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Cammercial organizations as well as government agencies invest in
spacecraft (S/C) technology programs that are aimed at increasing
the performance of cammmications satellites. The value of these
programs must be measured in terms of their impacts on the
financial performance of the business ventures that may
ultimately utilize the coommications satellites. An econaomic
evaluation and planning capability has been developed and used to
assess the impact of NASA an-orbit propulsion and spece power
programs on typical fixed satellite service (PSS) and direct
broadcast service (DBS) camunications satellite business
ventures. The developed methodology is based upon a stochastic
financial simulation model (i.e., DOMSAT II) that allows for the
explicit and quantitative consideration of reliability and
various market, performance and cost uncertainties. The Model
developes financial performance measures, including quantitative
risk measures, that allow the impacts of the technology programs
to be detemined.

Typical PSS and DBS spin and three-axis stabilized spacecraft
were configured in the absence of NASA technoloqy programs.
These spacecraft were reconfiqured taking into account the
anticipated results of NASA specified on—orbit and space power
programs, Nonrecurring and unit recurring costs were estimated
(using the PRICE cost model) for all of the spacecraft
configurations and financial analyses performed of FSS and IBS
business ventures utilizing these spacecraft. In general, the
NASA technology programs resulted in gpacecraft with increased
capability — this was taken into account in the analysis.

This report describes the developed methodology for assessing the
value of spacecraft technology programs in terms of their impact
on the financial performance of cammunications satellite business
ventures. Results of the assessment of NASA specified on-orbit
and space power technology programs are presented for typical FSS
and DBS business ventures. ‘These results are extrapolated to
indicate the potential market for the developed technology and
the possible implications of the programs on spacecraft imports
and exports.

This report consists of two volumes. Volume 1 describes the
methodology and contains the results of the analyses performed
for the on-orbit propulsion and space power technology programs.
Volume 2 contains appendices describing the DOMSAT II Model and
data base and includes user and programmer Gocumentation.
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0. SUMMARY/CONCLUSIONS,/RECOMMENDATIONS

0.1 Summary

An econamic evaluation and plamning capability was developed
that is appropriate for the evaluation of spacecraft (S/C)
technologqy programs (such as those associated with space power
and on-orbit propulsion systems) in terms of their impacts on
camunications sat.eliibe business ventures. Technology
assessments and projections were made and, using the developed -
capability, an assessment was made of the impact of NASA
specified S§/C technology programs on typical fixed satellite
service (FSS) and direct broadcast service (DBS) cammumnications
satellite business ventures and to U.S. spacecraft markets. The
impacts were assessed in terms of the changes in financial
performance measuregs such as cash flow, present value of cash
flow and return on investment that may result fram the use of the
new and/or improved S/C technology (i.e., ion-thruster on-orbit
propulsion and Gallium Arsenide solar cells).

The establishment of the impacts of technology programs on
camumications satellite business ventures requires the
formulation of typical comumications satellite business
ventures, the simulation modeling of these ventures, the
establishment of appropriate business and technology data bases,
and the analysis of the business ventures without and with NASA
investment in S/C technology programs. The formilation of typical
FSS and DBS business ventures included the specification of
services to be provided and the demand for these services,



desired launch dates, space transportation scenarios, anticipated

sparing arrangements, use of insurance, mmber of satellites and

launch dates, financial data (i.e., cost, expense, and capital
expenditure data) and S/C attributes without and with the NASA
technology programs. Both spin and three-axis stabilized
configurations were considered. The S/C configurations served as
the basis for cost estimation using the RCA PRICE Model. The S/C
configurations provided inputs to the financial amalysis such as
subsystem reliability and the consequences of failures, number of
transponders, and recurring and nonrecurring costs. Cost,
demand, timing and other areas of uncertainty were explicitly and
quantitatively considered as were S/C subsystem and launch system
reliabilities. As a result expected values were established for
all financial performance measures as well as explicit and
quantitative measures of risk.

To accamplish the financial analysis, the stochastic
financial simulation model, DOMSAT II, was developed. This Model
can represent a broad range of FSS, DBS and other communications
satellite business ventures. The Model is specifically
configured to assess the impacts of the S/C technology and
related programs upon the financial performance of PSS and DBS
business ventures. The DOMSAT II Model is implemented so0 as to
operate on the IBM-PC (in PORTRAN) with input data provided via a
user friendly LOTUS 123 system.

The analysis of a S/C technology program first requires the
fornulation of base case camunications satellite business

scenario utilizing a base case S/C configuration. S/C attributes



are used to derive nonrecurring and unit recurring cost and the
S/C cost and performance attributes are specified to the DOMSAT
II Model as are other chafactetistics of the business scenario.
The Model then establishes the financial performance measures of
the business as a function of time. The effect of S/C technology
programs are assessed by specifying the anticipated results of
the technology program, reconfiguring the S/C utilizing the
assuned new level of technology, costing the S§/C and specifying
the cost and performance attributes to the DOMSAT II Model. New
financial performance measures are then developed utilizing the
new S/C in the specified business scenario, and these measures
campared with the base case.

Changes in the financial performance measures resulting fram
the S/C technology progta:s were used as the basis for judgements
cancerning the 1likelihood of the results of ion-thruster and
Gallium Arsenide solar cell programs being incorporated into spin
and three-axis stabilized S/C used by typical FSS and DBS
business ventures. These estimates were then extrapolated (with
same degree of trepidation because of the limited number of
scenarios considered) to the satellite markets and estimates made
of the likely impacts of U.S. and foreign on—orbit and solar cell
technology programs aon the market for U.S. manufactured
satellites.

The developed methodology, and in particular the DOMSAT 11
Model, may be used to evaluate a broad range of program and
policy alternatives. In addition to the evaluation of §/C
technology programs, the Model can be used to assess the impacts

on caomunications satellite business ventures of:



-~ (i.e., expendable vs. reusable).

* utilizing alternative space transportation systems

* achieving improved payload placement accuracy.
¢  different insurance rates as compared with the self-

insurance option explicitly taking into account the
level of risk.

* transportation system technology programs (for example,
low thrust from LEO to GEO; improved upper stage
reliabjlity; etc.).

hd space transporﬁatim system pricing policies.
* pricing policies for transponders and related services.
* S/C confiquration alternatives including sparing
design, number of active transponders, and on-orbit
life.
* regulatory programs.
The above program and policy impacts may be assessed in terms of
specific business scenarios - i.e., at the aicro level - and
include explicit and quantitative measures of risk.
0.2 ConClusiaons
A number ‘of conclusions may be drawn fram the results of the
previously described analyses It must be cautioned that a
number of these may be “"weak" since they are based upon tbe
results obtained from the analyses of a very limited number of
business scenarios and S/C configurations,
It is concluded that:

* The developed methodology provides the means for
assessing the impacts of S/C technology programs on
comumications satellite business ventures. It
provides a quantitative means for establishing
financial impacts that can be used to improve
qualitative judgements with respect to the likelihood
that the resulting technology will gain widespread
acceptance,



The use of ion-thrusters and Gallium Arsenide solar
cells resulting from NASA technology programs have the
potential of reducing the mass of PSS and IBS S/C. The
mass reduction may be taken in the form of
transportation cost savings (when transportation costs
are in direct proportion to payload mass) or the mass
may be replaced so0 as to increase S/C capability -
i.e., increased reliability, increased S/C expected on-
orbit 1life, increased number of active and/or spare
transponders, etc. ‘

The desirability of and the specific mammer in which
mass savings should be replaced depends upon many
factors including the demand for and price of
transponders, subsystem reliability characteristics,
transportation cost, and regulatory constraints (for
example, maximm allowable power density on ground).

The considered technology improvements 1lead to
increased nonrecurring and unit recurring costs
(relative to base case S/C). A portion of these
increases is the result of increased S/C capability,
refer to Table 1, but the major portion is due to the
incorporation of the new technology.

TABLE 0.1 S/C QOST AND CAPABILITY SUMMARY

EXPECTED EXPECTED N0, OF WEAROUT
NONREC. REBCURRING ACTIVE LIFE
SPACECRAFT QOST (M$) QOST (M$) TRANSP. (YRS)

ESS

BASE CASE 20.8

ION-THROSTER 44.2

GA SOLAR CELL 31.0
39.9
75.8
45.3

6 16
9 20 1
.8 18
DBS .
BASE CASE 9
ION-THRUSTER 2
GA SOLAR CELL 7

3
4
3

(V- V- oo O oo

The use of the new technology, in general, increases
the profitability of the typical PSS and IBS business
ventures in the long-term. This could not be achieved,
without higher nonrecurring and unit recurring costs,
with an accampanying increase in indebtedness (negative
of cumlative cash flow) in the near-term. The net
effect is an increase in the required investment in the
near-term to achieve an increase in profits in the
long-termm. The magnitude of the increase in
indebtedness is primarily due to the nonrecurring cost.

Without reductions in the nonrecurring cost it is
unlikely that the ion-thruster technology will find



quick acceptance - the effect of the increase in ROI
and other financial performance measures is likely to
- be more than offset by the effect of increased required =~ ==
investment for using a technology that is perceived to
be relatively high risk. This can be altered by
reducing the nonrecurring cost and perceived risk by
undertaking flight demonstration programe as part of
the technology program.

* The improved solar cell techmology is likely to find
early acceptance because of the increase in financial
perfomance measures which are not offset by
significant increases in nonrecurring cost.

* Since both considered technology programs can offer -
significant benefits to coammunications satellite
business ventures (and are likely to be utilized if the
nonrecurring cost hurdle can be reduced), foreign
technology developments are important. Since foreign
technology programs similar to the ion-thruster and
Gallium Arsenide solar cell technology programs of NASA
are being conducted it may be concluded that without
camparable U.S. programs, the foreign technol
program results are likely to be incorporated into g%
design. This will undoubtedly give foreign §/C
manufacturers an advantage over U.S. &/C manufacturers
and may erode U.S. spacecraft markets.

0.3 Recommendatians
A muuber of teoamerﬂatims are indicated in the following
paragraphs. These are organized under the general headings of
Technology Programs, Analyses, and Hodel Improvements.
Technology Programs

* It is. recanmended that NASA S/C technology programs
include efforts specifically aimed at reducing S/C non-
recurring costs when the technology program (for
example, the ion-thruster program for on-orbit
propulsion) is likely to lead to a substantial increase
in the nonrecurring cost of a §/C utilizing the NASA
developed technology. This is particularly important
since the benefits of the technology program will not
be achieved unless the private sector utilizes the -
developed technology. Even though there are long term
financial benefits as a result of the use of the
technology, the near-term increase in indebtedness and
risk may make it unattractive to utilize the technology.

* It is recamended that combinations of technology
programs be analyzed (on-orbit propulsion and space
power programs have been analyzed separately).



* It is recommended that the analysis be extended to
encampass new spacecraft configurations.

* It is recamended that other 3/C technology programs be
evaluated in temms of their impacts on communications
satellite business ventures. This will provide
quantitative information that will be useful for
formulating an overall S/C technology program.

* It is recammended that the use of the DOMSAT II Model
be incorporated as standard procedure into the program
plamning and evaluation process.

Analyses

* It is recommended that other business scenarios and S/C
configurations be considered. Only one FSS and one DBS
business scenario in combination with. a spin
stabilized and a three-axis stabilized S/C,
respectively, have been analyzed. To make the results
more robust it is necessary to consider other business
scenarios and §/C configurations.

* To fully appreciate the significance of the impacts of
the technology programs on the financial performance
measures and the resulting likely impacts on investment
decisions, it is recammended that an assessment be made
of the likelihood of investment decisions in terms of
financial performance measures. The result would be a
better appreciation "of the 1likelihood that
camunications satellite business ventures will use the
results of the NASA technology programs and the results
that are necessary to achieve acceptance by the private
sector.

* It is recamended that the analysis be extended to the
area of mobile commmications satellite business
ventures. Since it may be more likely that mobile
camumnications satellite business ventures will develop
than DBS business ventures, future analyses should

place more emphasis on mobile applications than on DBS
applications.

Model Improvements

¢ It is recammended

that . the DOMSAT II Model be modified
s0 as to include a set
of

of cost estimating relationships
as an integral part the Model. This will reduce the
camplexities of the overall analysis of each technoloqy
program and will allow mass and power (and other
attributes that may be variables in the cost estimating
relationships) uncertainties to be considered and their
impacts determined. Inputs to the Model would then



include estimates of subsystem mass and power and their
uncertainties. Cost estimation would be performed by
the DOMSAT II Model and not exogenously.. - .- )

It is recommended that the Model be modified 8o as to
include other transportation scenarios such as repair,
retrieval, and reusable upper stages. It 1is also
recammended that the Model be modified to explicitly
include the transportation scenarios that may result
from the use of the Space Station as a transportation
node. This will allow assessments to be made of the
value of these other transportation scenarics and
assocjated pricing policies on commmications satellite
business ventures.

It is recommended that a number of minor modifications
be made to the DOMSAT II Model to eliminate
deficiencies that have been found during its use and
application to the PSS and DBS analyses.



1. INTRODUCTION

The justification of R&D programe that lead to spacecraft
technology improvements encampasses the establistment of the
benefits in terms of improved scientific knowledge that may
result from new and/or improved NASA science missions, inproved
cost effectiveness of NASA and DOD missions and new or improved
services that may be offered by the private sector (such as
communication satellite services). Cost effectiveness benefits
associated with government programe may be established in tems
of life cycle cost reductions in achieving a specified set of
mission requirements. [1-4] Benefits that may result from
government programs aimed at the develomment of technology that
might alter commercial business venture investment decisions and
profit and cash flow patterns can only be evaluated by plamjhg
and evaluating business ventures that might be impacted by the
technology develomments. (5-7] Attention has focused on this
latter area.

Analyses have been performed that lead to the establishment
of the financial impact of spacecraft technology improvements on
private sector commmications satellite business ventures. This
is accamplished by assessing the value of spacecraft technology
improvements in terme of the changes in cash flow, present value
of cash flows, and return on investment that may result fram the
use of new and/or nproved spacecraft technology for specific
types of private sector commnications satellite missions.



Attention has focused on business ventures providing fixed
satellite s:rv;c;s (FSS) ‘and direct broadcast services (DBS).
The establishment of the impacts on cammmnications satellite
business ventures requires the formlation of typical
camunications satellite business ventures, the simlation
modeling of these ventures, the establishment of appropriate
business and technology data bases, and the analysis of the
business ventures with and without NASA investment in spacecraft
technology programs.

Typical PSS and DBS cammmnications satellite business
ventures have been formilated based upon discussions with the
carriers, PCC filings and previous experience. The structuring
of the business ventures includes a determination of the services
to be provided (i.e., protected and non-protected transponders)
and the demand for these services, sparing arrangements, use of
insurance, number of satellites and their desired launch dates,
anticipated launch delays, etc. Specific data pertaining to
typical overhead rates, G&A rates, market forecasts, and other
factors have been obtained. Typical spacecraft have been
confiqured for use in the PSS and DBS business ventures. The
baseline spacecraft configurations are based upon a technology
base in the absence of NASA technology development programs.

Spacecraft are then reconfigured so as to encampass a technology

base with a specified (by NASA) set of NASA technology

development programs. The spacecraft configurations provide
inputs to the financial analysis such as subsystem reliability
and cansequences of failures (i.e., graceful degradation), number

10



of transponders, and recurring and non-recurring costs.

The spacecraft characteristics as determined by available
technology (i.e., with and without NASA programs) are provided as
input, together with business scenario data, to a‘ financial
similation model. It must be emphasized that since much of the
data can best be characterized as uncertainty variables (that is,
specific single valued projections camnot be made with confidence
and the variables can best be described in terms of ranges of
uncertainty and the form of the uncertainty), the analysis
considers the uncertainty and risk dimensions. This |is
particularly important since many technology development programs
are specifically aimed at influencing private sector investment
decisions through a reduction in perceived risk. (6]

A financial simlation model was developed [Reference 8
served as the basis for this work] that allows the financial
impact of §/C technology programs to be evaluated for a broad
range of point-to-point/point-to- multipoint (i.e., fixed
satellite services, FSS) and direct broadcast cammmicatiaon
satellite (DBS) business scenarios. The model allows a broad
range of oan&mications satellite business ventures to be
similated explicitly and quantitatively taking into account
uncertainty, unreliability and resulting risk. The model
provides a means for evaluating the financial impacts of S/C
technology programs and orbital transfer programs on private
sector business ventures. This is accamplished by reconfiguring
S/C taking into account the anticipated results of the technology
programs. - The resulting S/C configurations are camunicated to
the financial wmodel through specific estimates of cost,

N



performance and reliability. These estimates are then cambined

vith a business scenario (i.e., number of satellites as a
function of time, number and type of transponders, demand for
transponders, cammmications services provided, launch system
scenario as a function of time, likely launch time delays,
transfer time from LED to GBO, cost of insurance, satellite
control operations expense, G&A expense, etc.) to establish
annual profit (loss), anmnual cash flow, cumlative cash flow,
. payback period, and ROI. The financial performance measures
are all described by probability distributions (i.e., risk
profiles) since demand, price and cost uncertainties (i.e.,
uncertainty profiles) and subsystem reliability are considered.
The impact of the technology programs are assessed in terms
of the differences that result in financial performance measures
which are the result of differences in S/C performance and cost
attributes resulting fram the technology programs. Two analyses
are necessary for assessing the financial impacts of the S/C
technology programs on a caﬁnmicatia'zs satellite business
venture; one analysis based upon a satellite configured in the
absence of the technology program (i.e., the base case), and a
second analysis based wupon a satellite configuration
incorporating the assumed results of the technology program. The
difference in the financial results is therefore assumed to be
directly attributable to the technology ‘program.
Analyses have been performed and results cbtained for on-
board propulsion (ion-thrusters) and power system (solar cells)
technology programs as specified by NASA, Satellites have been

12



configured and costed both with and without the technology
programs., Differences in both performance and cost attributes
have been taken into account in the financial analysis. Results
are presented in the following pages that indicate the 1likely
financial impacts of these technology programs on typical PSS and
DBS business ventures utilizing spin and three-axis stabilized
spacecraft.

The financial simulation model, DOMSAT II, is a stochastic
(Monte Carlo) similation model that represents a broad range of
fixed satellite and direct broadcast service commnications
satellite business ventures. The Model is specifically
configured to assess the impacts of the S/C technology and
related programs upon the financial perfomance of FSS and DBS
business ventures. The DOMSAT II Model is implemented on an IBM-
PC (see Appendix A for the Model description, and Appendix B for
the Model user and programmer documentation) with input data
provided using LOTUS 123. The LOTUS data file is then read by
the Model which is written in PORTIRAN.

The analysis of a spacecraft technology program consists of
establishing a baseline comminications satellite business venture
scenario in temms of a baseline spacecraft configuration. The
spacecraft cost and performance attributes are specified to the
DOMSAT II Model along with the specification of the business
scenario. The Model then establishes the financial perfommance
measures of the business as a function of time. The effects of

S/C technologqy programs are assessed by specifying the
 anticipated results of the technology program, reconfiguring the
spacecraft utilizing the assumed new level of techmology, costing

13



-~ —— ... the spacecraft and specifying the cost and performance attributes

.to the DOMSAT II Model. New financial performance measures are

thence developed utilizing the new spacecraft in the specified
business scenario.

The resulting financial information will provide insight
into the finaﬁcial implications of NASA technology programs on
typical PSS and DBS cammunications satellite business ventures.
The financial information includes both expected values and
standard deviations so that the effects of the goverrment
programs can be abserved in the form of both changes in expected
values and changes in risk levels. Both of these dimensions are
important since investment decisions take into account both the
expected and risk dimensions.

This report describes the methodology developed for
evaluating NASA spacecraft and related programs in terms of their
impacts on caommmications .satellite business ventures and
presents results of the analyses performed on two spacecraft
technology programs (ion~thrusters for on-orbit propulsion and
improved solar cells). The methodology is described in Section 2
with details presented in the appendicies. The general
description of business scenarios is discussed in Section 3.
U.S. and foreign S/C technologies (ion-thrusters and solar cells)
are described in Section 4. The S/C canfigurations for both the
FSS and DBS missions with and without the technology programs
are described in Section S. -'me business ventures are desérihed
and results of the financial analyses of the technology programs
on the PSS and DBS business ventures are sumarized in Section 6.

14



The implications of the technology programs on spacecraft markets
is discussed in Section 7, both fram the points of view of the
specific scenariocs considered and the cammmications satellite

industry. Other applications of the methodology are discussed in
Section 8,

15



2.1 Introductiaon

The aobjective of the reported effort was to develop an
economic evaluation and planning capeability appropriate for the
evaluation of spacecraft (S/C) technologies such as space power
and onorbit propulsion systems, to perform techmology
assessments and projections and to then, using the developed
capebility, assess the impact of NASA and foreign technoloqgy
programs on typical fixed satellite service (FSS) and direct
broadcast service (DBS) commmications satellite business
ventures, An additicnal objective was to perform the analysis of
the impacts of the spacecraft technology programs in much the
same way as might be performed by commercial ventures so as to
provide credible results for assessment by the private sector.
Pigure 2.1 presents an overview of the methodology for assessing
the impacts of m S/C technology programs on commmications
satellite business ventures.

Using typical PSS and DBS missions, general business
scenarice were developed that served as the basis for the
simlation modeling and the basis for assessing the impact of
NASA S/C technology programs. The business scenario information
included sparing concepts, demand dnracteristics (fo‘r exarple,
protected and preemptible transponders), insurance concepts,
financial treatment of failures, failure/recovery concepts, as
well asotherfactc;tstrntinﬂw\oedthestrmture and
confiquration of the DOMSAT II financial simulation model. The

16



business scenario information also 1nc1uded quantitative data
such as typical levels of general and administrative (G&A)
expe'se,m expense and other parameters that are necessary to
characterize typical business ventures. The business scenario
infomation was obtained fram the published literature, including
PCC filings, as well as direct discussions with the carriers.

Typical sets of performance characteristics were established
for the FSS and DBS cammunications missions. These performance
characteristics, based upon mission requirements (i.e., chamel
capacity, reliability, etc.), served as the initial basis for
establishing spacecraft configurations. Tables 2.1 and 2.2
summarize satellite performance characteristics (as well as other
factors).  Based upon these data, the availability of detailed
design data, and the desire to consider both spin— and three-axis
stabilized configurations in cambination with both low and high
power configurations, it was decided t.o. consider a spin
stabilized low power S/C configuration as the basis for the FSS
business venture. It was also decided to consider a three-axis
stabilized high power S/C configuration as the basis for the DBS
business venture. As will be described in following paragraphs,
both of these configurations were modified to take advantage of
on-orbit propulsian and improved solar cell capabilities assumed
to result from NASA specified technology programs. The
spacecraft performance characteristics were thus established for
both the DBS and FSS cammmications satellite missions in the
1990 time frame.

The perfomance characteristics included radiated power,

17



IGINAL PAGE IS
POOR QUALITY

iy
1 Tt




ORIGINAL PAGE IS

AT

>
=

nln_ Ai71e10dmey pueq Ny sen 03 seenbs) DGV .

W. uidg o1 91 8961 (4 Axeye

uydg ot 9 1861 9-H Axweo

o uyds ot 91 9961 $-H Axeten

o urdg 6 124 Al Axeren

o SIS ML orvds 9 9¢ 108 066 uyds 6 1 74 861 111 Aweten

o. Nl QML o2vds 9 9% 08 066 urdg 6 "7 €861 soup ‘Aelen 11 Amerwn

ﬂ. 0z6C Mg oML savds 9 %€ 08 066 uyds 6 114 €661 wo) S6noY 1 Axeyen

Al ®ueyY ‘SIS . 9% 04 000 syxe ¢ ™ 0T (vz/v7) 8y 8861 € pI0g

Al sueliy ‘U8 WSS 9 107 ( 9 @ 000§ syxe ¢ ™ 01 (vz/vZ) 8y 0661 T piogd

Al Wiy ‘SIS /iAL 9 10} 6 € - 08 000€ sixe ¢ ™ Ol (vz/¥Z) 8y 8861 @owdmolsy puog 1 prod
S18 ‘06C "Ilag v203¢ upds 10 syxe ¢ ot " 8861

SI8 ‘06€ "I »103§ ujde 10 SyxX® ¢ ot " 1961 Tefaoyentg 3newty

ot " 0061 a1 weibig

o1 174 096 T 11 eeibia

o1 114 8861 wviaL (WMbIa vI wejbig

(esede 3JQI0 uT)

S18 4] ™ 01 9 (¥ Inysa0

110-wad /818 4] " 01 9t 73 Inem)

110~y /8318 " N of 91 (eI0UsD JWEMD 13 1e3sm00

IO SETW Aouepunpes ou 9 809€ /0809 uyde L 114 1861 9Q 1v3sm0

IO T Aauwpunpe ou 9€ 0309€ /10809, uyde L 174 L6t fq Jeyem00

oo TN Aouspunpes ou %€ “XE09¢ /10809L uydg L 124 961 AUD/1NV 104 ra Iwysea0

Ineue0 eelWY Aouspunpes ou o€ 0ROE/W0B09L uydg L 114 96T  (WISUSD WMD) {a 2wysm0

o1 " *dicp w0 X0

ot 114 1IN0 X0

S8 [ 3 08 0001 uydg ot " 861 a W

oT6t M 9% 104 0001 uyde ot " 7861 10 Wiw

818 (27 L8 006< uydg ot 97 2061 O uw

o 44 08 006< uydg ot 9t £o6t 7O N

" 08 006< uydg o1 9l - 7961 D W

N {1 RS €9/ 108008 ofxe ¢ L 9/t 8L6T e W

L 210 0] L (A SL6t wpeu) v Nfw

L 21 ] L 41 L6t wsag v W

amyy 10 28 910 L ujde 10 syxe ¢ OF £/61/0 6061 S J8Y

sueyIy 10 SIS 9 10) ¢ upds 10 sy ¢ 01 £/61/%C 6061 v 28v

(myry ‘SI8) 9 30 ¢ uyds j0o syxe ¢ OI 9/81 1861 Kusecduc) € J8v

‘Wed/0T6€ 9 0] ( ujds 10 eX® ¢ ot 9/81 9861 (23340 2] ] T J6Y

‘w3180 04 9 10} { uids 10 spxe ¢ o1 9/81 <861 uwoT Iy T J8v

. ot v 1661 111 w303W

_ oY 111 6861 . 11 wi01W

26¢ NATaQ 2030011 /108059 T syxe ¢ ot 114 6L  "oUT ‘w0omeTY 1 w0109

o1 0z 9861 T DWW

ot or 9661 o) SNg AV [ D™

aToTYaN Youne] Kouspunpey (933em) WSS 9711 saar(eIes 1ad seawg sojeied)  sumy af(10ey

Jen0d oE]Ad ubyeeqg sispuodauml],  Younw] )

DOLSTERIVIO NOINDAL DIAGS GIXld L0 (°7 ITNL

19



S TR USRI R I et e hhaheind e hebe ik oh il ettt A

r—

(-H Awwien

<
'€ H Axvien
€ ¢~H Arwion
’ .n Al Arwimp
woc’c A 113 PWOIN ('08) 9 111 Axwiwn
A (S{ 11} 113 PEIIN {'oa) 69 11 Acepen
1efoe’c _.n.m 14 PN 0R) %9 1 AxeTwp
0C-82°¢ _wn. nnuv .80°0+ ar-s¢ PAHIN  DE-09ET *WOUneT-169L ¢ prog
o?o&n .80°0¢ 8r-5¢ PAHIN  TOE-09CT ‘UOUN@T-T69¢L T o
or-92't M o .80°0¢ #r-5¢ PAHIN  E~09CT ‘WOuneT-169L 1 pro4
@' = m
T4 (L] 103swnbg
m o w
€ 00 €1 esibia
€ 11 weibia
€ v1 webia
; (eozuds Q0 uy)
L 11 Aonosuwyilrane #11A011D 8O10A 000°01 1§ oS- Ly {(MOL) P981 €3 IMyem0
92’ ATenoeumitrue #0210 SOT0A 00001 1°0¢ os-Lr (ma1) 9991 73 w0
1 T4 Afonosue) e $3IN0I10 8IJ0A 000°01 10 0s-2v {mo1) ¥9e1 1% 30
1134731 s31171039w 18d SUD]IPBIGAU0D Suoyd va Inyexn
szee’s 0193 ORI [IW]e T 000°01 Yoo €Q e
s2°0r'c 15110308 20d GUDT IVIBAUCO SuDYd 70 3Nes0D
sTiat't 91w} mosmItrags an T 000‘91 Jewo 1Q. IO
f
, X0
| . , 10
} .
1248 M1 MIDIC v weabord AL ] tute) 9t PwOM 'oa) *Y a nw
TL'P‘C 20100 &0 JO MIINVITD 070N Aen B0 096 ] (urw) o POIN (xd) 99 10 MW
@r’c 5" 9y POIN (M80) €96 ‘0011 £ vw
T'y'e 05790 PEOIN (M80) €95 ‘0p11 D W
T'r'c 9-<90 P®OIN (M80) €95 ‘001I 1D W
e MB0-19% ‘MOL-(06 LR
€ v W
¢ v W
oL’ SN/ma 010+ SCX 99 BN C°@ S Is-0¢ MIN s Iv-509C ‘RLB-CLIT ¢ o8V
or't NG 0170 S'Cx 8'8  BFLAN §°® S 18-9¢ AN sepv-CoR ‘SIB-ELIL v 26V
er'sl’s /g 01°0 NN N/ $L 9-9¢ nIag-00Y 1> ¢ oev
L’e N/ 0100 S'EX 89 $'L 9C-9¢ "120-000 1> T o8
a'e NG 0100 S8 9°9 'L 9¢-0¢ 0118g-000 > T o8Y
£ 111 w0y
« 11 ®1030W
s POIN 1 wl0INW
« T D
< T DWW
801008 A poud0 (Aomano0y qwm (814} wap) 20]203399 (sum3iboyyy) sum Nfl1ee
! uTwiod) weeg [ 1x] 1 seny IFvIde0edy
Artigrwiod wrajum

(GRMLAN0) SLISTHELOMVIO NOINOR, DINGS QX4 JLLEIM0G (7 i




ot n 61 0661 ¢ 5B
ol n 61 8061 0 Sus
ot ny '] (861 L Sus
WAL 97 30] 92 olt/cy WR669/WHOTT 01 ni 12 1061 9 s@8
. ot ol 12 996 ( S s&
WAL 01 103 91 11 08 0L01 L o ot 861 ()
WAL 0T 20} 91 1 08 Q1Y uydg L o ot ze6t w0 Isig ( sus
{J0qL} D16€ W3T8Q  WJAL 0T 20} 91 o 08 8111 ujdg L ] ot 1961 sssuiong T su8
016€ "% sl 01 207 91 (14 oa ettt uydg L n ot 0061 [ 2344021 t{ s
Al SUR]IV/RUE . /9% WATLEC/0MWTTS ot -~ 19424 1661 ™
Al ®%13v/818 vanl 9 30} Tt 5/9C  WATITEL/0EMILS ot m/d 119424 6061 N
Al SUe1IV/8I8 /NS89 10) ’$/9C  WIZEC/IWMTLS ot oo 9U/¥T 9961 ™
897394 W09y
(o1wds punoib)
¥ w0038
110 /R18 wWal 0 20} 11 " 08 0PVT eywe ¢ ot ] 91 1661 L woOeg
11GMI/318 AL 8 202 1T " 08 09T oYX € (11 ¢ n ot €061 93 w0008
110MN/RA8 VAL § 200 TV " 08 OFPL syxe ¢ ot ny '] (T3 ¢ sy wojeg
amiry 30 818 v210¢ "% 08 $6€Y ejwe ¢ ot )] 91 1961 1 W08
sueiNY 30 18 356 " 08 s6€l ejxe ¢ ot o 91 <06t N wWowg
amwirY 30 818 p103¢ " 08 S6CT syxe ¢ ot m 119 061 13 w00
ANIIV 30 BN/8LB VaSB 9 30} ( " WIS T syxe ot o 124 T661 Xl wooIeg
sumiy 10 BNI/NLS wis8 9 0] { 9o AT/ DW6LS T s ¢ ot p] 24 0661 111A w0098
sV 70 BA/RLE wise 9 103 (L " TR/ 0LST osyxe ¢ ot o] [ 24 (961 1IA W00eS
ONd/016€ "IT%0 wigs 9 303 L ot XR00 11 /10805 { oyxe ¢ ot ] 14 9961 1A W0}88
ONA/016C N80 wigs 9 20] L 9 . WE00TT/08050 Y oyxe ¢ ot o 124 961 dil w003y
BN4/0T6C NG vags 9 30} | "% 080011 /108059 1 syxe ¢ (1)1 J 124 €061 Yl w009y
(10 ] walL 9 0] ¢ < TOR00 L/ DASH6 eyxe ¢ ot b 114 T06% Al woOeg
GME/016¢ T80 aml 9 30} L ”® 08 0001 syxe ¢ ot 2 124 1961 oIy M ¥il] wo0}es
11 01-9 ol o 196 Al 15
{J 0r-9 n : or 1061 1l IS,
" ot-9 ) | 91 9961 ‘vl ‘®If110398 11 1Y
" (1&] ] 91 <061 . oM 1 1M
T oorxam
6 "V 1701 +5061 oo ney 1 ooymam
ot o 114 8061 WIWIIW VIVIW
(sawds punoib)
062¢ "I190°'ZANNA/SI8 T 30) ENT 303 61 11 0061 sy ¢ ot m y-v I¥380
oSt 9IIQ‘TANG/BI8 T 30 (AT 20) 61 141 006t syxe ¢ ot n 91 1661 (-v N
{ amiy T 303 EN1 30 61 141 0061 sjxe ¢ 01 m 91 ve61 N
'026C VALN0 ‘848 T 393 (N1 0] 61 141 0061 syxe ¢ ™ 01 o3 91 61 NIT(NW AUD 1-¥ N0
s1o1UM YU Kouspunpsy (=) (330m) WIWSITIE oJr1  Awenbeay  mjlilaies 1d esawg 03e38dp)  Swm NFITINS
el o Jen0d 81N ubjseqg o-cﬂ%ﬂ&. ney
8AT200]

OLATNALMVO NOINOAL DIARS GIX14 DLESI00 1°T TN

PAGE s
QUALITY .

OF POOR

ORIGiNAL

21



| 6 v
: 9 8w
i L e
Lot PO MOL~CST( 9 ous
.ot SN/Md $0°0¢ s gus
r-P1’C SN/md  S0°0+ POIN v 5B
SU’PI’C 088 JO SUOTINUIQEDO JO ‘EUDTEITWREII SN/M3  S0°0+ PTOIN 0a-065 ¢ 5us
SIPI’C AL 10700 snosuwy[ree Of ‘A 1od  oN/M3 (SO°0+ PN 108-065 T s
J‘.:A suotIsezeAUnd suoydetey Aem ong 0G7’T SN/ME (S0T0¢+ PRON 208-065 1 ses
C e 8°IS-¥9/6€-9C  PAHIN SURTIV-G((T ‘ALT-9rN ]
;T 9°75-99/6€-9C  PAHIN  SURTIV-GLET ‘SLT-099T ™
L ee B ZS-P/6E-9€  PMIIN  BURIIV-SLEZ ‘SUS-9YT ™
,, #pY 30AH w0039y
, (e1ede puno3b)
| v w0039
! Ma/SN  L0°0+ 037( Tenj—ol (Teuremu) og-9»  PAHIN  MI0D-SLL ‘MOL-6C6T I w003V
L4y Ma/SN (070 311 10nJ-01 (Twupeou) 0G-p0 PAHIN  MID0-GLL ‘MOL-6C6T 9% woo¥g
creLye MA/SN 1070+ 83T tonj—01 (Teupwou) 0G-pp PAHIN  MIDO-SLL ‘MOL-6C6T G WOIVS
1324441 {TOuTWOu) OS~PY 08-999 €3 W03es
Tere (Teupeou) Q0g-~90 0a-999 I% wd3vg
1 Ere {Teuywou) 0g-Py 08-999 13 woowg
 EV’E MI/SN ((0°0¢ (SN0O0)  9€ eAHIN  MIDD-60$ ‘MOL-0SZT X1 w0399
o't M1/SN | L0° 0+ (SANCD)  9€ PN MID0-605 ‘MOL-0SZT I11IA wW00vg
ruae’e M/ L0°0+ (SN0} 9€ PAIN MID0-60S ‘MOL0SZT 11A w003¥9
wor'e’s’c (Yowaou) 10°0+ 8311 180)-6 P¥IN M80-S8¢ ‘MOL-60TT 1A w0098
o1°8'%¢ (Tewaou} 100+ oJ1l 1onj-¢ PROTN MB0-S0C ‘MOL-601T Wil w0es
o1-8’v’¢C (FATNO11D BOT0A 000°T FWY Al WOOJEg)  (TWWIOU) T0°0+ 8JIT TeN3~6 PN M50~58% ‘MOL~60TT Y1 w03y
L' e’e 08 /enyjquben §9 10 VOTEETENURIY PO M80-58% ‘ML-60T1 Al wW003vg
9°0'C AL 10100/Md U0 ‘SIFNOITI 8OFOA oor’t PYOIN MBO-$9S ‘MOL-60TT NIII w038
)
I 4 * Al 1SN
I Y It Isd
€ 11 I
I 4 118
i
| T ooynm
g 1 opjamd
i )
}
,, -oeu/mjquben g9 Jo Ayjosded (e19da punoib)
44 ¢ v swy Jepuodeuesy Yo®3 °40Qq Jo SWOIY y-v 1180
yet ~WQENO JO SETURISJUDD ORPTA ABa 0md -0 Pl 143 (N 1.3
9=z 00C ‘SUOTITNIOMNO UONdRTe) SNOsUE [N 69 ‘MI-6STT T-N 1N
9-1  -=19 000°0C ITWRNI} UED SMIF (998 OAL B-6(9 ‘MoL-6S21 1-¥ 1N
|
8801008 Laroudn) (Aowanooy yaptu (934) (mep) seyI0 (www1607TH) sy ®af (e
| buyujod) weeq 811 13 Wy 3Juros0eds
. frtmwiod WU

(GMLIND) SOLISTYAINVIO NOLNDAL DINGS QXL LSOOG ('t TN




ssi1vde 3jqro~uj awooeq (ITA Aeyly ujod Yoyya W ‘¢

-V ¥AED 30 Younvl (g6l M3 (13un pesn aq (1A asepuodeumel) pUIQ-NY 9 YL o

@ D= ot ny 9 4 1910
= of i 9 2 1919
I od 114 ny .91 Q Jween
¢ << ot ny 91 D 1niean
%. W ot ny 9t 4 10389m

" o1 oy 91 v 1eyoan

-l ot b} 24 1IAX 19388m
< O ot o} 124 8661 1AX Jwison
= O of o 124 L661 AX 3WI89n
oa ot > " 9661 AlX 1wisen
o w ot 2 (24 9661 ILIX Jeeem
ok " ot > 121 $661 1IN 20een
" ) h 174 661 IX Jwisen

’ ot o] " v661 X Jeisen

127 ot o) " T66( X1 20398

ot o " 186% 11IA 10380

ot b} (14 re61 11A w00

ot uydg o1 b} (74 661 POLIN) 1A IV

ONd/016( vIT8Q J0UL 9C 02589/ 7088 €6 uyde ot o 24 7861 A 1wInen
OI¥3/016C w180 204L 9C THSO9/10a5C6 uyde ot b} 1 74 z861 ydeibatay Al 1Wisén
P16 MAITAQ 0L 0 TR L o) zt 6161 wOTuUN UISIBIN 111 2wysee

§$ 3079 14 (ba) 08 0891 ufdg 10 sy ¢ Of ny (174 6861 » Iven

suwyy 30 S 059 (1 (k) 04 0891 ulds Jo syxv ¢ O ] ol 8861 € Drsn

‘Givd SIS ¢ 109 1) (ba) 04 0891 utdg Jo eyxw ¢ Ol L] o (861  ‘oul ‘emie/g T 1vsn

‘ya 02¢C MATSD $ 1039 © (k@) 0@ 0891 vidg 1o syxw ¢ 0O oy (1°4 9061 ®TTI03e8 °8°0 T vSn
VIAL ZT°wass 91 9€ - 08019/ 108L16 uide ot b} 124 9861 p0€ 1NINTAL

suRyIV 30 VAML ZT’wdSS 8l 9 060L9/T0BLIE uyds 1 b} (74 <861 €0 INns[aL

‘us WML ZT'WISS 6T 9€ 200809/ 100L16 uids ot o 114 61 ] zog Jvas(aL

‘0265 N0 ML ZT1°wdss ot 9t 40L9/08L16 uyds o1 b} (74 €061 ‘w0 LNV 10¢ IMIs{aL

6 o 124 1861 T (D) euwds

6 b 174 1867 U (O)w0dg

ol ny [ 74 (867 » () euodg

ol ny (24 1867 € () 3enodg

ot n (14 861  “oul ‘ebump T (¥)39uyds

o1 i 114 1861 (RO 1 (a) ynodg

9 103 ¢ /9 v oyxw ¢ /3 9/T1 9861 » Jeusvedy

{ amiy 9 107 ¢ TL/9%€ It sixe ¢ ot L Ve 9/81 $6861 ¢ Jumoedy

T suerry 9 303 ¢ TL/9€ 144 syxe ¢ ot a/d 9/8t ¥06( 7 wusoeds

[ ey 9 30] ¢ L/ t4 ¢4 spxe € o1 m/oO 9/81 861 Jsusoedg ALD 1 suadedg
a1oTYeA Punel Kourepunped ) (#13eM) wiessTigas o331 Lousnbeig  9yTinaeg 1ed ®3Wg 103w1ed) SweN N[0S

qIprApUed 19A0g Swfag ubyeeg sispuodsuell YouUne]
SATI] )3

OLISNAINIVIO TNOINOAL DINKS GXld SIS0 ' TR

23



TN
TR
[ [9d M1
Figd A S

9 sC’C
9°SC°C
9 °SC’C
o .mn 't
" stirC
190154 X3
PCiSTYC
111 .n«‘.o.n

|
{
,
)
l
)

o R R R X ]

{
feezeoe’s
€eUzeoe’c
cLeon's
€ TC0c’s

at)3esd (nibip ‘oee/mq

-vbew 99 30 OTpne YITA [WubIS AL 10100
1IN} sUD ‘§IINOITO 8010A Asa U0 00T °(
1bip ‘ose/emjqubes 9 30 Twbe AL
30702 SUD ‘MITNOITO BOY0A Asn sud 00Z ‘L

0091z jo A3youdwa [{w2 souwenisip Buoy
009°1Z 30 A31oudwd [TwO soune|p buon
009’12 30 Ayyoudwo [Te0 souwnieip buoy
009°1Z jo MAQ1oedw [[w0 souvielp buo

.50°0¢
.$0°0¢
5070+

o2¥1 1)
811 1an}-8
11 109
oJIT 1o03-9

03T Tonj-¢'L
0331 1nj-G'L
L2 ARG L e

9e-£L
9(-£C
9t-tt
9t-t¢

PROIN
P®OIN
PROIN

PAHIN
PAHIN
PAUIN
PAIN

PEOIN
PEOIN
PROIN
POIN

PAHIN
PAHIN
PAHIN
PAHTIN

08-119
0a-186
08-18%
ME0-96T

[ ]
MI00-15S
‘MB0-899
‘MOL-1S21

MEO-659 ‘MOL-0ST
nI0-659 °MOL~0ST
#50-659 ‘MOL-0ST
MB0-6S9 ‘MOL~0ST

08-769 ‘MOL-S61T
0a-769 ‘MOL-S61T
WVA-T69 ‘MOL-$61Y
08-169 ‘MAL-S6TL

4 10390m
PRRLEL ]

Q 1visdn

D 203eey

@ 1visem

v Ieisan
TIAX 193san
IAX 1083w
AX 1939am
AIX 3900w
I1IX 19300
11X 3nsen
IX Jeisen
X 1wIan
X1 JIsem
111A Iv3san
1A 30300
PoLIv] A IWI08N
A 1ejsay
Al 293sem
111 19308

* Dven
€ s
T vsn
{ Drsn

v0€ 3eIS(aL
€£0€ J901AL
To¢ InelaL
10 1eiag

(2) 3suyodg
(D) 3surodg
(¥) yeunyadg
(¥) ysurodg
(M) 3u0dg
(¥) ywur0dg

¥ Isusdudg
€ Wsusondg
T yeusowdg
1 Isusoedg

o Ra Nk H N, |

|

|
080308
v
|
]

L 1oed)

(Aowinooy
buyutod)
Kynqnuiod

(924)
311
U™

map)
412

soj10010

(swe2601YX)
sy 1Jvi080wds

SumN %1 1(8eS

(GANNLINGD) SOLISTHALIVIVIO WOINKDRL DDIAKMS GaX1d JLLFM0T [°T T1edl

24



POOR QUALITY

OgIGINAL PAGE IS
o

(ezwds 37QI0-uD BuO)
*d10D SuUOT IR0 TUTMND)

(MOR) CLIZ-SY0T 13031 114 DL /Lt 9 POVRADY
(MOL) CLIT-SYOT SWwYIVY 1O RIS " syxw ¢ 10 ulds ‘M 6 LA VAA 91 € {e1ede punoib)
(MDR) €LTIT~SPOL suwwyaY 10 8I8 121 sjxw ¢ JouUlds "M 6 14 VA 91 T *oul ‘°xa [euojIw
(MOL) CLTIT-SPOZ SuUB)IY 10 SIS  OWIML Sieds ¢ 124 sixw ¢ 0 Ufdg ‘M 6 /Lt 114 eest {s9q) 39330dg
(e19de punoib auo)
(0R) otot MMV ‘Ovd/SIS SWIML € 30) ( #Z sixe ¢ pue ujdg ‘B 01 /Lt ’
(I09) otof BRIV ‘GNI/BI8 SWIML € 303 L T syxe ¢ pwe uidg "M OT /Lt €
(709) o1ot SURIIV ‘GINA/SAB SWIML € 10) ( #Z spre ¢ pue ujdg W Of /Lt 9 7 weie/g e3p[re3wey
(08) 0101 GUPIIVY ‘GINI/RIS SWAML € 30) ¢ s ¢ pw uldg ‘M oF /Lt ) U  ospJA wiuUwg
124 4 VA ¢ 24 (e3uds) » Ds8qQ
" /Lt 12 € J6aqa
Jnjuep eIV 24 /Lt " T s
‘e ‘Qls (24 /et (24 1 Jsaq
(Ma00) (69 @107 311w 1en0d NIoAIaN
‘(MOL) 0612 818 & WepUnpR 9 97 (108) 0LLY /Lt 9 . URTIST D [PUOTIMN
(Ma00) LL6 ) S18 SWML 9 203 9 02 (108) 00vS syxe ¢ ™ L 1AV/A § 1 € (siude punoab)
‘(08) ZCCT ) 818 ML P 303 Y W (0d) 00%S sixe ¢ ™oL /Lt 9 1661 4
‘ (mOL) 00ST ) 18 aaML 2039 02 ("08) 009§ sjxe ¢ ™YL /Lt 14 6061 t v
] (seaude Jjquo-w0 Z)
(m80) 059 awiIy 10 818 WML T 203 ¢ 12 (0a) 000 Apoq 10 uidg M ¢ 4 V7A € ’
(M80) 059 suetIy 30 818 VIAL T 203 T 0 (08) 000 A4Apoq 10 UTdg "M { tAVAR € €
{M80) 069 auwily Jo QI8 WML T2 T 92 {708) 000 Apoq 10 updg M L T/t < z
{180) 059 suUwiIV 30 RIS WAL ¥ 103 111 ('08) 000 4Apoq Jo ujdg M L /L ¢ { A8
.m.l.oo:.: oTOTYM Huwpunpsd (SHW) (9330n)  WOTIEEITTQRIE (siwak) /Aouenbeig #37(T1Ive Jed  se3wg 103938d0
sy Yune) TIGN  YIPIM 19m0d o311 sispucdswell  Younwl 1118388 §80
IFe12800dg puvg oy ag ubyeeg 10 SO

SOLLSTHALIWVIO WOINKHOGL SALITIANS JSVOUVOME JOGIG T°T7 FTeL

25



(e2eds 37QI0-UO UO)
*d10) SUOTITD|UNEMIO)

|

|

| oy (T02) SeT *(108) ST s JUor pooURApY

|

i 1 1 ) oS 1°0¢ € (e1eds punoib)

“ 9 0s 10+ T "Oul ‘i3 TWUOTIW

| 1 0$ 1o+ 1 (saa) 3e1ydg

F (e3ude puno1b ewo)
13 (/124 (0%) 000¥ s ’

” 114 ote {(08) 000V s €

| 114 (1114 (03) 000 s : T wes/g NIINE

” 117 (11¢4 (0d) 000" Ls I oepjA wiujmg

oo 00Z 8s-9§ 0 (e1eds) » Dguq

W TN1) oot 85-§ 100 ¢ 2690

_ "er 00z 85-9¢ 10 g J8aa

h "'e 00z 95§ 0 1 Jsea

d 5070+ wiondm

_ 0o (112 sTamump AL piwpuwis 9 (824 L) 009€ 14 .§0°0+ WIsEID TROTIW

W 144 00t . (83K o1 1037%) 00CV 15 PAHIN .50°0+ € (o2ede punoib)
1 001 (93K 01 3833%) 00CP 1S PAHIN $0°0* T

] w 00t (034 o1 193)%) 00€Y 1 MAHIN .$0°0+ t oy

| . (ss3wds 37Qi10-W0 Z)

_ 00°6€ (0a) <ot ‘(704) ST (0@) 0041t 1°65~2°85 DAH 10 P®DIN 1°0+ ’

w 0r’6€ (0d) <8Y ‘(0@) ST M8 T 001 puw  ("0d) 00LT 1°s5-2°0S  PAH 20 PEDIN o+ £

A or‘6¢ (08) ST *(108) SIZ 3 87 S[AWWMP ALGH P T (@) 00LY 1°65-2°86  PAd 10 PDIN 1o+ 4

ﬁ ov‘ec (703) 8T *(08) STZ M3 =4 9T 09pfA piwpuwae ¢ (W@) 00LT 1°s5-2°85 PAH 30 PROTN 1°0+ T a8

i

| secinog (Towmyd 304 s338M) Kyowde) (833mn) () sejIe13eg (Aowanooy 103038d0

, ndyno asn0d av1a Buyuyod) aj11eIeg 990

! 07 371day 20004 L {1 . Kyriguuiod

(GEONLINGD) SOLLSTYALIWVMVIO ‘NOINKOAL SALI'TELIVE IEVONOYE JORMIG T°T FINE




frequency, number of beams, beamwidth, pointability, stability,
life characteristics, number of transponders, as well as other
factors.

A financial simulation model was developed and used to
assess the impact of the spacecraft technology programs on the
typical PSS and DBS business ventures. The model is stochastic
(Monte Carlo) and based upon the DOMSAT Model principals. [48,49)
The model explicitly allows for the consideration of pertinent
éubsysten performance characteristics including reliabilities and
various cost, expense, capital expenditure and timing .
uncertainties. The result is the determination of a range of
financial performance measures including quantitative measures of
risk. This allows both the expected value and risk dimensions to
be taken into accomf.intheassessnentoftle value of the
introduction of new technologies.

Typical FSS and DBS business venture scenarios were
developed and analyzed based upon base case satellites — a spin-
stabilized configuration for the FSS system and a three—axis
configuration fo‘t the DBS system (these are described in detail
in Section 4). NASA specified the likely outcames of an ion-
thrx:stér technology program and a Gallium Arsenide solar array
program. These new technology capabilities were then considered
and the two base case satellites reconfigured to make best use of
the attributes of the techrologies. The satellites were
reconfigured to maximize the financial performance of the
business ventures and not to minimize the cost of the satellites.
It must be emphasized that one technology was not simply
substituted for another technology but the satellite was
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reconfigqured (and recosted) so as to fully take advantage of the

attributes of the new technologies.

Both nonrecurring and unit recurring costs were estimated
for each satellite configuration (including the base cases). The
RCA PRICE cost estimating model was used for this purpose.
Changes m'reli.ability were also estimated as} well as other
spacecraft attributes. These factors were then used in the same
business scenarios as evaluated with the base case satellites to
establish the resulting changes in the business ventures
financial performance measures. The changes in the financial
performance measures were therefore assumed to result fram the
technoloqgy programs.,

The financial performance measures resulting fram use of the
new technology satellites were evaluated and the likely impacts
on investment decisions established, Poreign spacecraft
technology programs (omorbit propulsion and solar cell) were
reviewed and assessments made, taking into account the financial
implications of the analyzed technology programs, of the 1likely
impact of these programs with and without the NASA technology
programs on U.S. imports and exports. It must be emphasized that
even though these assessments were based upon a very limited
assessment of business scenarios, a number of conclusions may be
drawn.

Discussions with the carriers and review of the POC filings
indicated the need to consider the provision of multiple
camunications services. Typical levels of service are indicated

in Table 2.3 and current pricing policies for these services are
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TABLE 2.3 LEVELS OF PROTECTION OFFERED BY DIFFERENT CARRIERS

f————————— ——

ATsT GTE RCA ASC WO
PLATINIUM PROTECTED PROTECTED PROTECIED PROTECTED
GaLb PROTECTED/

PREEMPTIBLE

UNPROTECTED  UNPROTECTED/ UNPROTECTED

: NONPREEMPTIBLE
BRONZE PREEMPTIBLE  UNPROTECTED/ PREEMPTIBLE
PREEMPTIBLE :

NOTE: THE ROWNS INDICATE BQUIVALENT LEVELS OGF SERVICE

smmarized in Table 2.4. The DOMSAT II Model therefore considers
the following four levels of service and allows a pricing policy
to be specified for each:

* Protected Service - protection is provided through
provisions of spares and preemptible transponders.

* Protected/Preemptible Service - protection is provided
through available spares and preembtible transponders.
This service may be preempted if protected users require
transponders.

* Dnprotected/Non-Preemptible Service - a replacement
transponder is not guaranteed but service may not be
interrupted to provide service to other users.

* Preemptible - Protection is not provided and transponder

may be preempted if the transponder is required by a
protected user.
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TABLE 2.4 mmmmmmmmsmwm

e e

SERVICE ATST cre! Ra2 ASC wos
36MH2
PROTECTED 1,800 1,320 1,350 1,920 2,070
| 1,800 1,650 1,950 2,760
2,100 1,800
PROTECTED/ 1,500 1,260
PREEMPTIBLE 1,470
UNPROTECTED/ 1,344 950 1,152
NONPREEMPTTBLE 1,575 1,225 1,794
1,300 -
PREEMPTIBLE 900 720 515 910
1,050 800 1,380
750
AL
r -~
1282 C-BAND KU-BAND
PROTECTED 3,120 2,640
3,840 4,200
UNPROTECTED, 2,380 1,980
NONPREEMPTIBLE 2,880 3,150
PROTECTED/ 2,184 1,848
PREEMPTIBLE 2,688 2,946
PREEMPTIBLE 1,560 1,320

1,920 2,100

RATE VARIES FROM ORIGINAL SERVICE (18 MONTHS) -HIGHER RA!IE-’IO
EXTENDED SERVICE (36 MONTHS)-LOWER RATE,

THE FIRST RATE WAS CHARGED IN 1981 THE SECOND IN 1984,

LOWER RATE IS MONTE TO MONTH, HIGHER 1S FIXED TERM SERVICE.
SEVEN YEAR SERVICE IS LOWEST RATE.

oW | ol
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2.2 Review of Financial Performance Measures

Investment in commmnications satellite business ventures
requires large up-front investment with significant returns
likely to be forthcaming typically five or more years after
initial investments. The commitment of significant resources for
returns that may occur in the distant future requires careful
plamning and substantial analysis.

In general, the financial plaming is concerned with the
development of financial performance measure such as after-tax
profit, cash flow, return on assets, return on sales, return on
- investment (discounted), payback period, net present value and
quantitative measures of risk.[48,50] A number of these measures
are defined in Pigures 2.2 and 2.3.
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After-tax profit is the difference between revenues and

en - - expenses, -carry-forward losses and tax credits. . Depreciation is = _

- an allowed expense which accounts for the wearing out of capital
assets. Cash flow indicates the flow of funds through the
business venture including after-tax profit, depreciation,
capital expenditures and the change in balance sheet items such
as accounts receivable and inventory. Indebtedness is the
negative of the cumilative cash flow to any point in time. When
indebtedness is positive, cash outflows have exceeded cash
inflows. The peak of the indebtedness curve indicates the
maximmm funding requirement of the business venture. The point
in time at which the indebtedness passes through zero is the
payback period and indicates the time it takes to recoup the
investment, |

Return on assets is the after-tax pr&it divided by the book
value of total assets, Book value is the value of the original
capital expenditures less accumulated depreciation.  Assets
include capital items as well as cash, receivables and inventory.
Return on sales is the after-tax profit divided by the annual
revenue.

The net present value (NFV) is the sumation of the stream
of cash flows discounted to the present where the discount rate
is the cost of capital (some firme utilize a risk adjusted rate
of return or hurdle rate). The discounted return on investment,
ROI, or the internal rate of return, is the value of the discount
rate that yields a present value of zero. In other words, the
ROI is the rate of return at which the time adjusted valve of
cash outflows is egual to the time adjusted value of cash
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FIGURE 2.3 DEFINITION OF NET PRESENT VALUE AND INTERNAL
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inflows. If the ROI exceeds the cost of capital or hurdle rate

then it is desirable to persue the business venture.

There exist many areas of uncertainty; performance, cost,
market and schedule. These combined with reliability
cansiderations (both satellite and transportation system) result
in risk where risk is defined as the perceived variability
associated with the financial performance measures. A convenient
way of illustrating risk is in the form of “"risk profiles”,
{48,50] as illustrated in Figure 2.4. The risk profiles
indicate the chance that a performance measure such as ROI will
exceed diffetent values. It is the function of the DOMSAT II
Model (Section 2.3) to convert the various quantitative
uncertainty estimates and the effects of unreliability (in the
form of random and wearout failures) into the risk profiles
associated with the business venture.[48-50] It is through the
quantitative consideration of uncertainty, unreliability and
resulting risk that differences can be observed between the use
of satellites based upon current technology and those satellites

configured as a result of NASA spacecraft technology programs.

Figure 2.5 illustrates risk profiles of present valve of
cash flow for the same business scenario (with unreliability
considered but with all uncertainties set to zero - i.e., the
certainty scenario) but with on-orbit propulsion system life of 8
and 12 years. Increasing the life fram 8 to 12 years (all other
factors remaining constant) increases the expected (because the
risk profiles are symmetric normal distributions, the 50 percent
and expected values are the same) net present valve of the

34



BASE CRSE FSS
4 susInEss venTume
(LIFE = 8 YEARS)

BASE CASE FSS
SUSINESS VENTURE
(LIFE = 12 YERRG)

927 NMILLION

CHANCE OF EXCEEDING INDICATED
NET PREBENT VALUE. %
8

——t
° S0 " 100 150 200
NET PRESENT VRLUE, 81,000,000

FIGURE 2.5 PRESENT VALUE RISK PROFILES OF A TYPICAL PSS
BUSINESS VENITURE AND THE SAME BUSINESS WITH
ON-CRBIT PROPULSION SYSTEM LIFE INCREASED
FROM 8 TO 12 YEARS (CERTAINTY SCENARIO)
business venture by $27 million. If this were the only business
venture to utilize the improved on-orbit propulsion system then
(expected) expenditures of less than $27 million to create the
technology would be reasonable. These risk profiles are cambined
and replotted in Figure 2.6 indicating the chance that the
incremental net present value will exceed different levels or the
value of the new technology to the business venture will exceed
different levels.

Generally, many alternatives can be identified (this will be
elaborated upon in following paragraphs) fram the application of
the same and tﬁfferent techmlégies ard must be campared for the
' selection of the best one. The problems of comparison are eased

somewhat by the fact that the probability distributions of the
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present value of cash flows, return on investment, ROI, and other
financial performance measures, are usually very near normal.
Thus, the distributions can be fully characterized by their mean,
m, and standard deviation, ¢ , and each alternative can be
represented by the point on the m- ¢ plane. MAn example is
illustrated in Pigure 2.7 (in terms of ROI). BHere, alternatives
1 and 3 have the same level of risk (i.e., ¢ 1 equalso 3) but the
expected ROI of alternative 1 is greater than that of alternative
3. Therefore, alternative 1 is preferable to alternative 3. In
a similar manner it can be argued that alternative 2 is
preferable to alternative (4. Also in a similar manner,
alternative 1 is preferable to alternative 2 since both have the
same expected'ml but alternative 2 is riskier. This process can
be continued with all alternatives being considered. 1In the
limit it can be seen that a frontier of "best" alternatives can
be established. Each of the points, or alternatives, represented
by the frontier are different in the respect that the risk and
.the expected ROI are different. The selection of the specific
best alternmative depends upon the decision maker's risk
judgement, That is, the decision maker must decide what the
tradeoff is between an increase in expected ROI and an
accampanying increase in risk. Bypothetical tradeoffs in the
form of a preference function (that is, all points on the
preference function are of'equal value to the decision maker)
indicated by the dashed 1line in Pigure 2.7. The point of
tangency of this function with the frontier of best altemmatives
provides the alternative with the maximum value to the decision
maker.
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As will be seen, the selection of the best alternative is

_inmportant in evaluating and camparing the impact of alternative

spacecraft technology programs. ‘The considered NASA technoloqy
programs (i.e., ion-thrusters and Gallium Arsenide solar cells)
have the ability of reducing overall spececraft mass without
altering the performance attributes of the spacecraft. The mass
reduction can be taken with the result that transportation
charges may be reduced leading to an increase in expected ROI
(through cost reduction) with little or no change in risk. @n
the otherhand, the mass may be put back in a number of different
ways, each of which alters spacecraft attributes such as an—orbit
propulsion system Iife, number of active transponders, mumber of
spare transponders, etc. This is illustrated hypothetically in
Figure 2.8 where the possible alternative spacecraft
configurations (i.e., use of mass savings resulting fram the
introduction of the new technology) are indicated by points in
the m—o plot of the resulting ROI of the commmications satellite
business venture. For example, a considerable increase in
expected ROI, with an accampanying increase in risk, may result
fram introducing an ion propulsion system with sufficient
propellant to extend satellite wearout life but with a perceived
reduction in mean-time-to-failure. Note that changes are all
relative to the base case, which is the .business venture
performance (m and o) in the absence of the technology programs.
The best use of the mass requires the establ ishment of the
preference curve or risk aversion attitudes as described in
Pigure 2.7. With the risk aversion attitudes indicated by the
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dashed lines in Pigure 2.8, altemat;.'ive D offers the best use of
the mass savings and therefore represents the maximm value of
the technology program when the results of the program are used
in the postulated business scenario. When alternative technology
programs are to be compared, the camparison must use the maximum
values of each of the technologies as illustrated in Pigure 2.9.
Bere T2 represents case D in Figure 2.8. PFram Pigure 2.9, the
choice is between technology 1 (T1) and 2 (T2) both of which
offer approximately the same value. It should be noted that both

the expected ROI and risk of technology 1 exceed those of
technology 2.

2.3 Overview of the DOMSAT II Model

Based upon discussions with the carriers, a stochastic
financial simulation model was developed by Princeton
Synergetics, Inc. for NASA's LeRC. The DOMSAT II Model allows
the impact of S/C technology programs to be evaluated for a broad
range of camumications satellite business ventures providing a
miltiplicity of comunications services. The Model allows the
results of the technology programs to be evaluated in terms of
their impact on the financial perfommance of typical
camunications satellite business ventures.

The DOMSAT II Model is currently operational on the IBM EC
with the input data provided via a user friendly LOTUS 123
System. The mathematical camputations are performed in FORTRAN,
The Model has been used to assess the impact of LeRC on-orbit
propulsion and spacecraft power technology programs on both FSS
and DBS business ventures using both spin and three-axis
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~stabilized spacecraft. The Model ' is described in detail in
MAppendix A with user and programmer documentation provided in
Appendix B,

The methodology developed allows a broad range of fixed
satellite services and direct broadcast commmication satellite
business scenarios to be analyzed through the use of the DOMSAT
II financijal similation model. The Model allows a broad range of
camunications satellite business ventures to be simulated
explititly and quantitatively taking into account uncertainty,
unreliability and'resulting risk. The adbjective is to assess the
impact of NASA spacecraft technology programs (for example, on-
orbit propulsion and power programs) upon camercial
conmmications satellite business ventures by plaming typical
business ventures utilizing satellites without and with the
technology being considered for development. The value of the
technology program is then related to the changes in financial or
econamic performance measures which then provides insights into
the likelihood that the techmology will be utilized by the
business ventures,

The Model provides the means for evaluating the financial
impacts of S/C technology programs, space transportation programs
and related policies, on private sector commmications satellite
business ventures. It specifically allows for the consideration
of wbrid (i.e., C- and Ku-band) satellite confiqurations. This
is accomplished by reconfiguring S/C takmg into account the
anticipated results of S/C technology programs. The resulting
S/C configurations are commumnicated to the DOMSAT II Model
through specific estimates of cost, petfoqnar\ce and reliability.
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~These_estimates are then cambined with a business scenario (i.e.,

number of satellites as a function of time, number and type of
transponders, demand for transponders by type of service
provided, pricing, price elasticity, launch system scenario as a
function of time, 1likely launch time delays, transfer time from
LED to GED, cost of insurance, satellite control operations
expense, G&A expehse. etc.) to establish amual profit (loss),
amual cash flow, cumlative cash flow, ROA, payback period, and
ROI. The financial performance measures are all described by
probability distributions (i.e., risk profiles) since cost
uncertainties (i.e., uncertainty profiles) and subsystem
reliability are considered. |

The impact of S/C technology programs can be assessed in
temms of the differences that result in financial perfomance
measures which are the result of differences in S/C performance
and cost attributes resulting fram the S/C technology programs
and new services made possible by the technology programs. Two
analyses are necessary for assessing the financial impacts: one
analysis based upon a satellite configuration in the absence of
the S/C technology program (i.e., the base case), and a second
analysis based upon a satellite configuration incorporating the
assumed results of the S/C technology program. The difference in
the financial results is therefore assumed to be directly
attributable to the C/C technology program.

The establishment of a business scenario consists of speci-
fying the following information (a typical data base used in the
analysis of a PSS business venture is presented in appendix B):
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*

*

*

*

number of years in the' business plan

maximum number of operational satellites

desired launch schedule

possible launch delays

time to transfer fram LED to GEO

number of narrow-band transponder groups/satellite '
number of wide-band ttMt groups/satellite

number of transponders per narrow-band group

number of transponders per wide-band group

number of spare transponders per narrow-band group

nuber of spare transponders per wide—band group
transponder reliability characteristics (mean time | to
:flgl:;re, expected wearout life, variability of wearout
S/C support subsystem (up to 5) reliability characteristics

types of cammmications services provided (protected, pro-
tected/preemptible, unprotected, and preemptible)

tariffs per narrow and wide-band transponders for each
type of coommications service

annual demand for narrow—- and wide-band transponders in
tems of type of service

relaunch threshold in terms of number of operational
transponders .

annual cost of S/C operations

amnual G&A expense (fixed and variable)
annual Re&D expense (fixed and variable)
other annual expenses (fixed and variable)
insurance cost

S/C cost spreading

S/C unit recurring cost
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* 8/C nonrecurring cost

* §/C unit recurring cost learning rate

* launch cost

* Jaunch scenario as a function of time (described in temms

of the probability of success of each of the major steps
in the launch sequence)

. depreciation lives

* interest rates

* tax related data

* discount rates

* balance sheet related data.

Many of the above variables are considered as uncertainty
variables requiring the spegificaticn of the range of uncertainty
and the fom orf the uncertainty.

The Model allows uncertainty and unreliability to be
considered explititiy and quantitatively. ‘This is absolutely
necessary when comparing programs which are specifically aimed at
reducing uncertainty and altering reliability both of which
effect perceived risk and hence effelct investment decisians. To
establish the quantitative measures of risk, the Model utilizes
Monte Carlo techniques wherein the camplete business scenario  is
repeated a large number of times (typically 1000 or more) each
time randomly sampling from the uncertainty profiles and the
reliability characteristics which are specified. The results of
all the business analyses are saved and appropriate statistics
developed. Financial performance measures aré samarized in
terms of expected valves and standard deviations. Typical
financial reports are illustrated in Pigures 2.10 and 2.11 with
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“ o ———detailed- launch and S/C_purchase statistics illustrated in

Pigures 2.12 and 2.13. It should be noted that the financial

documents contain expected values except for those items which
are noted with * indicating standard deviations. The particular
form of the financial statements is the result of discussions
with several carriers.

The Model develops many financial performance measures
including after-tax profit, amnual cash flow, cumilative cash
flow, return on sales, return on assets, payback period, and net '
present value. Expected values and standard deviations are
established for all of these. The net present valuve is
established at a number of discount rates so that the internal
rate of return (or discounted return on investnmt -~ ROI) can
easily be established.

The Model consists basically of two parts, The first,
utilizing the desired schedule of events, demand for
camunications services, the satellite cmfiguraﬁim, specified
41amch scenario and reliability characteristics, establishes the
specific timing and number of events and their costs. The
availability of transponders (taking into account failures,
sparing concepts and services offered) is matched against launch
decision criteria in order to establish the schedule .for
replacement launches and the 'timing of additional capital
expenditures for replacement satellites and launches. The timing
and cost information is then passed to the second part of the
Model which performs the financial camutations and establishes
values of the financial performance measures.

The Model is implemented such that certainty conditions can
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PROBABILITY OF ANNUAL SPACECRAFT ODURCHMASES

NUMBER OF . . __DROBABILITY. OF .
T T T T T SPACECRAFY INDICATED QUANTITY (PERCENT)
10 ° o o o o o ° o
] o ° 0 o ° o ° o
ot ° ] ° o o o o o
? o o o o o o P 0
6 0 0 o (] o o ° o
S o o ° o ° o o o
) o ) ° ° (] ° o o
3 o] ° o ] o o o )
2 o o o '] 12 1 6 2 -
1 o o o 9e ez 17 67 20
o 100 100 100 6 s a3 7 78
YEARR 1 2 3 .

(L]
-]
~
[ 4

AVERAGE
VRLUE .« OO . 00 . 00 .94 1.07 .18 1. 00 P-7S
STANDARD
DEVIATION e d . 00 . 00 -2 I ¥4 . &0 .38 .68
PROBABILITY OF ANMNURL SPACECRAFT PURCHASES
NUMEER OF SROBRARILITY OF
SPACECRAFT INDICATED QUANTITY (PERCENT)
10 [«] o] 4] o] 4] ¢ o
9 o [+ (3] (] [} o ¢
8 [} ] (] <] &) [ ]
? (6] ] (] [¢] (4] 4] o
[ O 0 o o © [ o
S [>] o o] o 0 ] [¢)
Y [+ ) © [o] [+ o o
3 [ (4 o] 3] 1 1 [Q
K 1 1 : e 14 3 1
1 11 1e 13 ce S3 8 9
o a3 a7 a7 74 3 38 30
YEAR 9 10 11 12 13 16 1%
RAVE RAGE
VAL UE P ¥4 .14 .18 .29 .83 .77 RS P
STANDARD
DEVIATION . 34 .38 . 36 -3 .68 .7 . 36 -

FIGURE 2.13 FSS SPACECRAFT STATISTICS

39



be easily analyzed as well as the ‘unoertainty situations. For
example, the number of desired runs is an input parameter and can
be set to one when all ranges of uncertainty are set to zero
(i.e., minimm and maximum values are set equal). A user
friendly system has been developed for entering this data into
the Model and is described in Appendix B.

2.4 Qost Estimation - The RCA PRICE Model

The analysis of commmications satellite business ventures
requires the specification of satellite recurring and
nonrecurring costs. The RCA PRICE Model, a set of cost
estimating relationships and associated data base, was used to\
establish the recurring and nonrecurring costs for the FSS and
DBS base case satellites as well as caomparable costs for the
spacecraft utilizing the ion-thruster and Gallium Arsenide solar
cells as per the NASA specified technology programs. These "new"
technology configurations included major redesigns so as to make
most efficient use of the technology improvements,

The RCA PRICE Model was used for all cost estimates with the
exception of the launch costs. These were established using the
Space Shuttle pricing formula that relates price to mass or

length. The cost estimation is described in Section 5.4.
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3. BUSINESS SCENARIOS

The DOMSAT II Model was configured so as to simulate a broad
range of cammunications satellite business ventures. As with all
models that attempt to simulate the real world there are
limitations to the scope of the business ventures that may ‘be
reasonably simulated. Even for those that may be simulated the
level of detail considered is limited. The following paragraphs
indicate the range of business scenarics that may be simulated
and describe in general terms the business scenarios considered
for assessing the impact of the speqified NASA technology
programs. The specifics of the considered scenariocs are
describedinSectiai6andAppendixC.

Business scenarios are described in terms of market,
technology, financial and scheduling considerations. In general,
the market considerations include the specification of the
services to be provided, the demand for the services, pricing of
services and price elasticities (cross—elasticities are not
considered). The technology .ca'xsiderations include the
specification of the number and type of transponders and their
arrangement (including sparing), and transponder and other S/C
subsystem reliability characteristics. Technology considerations
also include the specification of the launch scenario in terms of
the probability of success of performing each of the major steps
in the launch sequence. Scheduling considerations include
desired launch times for initial launches and likely rescheduling
launch delays. The financial considerations include the
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specification of launch, insurance, §/C nonrecurring and
recurring costs and associated cost spreading functions. It also
includes the specification of tax related data, interest rates,
discount rates and various expense and balance sheet data. The
data tequite:ents} are summarized in Section 2 and described in
detail in Appendix B.

The establishment of a busmess scenario starts by .
specifying the maximm number of operational satellites that will
be included in the business system during the plaming horizon
and the desired launch schedule for each. The Model establishes
when each of these satellites is actually launched and when each
fails and is to be replaced. Whenever a laumnch is attenpted the
Model establishes whether or not it is successful. If the launch
is unsuccessful a relaunch will be scheduled based upon possible
launch delays (the latzixch delay may be treated as an uncertainty
variable). The time to transfer fram LEO to GBO (including the
time required for on-orbit testing) must also be specified.
Since additional transponder failures (those already in orbit on
other S/C) may occur during this time, long transfer and testing
times may have an impact on revenue,

The Model allows hybrid S/C to be cd':sidered as well as S/C
operating exclusively in a single frequency band. This is
accamplished by considering two classes (actually the classes may
be the same) of transponders - each class may contain a number of
groups of transponders containing a number of operational and
spare transponders. The number of classes (dne or two), number
of groups per class and number of active and spare transponders
per grogp must be specified. All satellites in the business
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system-are assumed to be_identical.

The_classes_of _transponders

are referred to as narrow- and wide-band transponders - it must
be emphasized that the Model does not directly consider the
bandwidth characteristics of the transponders but only the number
of actual and spare transponders and their télid)ility
characteristics. The effects of bandwidth differences are
accounted for in the specified tariffs for the narrow- and wide
band transponders. Thus, the number of groups, number of activé
and spare transponders per group and transponder mean-time-to-
failure and expected and variability of wearout life must be
specified for both the narrow- and wide-band classes. Since the
survivability of transponders is effected by the S/C support
subsystems, their reliability characteristics must also be
specified.

As previously described, four types of communications

services may be provided. The specific services to be provided

=== 2pTw

by the business must be identified and the demand for these
services specified for each of the operational satellites as a
function of time. The demand is specified in terms of number of
revenue generating transponders each year for both the narrow-
and wide-band transponders. The demand may be considered as an
uncertainty variable. Also to be specified are the anticipated
tariffs for each type of transponder for each type of service
| (also an uncertainty variable). This data mst be provided
annually. Price elasticities need also be specified.
Since two different types of transponders (having different
revenuve generation capebility) may be considered it is necessary
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to specify a relaunch threshold in terms of both the operational
narrow- and wide-band transponders. When this threshold is
crossed another satellite (i.e., a replacement satellite) launch
will be attempted.

A launch scenario must be specified for each year of the
business plamihg horizon. The specification of the launch
scenario is accomplished by providing estimates of the
probability of success for each of the major steps in the launch
sequence. Thus, both Space Shuttle (i.e., reusable) and
expendable transportation systems may be specified by setting
appropriate probabilities of success to zero or non—-zero values.
Different launch scenarios may be specified for each year of the
business plan.

Prior to the launch of the first satellite, the Model
automatically purchases a spare S/C and places it into inventory.
This S/C is then used for the next launch and another S/C becames
the spare in ground inventory. _ |

Insurance may be considered for launch and satellite cost as
a percentage of these costs. This percentage (may be considered
as an uncertainty variable) must be specified. If no insurance
is to be taken (i.e., self-insurance), this mst be explicitly
stated.

Annual cost of S/C operations, G&A expense (both fixed and
variable), | R&D expense (both fixed and variable), and other
annual expenses (both fixed and variable) must be specified.
These may be treated as uncertainty variables. S/C unit
recurring cost learning rate must also be specified. §/C unit
recurring and nonrecurring and launch cost must be specified and
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may be treated as uncertainty variables. The S/C costs are

specified- for first—unit—and-learning effects are used to
 establish other costs. Cost spreading functions (percentage of
‘expenditures made each year) must be specified for S/C unit
recurring and nonrecurring cost and launch cost. Launch costs
must be specified each year taking into account S/C attributes
and launch scenario, -

Finally, other business related factors such as depreciation
lives, interest zate€, tax related data, discount rates and
balance sheet related data must be specified to complete the
definitim of the business venture.

. fThe above data (provided as per the details in Appendix B)
campletely specifies a business scenario. Two base case business
scenarios were developed (in terms of the above data); one for
an FSS business venture and the other for a'uas business venture.

Spacecraft technology programs were identified by NASA together

-ad | S
with teir 1

ikely outcames. These likely outcames were used to
specify the new technology that would be available for
incorporation into the base case S/C (see Sectian 4). The base
case S/C were reconfigured using the new technology so as to
@Miu the value of the technology to the business venture (see
Section S). The reconfiguration of the S/C, in general, resulted
in mass reductions that were put back s0 as to alter the
attributes of the S/C and increase capability. The mass savings
were used to extend satellite life and to increase the number of
available transponders. It was determined that for the business

scenarics considered it was of greater valve to increase
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satellite capability than to use the mass savings to achieve
transportation cost savings (see Section 6). Thus two business
 scenarice were defined into which were placed the base case S/C
(i.e, without the technology that would be developed as a result
of the specified NASA technology programs) and new technology S/C
incorporating the anticipated results of the NASA technology
programs. The financial value of the business scenarios without
and with the new technology satellites was established - the
differences being the value of the technology programs to the
specific business scenarios evaluated. Specific results are
presented in Section 6 for each of the considered business

scenarios and extrapolations to satellite markets are presented
in Sectian 7.
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4. TECHNOLOGY CONSIDERATIONS

4.1 Introduction

Two technology improvements vere- chosen for consideratiom.
These were 3judged to be NASA programs which could most-
significantly impact the utility of commmications satellites in
the time frame of interest. Ion propulsion for North-South
Stationkeeping (NSSK) and Gallium Arsenide (Gahks) solar cells
were selected as the two technology areas to be analyzed for
application in the 1990 time frame. The assessment of the U.S.
technologies is largely based on information provided by NASA.
In addition, foreign technology in associated areas which would
campete with applied NASA technologies was assessed.
Specifically, Buropean and Japanese programs in electric
propulsion and solar cell development were investigated.

The two satellites used as models represent the two types of
services which will be available from communications satellites,
i.e. fixed services (point to point) and direct broadcast (to
hame receivers). V'Iheﬁe 7are cmpared with and without the
improved technology assumed to result fram the NASA programs. To
further account for different satellite désign philosophies, a
spinning configuration and a three-axis stabilized confiquration
were considered. Both spacecraft represent current state—of-the-
art satellite designs and, in fact, similar satellites are now
being built for specific custamers. In both cases those
customers are cammercial corporations within the United States.

The two technologies selected for this study, inert gas ion

propulsion and Gallium Arsenide planar solar arrays, are
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camponents of the NASA Lewis Research Center Technology Program.
Because of the limited time and scope of this study it was not
possible to delve into the full depth of detail associated with
these technologies., Bowever, an attempt was made to extract the
essence of performance improvements required to assess the impact
of these technologies on the selected spacecraft. The results
are representative of the improvements possible with the
inclusion of the new technologies.

4.2 NASA Technology
4.2.1 Jon Propulsian for North-South Stationkeeping (NSSK)

Electric propulsion is an advanced form of space propulsion
that makes use of electrical energy to accelerate and expel an
ionized propellant at a relatively high exhaust velocity. 1In
contrast to chemical propulsion, the exhaust wvelocity is a
variable that can be controlled in the design and operation of
the electric thrusters. There are two generic types of electric
thrusters categorized as electrostatic and electramagnetic,
according to the mechanism used for accelerating the propellant.
In this study only the electrostatic type of propulsion,
otherwise known as ion propulsion, was considered and applied
specifically to a particular function, that is north-south
stationkeeping. This is the application that pramises the most
important savings in spacecréft mass,

The particular electrostatic ion-thrusters of interest here
are sapetimes known as the electron bambardment type. They
usually use a gaseous propellant which is typically mercury

vapor, xenon, or argon. These gases are ionized by electran
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impact in a discharge chamber to form a neutral plasm. A

the accelerating electrodes in order to extract ions from the
discharge plasma and accelerate them to high velocity; thus the
exhaust is an ion beam. 1In order for such a device to be used
effectively as a thruster, electrons must be injected into the
ion beam in equal mumbers in order to neutralize the exhaust.
The use of these high voltage accelerating electrodes and
associated heaters and discharge power requirements make a
significant impact on the spacecraft power system.

The inert gas ion-thruster is the technology of interest.
This represents the latest technology with respect to the
development of electrostatic thrusters and is the program -
currently under development by the NASA Lewis Research Center.
This technology is taken and applied to the two baseline
spacecraft and the impact on the utilization and performance of
the spacecraft is developed.

1990 technology is assumed in all cases for the NSSK. The
* ion-thruster spacecraft designs lead to an 8-cm diameter thruster
with a thrust level of 8.6 mN. An eight year mission life for
the fixed sources and a seven year mission life the for direct
broadcast satellites lead to a propellant mass of Xenon of 9.4 Kg
for the former and 8.2 Kg for the latter.

A typical ion thruster subeystem has major camponents
consisting of the ion-thruster, the power processor, and the
propellant tank and float control. The specific impulse derived,
based on varibus formulae and constraints on the spacecraft, was
fond to be 2,926 seconds with a power-to-thrust-ratio of 32.2.
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The duty cycle for operation is assumed to be three hours per
day, every day for the mission. This will ocounter the
acceleration due to lunar and solar attraction. The details of
the system are given in Section 5.0.

4.2.2 Qalliun Arsenide (GaAs) Planar Solar Arrays

In the last 30 years, photovoltaic technology has made
impressive advances in the U.S. spece program. Performance has
steadily - improved, dprab'ility and reliability have been refined
and costs held stable., For the past five years, the NASA program
has emphasized the laying of a foundation for high capacity,
earth orbital photovoltaic power systems. Suwh a technology
program offers the possibility of significantly reducing the mass
of the power systems of geosynchronous camunications satellites.
With power system mass equaling payload mass in present
technology, there are obvious opportunities to improve spacecraft
- performance for commercial applications.

Another aspect of geostationary orbital operation results .in
the need to increase the radiation tolerance of solar cells.
Increased tolerance not only increase the end-of-mission (EOM)
power which reduces the size and mass of the array, but also
flattens the change (degradation) of power with time, which can
lead to power system simplification. | The NASA photovoltaic
érogram has major targets of increased efficiency, increased
radiation tolerance and the use of concentrators in solar and
planar arrays with reduced mass and increased performance.

Concentrators have emerged as a cost effective, viable

alternative to silicon planar arrays. For example, miniaturized -
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Gallium Arsenide solar cells with 19 & efficiency at 100 times

concentration and 80° C temperature have been demonstrated. The
GaAs technology in planar arrays is applied to .the gpacecraft
configurations in order to study enhancemented spacecraft
performance due to the introduction of this new solar cell
technology.

Lightweight array technology continues to advance and is
nearing flight readiness. Lightweight designs with thin cells
have successfully passed 4,000 geosynchronous thermal cycles,
Thus, there is confidence in a greater t.han_ twenty-year
durability. Lightweight blankets require lightweight deployment
mechanisms, thus, reducing the mass of the mechanisms associated
with the solar array drives for a non-spinning spacecraft.

Gallium Arsenide solar cells have well-known advantages over
silicon solar cells, making them potential candidates for use in
a wide variety of space missions. The availability of these
cells will provide new benefits in temms of reduced mission cost
and increased mission- c‘:apabiiity. There are four major
advantages associated with the use of Gallium Arsenide solar
cells: high-temperature operations, higher efficiency, higher
specific power, and increased radiation resistance.

As an indication of the impact that Gallium Arsenide cells
could have on camercial spaoe missions, Figure 4.1 illustrates
power available in an orbit with 200° C annealing over a period
of 10 years. Thus, the impact on the geostationary missions of
these anticipated radiation resistant Gallium Arsenide cells,

coupled with annealing at 200° C is significant. In fact, the
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regulation of power output over the life of a geostationary
mission to within 5%, is a possibility.

A camon misconception is that Gallium Arsenide cells have a
weight disadvantage relative to silicon cells. In fact,
canventional space blankets supply more power per unit mass with
GaAs than do silicon cells. Table 4.1 presents a camparison of
panel weights for silicon arrays using a K7 cell and a GaAs array
using 17% standard LPE cells, currently under Air Force
development. Both arrays are designed to provide the same power
at end of mission (defined as 7 years in geosynchronous orbit).
Not only will the total blanket weight be reduced by more than 6%
with GaAs but total panel area will be 278 less as well.

The potential for ultra-high specific power with GaAs far
exceeds anything achievable with silicon. With the anmticipated
improvement in efficiency and reduction in mass yet to come, cell
specxflc power approaching 10 kW per kg now appear feasible.
Blanket specific powers in excess of 1.5 kW per kg should also be
achievable. This blanket spécific power includes solar cell
blanket mass, mass of the covers and adhesives and cell
interconnections., CQurrent space cell blanket specific powers are
typically 40 to 80 Watts per kg, a factor of 20 to 40 less than
anticipated for future GaAs blankets.

Solar cells intended for space use must withstand many
severe environmental challenges. A major concern for
geosynchronous missions, for example, is the degradation of cell
output caused by charged particle bambardment, CQurrent
technology silicon cells will degrade as much as 25% or more over
a 10-year life. GaAs cells exhibit a degradation of only about
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TABLE 4.1 COMPARISON OF GaAs AND SILICON CELL MASSES*

Subsysten GaAs K7

Cell Assembly 40.4 kg 35.7 kg
Adhesive, etc. 5.7 7.8
Substrate 18.9 25.9

65.0 kg 69.4 kg

*Panel Size Reduction: 27 &
Baseline: 2 X 4 cn GaAs Cell, Same BOL Power as K7 Cell

(821 W)
%
Gaks, 172 D
~
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FIGORE 4.1 POWER AVAILABLE IN ORBIT WITE 200° C ANNEALING
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158 over the same 10—_year period. Bowever, ocamplete radiation
resistance is Not anticipated for GaAs or silicon. Therefore,
restoration to beginning-of-life (BQL) output by same kind of
annealing is desirable. 1In fact, GaAs is amenable to such
processes and can be restored to beginning of life output power
on a periodic basis. This then reduces or eliminates the overall
degradation of power available to the spacecraft.

Mission studies show that for certain mission classes GaAs
cells at a cost of $300.00 per watt can be coampetitive with
silicon cells at a cost of $100.00 per watt on a total mission
cost basis.' Thus, GaAs solar cells do show many technological
advantages over silicon solar cells and appear particularly
suited for geostationary missions. Power-to-mass-ratios as high
as 2.5 kW per kg have been demonstrated. Radiation resistance is
already comparable to that achieved in the best silican cells and
amealability surpassing that demonstrated by silicm has been
obeerved. Thus, GaAs solar arrays have been considered for
implementation in the 1990 time frame. A conservative 1.5 kW per
kg is assumed for the blanket specific power of the solar arrays.
Associated improvements have been taken into account in the
developed advanced technology spacecraft designs.

4.3 Foreign Technology

4.3.1 Ion Propulsion for NSK

In Gemany . _
| The most extensive development of ion propulsion in the free
world outside of the United States has been in Germany. The RIT

series of thrusters have been developed to a flight ready status
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at the University of Geissen since 1960. [1) RIT stands for

Radiofrequency Ion-Thruster and denotes a series of —thrusters
wherein the gas ionization for the production of ions to be
accelerated is accamplished by the absorption of 1 MAz
electramagnetic radiation instead of contact ionization or the
method used principally in the United States of electron
bambardment  ionization. A series of thrusters with beam
diameters from 4 am to 35 cm have been tested using mercury as
the propellant. The RIT-10 thruster with a 10 am beam diameter
was chosen for industrial development by MBB in 1970 as its
thrust level (10 mN) was considered well developed at that time.
The RIT-10 thruster was developed for the APEX and HB-SAT
satellites but both programs were canoen'ed. [2] The RIT-10 was
then developed for the German-French TV-SAT D3 telecammunications
satellite but was deleted fram the mission due to budgetary
considerations. = As a result of these development programs, the
RIT-10 thruster has been extensively tested over long periods of
time. Using mercury as the propellant, the RIT-10 thruster
produces 10 mN of thrust with an exhaust velocity of 38 FKm/s.
Beam current is a maximum of 220 mA and beam voltage is 1.5 KV,
The RIT-10 thruster consumes 375 W of power and has been lifetime
tested up to 8150 hours. |

In 1982, an opportunity to fly the RIT-10 thruster on the
Buropean Bureca-l retrievable satellite materialized. The RIT-10
thruster with neutralizer, propellant storage and feed systems:
and power conditioner and control is designated the RITA-10
system (RIT-10 Assembly). Due to contamination of the exterior

of the Eixreca-I, which is to be retrieved by the Space Shuttle,
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the RIT-10 propellant was changed fram mercury to xenon. The
RIT-10 thruster originally designed to operate with mercury was
found to provide similar performance with xenon as the propellant
with a slight increase in required electrical power principally
due to the increased energy needed for propellant ionization. [3]
Thrust for the RIT-10 thruster utilizing xenon as the propellant
is variable from 7 to 14 mN. At a baseline thrust of 10 mN, beam
current ié 0.156 A, beam voltage is 1,500 V and the specific
impulse is 2,450 sec. Mass flow is 0.4 mg/s and total efficiency
is between 55% and 60%.

Due to the increasing size of geostationary canmnicatimsr
satellites, the RIT-10 is felt to have been outgrown by the
satellites it was designed to operate on. ‘Therefore, work was
initiated in 1981 to adapt a larger RIT-15 thruster for use with
xenon. [4] The RIT-15 thruster with a 15 cm beam diameter was
originally designed to use mercury as the propellant but like the
RIT-10 thruster was found to work well with xenon. Thrust was
measured up to 16.2 mN at a beam current of 0.249 A and a beam
voltage of 1,550 V. Mass flow at this thrust valuve was 0.415
mg/s with an exhaust wvelocity of 37.2 FKw/s. Electrical
efficiency was 62.6%, propellant efficiency was 78.3% and total
efficiency was 49%. Total power consumed is 617 W with 160 W of .
the total going to the RF ionization system. Work is continuing
on the RIT-15 xenon thruster with a goal of 40 mN of thrust at a
beam current of 0.570 A and a mass flow 0.955 mg/s. Associated
goals are an exhaust velocity of 42.4 Km/s, a beam voltage of
1,800 V and a total efficiency of 61.6%8. The total required
electrical power at these canditions would then be 1380 W.
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In Jagen

Mﬂg!ghjm,ptpgllsimvdev,elop{nnt,in_Japan,hAstbe.envas

extensive as in Burope, there has been the opportunity to flight

_test hardware. The Japanese effort up to this time has been
ccncéxtrated on a 5-cm diameter mercury ion-thruster utilizing
electron bambardment propellant ionization. Two of these
thrusters were tested on the ETS-III1 (Engineering Test Satellite)
launched on September 3, 1982. [5] These engines were developed
by the National Space Development Agency of Japan. During the
flight, measured performance duplicated ground-based test
results., Thrust was measured to be 2 mN at a specific impulse of
2,357 seconds. Beam current was 0.030 A and beam voltage was
1,000 V. Mass flow was 0.1 mg/s with a propellant utilization |
- efficiency of up to 75%. |The total ion propulsion system
| including propellant and two thruste:s wéighed 22 Rg and consumed
100 W of electrical power. One of the thrusters has accumulated
182 hours of operation in space.

A 20 mN class thruster test utxllzmg xenon as the
probellant is planned for ETS-VI to be 1atmd1ed in 1992 (6]
Projected performance for this thruster includes a beam diameter
of 12 an, beam current of 0.480 A at the same beam voltage Of
1,000 V and a thrust of 25 mN at a specific impulse of 3,400
seconds.

In France

The youngest of the ion propulsion developne&t programs is

located in Prance involving the FEEP program. [l1] FEEP stands

for Field BEmission Electric Propulsion where the ion acceleration
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process is not abtained by the usual method of acceleration grids
based at high voltages. In FEEP a liquid metal surface is
. subjected to high electric field causing cusps to form. At the
tips of these cusps, the electric field is high enough to
spontaneously produce ions which are then accelerated away in a
beam providing thrust. The particular design being studied by
the French firm SEP has the ions being emitted through narrow
(1 micrometer) slits. Performance has been measured in the
laboratory to be a thrust of 0.31 mN/am at a specific impulse of
10,900 seconds. The principal drawbacks to the use of such a
system are that 1liquid metals such as cesium must be used as
propellants and that the high specific impulse requires a large
amount of electrical power to obtain appreciable thrust levels.
Finally, units are still far fram flight testing.

4.3.2 Solar Cells [1-5]

Over the past several years, both the Japanese and é:ropeam
have been working steadily and intensively on the development of
silicon and Gallium Arsenide solar cells. In Japan, the leaders
in this development are Sharp and Mitsubishi. In EBEurope AEG
Telefunken is the principal supplier of cells. Bowever, advanced
array structures are Being produced by MBB, Fokker, Aerospatiale
and British Aerospace.

' In Japan, the Sharp Corporation in conjunction with m,
the National Aerospace Development Agency of Japan, has been
developing ultrathin solar cells which have been qualified for
space. These use a 55 micrameter thick silicon wafer. In order

to recover the loss of electrical output caused by thinning
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substrates, the manufacturing process has been improved recéntly.
Ultrathin cells of size 2 cm x 2 cm which were fabricated by this
new process have shown outputs of 72.5 w This represents an
increase of 1.8 oW over that of the 280 micrameter tfxick cells
fabricated by the conventional method. ‘

!htsubxslu in conjunction with NASDA has developed some
Gallium Arsenide cells with higher performance in radiation
resistance and energy conversian efficiency as campared to
cawentional silicon éeils. Test results indicate that 2 an x 2
can Gallium Arsenide cells have efficiencies ranging fram 16.4 to
18.6%. A typical value is 17.5%. This represents an output for
this cell of 94.7 mW. |

Solar array development in Europe is typified by the
activities of Fokker Space Division. Bere a&ivities include the
construction of camplete solar array subassemblies which are
supplied to satellite prime contractors. Fokker has attempted to
set up a geheric solar array' design for 3-axis stabilized
satellites which provides ptimé contractors with a number of
‘technical and camercial degrees of freedam. ~This design allows
the spacecraft builder to tune the array properties to their
specific requirements without the need for extensive redesign.
The array supplies power in the range of 2 to § kW at end of
life. This design is called the Advanced Rigid Array and
consists of a rigid, panel type solar array. A number of panels
can be selected (between 3 and 7). This design is capable of
achieving or exceeding 30 to 40 W/kg for the camplete array
subsystem including the satellite sidewall mounted substructures.
_ Table 4.2 ‘sgmnar,izeé large solar arrays being developed in
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Burope. 1Two of these, the ARA and the L-SAT represent new
developments while the others have already been developed.
Existing European arrays have considerable growth capabilities.

TABLE 4.2 LARGE SOLAR ARRAYS IN EUROPE

Name Type BOL BEquinox Power (KW) Retraction
Tested  Growth
GSR Rigid Panel Fold-out 3 6 -
OLpP Rigid Prame Fold-out 3 10 +
"ARA Rigid Panel Fold-out (3) 6 -
DORA Double Roll-out 9 (20?) +
ST Double Roll-out S 10 +
SPOT Flexible Fold-out 2.6 10-12 -
I~SAT PFlexible Fold-out 4.2 11 -
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5. SPACECRAFT CONFIGURATIONS AND QOSTS

5.1 intfosgctjon— 7 — —— — ——

Two spacecraft configurations were selected as being
representative of the coonmmications satellite industry. These
two configurations consisted of a fixed services satellite and a
direct broadcast satellite. Purther considerations included the
fundamental question of stabilization technique. Since there are
two approaches to this problem ( i.e., spin stabilization and
three-axis stabilization), it was deemed appropriate to select
one of these two satellites as a spinner and one as a non—
Spime}:. Therefore, the fixed services satellite was selected to
be the spinning configuration, based on Bughes Aircraft Campany
designs. The configuration is a dual spin satellite with
deployable solar array skirt and a high gain earth oriented
antenna. ‘This is in fact the current state of the art for such
spacecraft of this configuration. The direct broadcast satellite
was selected to be the non—sp1m.mg or three-axis stabilized
caqfigurgtj.qu. B 'Dus design is typical of many ca;muniqation
satellites built by RCA, Pord Aercspace & Commmications
Corporation and General Electric. It also represents current
state of the art technology cmceming't.he s.:bsysters »

A great deal of detailed deéign information was available
on these two spacecraft. This information was utilized in
developing the baseline designs, as shown in the following
sectlons Bowever, ohly those design aspects which were
pertinent to the study have been included here.
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5.2 Fixed Services Satellite (PSS)
5.2.1 Baseline Design

The baseline Fixed Services Satellite design selected for
this study is based an the Bughes Aircraft Company product line,
BS 376. This is a dual-spin satellite with deployable solar
array skirt and a high-gain, earth oriented antemma, as
illustrated in Pigure 5.1.

‘This spacecraft is designed to provide full functional
capability over an 8-year mission life. ‘The mission probability
of success, with 16 channels operating, exceeds 0.80. The
payload capability is similar to Anik C and SBS, and consists of
a shared aperature, dual-polarized antenna system camplementing a
l6~channel commmnications repeater. The repeater closely
resembles that of Anik C; the antemna reflector and the
mechanical deployment features are identical to those of the SBS.
Shaped area and regional spot beams are similar to those of GIE's
GSTAR (Figure 5.2). The beam shaping technique is identical to
that of SBS.

Spacecraft Mass and Power

~ The mission mass budget, including the derivation of the
spacecraft dry mass, is presented in Table 5.1. Table 5,2 gives
the spacecraft_ mass by subsystem, The mass margin for an
STS/PAM-D launch is 25.9 kg. This margin is for a satellite with
8 years of stationkeeping propenant. Since most of the
subsystem units represent existing hardware, their masses are
known with certainty; thus, the 25.9 kg margin is a conservative

ane.
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TABLE 5.1 MISSION SEQUENCED MASS HISTORIES (kilograms)

. Mission Sequence - STS/PAM

Mass into transfer orbit 1250.9
(Inclination,deg) : (27)

Bydrazine used in transfer orbit 3.5
Bydrazine used in preburn to augment ARM 75.1
Apogee motor propellant expended 508.1
Bydrazine used in drift orbit 13.8
Spacecraft, begimning of life 650.4
Bydrazine used during 8yr 117.1
Spacecraft allowable dry mass 533.3

TABLE 5.2 MASS SUMMARY (kilograms)

——

Item MASS
Subsystem
Commumnications
Antenna 45.0
Repeater 88.9
T,C & R - 27.4
_Attitude control 25.6
Reaction control -~ 18.2
Electrical power 122.3
Thermal control 20.9
Structure 96.4
Wire harness - 27.2
Apogee motor case 31.0
Balance masses 4.8

|

Spacecraft dry mass
Total mission
propellant load
Mass margins at 8yr

nE 8
wo ~J




TABLE 5.3 POWER SUMMARY

Power
Requirement

‘Subsystem  Sunlight Eclipse
Commmications, W 695.0 695.0

Bus, W 121.9 226.3
Total, W 816.9 921.3
Solar array
margin, % 3.5
Battery DOD, % 49.9

The power requirements are sumarized in Table 5.3. The
solar panels provide a power margin in excess of 3.5 percent
after 8 years of operation with 16 channels operating. This
provides for uncertainties in the radiation enviromment. A
simple extension of the aft solar panel by 20.3 an could provide
an additional 50 watts. The batteries are sized for 50 percent
depth of discharge (DOD) at the beginning of life to ensure 8§
years of on-orbit lifetime.

Spacecraft Design

The baseline FSS spacecraft is a spin-stabilized
configuration with a deployable antenna system consisting of a
dual-gridded shared aperture reflector for communications and a
pairofxuba:ﬁmiantemasfortelenetryardcm (T& O,
The spacecraft consists of two basic sections: a spinning
section which contains the power, propulsion, T & C digital
electronics, and most of the attitude control elements, and a
despun section containing, essentially, the camunications and T

& Cequipment. Figure 5.3 illustrates the general arrangement,
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TABLE 5.4 PSS BASELINE SPACECRAFT SYSTEM CHARACTERISTICS

Attribute Value
SIZE,cm, ' '
Spacecraft diameter 216.4
Solar drum height :
Forward drum (fixed) 218.2
Aft drum (extendible) 199.0
Overall height
Transfer/drift orbit 281.7
Geosynchranous orbit 668.8
Similar designs SBS, Anik C, Anik D, Palapa B,

Westar IV/V, Telstar 3
MASS, kg.
Spacecraft/PAM at PAM ignition 3402.4
Spacecraft in transfer orbit 1251.0

On station
BAL 650.5
EQL, max allowable 533.3
Spacecraft dry mass 507.4
Margin 25,9
STABILIZATION
Spacecraft/PAM coast . : Spacecraft-supplied ANC
Transfer/drift orbit Roll-to-pitch inertia ratio
greater than 1.1
Geosynchranous orbit . Gyrostat
STATIONKEFPING
Correction Interval,
_ Limit, deq. Days
Longitude . +0.05 21
Latitude ’ +0.05 28
“Attitude (naminal) -~ - - - - - $0.22 6
MISSION LIFE 8 yr '
RELIABILITY :
Spacecraft at 8 yr,
16 channels operating .. 0.806

offering a cutaway view of the spacecraft in its on-orbit
operaticnal configuration. The spaceéraft system characteristics

are sumnarized in Table 5.4.
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TABLE 5.4 PSS BASELINE SPACECRAFT SYSTEM CHARACTERISTICS (cont)

e —————_————— ——————— L

Attribute , Value

OMMUNICATIONS SUBSYSTEM
Repeater
Receive frequency band, Gz 14.0 to 14.5
Transmit frequency band, Giz 11.7 to 12.2
No. of channels 16
Channel amplifier redundancy 20 for 16
Chamnel multiplexing Even/odd
Usable channel bandwidth, MHz 54
Channel spacing, MHz 61
Receiver redundancy 4 for 2
Receiver noise figure, dB . 4.3
Antenna
Shared aperture diameter, an 182.7
Focal length, am 152.3
Polarization Linear, orthogonal
Coverage
Receive - OONUS and QONUS + Alaska + Bawaii
Transmit : - - CONUS, east spot, west spot and CONUS
and west spot cambined with Alaska +
_ Bawaii
- Pointing RF beacon
Connectivity Individual channel to beam

connectivity cammand
ATTITUDE QONIROL

Antema pointing Two—axis beacon trackmg
- - Backup mode - -Earth sensor.
Antemna pointing error (mcludmg transients)
N-S (roll) +0.05 degrees
_E-W (pitch) +0.05 degrees
: Beam rotation (yaw) 40.25 Gdegrees
PROPULSION _
No. of tanks 4
System construction Welded titanium
Propellant Bydrazine
Propellant load, 8 yr mission 210 kg.
Max tank capacity 211 kg.
No. of thrusters 4 (2 radial, 2 axial)
Redundancy Dual halfsystems
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TABLE 5.4 FSS BASELINE SPACECRAFT SYSTEM CHARACTERISTICS (cont)

Attribute ‘ Value

ELECTRICAL POWER

System Dual regulated buses with tap
limiters

Solar cells High efficiency K-7; 2 by 6 am
typical

Cover slide thickness 10 mil.

Total array power
On station (BAL)

Solstice 1066 w
Bquinox 1126 W
On station (BOL at 8 yr)
Solstice 856 W
Bquinox 919 W
Panel margin 3.5%
Battery system 2 Ni-Cd batteries
Measured capacity 27.0 A-hr
Depth of discharge, BOL Less than 50%
Recharge time at EOL Less than 19 hr

The spacecraft bus is characterized by its two concentric
cylindrical solar panels. The launch configuration (Figure 5.4)
provides a compact arrangement, achieved by folding down the ami
antenna mast and reflect_or assembly at their hinge points and
retracting the aft solar panel. In the final oan-orbit
configuration, the spacecraft's spin axis will be parallel to the
earth's polar axis and the antenna end will be pointing north.

The two solar panels provide power in excess of 856 watts;
at least 31 watts (3.5 percent) of panel power margin exists at
the end of life with the payload camplement of 16 channels

operating simultaneously. The solar panel power prediction is
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based on NASA's model for radiation ernviromment, A7 cycie 20,

which is conservative, -

Reaction Control Subeystem
The reaction control subsystem (RCS) is typical of the BHS
. 376 spacecraft. This design uses the Palapa B tanks which are
large, in order to augment the Star 80 ARM with a preburn to
provide a capability to ¢arry heavier payloads.
The key features of the RCS are as follows:
* Gas pressure blowdown design
* Positive propellant settling by centrifugal force
* Two functionally redundant half-subsystems

~ * Interconnect latch valve for redundancy
* Monopropellant hydrazine propellant

* Conispherical titanium alloy tank design

* All-welded titanium alloy tubing

* Qualified flight hardware

The propellant tank's were selected because their capacity

satisfies all requirements of an 8-year mission. The use of
redundant half-systems with an interconnect latch valve makes all
the propellant available to any thruster. The subsystem design
includes redundant heaters, blankets, low emittance tape wrap,
and radiation canisters which preclude any operational
constraints due to the temperature environment. The gas blowdown
feature and centrifugal settling induced by spimning ensure that
bubble-free propellant is always available at the tank outlets.
The thrusters are capable of performing two times the required
operating sequence with thrust predictability maintained to
within +4 percent of naminal throughout the operational lifetime.
There are no restrictions on the number of pulses or the length

of continuous burn.



TABLE 5.5 RCS PROPELLANT ALLOCATION SUMMARY

' ’ Bydrazine
Manvever Thruster Magnitude Mass
kg (1bs)
Active nutation control '
(before PAM ignition) Radial 0.2 (0.5)
Transfer orbit :
reorientation - Axial 134 deg 3.5 (7.7
Preburn before ARM fire Axial = 141.7 m/sec 75.1 (165.6)
(465 fps)
Injection errors Axial (N-S)  36.6 m/sec
(acquisition) Radial (E-W) (120 fps) 11.1 (24.4)
Spacecraft spin axis :
aligrment Axial 114 deg 2.8 (6.1)
N-S stationkeeping Axial 3996 .6m/sec 110.3 (243.2)
' (1311.0 £ps)
E-W stationkeeping Radial - 0.8m/sec 0.4 (0.8)
(2.7 fps)
Attitude control Axial 184 deg 5.5 12.2
Repositioning ' Radial 2.9m/sec 0.9 (2.0)
: S 9.5 fps
Total hydrazine required 209.8 (462.5)
Maximummn tank capacity 210.9 (465.0)

Table 5.5 illustrates the propellant budget for the FSS
baseline design. Note that the two budget propellant users are
N~S stationkeeping and the preburn to assist the ARM.

In sumary, the RCS, shown in Pigure 5.5, is located on the
spimi,ng section of the spacecraft, and operates in a pressure
blowdown mode. Positive délivery of monopropellant hydrazine
fram the conispherical tanks.is ensured by the influence of the
local gravity associated with the spinmning environment. Wwhen
camanded, the propellant valve opens and hydrazine is pressure-
fed to the thrusters which catalytically decampose it to produce
the required thrust. -
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This subsystem consists of two half subsystems, providing
full hardware redundancy, separated by interconnect latch valve,
each containing half the propellant load required for the
mission. Each half subsystem consists of two catalytic hydrazine
thrusters with a common isolation latch valve, one propellant
filter, two propellant tanks, one tank isolation squib valve, one
pressure transducer, one fill and drain valve, and three
temperature sensors. If a thruster valve fails, the two tanks of
this subwstencanbeeahectedintotheotherhalf subsystem by
camanding the interconnect latch valve to open and the thruster
isolation latch valve to close.

Each RCS half subsystem contains a squib valve in the gas
manifold connecting the two tanks., The opening of these valves

is delayed until the final spacecraft erection to prevent
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propellant or gas migration and inbalance resulting fram the

spacecraft's orientation during launch and transfer orbit.

The Power subsystem for the FSS baseline design is
essentially identical .to that used on SBS and Palapa B. This
design provides the following:

* power for ten l6-watt and six l4-watt K<u> band communications
TWIAs over an 8-year mission life

* Solar panel margin at end of life (BEOL) to compensate for
thermal and radiation environment uncertainties

* pual, independent, balanced load electrical buses for

redundancy :

Use of the medium charge array to augment main panel power

at sumer solstice _

Two flight—-qualified nickel-cadmium batteries

Battery depth of discharge not exceeding 50 percent at BAL

Multiple battery charge rates

Individual battery cell voltage telemetry for efficient

battery management

Bus voltage control during eclipse and sunlight

L 20 B BN »

»

The main ccnpmentsofthemvetsubsystenaxe the solar
arrays, batteries, bus voltage limiters, discharge controller,
charge/tecmdltlmmgmut, battery cell voltagemmtors, solar
drun positioners, and switching units for bheaters and the
telemetry/ranging mode. Table 5.6 lists the physical
characteristics of this subsystem. The major components are
located on the spinning section of the spacecraft, as shown in
Pigure 5.6. Power .is delivered to the despun section via the
bearing and power transfer assembly (BAPTA).

Solar arrays cansist of two concentric cylindrical paﬁels of
n-p silicon solar cells. ‘The forward panel is attached to the

main étructure and is divided into two arrays separated- by a
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Unit

TABLE 5.6 PHYSICAL CHARACTERISTICS

Quantity per Total
Spacecraft Weight
kg (1b)

Design Features

Solar Array

Bus limiter

Forward panel electrical assembly
Porward panel substrate

Aft panel electrical assembly
Aft panel substrates

Solar drum positioner mechanism
Solar panel attachment
Batteries

Discharge controller

Charge/reconditioning unit

Battery cell voltage monitor
Battery heater controller
Pyrotechnic switch unit
Qurrent sensors

Medium array switch unit

18.1 (40.0)
21.3 (47.0)

2.1 (4.7)
.7 (10.3)

«3 (139.5)
.4 (14.1)

2.8 (6.1)
0.9 (1.9)
0.7 (1.6)
0.5 (1.2)
0.3 (0.6)
0.4 (1.0)
0.7

[l NN Lad N =N 0O W W
on
[ VA L)

(1.6)

K-7 solar cells,
10 mil fused silice
cover glasses

Redundant motors

2] A-hr cells
One redundant PWM
requlator per batte-
Four circuits per u.. -
functionally redunce:
Redundant relays,
ground commanded
Bybrid microcircuits

Redundant sense
resistors
Redundant relays,
ground camnanded
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~ thermal radiator band, while the aft panel is retracted over the
forward panel during transfer orbit and extended to its operating
position in geosynchranous orbit. This aft panel is supported by
three longitudinal rack and pinicn drives and is extended from
the main structure by the solar drum positioners. Redundant
flexible ribbon cables are used for electrical connections with
the aft panel. In transfer orbit, solar power is prwided by the
aft panel only. ‘-

Eight nickel-cadmium battery packs, each with eight cells,
are located on the periphery of the spinning shelf in proximity
to the thermal radiator. The packs are connected in two 32-cell,
77 A-hr batteries. The main power dissipating components, bus
voltage limiters, and battery discharge controller are also
mounted on the spimning shelf.

C ticnal O teristi

Spacecraft power is provided by two independent and balanced
load electrical buses, as shown in the block diagram of Figure
5.7. The main solar arr.ays are connected to the buses through
redundant isolation diodes. Redundant bus voltage limiters act
to limit the bus voltage to 30.0+0.5 volts, except for a brief
rise to 42.5 volts on exit fram eclipse. The limiters operate as
‘partial or tap shunt regulators, o as to load a portion of each
array rather than the main bus. This permits control of the
voltage while limiting the maximun thermal dissipation. In
steady operation, the solar arrays supply all the required power
during sunlight conditions.
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During eclipse, bus power is delivered by the two batteries
vhich automatically assume the load as the solar "array output
diminishes with the onset of the eclipse. Battéries are
connected to the spacecraft power buses through the discharge
controller which regulates each bus at 29.130.1 volts. During
sunlight operation, the discharge controller is in standby mode
since the main bus voltage is greater than the controller
setpoint. In the event that additional power is required to
supplement the solar array for power transients or fault
clearing, the battery will automatically came an line to supply
additional power.

Battery charge current is supplied by the current limited,
boost charge arrays which are connected in series with the main
arrays. 'Two trickle charge arrays and two medium rate charge
arrays permit a selection of multiple charge rates throughout the
mission, Between successive eclipses, batteries are nommally
charged in sequence at high rate, using all four charge arrays at
a time. During noneclipse seasons, the batteries are trickle
charged. All battery charging opertions are controlled by ground
commands which switch relays in the battery charge/reconditioning
unit and medium array switch unit. '

A sumary of design and performance characteristics is
presented in Table 5.7. ‘These data include voltages, power
capacities, and charging currents.

5.2.2 Jon Propulsion Impact
The baseline Fixed Services Satellite presented above has

been modified to include the use of ion propulsion for NSSK using
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TABLE 5.7 DESIGN AND PERFORMANCE CHARACTERISTICS

Bus Voltage*
Sunl ight operation 30.0
Eclipse operation 29.1
Posteclipse transient 42.5

Main Solar Array BaL KL (8 YR)
Power capability ‘
Summer solstice 1052 w 856 W
Autumn equinox 1129w 919 W
Power margin at summer solstice 209w 9w
Power margin at autumn equinox 197 w 31 W

Battery Charge array
Available charge current
Trickle, Summer Solstice
High rate, Autumn i
Maximum recharge time for 2 batteries 1

.4
.4
5

3
5

- o

A
A
hrs 19.
Batteries

Number 2

Cells per battery 32

A-hr rating, each battery v{j

Maximum depth of discharge

BOL 50% . )
Temperature control range 5° to 20° C (41° to 68" F)

Battery Discharge Controller :
Rated steady state output current (per bus) 23.6 A
Qurrent limit (per bus) 31 A

TWIA Shutoff Voltage
Bus voltage <26.5V

Solar Array Deployment
Extension distance 210 cm (82.7 in)

Deployment time (at 25 steps/sec) 75 min.

* With distribution losses, voltage at the load is 28V minimum
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NASA developed technology. The baseline satellite has thus been
réomfigured with the new imptovéd technology - ion propulsion -
and the DOMSAT Model has been run with the resulting changed
spacecraft parameters., Poreign technology is also reviewed —
differences are discussed in following paragraphs. The ion
propulsion system selected for NSSK of this size spacecraft uses
gas such as xenon. Its duty cycle of usage is assumed to be
three hours a day on the average. A single thruster is assumed
to be used with a backup thruster on the spacecraft. The NSX
requirement represents an average velocity increment of 45.8
m/s/yr. This represents an average acceleration of 1.45 x 10‘_6
ns?2 . Both spacecraft are assumed to have a BOL mass in orbit
of 625 kg. This leads to a daily impulse requirement of 78.4 N-
S.

In order to use the thruster effectively two effects must be
accounted for. The thruster will be canted away fram the solar
arrays; in the case of a non-spinning satellite, up to an arngle
of 30 degrees. In the case of a spinner, such as the Fixed
Services Satellite, there are other losses associated with
impingement of the plume on the structure. Thus, this factor has
been accounted for by assuming a loss of effectiveness of 13.4%
due to either canting or plume impingement. In addition to this,
the three-hour thrust interval requires that some non-ideal
impulse be applied as the spacecraft moves around the orbit.
Thus, the thrust effectiveness, due to a finite burn time of
three hours is calculated to be 97.45%. Combining these two
factors leads to an overall thrust effectiveness of 84.3%.

Therefore, the total eguivalent daily impulse required of the
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thruster is 92.9% N-S. This leads to a thrust level over a 3-

hour period per day of 8.6 mN. Using an 8-year life for this FSS
miséim, several factors have been developed that are associated
with the design of the subsystem.

The important design parameters that were derived based on
the above assumptions are as follows. The beam currént is 0.18
amperes with a specific impulse of 2,926 seconds. This leads to
an acceleration voltage of 923.9 volts and a power regquirement
of 276.6 watts. The propellant load for 8 years is calculated to
be 9.39 kg. The power processor mass is calculated to be 5.54 kg
and the thruster mass is 4.56 kg per thruster. In addition to
this, a tank-isneed‘ed to hold the xenon. Assuming a 5% margin
of xenon mass which gives a total propellant mass of 9.86 kg, the
volume of the required tank at 75°F in a 4200 PSIG is 593.9 cubic
centimeters. This results in a spherical tank of radius 9.7
centimeters and a mass of roughly 3 kq.

The amount of hydrazine allotted for NSSR in the baseline
FSS propellant budget is 110 kg. Thus, there is a significant’
potential savings in temms of overall spacecraft mass, which
@d be used in other areas. The total differential savings
between the elimination of the hydrazine and the addition of the
xenon is approximately 101 kg. In addition to this there is the
added savings of smaller propellant tanks for hydrazine. The
mass of the dry ion-thruster system which is approximately 20 kg
with plunbing and harnesses must also be added in. Net savings
for the use of ion propulsion is therefore approximately 90 kg
for the 8-year mission. This assumes that the baseline battery

C-"o-
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propulsion with a duty cycle that would be sufficient to maintain
orbital control. If this is not the case, additional batteries
and solar cells may have to be added or comitted to the ion
thruster system. |

Poreign competition in ion propulsion for NSSK is discussed
in Section 4.3.1 and is represented largely by the Germans with
the Japanese following closely. The Germans are developing the
RIT-10 and have had same £light experience with it. This is a
thruster which useslnerc.ury as a propellant and produces a thrust:
- of approximately 10 N. It has a beam current of approximately
0.22 amps at 1,500 volts. It requires 375 watts of power and has
a tested lifetime of 8,150 hours. This thruster has 'also been
used with xenon with which it requires slightly more electrical
power. Thrust with xenon ranges fram 7 to 14 mN, and could
therefore perform NSSK for the FSS. It has an associated
specific impulse of 2,540 sec. This implies that it is not as
quite a high performer as the NASA inert gas system being
developed by Bughes Aircraft.

The Japanese have also been advancing quickly in this area.
They have developed a 5 cm mercury ion-thruster which was flown
on ETS-111. The thrust level was only 2 mN at specific impulse
of 2,357 seconds. The Japanese are currently developing a 20 mN
type thruster using xenon. This is planned for a 1992 flight.
Thus, for the time frame of interest, it is felt that the
Japanese will not have a campetitive system.

5.2.3 Solar Cell Impact
The effect of new solar cell technology on FSS was
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~ evaluated by increasing the cell efficiency fram 13% to 18% and

making the appropriate adjustments in solar array size,
structural mass, thermal requirements, etc. The results indicate
some impfovenent in payload utilization and reduced spacecraft
mass, (14 kilograms) as indicated in Table 5.8.

5.2.4 Point Design with Improvements

| Two point designs of FSS satellites were developed, ane
which includes improved solar cells and the other an ion
propulsion NSSK system. Both designs r_esulted in a mass savings
at liftoff which was then "put back" into each satellite to
extend its capability. The satellite with the ion thruster
design had sufficient mass savings to allow for four (4) added
transponders and enough additional propulsion to extend the
lifetime two (2) years. ‘This extended capability satellite has
the same mass as the baseline sétellite (the satellite without
technology improvements). The satellite designed with Gallium
Arsenide solar cells may be designed with two (2) additicnal
transponders, without increasing the 1iftoff mass beyond the
baseline mass. |

Table 5.8 summarizes the mass breakdown of the baseline

satellite and of the two improvéd satellites, both with the mass
savings and with the extended capability.

5.3 Direct Broadcast Satellite (DBS)
5.3.1 Baseline Design
The baseline Direct Broadcast Satellite design selected for

this study is based on the General Electric camunications
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satellite product line. ‘This is typified by BSE, BS-2, and DSCS
III. The selected DBS is three—axis stabilized and has a launch
mass of 1247 kg. Its configuration is illustrated in Figure 5.8.
Omn;micatiaxs Corporation, thus, making it representative of
most three—axis stabilized DBS's in its mass class. ‘

This design is similar to that of RCA and Ford Aerospace and

TABLE 5.8 MASS SUMMARY OF IMPROVED PSS SATELLITE (kg)

With GaAs With Ion NSSK
Reduced Extended Reduced Extended

Subsystem Baseline Mass Capability* Mass Capability+
Commmications

Antenna 45.0 45.0 45.0 45.0 45.0

Repeater 88.9 88.9 96.6 88.9 102.4
TC&R 27.4 27.4 27.4 27.4 27.4
)."o 25.6 25.6 25.6 25.6 25.6
RCS (Bydrazine) 18.2 18.2 18.2 13.2 13.3
Ion NSSK 18.3 18.3
EPS 122.3 111.3 121.5 122.3 144.5
TCS 20.9 20.9 21.3 2.9 21.8
Structure 96.4 93.3 94.2 - 96.4 102.0
Barness 27.2 27.2 27.2 27.2 27.7
ARM Case 31.0 31.0 31.0 31.0 31.0
Balance Mass 4.8 4.8 4.8 4.8 4.8
EOM Mass 507.7 493.6 512.8 521.0 563.8
Mission N2BH4 2098.7 209.7 209.7 99.5 140.8
Be Pressurant .1 .1 ol .1 |
Xenon Load 0.0 0.0 0.0 9.4 1.7
Satellite
Liftoff Mass*t 717.5 703.4 722.6 630.0 716.4
Design Margin 25.5 25.5 20.1 25,5 26.3

Satellite Liftoff
-Mass Plus Design )
Margin 743.0 728.9 742.7 655.5 742.7

* With 2 additional repeaters
+ With 4 additional repeaters and 2 extra years
** Excludes PAMD mass, cradle and apogee kickmotor propellant
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Except for orbit eclipse periods, this Direct Broadcast
Spacecraft will provide three continuously operating television
channels in the 17/12 GHz frequency with an RP output of 200
watts per channel. The spacecraft is provisioned for seven years
operational service life and designed with sufficient redundancy
for ten years. 1Its coverage area (Eastern Service Area) is
illustrated in Pigure 5.9.

A camplete accounting of the baseline bus performance is
presented in Pigqure 5.10. Included are power and mass margins,

attitude determination accuracies, and propellant capacity.

Reliabilit
Spacecraft predicted reliability is better than 0.8 after
seven years. Table 5.9 shows the predicted reliability on a
subeystem basis, after seven years.
The predicted value of 0.844 is based on the probability of
0.933 of acquiring the required orbital station. If unity is
assumed, the predicted value at seven years is 0.885. Table 5.10

shows the predicted probability of survival for seven and ten

TABLE 5.9 SEVEN-YEAR RELIABILITY ESTIMATE

Subsystem Predicted Value
Caomunications 0.960495
Telemetry, Tracking, and Cammand . 0.966081
Electrical Power 0.969717
Attitude Determination and Control 0.953745
Reactian Control , 0.995976
Thermal Control : 0.9999¢8
Mechanical/Structure 0.994206

Apogee Motor 0.993410
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years for both on-station acquisition assumptions of 1.0 and

 0.993. It also shows the expected survival time for a
probability of success of 0.8 for both conditians.

Pigure 5.11 is a spacecraft system reliability sumary
showing each subsystem, its coamponents, and associated
probabilities of survival. Probabilities are for 7 years on-
orbit unless noted as transfer orbit functions. |

C icati

The commmnications design provides a balance between a
reliable hard-ware configuration and a high performance
television transmission system, The Camunications Subsystem is
canpatible with either a Thamson or a Telefunken TWT. All
transponder components are located on North and South panels as
shown in Fiqure 5.12. These panels are re:no\}able as self
contained modules. Most of the cammmications camponents are
mounted on the North panel, with the South panel housing the two
camplete transmitter chains for Channel A. The input and output
‘switching is also included on the South panel so that only a
single input and output waveguide running to the multiplexers on
the North panel is necessary. The symetry of the TWIA

TABLE 5.10 PRCBABILITY OF SPACECRAFT SURVIVAL

Probability of 7-Year Predicted 10-Year Predicted
On-station Probability of Survival Time Probability of
Acquisition Survival at 0.8 Survival
1,000 0.885 9.7 years 0.791
0.993 0.844 8.3 years 0.739
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arrangement facilitates thermal dissipation. All IWTA collectors
extend beyond the edge of the panel and radiate directly to
space. Each of the two panels is served by a dedicated Power
Controller. This provides maximmm control flexibility and
minimun harness connections between panels. The simplified
camunications block diagram is shown in Pigure 5.13. The
transmitter switching matrix of Pigure 5.14 indicates the
required position of the waveguide switches for the various
TWIA/Channel arrangement.

Spacecraft Design

Figures 5.15 and 5.16 summarize the many design features of
each subsystem, list mass and power budgets, and illustrate the
spacecraft block diagram. The spacecraft is fully campatible
with STS/PAM-D launch vehicle interfaces and constraints. Wwhen
fully deployed, the overall length of the spacecraft fram the tip
of one solar array to the other is 17.5 meters. In the stowed
configuration the overall height from the separation plane to the
top of the TT&C antenna is 2 1/2 meters. When deployed in the
orbital configuration, the height is 4 meters. To maintain
transponder temperatures, 15.8 square meters of north and south
radiating areas are provided. Three removable south panels
support all spacecraft bus (housekeeping) high heat generating
carpanents., The two battery assemblies on the south panel are
thermally isolated and individually temperature controlled.

The transponder equipment installation has been organized by
grouping the six 200 watt TWIAs and electronics on two removable

modular north and south panels. The north panel supports four

105



.

B

i'!~v—v-1-

-—---
- --- - - -
- |- - - - -

-
N

1

]

YYVY 3

r
L

(sed) WHONIa XOO0Td SNOLINDINOWWOO  €£1°G JAOIL4

avites carmaeie
S Seatned oo

o e — e e
i - wnn e

ILTELN e o

e ey Freh

toove o
—y

I||||||lll\l..|l...|ll.||.|l|-lnl.|ll

!

s
!
JLL-.‘

J
I.:_j
L
o
-
,..@_

iF [ P vu..m....., mv SN dnﬂ»mBA.._
. Rty Sh o}

. * pretoeorn S g V!
vt | = j '
e Leoenf [----d"

108



(S8a) XIWLwW ONIHOLIMS YALLIWSNVAL ¢1°G JHNOId -

IVWHON - & 200N NI NMONS SAHDLIMS IV FILON

22 _v|. _
W € 'SOd @
o«
< )
e U 'SOd @
= 90“ 9 ‘ON
= 0O HILLIWSNVUL
2 Q,
-3 v “‘A v 2SO0 S M
(ol o) " @4 u* Load .vA\ ¢|l—|||\ :»..__.z.. 1]
) v NVIHD
s "ON
) HILLIWSNVUL ANJNI
WAl “d° B
"N P ~
. p t ..vz -.- .z<‘—u A— o
« : . - " 2OWNY ' ~-
"o 1@m\vm WALLIWSNVIL — mWN.v Ja _ A
» - * .
X
0" , — UL Y u
ArLQu ETSERRLL
VNNILNY { " ¢ "ON S — anwvin (v [T woud
01 - ! ,
A h YIALLINSNVUL [T ) AN 3
" —v _ @H I.._ M
0
M. GA\V Av Wi a8 d
n j J NSO
0 2 ON —1 3 ‘wvnd |*
o WILLIWSNVYL | 1NdNI
wild ‘d'vy
@ 0N
> @ \ | ON . Arv 3 "NVID
: LOWINS
m [° AJ V% variiwsnvus | | _‘v )




(Saa) SRNLVAS NOISAA LIVDAIVAS ST°S ROIL

ML SIDER 41105 B0 SOGUSEL HiMm | W1 PANE) GPNIS ¢
inei0e 1n

LITRIN 904 1000000 $4 1V HWAY S 00Be 'S0 LABINIINg -
TEB SUIVHION IR IOVOUE 21 PO RO BO 6 ITVS 9PN b -

® pouUn) oe L INvEBR IR
VAL D01 QBT ) CUT B HIINEUR) B 4 JOVELAR Y TAMS ) DU 0 -

i

NG S0 GRONCIME A VOUY 1ivuTe N I dous MER |
'y

S NN (At se VO IR T -

™~ [ [l
' L4 L Y]
o

o NP PN 4 yeev

(L L} L) . [ 21X ]

(1 ] s (1 ] LX)
AUINTE Avoue

[ L] tan *ren mn waies
X! (1] e (1] LRy L 1Y )

e - (L " V0mad 0 vone
'@ . (X1} (L X JT 1}
- [, ] L1} " OVEIN ATILIN
n L] - (4] SR pnY
(L] v 1% “un et JvN e

n 199 lu 198 100500 o ...‘.-

is
ORIGINAL PAGE
OF POOR QUAUTY

IOBOR pAGes ) ¢t B0
1634 61008 V04 19T B IR -
SO BKLI0 SHLIN 1 II0 VO LiNS FRIVEVIN S 10 S -

1NOTOR 00N} 1 $1 Y
)I000N JARE YOIV OV WS (VNI I
SRITIBOBEINL $90¢ 43V SIS -
et

SN YOI ¢ § O SAAIVS YOU LEUD 1I1VY GEV 000N 1 iUwe IR0 -

GIRE 90 MOS SI TUVI WD S30NE 09 ) VUL I w0s -
ATV S o

TGy ¢ 40 4 HTOGTD GVE* 06 O (U0 001 SM SN SRIO IN) -
COIEM UG SV IO WL IV SL00)) pUE Iu) 04

OO0 20 VURD U0 FIETON B BUR 001 0N XA PV 10 WEOm|

s @ SONMENY ) O Wyt S0+ SOUDT \s BOLON 008 DVI0 dus -

THENGY §94° 49 44NN0eVY S0V Y
B0 UD0IDN 400 2 D TOLON TI0 SVl WUOW ) S p 190G 41000 -

DL PSR EREANR VO PR LINNIE W ISI0 VID -
e 4700 8500 BONP 6 1l SHED s JOON

AR IOV SI00AIVE | B IA00 000 41800

SO0t NINGTUS PROD Wbbus. -

400D HNWTDl PENIR N sl Ll W -

LI ]
e i GO WOER PV YN o
PP vR ADd § IEUIIED S5V L SIU S 39 00
ovm
$01900 00w suas "o ” LTI

1D BB PO (WONIINE ROEI )40 N 4 1041V ETE
PO LINTLS 130T H4N00 ABWI 0019 Y00 4 1 IVBR IS -

WPV o
CIPEDE 60 VWV IOSVEIP I In § MbS SIPRS 14501 SOV SOUNOR) -

090009 CRO L IDON W S 100 PR} 00 1V I
(L ILTIRLLT 1] L)

v ive

LA T 1)
IR wuse +v Wve

seveet e
Auvtngy

L It 117 ]

We1083 YNy
(L A4 ]
e

VuI08) 00v Sv I

Wei008 M0 1LY

(1 1]
® DOAS 4 \OMOUS vRa binw
L]

BUNNAITD VI VOUR 4y

P00 Juy B0 9000 10APE SN VDT DIOR B8 ¢ WO M 46 SIAVE -
Y I T

OIS WOE SANOAGES § § 54 °VV HIIBE BB Y MR Ta et bemy -
*9e000 v b e

CUY SIED VO P ONIVEUIIM A V004 SDUVODNE MY Phaews -

HTRHINAS Ml - YU SOV TR 004
PUOOR, 0 DUIIDE¢ WY IS GOF 0000 (OIS 10400 01301400 MO -
LITUIIINA Y Mal VIO OOV VOI 085
COOORS P& COUIIG ¢ I 40 SUU D04 TOMMEIY 0084 ¢ M0 sD Favevess -
04300090 HLE0INRD (00MA0 M0 700N B0 INE B0 W -

oumimon

CV01 1091 10000s U2 09 000 O01Q -
SONYRSE S L0V 1100004 841 BOVURITH VST O -

.!!o‘.--i-.
[ T TR TRTIY Y

WIIAGN GO0 NAIIVIH o
OV YO B 41 07V PRTIOV GUU (id 1V 01 LANMOM IS 4 10EDLamNY ¢

SUAIUA A BN INDOINII I BRIIE ) tes Bay ©
000 ARAGNS 10 § Laie) ] D3I VE IS -

s

004803 SNV

SLLAGINSR ) Wb Iy o

N0 Pas 00 B¢ Ve -
GHIV 0 pal ue t0vsave Y Ae -
GBS 80 M0 i save ) -

(L L L TYTaN Y

SUNINTs - o rey
PR Imary
Ll L X}
LIl L1
srevivar e 00w weae o
onemn S oy v
SoUveme) s0s s move - (L T1Y B
(L LTI (LA TXY ]
(L L I ] Ll JT1}
Woveme) 108 - ety 9000y -
140 ¢ Nomon . - (2 - -
ivad stV - S eame) svtthitn -
4010000 Sooumg) » LLOL T TT 1Y T
L] e L K1} 1%0v rom -

oRNioe ®

TUNN VAT ¢ Mnde SFY G5 00i 1 )00 sevOane iy -
1000 08 904 v omy ey -
OISR IS (U0 06 U0 BRI s TV -

- e
A05085101 GOV SOVIIRD) U0s1 €40 00 40 SIVE W04 GPEG LUV BU0S Sas -

S MEDVEL SUY S0 0000 QM VR $ D107 ANVOERNADY 4 VV0 4 -
IOPNEA0) sMNS 000UV} 1004 000 90NN 008
L IY ) e -

QMR Y POV V0N B -

10100 F9Uve) 3ass -

L2 R R o
BAI 4 0ne 4 YV s EVeal V10D -

TN LTS SAGE (004 R B4 ©

GO TE OOV BOVS ) DRI b (RGN | IVORRS U SUW « SV S04
G900 AVESY D04 M ¢ ". ms -

S dooms 0084
. GO 4 VUUT THA 1D $0ICR K IOM dbuuy -
N0 BIERED GFV I B 00 SR) WG B -
RIS O IIRAG WW 14 ¢ 100} 1300000 1O ORI SasvO SUN -
V074 SNEEOVE 11NN ) BV -

Q-l - i-.t"!-i,l. .
SEVOY SE1 00 00N0N RN VI U0 ¢ IOV W0 by 18000 POvvE D -

Ouie8) eeve)d nivasity -
WM T WIS 0 LONED s YOUY i PN DY -

wombe 1IN 28Y0

e YU 04 & VUUT O 100 084 0 SO TR 000 N
e ol L X TITZITY R o -

SOHTSUTI G 4 YWUIDER U0 PAITIE W 1T 08 0 BINLI P IR0 40 PRINNG

oo ret e sat) e
MO0 W 04 ¢ SHOED GUV GV S +§ S 11 44 ¢ NvosTaN )
20008 b < IO IR0 I
BOY G0EWE 4 LIOM 1 00 A LIMTS MND $4 S SOMERITY PVE
AOSBER Wi 51 SONTIONS V10N | uets VR IO

LoD TTNVIRR VY MU T Y L L e Ll

SOVRO L0 WL INED V3B TOUE LSS 004 110 bmum 004 30 IB 9000
0 AP 0oy VE 10 B0
SOu POEINE 1 DU $00 4001V U0 ¢ EDOES 1 006 $4° RIEERI 8400l
FOVRe LIVDO 50 SEDY § 500 WUV LI AR SRR 03 M BT 1S ©

SOV INOUI ISITY OV IS Ul S AIADUS 10U 00T Al T AR b be
. 1]

EAOEINS 10V S F R E

SERENe o0
L UL TT N TUVI R 1)
GUES 0 ARG W 400 GOV T 1 ¢ 20w SoWNIEY) SAFEeS ¢

WHLIGE GUV SN PEIED 14 40 DR 01448

123



W40 BN IV

03230

ORIGINAL PAGE IS
OF POOR QUALITY

(Sad) WWHOVIA XOOTH LIVIDIOVAS 90°S ANOI4

109



TWIAs —and-all input/output multiplexers and waveguide switches.

"In addition, the power controller for power switching and for
secondary voltages is mounted on the north panel. Similarly, the
smaller south panel supports two TWIAs and a power controller.

Electrical Fower
The electrical power Subsystem (EPS) design provides
separate solar array segments at 56 wolt for operating each
transponder channel, and dual 28 volt busses for spacecraft
housekeeping equipment.  This design is a straightforward
approach to reliable broadcast operation that provides protection
against a catastrophic power bus failure.
The major elements of the design are:

1. A solar array segmented for 56 wolt transponder
operation and 28 volt housekeeping functions.

2. A Power Regulation Unit containing battery chargers and
boost discharge regulators for redundant housekeeping
busses.

3. Two batteries rated at 12 ampere-hours each. Each
contains a Battery Switching Unit (BSU) for detecting
isolating faulty battery cells autamatically or upon
ground cammand.

4. A South FPower Controller housing DC/DC converters and
switches which distributes direct and conditioned power
to load on the south equipment\panel,

5. A North Power Controller housing DC/DC converters and
switches which distributes direct and conditioned power
to load on the north equipment panel. This controller
also provides the control and distribution for the
transponder loads. It accamplishes load fault clearing
and affords source paralleling modes for operation under
degraded conditions.

6. An Ordnance Controller which operates on battery power
directly and activates electroexplosive devices for
solar array and anterna deployments.

7. A Shuttle Interface Unit (SIU) which prevents enabling
of the Ordnance Controller until the DBS is safely
deployed relative to the Shuttle.

Each 56 volt array segment is assigned to a transponder
. primary IWTA and its alternate. Using switches located in the

119



North Power Controller, the array sections may be inter-tied to
operate any three of the six TWIAs. UOnder normal operation, the
inter-ties remain disconnected to protect against source or locad
faults. Any such fault is thereby limited to one section
permitting continued operation of the remaining transponder. No
batteries are associated with the 56 volt payload power sburce
and no fusing is used for fault protection., Since the 56 wvolt
source is independent of the 28 volt housekeeping source, faults
need not be cleared immediately for spacecraft survival. In-
stead, load faults may be cleared bj ground cammand actuation of
the power switch serving the faulty TWIA. The inter-tie switches
also provide the means for extending mission life when each power
source segment has degraded to the point where it can no longer
support its' assigned load. With inter-tie closure, the carbmed
output can support the load of two of the three broadcast
channels. Similarly, two broadcast channels can be supported
with inter-tie closure should solar array occulations resulting
fram lunar eclipse occur.

Power to each TWTA is ramped-on by a switch with transients
limited by suppression circuitry contained in the EFCA, Turm-on
is controlled by ground cammand. Turn—off before eClipse is also
controlled by ground comand with backup provided by an
m&rvoltage cutoff, With turn—off, power is absorbed by
thermostatically controlled heaters installed for each 1TWIA.
Since no batteries are used in conjunction with peyload power,
the -heaters may remain enabled through eclipse periods. Upon
emergence fram eclipse, all available solar energy is thereby
utilized for warming up the TWIAs before broadcast service is re-
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established.

Each 28 volt housekeeping bus is associated with a dedicated
solar array segment, a partial shunt regulator, two charge
requlators (main and back-up) and a boost discharge requlator.
Loads are assigned equally to both housekeeping busses with each
load function powered fram one bus, and its active or inactive
backup powered fram the other bus. This is true of all
housekeeping loads except momentum wheels and gyro which draw
power fram both busses through coupling diodes. Failure of one
or the other housekeeping bus permits uninterrupted operation of
critical functions during all mission phases.

Beactian Control
A mass expulsion hydrazine pro;nls’icn system with belium
pressurant and all catalytic bed thrusters operating in blowdown
(non-regulated) mode, is used for the baseline spacecraft.
Sufficient propellant is provided to accamplish the
spacecraft propulsive functions during a seven—year mission. The
| two propeliént tanks will accammodate a total propeilant load ﬁo
provide for initial.orbit attainment, North-South and East-West
stationkeeping, and the attitude control functions for the
required seven-year mission plus a max\gin of 20% more propellant

than will be required for the on—station phase of the mission.

Propellant Budget
The DBS fuel allocation for the Reactian Control Subsystem is

based on the following requirements:

1. MApplication of STC specified V for correction of booster
related transfer orbit 3-sigma errors,
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2. Performance of the transfer orbit precession to re-orient
the S/C out of the transfer orbit injection attitude into
the AM firing attitude.

3. Performance of the post AM burn despin maneuver.

4. Performance of the drift orbit precession to point the
spacecraft spin axis normal to the orbit plane.

S. Performance of 3-axis stabilization and post 3-axis
stabilization maneuvers.

6. Maintenance of orbit and attitude to specified limits
over the 7-year design life. Orbit maintenance requires
east-west north-south stationkeeping to +0.1 degrees,
wvhile attitude maintenance requires torque control during
stationkeeping maneuvers and periodic mamentum wheel
loading with thrusting.

7. Allowance for 1 repositioning of the spacecraft.

8. Conpensation for uncertainties in propellant loading and
weighing, residual fuel in the 1lines, expulsion
capabilities of the tanks, thruster coupling and
performance. :

Figure 5.17 1illustrates the locations of each of the
thrusters on the spacecraft while Pigure 5.18 sumarizes the
manner in which each thruster can be utilized for the various
maneuvers., The thruster location and groupings have been’
selected to provide the required orbit maneuvers while
maintaining camplete redundant operational capability with no
single-point failure capable of stopping the mission. Moment
ams, subsystem packaging and minimum thruster plume impingement
are other factors that have also been considered in the thruster
locations. |

The nine thrusters in each group operate at a maximum
initial level of 4.45N. ‘These thrusters provide the spacecraft
with North-South and East-West orbit adjustment and three-axis
attitude control during vehicle‘body stabilized operation. Pairs
of thrusters are selectively matched to a 1.6% thrust variation
band in order to minimize the thrust induced spacecraft
disturbance torques which the Attitude Control Subeystem (ACS)

must control.

N3



Average thrust efficiencies used in the determination of the

fuel allocation are summarized in Table 5.11. Also included in
this table are the causes of performance degradation for each

maneuver and its associated thruster. The fuel breakdown is
" given in Figure 5.19.

TABLE 5.11 AVERAGE THRUST EFFICIENCIES

Primary Average
Thruster Thrust '
Maneuver Nurber Efficiency Basis

Active Nutation Control 3and 4 0.880 Pulsing, Rotation,
Thruster Location,
Plume Impingement

and 4 0.890 Pulsing, Rotation,
and 4 0,706 Thruster Location,

Plure Impingement
Despin 1 0.985 Cant Angle
Initial Attitude Acquisition 1 to 6 0.732 Pulsing

Precession (pre—Motor Burn) 3
Precession (Post-Motor Burn) 3

Station Acquisitian 15 and 16 0.994 Thruster Location,
or 13 Plume Impingement
~ North/South Stationkeeping 1 and 2 0.926.  Cant Angle, Plume
’ Impingement,
Non-Inpulsive
Maneuver

- East/West Stationkeeping 15 and 16 0.994 Thruster Location,
4 Plume Impingement

Longitude Repositioning 15 and 16 0.994 Thruster Location,
Plume Impingement

Momentum Unloading " 1to6 0.437 Pulsing

Torque Removal 1to6 0.722 Pulsing
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5.3.2 Ion Propusion Impact

The baseline Direct Broadcast Satellite presented above has
been modified to include the use of ion propulsian for NSSK using
NASA technology. Foreign technology is also reviewed and the
differences are discussed later. The ion propulsion system
selected for NSSK of this size spacecraft uses inert qas such as
xenon. Its duty cycle of usage is assumed to be three hours a
day on the average. A single thruster is assumed to be used with
a backup thruster on the spacecraft. The NSSK requirement
represents an average velocity increment of 45.8 m/s/yr. This
represents an average acceleration of 1.45 x 106 n/s?. The mBS
spacecraft is assumed to have a BAL mass in orbit of 625 kg.
This leads to a daily impulse fequirenent of 78.4 N-S. |

In order to use the thruster effectively two effects must be
accounted for. The thruster will be canted away fram the solar
arrays for the nomspinning DBS, up to an angle of 30 degrees.
This is accounted for by assuming a loss of effectiveness of
- 13.4% due to either canting or plume impingement. In addition to
this, the three-hour thrust interval requires that same non-ideal
impulse be applied as the spacecraft moves around the orbit.
Thus, the thrust effectiveness, due to a finite burn time of
three bours is calculated to be 97.45%. Combining these two
factors leads to an overall thrust effectiveness of 84.3%.
Therefore, the total equivalent daily impulse required of the
thruster is 92.9% N-S. This leads to a thrust level over a 3-
hour period per day of 8.6 mN. Using a 7-year life for this DBS
mission, several factors have been developed that are associated
with t.he design of the subsystem.
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The important design parameters that were derived based on
the above assumptions are as follows. The beam current is 0.18
arperes with a specific impulse of 2,926 seconds. This leads to
an acceleration voltage of 923.9 volts and a power requirement
of 276.6 watts. The propellant load for 7 years is calculated to
be 8.23 kg. The power processor mass is calculated to be 5.54 kg
and the thruster mass is 4.56 kg per thruster. In addition to
this, a tank is needed to hold the xenon. Assuming a 5% margin
of xenon mass which gives a total propellant mass of 8.64 kg, the
volume of the required tank at 75°F in a 4200 PSIG is 520.3 cubic
centimeters. This gives a spherical tank of radius 9.3
centimeters and a mass of roughly 3 kg.

The amount of hydrazine allotted for NSSK in the baseline
DBS propellant budget is 98.8 kg. Thus, there is a significant
potential savings in terms of overall spacecraft mass, which
could be used in other areas. The total differential savings
between the elimination of the hydrazine for NSSK and the
addition of the xenon is approximately 90 kg. In addition to
this there is the added savings of smaller propellant tanks for
hydrazine. The dry ion-thruster system adds about 19 kg of mass
(including plumbing and harnesses). The electric power system
camponents are about 52 kg heavier with the ion-thruster. There
is thus a net mass savings of 28 kg for the use of ion
propulsion. This assumes that the baseline battery capacity and
solar arrays can handle the application of ion propulsion with a
dufy cycle that would be sufficient to maintain orbital control.
1f this in not the case, additional batteries and solar cells may

have to be added or comitted to the ion-thruster system. If the
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margin is reduced by about 22 kg then 50 kg of mass is available

to be put into one extra channel and two additional years of
life.

Foreign competition was discussed in Section 4.3.1 and
5.2.2.

S.3.3 Solar Qell Impact

The effect of new solar cell technology on DBS was
evaluated by simply increasing the cell efficiency fram 13% to
18% and making the appropriate adjustments in solar array size,
structural mass, thermal requirements, etc, The results indicate
same improvement in payload utilization and reduced spacecraft

mass.

5.3.4 Point Design with Improvements

As vgith the fued services satellite, two point designs of
DBS satellites were developed, ane which includes improved solar
cells and the other an ion propulsion NSSK system. Table 5.12
sumarizes the mass breakdown for the baseline DIBS, the DBS using
Gallium Arsenide solar cells and the DBS using ion-thrusters. A
mass sumary is provided for both reduced mass and extended
capebility for the Gallium Arsenide solar cells design and the
jon thruster design. The extended capability satellite using the
Galliun Arsenide technology is designed with an additional two
years of life. An additional channel and an additional two years
of life is desigﬁed into the extended capability ian-thruster

satellite.
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TABLE 5.12 MASS SUMMARY OF IMPROVED DBS SATELLITE (KG)

With GaAs With Ion NSSK

Reduced Extended Reduced Extended

Subsystem Baseline Mass Capability* Mass Capability+
Coammunications

Antenna 26.3 26.3 26.3 26.3 26.3

Repeater 92.5 92.5 92.5 92.5 120.4
TTs&C 22.0 22.0 22.0 2.0 22.0
ACS 23.9 23.9 23.9 23.9 23.9
RCS (Bydrazine) 26.3 26.3 26.3 18.4 18.5
Ion NSSK 18.3 18.3
EPS
Solar Array

Assembly 79.5 66.6 66.6 79.5 93.8
Camponents 78.3 78.3 78.3 130.5 130.5
TCS 33.2 33.2 33.2 33.2 34.0
Structure 78.0 78.0 78.0 78.0 79.4
ARM Case 34.6 34.6 34.6 34.6 34.6
Balance Mass 4.5 4.5 4.5 4.5 4.5
EOM Mass 499.1 486.2 486.2 561.7 606.2
Missiaon N2H4 140.3 140.3 168.7 41.4 44.4
Be Pressurant .l .1 .1 1 .1
Xenon Load 0.0 0.0 0.0 8.2 10.6
Satellite Lift-
off mass - 639.5 626.6 655.0 611.4 661.3
Design Margin 42.3 42.3 26.9 42.3 20.7
Satellite Lift-
off Mass Plus
Design Margin 681.8 668.9 681.9 653.7 682.0

* With two additional years
+ With one additional channels and two additional years

- exclusive of PAM-D, cradle or apogee kick motor propellant

mass
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5.4 Cost Analysis

The abjective of the cost analysis was to derive valid and
camparable estimates on the price, to camunications satellite
operators, of satellites using various levels of technology. The
analysis was separated into two segments; acquisition costs and
launch costs. Each of these analyses is discussed in following
paragraphs.

The cost to a cammnications satellite operator of acquiring
new (or additional) satellites includes nonrecurring costs to
develop or modify the vehicle, and recurring costs to produce and
support the flight units, A general-case parametric cost-
prediction model, PRICE 'B' developed by RCA was used to estimate
all acquisition costs. The analysis was performed in two steps:

* The cost of two reference or base case satellites (a

Direct Broadcast Satellite and a Fixed Services Satellite)
were modeled. The estimated costs to the manufacturers
against representative sales prices for such satellites
were calibrated to obtain markup factors.

* The costs of the same satellites when they incorporate

important new technologies were estimated. The derived

markup factors were applied to abtain a new price to the
camunication satellite users.

Ground rules and assumptions used in the analysis are as
follows: .

* All costs are expressed in constant 1985 dollars (January
1 econanic conditions).

* No full-system test articles are produced; however, at

subsystem and camponent-level, test articles are assumed
for the new-technology hardware.

* It is assumed that the new technologies will have
campleted a feasibility demonstration phase at NASA before
being released to the builders. This implies that
although the subsystem design and technology would be hew
to these contractors, there would be no major unknowns
that would require mltiple development paths, It also
means that new hardware will have to be sized to specific
satellite applications and fully qualified for flight use.
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Price 'B' is a general-case hardware cost—prediction model.
The term ‘'general case' means that the model is, in fact, a
simulation of the forces that drive cost (e.g. size, camplexity,
schedule) and is not based on specific, historically-derived cost
estimating relatimshipé. Special case models estimate costs for
narrow product lines. A general case hardware model can estimate
the cost of any manufactured product, provided that the model is
given a technical and programmatic description of the product,
and provided that t.he model variables have been calibrated to
that product.

Specific questions, the responses to which form the input
data set for the Price 'B' model are as follows:

* what is the product? 1Is it an electronic item, a
structure or a mechanism? Is it built to commercial or
Govermment specifications? If Goverrment, must the item
operate in difficult enviraments such as ground-mabile,
shipboard, airborne or space?

* Bow carplex is it? This is a set of variables that can be
calibrated in several different ways as described
subsequently.,

* Bow big is it? wWhat is unit weight? If an electranic
item, how much of total weight is electranics?

* Bow mpany will be built? Wwhat is the total quantity of
items in production? Bow many equivalent units (fractians
acceptable) are to be built as test articles?

* Bow pew is the product? Easthlsflrmever produeeda
similar item? If so, what fraction of drawings exist?
Basanysucht.hmgeverbeenbmlt? Is the state of the
_ beyond current capability, such that multiple and
indeperdent development paths must be followed?

* when is it peeded? Are the development schedules defined?
If so, what are start and end dates and key milestones?
1s the production schedule defined? Are there breaks in
the lot buys?

* Bow is it produced? What mechanical processes are
involved: casting, machining, sheet metal fab? Bow



autamated are these processes? 1Is the product monolithic
or built-up? Bow automated are electronic fabrication

processes? _

* How is the item integrated into higher-level assemblies?

Are special aligmments required? Are special tests

required at higher levels? Do the electronics require
extensive calibration? '

Using these imputs, the Price 'B' model can estimate
development and production-phase costs at camponent or assembly
level and can then project the integration/assembly/test costs at
subsystem and higher levels. Bowever, the validity of the costs
so estimated by Price depends in large measure on the accuracy
with which the driving camplexity varibles have been calibrated.

The most significant variable in Price 'H' is the inherent-
camplexity factor for strucfural/medxanical items, and for
electronic circuitry. There are three ways to obtain this

variable:

. Calibration: Running Price 'B' with }ustoncal coet data
to extract this variable.

. Analytical Pormulations: DUsing RCA derived or approved
equations to predict the camplexity factors.

. Table Lookup: Using RCA-supplied tables ‘of canplexlty
factors for similar products. Cost research has shown
that the electronics—camplexity tables are far more
reliable than the structural/mechanical-camplexity tables.
Regardless of which method is used to select the camplexity
factors, the resulting cost' estimates must be calibrated in terms
of their oconsistency with the relative costs, sizes and
camplexities of similar products.
The FSS and DBS development and production costs were
estimated at component 1level 80 as to incorporate the new-
technology subsystems and also to measure the effect of these

advanced technologies on the payload subsystems., Egquipment
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lists, weights and quantities for each configuration of each
satellite were input to the RCA PRICE model. Conplexity factors,
based on historical cost data, were also input to PRICE. The
resulting estimates predicted the cost to the satellite producer
of developing and manufacturing one vehicle of the configuration
defined. Learning factors for quantities greater than one were
derived using parametric PRICE model runs for multiple—unit lost
and deriving groes learning slopes to approximate the
cost/quantity relationship.

The resulting coet estimates for typical PSS and DBS
satellites are given in Tables 5.13 and 5.14. ‘These tables show
the nonrecurring (DDTGE) and unit-recurring costs for each type

of satellite:

* Baseline: Qurrent technology with heavy dJesign
inheritance fram existing cammnications satellites,

* Gallium Arsenide (GaAs) Solar Cell Technology: The base-
line (current technology) satellite modified to
"incorporate overall mass savings that can be achieved with

GaAs cells, These mass savings are canverted into
additianal payload capability. '

* Jon Propulsion Technology: The baseline satellite
modified to incorporate the mass savings attainable with
ion propulsion technology. These mass savings are
canverted into additional payload capability.

The estimated costs for each satellite are summed and an
estimated manufacturer's markup is applied to all coets to arrive
at a selling price to the camunications satellite operator.

The launch costs for delivering the various communications
‘satellite concepts to synchronous-transfer orbit were derived
using the most current understanding of space-transportation

standard charges. These costs were all normalized to 1985
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dollars for consistency with the acquisition costs.

The—user—charge for Shuttle transportatioon to low-earth
orbit was ca!p.xted using NASA's weight/length formila and was
~ based on a dedicated-flight price of $71 million (1982 dollars)
which is valid for 1986-88 launches. The calculation of STS user
charges is illustrated in Pigure 5.20. To this figure was added
the user c}arge for a PAM-D upper stage to deliver satellites

fram low orbit to geoqndxrm-transfe; orbit. This is $5.6
million in 1985 dollars.



TABLE 5.13 PIXED SERVICES SATELLITE CQOST AND PRICE SUMMARY

WITH GaAs WITH ION
BASELTNE SQLAR CELLS PROPULSION
NR R NR R NR R
ANTENNA 691 1,749 691 1,749 691 1,749

TRANSPONDERS 1,945 4,348 3,194 4,601 3,346 4,827

SUBTOTAL
PAYLOAD (2,636) (6,097) (3,885) (6,350) (4,037) (6,676)

TT&C 1,900 3,672 1,900 3,672 1,900 3,672
EPS .1,916 3,512 4,858 3,375 2,522 3,962
ACS 947 1,929 947 1,929 947 1,929
RCs 274 838 274 838 588 719
IN PROPULSION ' 7,313 1,589
STRUCT/THERMAL 736 1,532 736 1,532 736 1,532
ARM 119 193 119 193 19 193
SUBTOTAL

BARDWARE  (5,892) (11,676) (8,834) (11,539) (14,125) (13,656)
SOFTWARE — — — - —

TOIAL . '

END ITEMS (8,528) (17,773) (12,719) (17,889) (18,162) (20,232)
SYSTEMS* 6,311 9,775 9,412 9,839 13,440 11,128

GRAND

TOTAL (14,839) (27,548) (22,131) (27,728) (31,602) (31,360)

e ——————— E————— e——————— a—————————— Sttt
e — —— ———— A

PRICE (20,775) (38,567) (30,983) (38,819) (44,243) (43,903)

*INCLUDES ALL SYSTEM-LEVEL ACTIVITIES, I.E. FINAL ASSY., PROGRAX
MANAGEMENT, SYSTEMS ENGR./INTEGRATION, SYSTEMS TEST, RELI.ABILI’I’Y/
QUALITY.




TABLE5+14-DIRECT-BROADCAST - SATELL TTE - COST-AND-PRICE - SUMMARY

WITH GaAs WITH ION
BASELINE SOLAR CPLLS PROPULSION
M R NR R R "R

ANTENNA 573 1,523 573 1,523 573 1,523

 TRANSPONDERS 2,333 4,645 2,333 4,645 4,042 5,366

SUBTOTAL

PAYLOAD  (2,906) (6,168) (2,906) (6,168) (4,615) (6,889)
TT&C 1,982 4,008 1,982 4,008 1,982 4,008
EPS 2,584 5,157 4,159 4,788 3,893 6,168
ACS 94 2,694 964 2,694 94 2,694
RCS 407 1,554 407 1,554 407 1,554
ION PROPULSION 7,313 1,589
STROCT/THERMAL 874 1,781 874 1,781 874 1,781
ARM 129 210 129 20 129 210

SUBTOTAL _

HARDWARE  (6,940) (15,404) (8,515) (15,035) (15,562) (18,004)
SOFTWARE 1,609  ~— 1,609 - 1,609  —

TOTAL _

BD ITEMS (11,455) (21,572) (13,030) (21,203) (21,786) (24,893)
SYSTEMS* 8,477 11,865 9,642 11,662 (16,122) (13,691)

GRAND

TOTAL 19,932 33,437 22,672 32,865 37,908 38,584

PRICE 39,864 66,874 45,344 65,730 75,816 77,168

*INCLUODES ALL SYSTEM-LEVEL ACTIVITIES, I.E. FINAL ASSY., PROGRAM
MANAGEMENT, SYSTEMS ENGR./INTEGRATION, SYSTEMS TEST, RELIABILITY/
QUALTITY. )
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6. BUSINESS SCENARIOS (FINANCIAL IMPLICATIONS)

v A '-':f., s e
: ; -

6.1 Pixed Satellite Services Scenarios

A typical but hypothetical fixed satellite services business
venture was planmned to serve as a baseline case. The postulated
venture represents a carrier that launches and operates
satellites with the objective of generating revenue through the
leasing of transponders. The venture does not participate in
the broadcasting or transmission of data. ‘Ihe baseline
spacecraft 1is a spin stabilized satellite that transmits in the
Ku frequency band, based on the H376 model described in Section
5. The satellite has a 20 for 16 redundancy, with 16 active
transponders and 4 spare transponders. This particular business
is based upon placing and maintaining three operational
satellites in orbit. The first satellite will be launched midway
through the fourth year, and the second and third midway through
years five and seven. Satellites that fail or wear out will be
replaced subject to a launch delay (between .5 }and .8 of a vyear)
and three months delay to allow for transit fram LED to GEO and .
on-orbit testing and check-out. The business will utilize the
Space Shuttle for launching the satellites, and will relaunch
when the number of active transponders (in a satellite) falls
below fifteen. On éach satellite, up to 14 transponders will be
made available for lease as protected service and wp to 2 as
unprotected at a price less than half that of the protected

transponders. Protected and unprotected services are defined in
Section 2.
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Data descriptive of the baseline business scenario -for a
fifteen year period was established and entered into the déta
base. ‘The data base is presented in Appendix C and consists of
reliability and systems data (associated with the satellite and
the launch vehicle), cost data (satellite unit and nonrecurring
cost, launch costs, business expenses, and capital costs),
financial data (such as tax rate, interest rate, depreciation
life, receivables, etc.), market data such as demand for
transponders, price and pricé elasticity, and decision data
points such as transponder relaunch threshold.

.'I'oe data were obtained in several ways. Spacecraft were
‘configured and the appropriate spacecraft parameters were used
with the RCA PRICE model (described in Section 2) to derive the
spacecraft unit recurring and nonrecurring costs, whicﬁ were
entered into the DOMSAT data base. Appropriate Spacecraft
attributes from the developed configurations were also entered
into the data base (for instance, number of transponders,
transponders groupings, and reliability parameters).
Conversatiqns with several carriers helped form the business
scenario by revealing sparing concepts, decisions that might be
made with regard to the use of spacecraft mass savings, and the
format of the financial statements used by carriers. Operating
costs, capital costs and financial data were obtained fram FCC
filings and amnual reports of the carriers. Market estimates
were based on data fram the FCC filings. Transponder pricing data
was obtained through conversation with the carriers and current

published tariffs for the same or similar services to that
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postulated for the business scenario (see Tables 2.3 and 2.4).

The —DOMSAT —Model was—then-used-to—perform—the—financial

analysis using the base case data. Financial results were
generated for later comparison with the improved technology
cases. The base case results are provided in Appendix C toéether
with the base case data,

The spacecraft were reconfigured using the two improved
technologies: . ion-thrusters and Gallium Arsenide solar cells.
Mass savings on the order of 90 kilograms resulted fram the
incorporation of the ion-thruster technology into the FSS
satellite; mass savings | of 15 kilograms resulted fram the
incorporation of the Gallium Arsenide technology into the FSS
satellite. These mass savings allowed four additional active
transponders and two years of life to be redesigned into the ion-
thruster satellite and two additional active transponders into
the Gallium Arsenide satellite. Extended capability was
therefore designed into the satellites so that the mass at
liftoff was approximately the same as the liftoff mass of the
base case satellites. The data sets were then adjusted with the
new parameters: new spacecraft nonrecurring and recurring costs,
the number of transponders, and the anorbit life. The parameters
that were adjusted are dispiayed in Table 6.1 for each scenario.
All other variables were held constant. The DOMSAT Model was
then used to reanalyze the business scenario with the new
parameters and the financial results (ROI, profit, net present
value, etc.) were then campared with results produced fram the

base case scenario.,
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It was found that the nonrecurring costs associated with the
development of a satellite utilizing the new technology wes a
major factor in establishing the financial attractiveness of the
technology. Since it is possible that nonrecurring satellite
costs may be recovered in different ways, several possible
situations were analyzed. Each new technology case was analyzed
with three different nonrecurring costs. One situation (referred
to as the first user) considered that the full nonrecurring costs
would be recovered fram the first business purchasing the
satellite containing the new technology (for example, ion-
thrusters). A second situation (referred to as the later user)

used the same nonrecurring costs as the base case to simulate a

TABLE 6.1 PARAMETERS THAT VARY WITH SCENARIO
FPDED SERVICE SATELLITE

BASE CASE ION-THRUSTER GALLIUM ARSENIDE

NONRECURRING QOST*

MINTMUM $19.8 $42.0 $29.4
EXPECTED VALUE 20.8 44.2 31.0
MAXTMUM 25.0 61.9 43.4

RECURRING COST*

MINIMUM 36.4 41.3 36.5
EXPECTED VALUE 38.6 43.9 38.8
MAXTMIM 40.9 46.5 41.1
NUMBER CF ACTIVE
TRANSPCNDERS 16 20 18
LIFE (AVCS)** 8 YEARS 10 YEARS 8 YEARS

* MILLIONS OF 1985 DALLARS
*+ EXPECTED WEAROUT LIFE OF ATTTTUDE, VELOCITY AND CONTROL SYSTEM
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user of the technology after many applications so that the

improved technology satellite had been developed to the point
that the base case satellite has been developed. A third
situation (referred as the midpoint user) was considered as
being mid-way between the first two situations. Thus, the
sensitivity of the business venture to nonrecurring cost was
considered. The results ocbtained indicate the importance of NASA
pursuing technology programs through the satellite demonstration
stage in order to speed the introduction of the results of the
technology programs.

6.2 Eixed Satellite Services - Results

Several financial performance measures are cansidered when a
fimm considers making an investment. In this section profit,
indebtedness, net present value and return on investment of the
three scenarios (base case, ion-thruster and Gallium/Arsenide)
are campared to qain insight into the likelihood that a private
venture would invest in the improved technology satellites under
_the defined business scenarios. . '

Expected profit of each scenario is depicted in Table 6.2
and illustrated in Pigure 6.1 for the first user of the improved
technology. The ion-thruster scenario incurs the largest losses
in the first four years as a result of the large increase in
nonrecurring cost. All scenarios turn profitable in the fifth
year. GaAs technology results in improved profit performance
(relative to the base case) starting in the third year. Ion-
thruster technology becames more profitable than the base case in
the eighth year and more profitable than GaAs technology in the
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TABLE 6.2 PSS EXPECTED PROFIT - BASE CASE COMPARED WITH
FIRST USER SCENARIOS (THOUSANDS OF 1985 §)

EXPECTED EXPECTED EXPECTED
PROFIT PROFIT PROFIT
YEAR BASE CASE ION-THRUSTER GALLTOM ARSENIDE

1 (12324) (10462) (12922)
2 (5064) (15879) (11041)
3 (4686) (10730) (4080)
4 (2526) (2573) (1390)
5 24439 ' 27319 26844
6 30766 30011 31841
7 38021 37067 39539
8 60060 - 64653 - 65583
9 64320 70082 71164
10 66072 70899 72550
11 68870 77092 77524
12 63728 81951 73981
13 60122 88608 70308
14 70289 93523 80948
15 70694 85160 82213

( ) INDICATES A LOSS

EXPECTED PROFIT

BASE CASE VS PIRST USERS
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FIGURE 6.1 FSS EXPECTED PROFIT - BASE CASE COMPARED WITH
FIRST USER SCENARICS

135



twelfth year,

Results for the early years reflect the substantial increase
in the nonrecurring coests associated with the new technology
satellites (eq:ecially the ion-thruster satellite). In the later
years, the enhanced caéability (more transponders and/or longer
life) of the new technology satellites have a positive effect an
expected profit relative to the base case. Because of the
increased capabiliﬁy, fewer satellite lamcheé are required to
maintain a given satellite capacity (due to increased life) and
more transponders are available for revenue generation.

Similar factors are apparent in the expected indebtedness of
each scenario (Table 6.3 and Figure 6.2). Payback occurs between
the eighth and ninth years for the base case and GaAs scenarios,
and between the ninth and tenth years for the ion-thruster
scenario. Indebtedness under the GaAs scenario is less than the
base case during almost the entire 15 year period (except the
first year). The peak of indebtedness is over $4 million less.
for the GaAs scenmario than for the base case ‘scenario.
Indebtedness of the ion-thruster scenario is higher than the base
cése until the eleventh year.

Comparison of the scenariocs portraying later users of the
technology (as mentioned above, the nonrecurring costs are set
equal to the base case nonrecurring costs) reveals a distinctly
more favorable outlook for the new technology cases. Over the
entire time horizon considered (except the first two years),
profits are higher (and losses lower) for both new technology
scenariose campared with the base case scenario. In the latter

years the differences are greater because of the extended
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TABLE 6.3 FSS EXPECTED INDEBTEDNESS
BASE CASE OOMPARED WITH PIRST USER SCENARIOS
(TBOUSANDS CF 1985 §)

. EXPECTED EXPECTED EXPECTED
INDEBTEINESS INDEBTEDNESS INDEBTEDNESS

YEAR BASE CASE ION-THRUSTER GaAs SCLAR CELLS
1 11014 9350 11549
2 42642 42925 34750
3 110872 113366 91339
4 168545 186057 160104
5 179411 202042 175065
6 170589 194133 165162
7 142323 171441 140257
8 T7454 102814 70809
9 (1789) 15644 (16460)
10 (83143) (74358) (106727)
11 (160122) (169188) (196217)
12 (221992) (269932) (272038)
13 (280519) (377146) (338122)
14 (358298) (486657) (421174)
15 (446913) - (588226) (518876)

) INDICATES NEGATIVE INDEBTEINESS

EXPECTED INDEBTEDNESS
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FIGURE 6.2 PSS EXPECTED INDEBTEINESS - BASE CASE COMPARED WITH
FIRST USER SCENARICS
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capabilities of the new technology satellites. Indebtedness is

favorable over the entire fifteen year pgriod for the GaAs
scenario as campared to the base case. The ion-thruster scenario
has accumlated slightly more debt by the fourth through the
eighth years than the base case, but achieves a rapidly
decreasing indebtedness fram the ninth through the fifteen years.
Tables 6.4 and 6.5, and corresponding graphs in Pigures 6.3 and
6.4, coampare profit and indebtedness data for the later users of
the technology with t.be base case.

Because the nonrecurrmg costs  have been reduced
substantially as a result of the technology "maturing® and
industry gaining experience building the improved technology
satellites (hardware has been purchased, etc.), the improved
technology scenariocs are not disadvantageous in the early years,
as is the case with the first users. later the positive effects
of the extended capability became apparent and the improved
technology scenarioce are significantly more attractive than the
base case. | 7

Occas1cnal dlps in expected ptofxts, such as occurrs m year
thirteen with the base case and GaAs scenariocs, is the result of
additional satellite replacement launches. ,

Net present value for the infinite horizon at five different
discount rates is displayed in Table 6.6 for the base case and
improved technology scenarios. Figures 6.5 and 6.6 show net
present value risk profiles for the scenarioe at the 15% discount
rate. At a 15% discount rate, if NASA undertakes the improved

technology programs, expected net present value to the first
users of both the ion-thruster and GaAs technologies will be
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TABLE 6.4

l

FSS EXPECTED PROFIT - BASE CASE COMPARED WITH
LATER USER SCENARICS (TBOUSAND CF 1985 §)

O g e
N WRNHOWONOAU & WA - 'g

EXPECTED EXPECTED EXPECTED
PROFIT PROFIT PROFIT
BASE CASE ION-THRUSTER GALLTUM ARSENIDE
(12324) (12326) (12329)
(5064) (5063) (5065)
(4686) (4108) (3624)
(2526) (1431) (854)
24439 28594 27421
30766 31383 32561
38021 38543 40207
60060 66242 66301
64320 71791 71937
66072 72738 73382
68870 79072 78419
63728 84081 74945
60122 90902 71345
70289 95991 82065
70694 87816 83415

( ) INDICATES A LOSS

EXPECTED PRACFIT 1085 8
(Thovmndo)

o]

EXPECTED PROFIT

BASE CASE V5 LATER USERS
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FIGURE 6.3 PSS EXPECTED PROFIT - BASE CASE COMPARED WITH

LATER USER SCENARIOS
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TABLE 6.5 PSS EXPECTED INDEBTEDNESS
BASE CASE QOMPARED WITH LATER USER SCENARIOS
(THOUSANDS OF 1985 §)

e

EXPECTED EXPECTED EXPECTED
INDEBTEDNESS INDEBTEDNESS TNDEBTEDNESS
YEAR BASE CASE ION-THRUSTER GaAs SOLAR CELLS
1 11014 11016 11019
2 42642 35121 28817
3 110872 98496 84363
4 168545 169462 152601
5 179411 184186 166990
6 170589 174916 : 156471
7 142323 150760 130903
8 T1454 80556 60743
9 (1789) (8310) (27294)
10 (83143) (100138) : (118387)
1 (160122) (196933) ' (208765)
12 (221992) (299792) (285542)
13 (280519) (409282) (352656)
14 (358298) (521243) (436815)
15 (446913) (625448) (535710)

) INDICATES NEGATIVE INDEBTEDNESS

EXPECTED INDEBTEDNESS

BASE CASE V5 LATER USRS
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FIGORE 6.4 PSS EXPECTED INDEBTEDNESS - BASE CASE COMPARED WITH
LATER USER SCENARIOCS
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TABLE 6.6 NET PRESENT VALUE* (MILLIONS GF 1985 §)
AT VARIOUS DISOOUNT RATES

b——————— ——— L S

DISCOUNT RATES

SCENARIO 10 15 20 25 40
BASE CASE $279.4 §$ 84.2 $10.2 $(22.1) $(45.0)
ION-THRUSTER

FIRST USER 341.6 108.0 19.7 (19.5) (47.9)
ION-THRUSTER

LATER USER 367.9 127.3 34.0 (7.8)  (40.3)
GaAs FIRST

326.7 109.4  26.2  (10.6) (38.8)

GaAs LATER

338.9 1181  33.1  (4.8) (347

{

) INDICATES A NEGATIVE PRESENT VALUE

INFINITE BORIZON

NPV RISK PROFILES (15%

POED SEPNCES SOTLITES

CMANCE F €ACEEOMD NPV
B
'l

L hJ v v
20 40 o0 a0 \l- <L} o} 140 160 L. =} o
W (LIS O 8 §)

FIGURE 6.5 NET PRESENT VALUE AT 15% DISCQOONT RATE
BASE CASE VS FIRST USER SCENARIOS
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FIGURE 6.6 NET PRESENT VALUE AT A 15% DISCOUNT RATE
BASE CASE VS LATER USER SCENARICS

approximately $25 million more than the base case. Once
nonrecurring cost have been reduced to the base case level, the
ion-thruster technology will generate an additional $18 million
in net present value, and the Gallium Arsenide technology an
additional $9 millien. o -
| 'mbler 6.7 | disélays the expected return on investment
(internal rate of return) and risk (the standard deviation of
ROI) associated with each of the scenarios. The internal rate of
return is the value of the discount rate that y.ields a present
value of zero. If the internal rate of return is greater than
the cost of capital it is desirable to pursue the venture.
Comparison of the expected ROI and the risk of the improved
technology scenariocse with the base case scenario leads to an

interesting abservation. There are small differences between the

142



TABLE 6.7 BEXPECTED ROI AND RISK: BASE CASE COMPARED
WITB NEW TECHNOLOGY SCENARIOS

BASE CASE ION-THRUSTER GaAs
FIRST USER FIRST USER
EXPECTED ROI 21.3% 22.1% 23.2%
RISK 2.9% 2.5% 2.4%
BASE CASE ION-THRUSTER GaAs

MIDPOINT USER MIDFOINT USER

EXPECTED ROI 21.3% 22.9% 23.6%
RISK 2.9% 2.5% 2.4%
BASE CASE ION-THRUSTER GaAs
: LATER USER LATER USER
EXPECTED ROI 21.3¢% 23.7% 24.0%
RISK 2.9% 2.5% 2.4%

financial performance measures of the base case and the first
user of the ion-thruster. These differences may be inadequate to
gain early acceptance of the new technology by the private sector
for cammercial applications especially in light of the following.

Reliability (mean—time-to—failure) of the ion-thruster in
the above described scenarios was assumed to be the same as the
base case. Inadequate reliability data is available on ion-
thruster technology to have confidence in the reliability
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estimates utilized in the analysis. Reliability of this new

technology could actually be lower than the base case
reliability. Bven if actual reliability is not lower,
reljability could be perceived as low in the early use of the
technology. In order to assess the impact of reliability, an
analysis was performed which used an Attitude, Velocity and
Control System (AVCS) mean-time-to~failure of 75 years
(associated with a reliability of .899). The resulting expected
ROI was 21.7 percent and the risk was 2.7 percent.

The first user may be discouraged by the fact that the
technology is as yet unproven and risk could be perceived as
high. This would most likely negate any slight advantage in
expected ROI and risk that the ion-thruster scenario has over the

base case. Purthermore because of the higher perceived risk,
| insurance rates are likely to be higher or insurance may not be
available at all; this also would impact the financial results.
(with the current high insurance rates and cai:acity limits it is
important to consider technology programs and the insurance rate
implications.) - -' } |

The results indicate that there may be difficulty in
motivating use of the techmology because of increased
nonrecurring cost and lack of sufficient reliability data. Once
the technology has been applied, nonrecurring costs can be
brought down and the_differenoe in the expected ROI and risk for
the later users may then be sufficient to induce later users to
turn to this technology rather than continue with the base case
technology. The results indicate that there would be difficulty
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in motivating use of the technology if nonrecurring costs are not
reduced and reliability demonstrated.

Nonrecurring costs of the first user were developed for an
ion-thruster spacecraft for which only a feasibility
demonstration was performed by NASA, The first user was assumed
to bear the costs of qualifying the spacecraft and setting a
standard modular design. If NASA chooses to encourage the
technology then, based on the preceding analysis two steps may be
taken. NASA may qualify the spacecraft. This would reduce the
number of test articles that the contractor has i:o build. NASA
could reduce costs further by producing a standard modular
design. NASA may overcame industry reluctance to use ion-
thruster technology by going beyond the research and development
program to actually design and test a first prototype of the ion-
thruster satellite. If NASA can in this way reduce the
nonrecurring costs and demonstrate reliability (so as to reduce
perceived risk), then the likelihood of the private sector
utilizing the technology may be increased significantly.
Otherwise, judging from the particular business scenarios
considered in this-study, it does not appear likely that the
technology will be quickly adopted by the private sector.

Gallium Arsenide solar cell technology looks more pramising.
Both the expected ROI and the risk are clearly better than the
base case scenario, even for the first user.

A number of plausible scenarios may be considered regarding
the development of the improved technology, by the U.S. or the
Europeans.
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o The U.S. does not fund research and development into the
new technology but the Europeans continue R&D but don't

bring-down-nonrecurring-costs-and-risks

o The U.S. does not fund research and development of the
new technology, and the Europeans continue R&D and
significantly reduce nonrecurring costs and risk.

o Both the U.S. and Burope develop the technology, but

neither significantly reduce the risk and nonrecurring
costs.

o Both the U.S. and Buropeans develop the technology but
only the Europeans significantly reduce the risk and
nonrecurring costs.

o Both the U.S. and Europeans develop the technology and
only the U.S. significantly reduces the nonrecurring
costs and decreases risk.

o Both the U.S. and Europeans develop the tecl'xnoldgy and
both significantly reduce risk and nonrecurring costs.

Each of these scenarioe has different implications for
private sector adoption of the technology and the U.S. foreign
trade picture. The second and fourth scenarios could result in
the U.S. risking a portion of its potential market for
satellites. This is discussed further in Section 7.2. The sixth
scenario could mean that the technology is adapted and that the

U.S. and Europe are on an equal footing campetitively or that the
U.S. is at an advantage.

6.3 Direct Broadcast Services Sceparios

A direct broadcast :satellite business venture was
hypothesized. The DBS satellite configured for the venture was
based on the GE three-axis stabilized, high power (200 watt)
satellite as described in Section 5. The business venture is
based upon a two satellite system, launched on the Space Shuttle,
with each satellite to serve one half the continental United

States (OONUS). ‘The second satellite is planned for launch six
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months after the first. One type of service is to be offered.
The transponders are in two groups. One groaup has a 4/2
redundancy configuration in which two spares back up two active
transponders. The other has a 2/1 redundancy with 1 active
transponder backed up by 1 spare.

A competitive market was envisioned for the high power DBS
satellite because of the probability that low power fixed
services satellites will be used to provide DBS service
initially. 'Iberefore' price elasticity was assumed to be higher
than unit elasticity (1.4). Lower prices were set in the first
four years of satellite operation with the rationale that
campetition fram lower powered systems would initially keep the
price down. In later years pri'ces rise as the market discovers
that higher powered systems are better suited for DBS.

The analysis proceeded in the same manner as with the fixed
services satellite scenarios, where reliability, cost, market and
financial data make up a data base (see Appendix C) describing
the postulated business scenario. Financial statements were
generated for the base case scenario. The spacecraft was then
reconfiqured, once utilizing the ion-thruster technology and once
utilizing the Gallium Arsenide solar cell technoloqy.

When reconfigured utlllzmg the ion-thruster becl'mology the
satelhte mass is reduced by approximately 28 kilograms. If the
margin is reduced by another 22 kilograms, one additional
transponder and two additional years of on-orbit propulsion
system life can be designed into the satellite without increasing
the mass beyond the base case liftoff mass. The satellite when

reconfigured utilizing the Gallium Arsenide solar cells can
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achieve a mass reduction of 13 kilograms. If another 15 kilograms

is-takenvfmn‘the*nargin,—bvo*additi‘onal'yearS*of*orForbi’t
propulsion system life may be achieved vhile maintaining the same
liftoff mass as.the base case satellite,

The data bases were adjusted with appropriate parameters
describing the two “"extended capability® satellites and the
financial statements representing the new improved technology
scenariocs were generated. The parameters that are changed to
describe the new scenarios are, the number of transponders and
additional years of life, nonrecurring and recurring costs.
These parameters are displayed in Table 6.8. All other
parameters were held constant with the base case scenario.

Analyses were performed with two different nonrecurring costs to

TABLE 6.8 PARAMETERS THAT VARY WITB SCENARIO
DIRECT BROADCAST SATELLITE

BASE CASE ION-THRUSTER GALLIUM ARSENIDE

NONRECURRING
MINIMUM $19.8 $ 72.0 $43.0
- EXPECTED VALUE 20.8 75.8 45.3
MAXIMUM 250 137 67.9

REQURRING COST*

MINIMUM 36.4 71.8 61.1
EXPECTED VALUE 38.6 77.2 65.7
MAXTMUM 40.9 82.6 70.2
NUMBER OF ACTIVE ) 3 4 3
LIFE (AVCS) ,
TRANSPONDERS 7 YEARS 9 YEARS 9 YEARS'

* MILLIONS OF 1985 DOLLARS
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represent a first user, and a later user.

6.4 Direct Broadcast Satellite - Fesults

Use of the ion-thruster technology satellites by the
typical DBS venture results in a reduction of expected profit and
an increase in indebtedness (campared to the base case) in the
near-term, In the 1long-term, profit is increased ard
indebtedness is decreased. The effects of the use of Gallium
Arsenide solar cell technology are not as marked: in the near-
term the impacts are slightly negative or insignificant while in
the long-term the effects are distinctly better than the base
case but not a good as the ion-thruster scen‘:ario.

The particular DBS business scenario and S/C configuration
selected for the analysis is not likely to be financially viable,
judging fram the financial statements generated by the basé case
analysis. This should not be generalized since these results
reflect only the particular scenario and configuration chasen andv
do not mean that other DBS business scenarios would be
unattractive. It was hoped that application of the improved
technologies might turn a marginally unattractive business
venture into an attractive one. Unfortunately, this does not
appear to be the case for the specific tecru\ologies and business
scenario considered.

In the early years of the venture the improved technology
first user scenarios incur larger losses and higher indebtedness
(especially the ion-thruster scenario) than the base case because
of the higher nonrecurring costs. Fram the seventh year on the
difference in capability of the improved technology satellites
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became apparent as expected profit of the improved technology

_ scenarios begins and continues to exceed the base case expected
profit. In the elevénth and twelfth years the base case profit
dips significantly due to satellite replacement launches, while
the improved technology scenarios (with enhanced capability
satellites) maintain profit levels. Expected profit is displayed
in Tables 6.9 and 6.10 and illustrated in Figures 6.7 and 6.8.

Indebtedness in the base case is positive during the entire
fifteen period; the payback period in .the base case therefore
exceeds fifteen years. The improved technology scenarios have
payback periods of thirteen and fourteen years for the first user
scenarios and twelve and thirteen yea?s for the later user
scenarios. The magnitude of indebtedness is greater (and often
subtantially greater) under the ion-thruster scenarios than the
base case until the eleventh (first user) or tenth (later user)
yeais. A comarison of expected indebtedness for each of the
scenarios is presented in Tables 6.11 and 6.12 and Figures 6.9
and 6.10.

Net present value is negative at all five discount rates for
all scenarios. Por an attractive investment, net present value
should exceed zero at the firm's cost of capital (discount rate).
By this criterion none of the proposed scenarios are financially
attractive inwvestments. The application of the improved
technologies and use of the resulting expanded capacity
satellites have not succeeded in making this hypothetical
business into a financially attractive business. This may not be

the case for other DBS business scenarios,
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TABLE 6.9 DBS EXPECTED PROFIT

BASE CASE VS FIRST USER SCENARICS ORIGINAL PAGE IS

(THOUSANDS OF 1985 ) OF POOR QUALITY
YEAR BASE CASE ION-THRUSTER GaAs
1 (22525) (17572) (19025)
2 (9498) (27633) (16894)
3 (T726) (19255) (7946)
p (5341) (8290) (5478)
5 18457 18649 18190
6 14455 9423 14639
7 14441 21475 15242
8 22243 25162 22804
9 24377 77973 25298
10 25867 30134 27604
11 16722 33887 30118
12 6709 35782 32111
13 12820 28183 23699 |
14 22762 24373 21574
15 30826 28543 25992

) INDICATES A LOSS

EXPECTED PROFIT

Ba SF CASE Y5 FRST USE™S

&
N

€ PECTED PROFIT 1685 §
Thoseandae)

»4
= 4
[ 7]
-
N
1 ]

0 BaSE Cast s oN 15T UaEm ¢ Gaas 157 (LIRN

FIGURE 6.7 DBS EXPECTED PROFIT - BASE CASE VS FIRST
USER SCENARICS
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—TABLE 6.10 DBS-EXPECTED PROFIT
. BASE CASE VS LATER USER SCENARICS
(TBOUSANDS CF 1985 §)

YEAR BASE CASE ION-THRUSTER GaAs
1 (22525) (22359) (22471)
2 (9458) (9443) (9480)
3 (7726) (7955) (7701)
4 (5341) (6485) (5156)
5 18457 20670 18535
6 14455 11597 15011
7 14441 23816 15642
8 22243 27681 23234
9 24377 30684 25761

10 25867 33051 28103
11 16722 37026 30655
12 6709 39161 ' 32689
13 12820 31819 24321
14 22762 28286 22243
15 30826 32755 26713

) INDICATES A LOSS ‘

OBS EXPECTED PROFIT

B CASE VS LATER USRS

oaonde)

EA’WC‘(#‘ PRCFIT 1085 §

FIGURE 6.8 DBS EXPECTED PROFIT - BASE CASE VS
LATER USER SCENARICS

ORIGINAL PAGE IS

UALITY
152 OF POOR [Q



TABLE 6.11 DBS EXPECTED INDEBTEDNESS

BASE CASE VS PIRST USER SCENARICOS
(TBOUSANDS CF 1985 §)

YEAR BASE CASE ION-THRUSTER GahAs
FIRST USER FIRST USER
1 20132 15705 17004
2 64616 79058 67475
3 159866 196805 162626
4 251318 303392 252101
5 269882 326944 268562
6 247561 306429 245031
7 218889 270934 215665
8 183832 228701 180261
9 - 146609 183356 140836
10 120068 135297 98965
11 117398 85330 56005
12 122603 44649 20831
13 103729 18069 (1273)
14 63203 (9449) (25335)
15 15931 (46232) (59387)

) INDICATES NEGATIVE INDEBTEDNESS .

CEBS EXPECTED INDEBTEDNESS

BaSE CASE Y5 FRST USER

)
{
{
i
. |
'r} ‘
: |
w2 N \
33 \‘\:\\ !
z 4 .\ I
e N\ |
AN
o
HJ \ AN l
e AN a !
NN
g .
5 ~

T T

¥ Ll
10 11 12 13 14 1S9

8 Goas 1ST USER

FIGURE 6.9 DBS EXPECTED INDEBTEDNESS - BASE CASE VS
FIRST USER SCENARICS
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TABLE 6.12 DBS EXPECTED INDEBTEDNESS
BASE CASE VS LATER USER SCENARICS
(TBOUSANDS COF 1985 $S) :

BASE CASE ' ION-THRUSTER GaAs

YEAR
LATER USER LATER USER
1 20132 19984 20083
2 . 64616 67588 64294
3 159866 173302 158439
4 251318 277075 247600
5 269882 298629 263719
6 247561 275956 239818
7 218889 238138 210055
8 183832 193406 174224
9 146609 145370 134338
10 120068 94416 91972
11 117398 41332 48479
12 122603 (2702) 12732
13 103729 - (32891) (9991)
14 63203 (64294) (34717)
15 15831 (105257) (69484)

) INDICATES NEGATIVE INDEBTEDNESS

S EXPECTED INDEBTEDN ESS

BF CASE 5 ATER USRS

3C T
|
|
50 <
t
= ;
w 20C o
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FIGURE 6.10 DBS EXPECTED INDEBTEDNESS - BASE CASE VS
LATER USER SCENARIOS
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TABLE 6.13 NET PRESENT VALUE* (MILLIONS GF 1985 §)
‘AT VARIQUS DISCOUNT RATES

DISCOUNT RATES

SCENARIO 10 15 20 25 40
BASE CASE ${(104.2) $(112.1) ${(111.5) $(106.9) § (87.4)
ION-THRUSTER _

FIRST USER (101.0)  (119.8)  (124.6)  (122.6) (103.0)
ION-THRUSTER

LATER USER (68.6) (94.0) {103.5) (104.8) (91.4)
GaAs FIRST

USER (75.1) (93.5) (99.5) (99.0) (84.9)
GaAs LATER

USER (69.7) (89.3) (96.0) (96.2) (83.2)

( ) INDICATES A NEGATIVE NET PRESENT VALUE
* DISCOUNTED OVER YEARS ONE THROUGH FIFTEEN

6.5 Cbservations

Two technologies that oould result fran MNASA technology
programs have been evaluated in terms of their effect the on the
financial performance of two typical cammunications satellite
business ventures. The analysis considered a fixed services
satellite business and a direct broadcast satellite business.

The FSS business is a reasonable business to begin with, one
that earns an attractive return on investment when utilizing a
satellite that does not employ the new technologies. Utilizing
satellites employing the two new technologies had a positive



impact on the financial performance of this business, in

general. In the near-term, large additional investments required
of the fimm as a result of higher nonrecurring costs of
satellites employing the new technologies increase losses and
indebtedness relative to the base case. In the long-term the
effect of increased capacity resulta;.ng fram incorporating the new
technology into the satellites positively effect profits and
~ reduces indebtedness relative to the base case. When the
business is considered over the long-term, the return on
investment when the business uses the new technologies is better
than the base case. However, if the business is a first user of
the ion-thruster technology, the financial measures may not be
favorable enough to warrant the additional investment in the
near-term to achieve the long-term rewards. Investment in new
technclogy by a first user to achieve long-term enhanced
financial performance is uncertain, because the improvement in
long-term financial measures may not be sufficient if the first
user -has to bear the nonrecurring costs after only a feasibility
demonstration phase by NASA. This may pose a hurdle that NASA
could only overcome by performing research and development beyond
the feasibility demonstration phase. NASA could reduce
nonrecurring costs to the £irst user by qualifying the prototype
satellite, producing a standard modular design and demonstrating
reliability.

The particular direct broadcast satellite business venture
selected for analysis was fouﬂd to be unattractive as indicated

by the financial performance measures generated by the base case
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scenario. Although 1losses turn to profits within the fifteen
period evaluated, the net present value of cash flow is negative
at all of the considered discount rates, an indication that no
prudent investor would invest in that particular business. It is
hoped that the utilization of the new technology satellites with
increased capabilities would significantly after this situation.
Application of the new technologies caused improvements in profit
and indebtedness over the long-term, but was not of sufficient
benefit to tr;nsfom the business into a viable one.

It must be emphasized that this analysis considered only two
representative business scenarios, as defined in the preceding
sections., Impacts of the new technology satellites may differ

when considering other business scenarios.



71— SPACECRAFT-MARKETS - AND - TECHNCLOGY — IMPLICATIONS

7.1 Value of Technology Programs

Net present value (NPV), the discounted stream of future
cash flows, ié an accepted measure of project's worth to a
business. The difference between the NV of two projects
provides a measure of the expected value of one investment
 relative to the other.

The analyses described in the previous pages resulted in the
determination of the increase in the NPV that a typical venture
is likely to experience as a result of utilizing improved
technology satellites. The utilization of ion-thruster
satellites is expected to increase NPV by $25 to $40 million (at
a discount rate of 15%) relative to the base case. Utilization of
GaAs technology could increase NPV by $25 to $35 million (at a
discount rate of 15%).

These increments in NPV may be viewed as the benefits to a
typical firm of investment in the improved technology satellites:
As a first order approximation, these changes in NPV may be
. extrapolated to the industry by multiplying the likelihodd of a
business venture using the technoloqy by the expected increase in
NPV of the business venture and the expected number of business
ventures that might utilize the improyed technology satellites.

 Estimating the number of businesses that could benefit fram
the improved tecmblogy satellites requires projections of supply
and derand. Recently, several studies forecasting sharply
increasing transpondgr demand concluded that demand for
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TABLE 7.2 ESTIMATED DEMAND FOR 36MHz EQUIVALENT TRANSPONDERS

——

1990 1994 1995 1996 19397 1998 1999 2000

TRANSPONDERS 1145 1655 1783 1911 2039 2168 2296 2424

transponders would exceed capacity in the 1990's. More recently
several factors have tempered this optimism and some are
anticipating a transponder glut through the early nineties.
These factors include the potential campetition of fiber optics,
the large projected supply of transponders (based on current and
approved capacity and satellité applications pending before the
FCC), and po‘ssibly an already existent oversupply (based on the
FQC's spot check of transponders in use [1}).

The number of businesses that will launch cammunications
satellites may be estimated by (a) selecting demand forecast and
a supply forecast based on capacity that will be available using
current technology satellites and (b) determining the amount ofl
transponder capacity that will have to be available to fill
estimated excess demand that will emerge once the satellites
start to fail.

A recent NASA study [2] estimates the demand for 36 MHz
equivalent transponders for the years 1980, 1990 and 2000. Table
7.2 presents the demand forecast using the NASA estimates for
1990 and 2000 and interpolating linearly between the two points.

If all satellites that have been approved by, and are
currently pending before the FOC are actually launched, and if

these satellites and those currently on-orbit achieve their
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TABLE 7.3 TOTAL PRQJECTED- SUPPLY OF U.S: — COMMERCIAL — SATELLTTE
TRANSPCNDERS (EQUIVALENT 36 MHz) 1995-2000

1995 1996 1997 1998 1999 2000

TRANSPONDERS 1873 1830 1463 768 536 381

expected lifetimes, then there will be more than sufficent
capacity to fill the above demand forecast until 1995. Table
7.3 1is a projection of transponder supply [1) based on current
satellites on—orbit, satellites currently approved by the FCQC and
satellites that are still pending FOC approval under the current
round of épplications.

Using the demand and supply forecasts described above, a
glut is foreseen through the mid-1990's. ‘Around 1996 there will
begin to be a gap between supply and demand, considering supply
as defined above (and not including any satellites included in
a subsequent round of PCC fllmgs) 'Ibe present, current pendlngr
and ‘current appros,ed capablllty will have started to fail, and” |

TABLE 7.4 SUPPLY AND DEMAND OF BQUIVALENT 36 MHZ 'IRNEPGDERS
1995-2000

1995 1996 1997 1998 1999 2000

TRANSPONDER
SUPPLY 1873 1830 1463 768 5367 381
TRANSPONDER
DEMAND 1783 1911 2039 2168 229 2424
EXCESS DEMAND -90 81 576 . 1400 1760 2043




demand will continue to grow. At this point new satellites will
be constructed and launched to fill the gap. The lead time for
construction and launch and FCC approval require the decision to
launch new satellites be made 4 or 5 years prior to launch.[1]
Therefore choices regarding satellite oconfiguration and
technology will start to be made early in the nineties. The
technology must be évailable by then in order to be available for
inclusion into the next generation of satellites: those placed
into orbit after the current®* group starts failing.

If the technology is available as early as 1991 the
following estimate may be made of the rumber of businesses that
would be able to utilize the technology. Table 7.4 indicates the
estimated transponder demand and supply for the years 1995
through 2000. The difference between demand and supply ranging
fran 81 transponders in 1996 to 2043 transponders in 2000, is
illustrated in Figure 7.1. If there are 20 transponders per
satellite, on average, about 100 satellites must be launched by
2000 to fill estimated demand.

Table 7.5 indicates the number of satellites per year that
would have to be launched to satisfy the exceés demand., " If a
typical business operates three to five satellites, then -between ‘
twenty and thirty-four ventures may benefit fram the new

technology by placing satellites incorporating the new technology
into orbit in the 1996 - 2000 time frame,

* CQurrent includes those pending now before the FCC - it is
assumed that design decisions have already been made on
these and that the new technology will not be ready by the
time most of this group is ready for launch.
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FIGURE 7.1 SUPPLY AND DEMAND FOR BQUIVALENT
36MHz TRANSPONDERS
The likelihood that a business will choose to invest in the
new technology is a function of the financial benefits likely to
result fram the new technology and the cost of introducing the
technology. For instance, the likelihood that a business will
invest “in ' the ion-thruster satellite as a first user, while
nonrecurring costs are still high, is much lower than the
likelihood of a business investing in the ion-thruster satellite

as a later user, after nonrecurring costs have been reduced.

TABLE 7.5 NBw~ SATELLITES ON-ORBIT ANNUALLY TO FILL EXCESS DEMAND

1996 1997 1998 1999 2000

NUMBER COF :
SATELLITES 4 25 41 18 14

162



As discussed in Section 6, if NMASA only develops the
technology to the point of a feasibility demonstration phase, a
first user of the ion-thruster technology satellite may not find
the financial performance measures to be attractive enough to
invest in the technology. hbmémrring costs are high, and the
ROI is not significantly better than that of the base case. Risk
may be perceived as higher than the base case because the
techrology is as yet unproven.*

NASA may increase the likelihood of an initial investment in
ion-thruster t&Ml@y by taking the research beyond the
feasibility demonstration phase. By qualifying the spacecraft
and producing a standard modular design, MNASA can reduce
nonrecurring costs to the first user. Furthermore NASA might
influence perceived risk by reliability demonstrations. This
would reduce cost further because the satellite has been designed
with two propulsion systems - an ion propulsion system and a
chemical backup system: once the technology is proven the two
systems may not be necessary. Performance of this secand phase
of research and development could then increase the chance of the
increased net present value being realized by a number of
businesses because the 1likelihood of there being an initial
investment may be increased. _

To illustrate, suppose that NASA only performs a feasibility
demonstration (phase 1). A first user may not find sufficient

* Although a chemical propulsion system is designed into the
satellite as backup, it does not provide the same
reliability as the base case satellite since it does not

have enough propellant to carry the satellite for the
entire design life.
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financial motivation to invest in the technology, and the

technology may literally never get off the ground. If this is
the case the net present value increases will not be attained by
later users. The probability of there being a first user, and
therefore subsequent users is low.

If nonrecurring costs are reduced, there is a greater
likelihood that there will be a first user of the technology.
Conseguently, there is also a greater likelihood that subsequent
businesses will also utilize the technology thereby achieving
increased NPV. If NASA undertakes a demonstration program (phase
2) aimed at reducing nonrecurring costs, the chances are greater
that these benefits will be realized.

Estimation of the effect of Phase 2 on NPV (extrapolated to
the industry) may be illustrated using the following simplified
model. Suppose that there are only first users and later users.
A first user represents the user who would bear the initial
nonrecurring costs if. there were no Phase 2. later |users
represent.. either. those. investing after -the first users -or.
represent all users if NASA undertakes Phase 2.

1f Pl = probability of private sector investment in

technology if only Phase 1

APVl = the change in present value to the fust user
of the technology (relative to the base case)

APV2 = the change in present value to the later users
' (relative to the base case)

N = numnber of potential users

P2 = probability of private sector investment in

technology if Phase 1 and 2 programs are
undertaken by NASA,

The value of performing Phase 1 is:
Pl* (aPV1 + (N=-1) * aPV2)
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The benefit of performing both Phases 1 and 2 is:
P2 * (N * a PV2)

and the benefit of performing Phase 2 alone is:
(P2 - Pl) *N* aPV2 + Pl * (aPV2 - a V1)

The value of P2 should be significantly greater than Pl: the
likelihood of private sector investment in the technology is
increased by the government undertaking' the second phase of the
research and development,

Assigning values to the variables based on results from the
analysis and guessing values for Pl and P2 as follows:

P1 =.1

P2 =.8

N =30
APV1 = $25 million
APV2 = $43 million

the value of Phase 1 would be $130 million, the value of Phases 1.
and would be $1030 million, and the value of Phase 1 alone would
be $900 million. It should be noted that the benefits depend
heavily upon P2 - Pl. ‘Thus over wide ranges of P2 and Pl.
significant benefits may be achieved by performing Phase 2.

7.2 pPotential Impact on Imports and Exports

Most of the commercial camunications satellites in orbit
have been supplied by U.FS. campanies. {3] Foreign countries have
recently been developing the capability to manufacture
camunication satellites and U.S. manufacturers can expect to
face increasing campetition fram aproad. The Buropeans have
advanced in the design and development of three-axis stabilized
spacecraft for camunications satellites. The development of the

European regional camunications satellite system, Eutelsat, was
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sponsored by the European Space Agency and the satellites were

built by a British multinational group with Prench, German and
Italian participation., Japan has already orbited a series of
camunications satellites and is developing a new high capacity
satellite. (4]

The Europeans and Japanese have been developing Silicon and
Gallium Arsenide solar cells and intensive programs to develop
ion propulsion are underway in France and Germany. Even if the
U.S. does not develop improved technology in these two areas it
appears that the technology will be available: fram foreign
Sources. |

The previous sections describe the effects of ion-thruster
and Gallium Arsenide technology on camunications satellite
business ventures using two particular spacecraft configurations:
the FSS venture was based on a Hughes spin stabilized Ku-band
satellite, and the DBS venture was based on a GE three-axis
stabilized satellite. The results presented indicate that there
are likely to be benefits to. fixed camunications  satellite-
business ventures fram using iaon propulsion and Gallium Arsenide
solar cells. In the case of ion-thruster techmology these.
benefits may only come about if NASA goes beyond the feasibility
demonstration phase to qualify the spacecraft, produce a standard
modular design and demonstrate reliability. With Gallium
Arsenide techmnology, the analysis showed that, based on the
particular business scenario analysed, improved financial
performance measures would result fram application of the

technology by the first user of the techmology after only a
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feasibility demonstration program by NASA. The specific benefits
will depend upon the particular business venture utilizing the
new technologies and the specific satellite configurations
employed.

Improved technology (both ion-thruster and Gallium
Arsenide), on the other hand, did not have favorable enough
effects on the particular DBS venture that was analysed. This
particular venture was an unattractive one to begin with (it must
be stressed here that this is not to say that other DBS
businesses may be financially untenable , but it 1is rather
because of the specific configuration that was used in the
analysis - a satellite with only three active transponders). Use
of the new technologies did not make the business a viable one.
The results therefore suggest that the specified ion-thruster and
Gallium Arsenide technology may not be profitably applied to the
higher power DBS satellites (since business ventures using the
considered satellite configuration may not be viable in their own
right).

Extrapolation fram the limited developed data points to the
broad range of fixed camunications satellite business ventures
leads to the conclusion that improved technology satell itgs
(i.e., incorporating ion propulsion and/or Gallium Arsenide solar
cells) would potentially have a campetitive advantage on the
world market because of the positive effects such satellite cound
have on the financial performance of the businesses owning the
satellites. (As discussed above, this campetitive advantage
would be more likely to result for ion-thruster technology if
nonrecurring costs could be brought down and high reliability
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demonstrated.) If the U.S. does not develop ion propulsion

technology and improved solar cells whereas the Europeans or
Japanese do, U.S. manufacturers may lose a portion of the world
satellite market to the campetition.

Estimation of the size of the poténtial market "at risk" or
the market that the U.S. could lose if foreign technology
advances faster than U.S. technology may be approached as
follows. A study by Communications 21 [4] estimated planned
worldwide investment in camercial cammunications satellites.
Figure 7.2 illustrates the expected investment by area during
the years 1990 and 2000, according to the study. The study
listed past, present and expected future camunications
satellites worldwide and indicated cost, country of owner and
contractor for the satellite (when available). Table 7.6 is an
example of information presented in the study. Estimates
resulting from this study may be high and may overestimate the
actual market since many satellites listed after 1985 are not yet
under contract and it is not certain the satellites will be
lamchéd. | _ |

Because the reported financial analysis indicated that the
chsiAdered new technologies may not sufficiently alter the
financial performance of the considered DBS businesses, the
market for DBS satellites was not considered part of the market
at risk.

Satellite purchases for which the satellite contractor was
already determined (for instance Intelsat will purchase three

satellites from Bughes for launch in 1992), were not considered
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part of the market the U.S. risks losing if the technology is not
developed by the U.S.

For many of the potential satellite purchases 1listed in
Reference 4 the»cmtractOt has not yet been determined, however.
Some of these potential markets would not be open to U.S.
manufacturers in any case because of nationalistic policies. In
Western EBEurope, comumications systems are operated by the
government  postal-telephone-telegraph agencies which  are
comitted to buying nationally and American manufacturers are
therefore barred from the European market. (3] Since Burope is
likely to supply itself, Europe, including ESA and Eutelsat, is
not considered part of the market at risk.

Ontil recently Japanese policy, based on the country's Space
Development Principle, has been to.protect its national space
industry and build up an advanced and campetitive camercial
space industry with Japanese technology. In fact, the govermment
has allowed development and launch of Japanese spacecraft even if
more costly than U.S. spacecraft. [5] The Japanese goverrment
has recently reversed this policy to accelerate purchase of U.S.
manufactured camunications satellites. (6] In fact, joint
ventures are being formed in Japan to market American made
camunications satellites. Space Communication Corporation, for
example, (a joint vehture between Mitsubishi Trading Corporation
and Mitusbishi Electric Corporation) plans to market Ford
Aerospace satellites. [7] Other events may further open Japanese
doors to U.S. camunications satellites. Nippon Telegraph and
Telephone has just been denationalized. [8) Of even greater
import, Japan just decided to release a portion of the Ku-band
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for domestic camunications-satellite operations-in —Japan.— (7]
Until this decision there was little optimism concerning
potential U.S. inroads into the Japanese market because
cammunication satellites in Japan have been allocated Ka-band
frequencies (a small amount of Ku-band has been used for
camunications with foreign satellites). The U.S. would not have
been able to supply cost-competitive Ra-band satellites. (8]

Because of these developments it appears that the U.S. may
have more success than before in penetrating the Japanese market.
It could be assumed that the U.S. might capture 25% of the
Japanese market, if the relative technology levels were to remain
the same. ‘If Japan is successful in developing advanced
technology the U.S. could lose this part of the market.
Therefore 25% of the potential Japanese market may be the market
at risk.

An examination of the buying patterns of countries revealed
that in recent years Brazil has purchased its satellites fram the
Canadian manufacturer SPAR (vhich uses Bughes as a subcontractor)
and the Arab States have purchased fram the French campany
2erospat (to which Ford is a subcontractor). ‘Canada has reoeﬁtly
purchased satellites [Anik-D] from the Canadian manufacturer,
SPAR. In these cases it will be assumed that a country that is
buying fram a country that is developing the technology is. not
part of the market at risk, because it would be lost to U.S.
manufacturers in any event. (Arabsat is an example) A country
like Brazil that has been purchasing fram a country not

developing the technology is part of the market at risk, because
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if the U.S. developed the technology, this part of the market
might be captured. Finally, oountries like Canada and the U.S.
that are purchasing fram their own manufacturers could be
captured by foreign technology and therefore is considered part
of the market at risk.

Areas that have consistently purchased fram the U.S. and
areas that had not comitted to a contractor or shown trends
towards buying from one particular country (Africa) in the
Communications 21. study, vwere considered part of the market at
risk. _

Intelsat purchases satellites competitively. In the past
three years U.S.manufacturers have represented about 80% of the
value of Intelsat purchases and foreign subcontractors to 0.S.
campanies about 20%. [9] Assuming that this trend would continue
if the relative campetitiveness of U.S. satellites to foreign
manufactured satellites remained the same, the U.S, would risk
losing the 80% of the uncamitted Intelsat market if foreign
countries developed and produced the improved technology:
satellites and the U.S. didn't.

Table 7.7 presents a rough estimate of the size of the
comunication satellite market fram 1990 through 2000 that could
be lost to U.S. manufacturers, if U.S. technology does not remain
competitive. The results are based on the Communications 21
study and the above assumptions., Indications are that the “at
risk" market, i.e., the satellite market that is 1likely to
gravitate with technology, is on the order of 4 to 5 billion
dollars in the 1990 to 2000 time frame,
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TABLE 7.7 AT RISK SATELLITE MARKET DURING

THE 1990 - 2000 TIME PERICD

QOUNTRY /AGENCY MARKET
Intelsat $1392 Million
Asia 200 Million
Japan 115 Million
Latin
America 290 Millian
Africa 110 Million
Inmarsat ' 176 Million
u.s. 2,202 Million
Canada 277 Million
Total : $4,762 Millian
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8. OTHER APPLICATIONS OF METHADALOGY

An objective of the reported effort was to develop an
econamic evaluation and plamning capability appropriate for the
evaluation of spacecraft technology programs such as space power
and on-orbit propulsion systems., As described in previous
sections of this report, the DOMSAT II Model is the cornerstone
of this capability. The DOMSAT II Model is a stochastic
financial simulation model that allows the impacts of §S/C
technology programs to be evaluated for a broad ramge of
cammunication satellite business ventures providing a
multiplicity of camunications services. The Model similates the
perfomance of the business ventures explicitly and
quantitatively taking into account uncertainty, unreliability and
resulting risk.

The DOMSAT II Model provides the means for evaluating S/C
technology programs and space transportation programs and related
policies in temms of their impacts on the financial performance
of communications satellite business ventures.

The ability to model the financial perfomance of
cammunications satellite business scenarice together with the
specification of typical business scenarios, provides the means
for assessing the impacts of many public and private sector
programs and policies. It is possible to analyze many related
problems and issues with the assistance of the DOMSAT II Model.
Possible analyses include the following:
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*  Assessment of the impacts of undertaking a broad range
of S/C technology programs.

* Assessment of the impact of transportation system
technology programs such as the development of low
thrust upper stages for the transportation fram LED to
GED

* Comparison of the financial consequences of utilizing
alternative space = transportation systems having
different mission modes (i.e., expendable vs.
reusable), reliability, accuracy of payload placement,
price, etc.

* Assessment of transportation system pricing policies on
specific business scenarios to provide insight into the
likely oconsequences of transportation pricing policies
on investment decisions.

* Assessment of the impact of cost of insurance and
evaluation of the self-insurance alternative.

* Assessment of alternative S/C configurations, trans-
ponder arrangements and sparing concepts. :

* Assessment of the potential market for upper stages
(and associated pricing policy) in terms of the impact
of the attributes of the stage on the financial

performance of commmications satellite Dbusiness
ventures,

All of the above may be accamplished directly by altering the
input data set so as to reflect the technology attributes or
policy “issues of concern. For example, the effect of &nce
Shuttle pricing policy may be assessed by altering the
transportation system price as a function of time. The financial
impacts, assuming that transportation system price adjustments
are not passed on to the consumer, can be abserved by direct
camparison of the financial performance measures with those of
the base case scenario. The consequences of passing on the price
adjustments to the consumers can be observed by adjusting
transponder prices and including elasticity estimates.
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