A RN N i P S BN O W R B B B N AR R
NNmmNmmmﬁ@ﬂmG\Nq‘)u\md'mu\m\ndc\hcamﬂhﬁf’)mmaﬂ-ﬁ’m"’!\-hmxﬂwNNWinc’ﬂmh

Nedrd a0 vl it w4 A1 wd  wladvl it O D etel et Gl v el f el

@ . Do 3o o S o 3o S e e S - B o B o i S Yoy
X X Oy O Y D I I O ot o et aniant
VI UL U b o o b o e e e e e e o o VBUINLI )
b et s st b H e T e i b i b e 1 bk bd it 2 ot
UQQQQMQQU?rxzwxrrzzrrzrzxtwmmmwm&mmwmwmwmmwamcmoDm
COCC OO E O Ut I I 1 TG L U R It L M B LA G il i 4 4 4 4 &
O O O O bbbl b ot d dnd Sl d d RO OO OO IO OO OIS 0N O
08 0, 6 DD e e Rl b U L R e O Y Y Y o Y Y Y Y Y Y O Y D GO Ol O
T o b e s oo o e s i o ot e poe e G O QO PO OO QOO OO O OO0V
0000 PETETATETATATVATATAle LA TATSIALAIMIVEIVILIETTIL TN
O 0 bt mdocd o nd il s ad i ond e b bR SR TG B o) Wby G A ELIO QOOO00
DD T Tt F e, F et of T oL 4T p YT e LY YO Y DY T T Y B O
0 0 0L 0L O 02 O Ch e o o ot s oo [ oy s o o e e e - IO
S bt e Ed o b e v o ol e Bt e 1 S L L MO L AL M UL 2. B 2 E 3
FE P T Z R TOUSasOnUODOnOONOLA LA LARALGLAALAEFET XN E R
RILUL L LIS LU I 3 ottt bt b bl el b b A A T X S R T L LS L LA AD DO O GO0
CHAEMDD U U D CHALI I I £33 C3 D S CIDED D b e v i bbb o = o e DO

RP P

o asﬂ:ewhwamw:m4¢ﬂm Mo w0 hﬁ MNP aD 0
& St S E LY Y E vy REDYY t %t ] SRR EEE R
¥ FAFIISFFIIIIT LIS - & +F FIILFISTIF S
' BNEEE AR EREREERERN ' 4t 1 t1 tfety g equba
o4 LT F ad B O e MU AL BN WY TR M el - o MM OAnLnan
z ZOZZOZZTZOO000QCHD 2 ZE O 2 OO0 O0ZO0O0o0E00

YDA -2 M MO TN 0 b P £ D DML 20 VD SV L B 3 PHO D AN e DOV OUMN
E I AN S T vt d O DI DD . PR E e e DU TUPT PO TP - OO0 et v vk
vt o v vt e vl e e G O S S PIOE BIAI 0U CU OO DI (U DI MM W MRG MI (MM M1 3 3 3

B-12



[iaitale o f JUIT ol N7 XY o]
AUND F Trarfeitr
[SYIAVIAVT S B TR 1Y

o

VOO
OO men oM
Lt ot dar] TTedl S T3
0 o0l
LU = I 1Y+

-~

.73 DM
¥ DN

M IO DM M
*e s ruoee

Raka

£= o [P T T VI Y )
LN B BN BN BE BN BN J
IO M-I D
ODlwt I Feifued

—e- e o

e i
inNnonon Q’Q
OO0 O
u")(.) QLQAOWNL
1 il
IDCH;}CJ coaQ
2 =z
Il inlo ol
EXNITTEEY
EESRrEF X
[elelalslalnldlel
[AEIETE S B ISR

OIS U O 4D
108080
Ll - - B - g &
LI IO I I B A )
et e OOt
OnODZZZZ
AFpPOMOTN)

QIO Bt MY e o
It - g g€ gt g5 g OF )

B-13



APPENDIX C

An example SDCM printout of the Solar Maximum Mission
(SMM), design case number 5, )
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