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TECHNICAL MEMORANDUM

COMPARATIVE EVALUATION OF EXISTING EXPENDABLE UPPER STAGES
FOR SPACE SHUTTLE

by Vernon J. Weyers, Gary D, Sagerman, Janos Borsody
and Robert J. Lubick

ABSTRACT

The use of existing expendable upper stages in the Space Shuttle during its
early years of operation is evaluated. The Burmer II, Scout, Delta, Agena,
Transtage and Centaur were each studied under contract by their respective
manufacturers to determine the extent and cost of the minimum modifications
necessary to integrate the stage with the Shuttle Orbiter. A comparative
economic analysis of thirty-five different families of these stages is
discussed. The results show that the overall transportation system cost
differences between many of the families are quite small, MHowever, by
considering several factors in addition to cost, it is possible to select
one family as being representative of the capability of the minimum modif-
ication existing stage approach. The selected family meets all of the
specified mission requirements during the early years of Shuttle operation.
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SUMMARY

One alternative for providing an interim Shuttle upper stage capability is to

use one or more of the existing launch vehicle upper stages in an expendable

mode. For this alternative, the existing stages would be modified only as required
for compatibility with the Space Shuttle. This approach has been the subject

of a detailed investigation over the past three years at the Lewis Research

Center (LeRC). The activity included two contracted studies to establish the
feasibility of the existing upper stage alternative, six additional contracted
studies by the manufacturers of the Burner II, Scout, Delta, Agena, Transtage

and Centaur stages to define in detail the modifications required for Shuttle
compatibility, and a comprehensive in~house evaluation.

To provide the widest possible participation in the evaluation, a coordinating
committee was formed with representatives from four NASA Headquarters offices,
six NASA field centers and the Ai® Force (SAMSOQ).

The evaluation activity included: (1) a review of the contracted study results,
(2) selection of specific guidelines and groundrules concerning the Shuttle,
upper stages, mission models and operational and programmatic considerations,

and (3) a cost and capture analysis. The ability of about 35 different families
of expendable upper stages to perform the selected mission model and the
associated cost for each of three unique combinations of low cost spacecraft
designs and multiple launch options was assessed. The cost differences between
several of the top families were quite small. By considering a number of factors
in additien to cost, it was possible to select one family as being representative
of the most attractive combination of existing expendable upper stages for
Shuttle for an interim period. The selected minimum modification family consists
of the eryogenic Centaur, the storable Transtage and the small Burner IIA solid.
A Burner 1II type kickstage is alsc used on both the Transtage and Centaur.

The selected family is not intended to be a final choice of expendable stages for

Shuttle since factors which were beyond the scope of this evaluation will have

to be considered in making that decision. The selected Centaur, Transtage,

Burner 11 family does, however, combine a high degree of flex1b111ty and cost-

effectlveness as an interim Shuttle upper stage systemaaua Tlu o omme dooooo Y
TOLD wppoy Jbdee sonpor ooc renivitles,



COMPARATIVE EVALUATION OF EXISTING EXPENDABLE UPPER STAGES
FOR SPACE SHUTTLE

by Vernon J. Weyers, Gary D. Sagerman, Janos Borsody
and Robert J. Lubick

Lewis Research Center

INTRODUCTION

When the Space Shuttle becomes operational, it will be used to deliver asutomated
earth orbital, geostationary and planetary spacecraft as well as manned sortie
laboratories. The required final destination of many of the automated missions
is beyond the capability of the Shuttle orbiter by itself. A Shuttle upper

stage is required for these missions if continued use of existing expendable
launch vehicles is to be avoided. Eventually a highly versatile and fully
reusable Space Tug is to be developed for this application. This full capability
Tug is not expected to be operational, however, until several years after the
initial operating capability (IOC) of the Shuttle. (All symbols and abbreviations
are defined in Appendix A.) TFor this evaluation the reusable Tug I0C is assumed
to be January 1, 1984, and the Shuttle I0C January 1, 1980. During the four year
period between Shuttle IOC and Tug IOC, an interim Shuttle upper stage capability
is needed. Possible alternatives for providing this early Shuttle upper stage
capability include:

1. Existing expendable upper stages incorporating only those modifications
necessary for Shuttle compatibility,
2, Iwmproved versions of existing upper stages modified for reusability
and/or increased performance capability, and
3. An interim phase-developed reusable space Tug which would eventually
be evolved into the full capability Tug.
Because of the large number of existing stages and the many possible combinations
of these stages, there are many variations within the first alternative, At
the request of NASA Headquarters' Office of Space Science (0SS), a comprehensive
analysis of the existing upper stage alternative was initiated in calendar year
1971 at the Lewis Research Center (LeRC). Subsequent to this activity, the
NASA's Office of Manned Space Flight (OMSF) undertock the task of assessing all
three of the interim upper stage alternatives when it became evident that the
full capability Tug could not (because of budget constraints) be developed in
time to match the Shuttle TI0C. To aveid the necessity for duplication of the
LeRC evaluation activities in the broader OMSF assessment which was being
conducted at the Marshall Space Flight Center (MSFC), a concerted effort was
made to assure that all of the basic groundrules and assumptions in the two
activities were consistent. The results of the LeRC evaluation were to be fed
into the MSFC assessment for comparison with the other glternatives. As a result,
many of the groundrules for the LeRC evaluation as well as the scheduled milestones
were strongly influenced (and occasionally dictated) by the requirements of the
MSFC assessment.. This report documents the LeRC evaluation of the existing
upper stage for Shuttle alternative.



As a first step in determining the feasibility of integrating an existing stage
with Shuttle, the Centaur (eryogenic) and Agena (storable) stages were studied
under contract by their respective manufacturers. The results established the
feasibility of this approach (references 1 and 2). Six sole-source contracts
were then awarded to the manufacturers of the Burner IT, Secout, Delta, Agena,
Transtage and Centaur stages for the purpose of defining in detail the extent
and cost of all modifications necessary to adapt their stages for use with the
Shuttle. The results are documented in references 3 through §.

At the outset of the study of the existing upper stage approach it was planmed
that this alternative would be used with the Space Shuttle for only an interim
period of time until a reusable Tug became available. This would permit deferring
the high development cost of a new reusable Tug past the period of peak Shuttle
development funding. With this objective in mind, primary emphasis in the
contracted studies and in the subsequent evaluation is on the existing upper
stage configurations modified only as necessary for Shuttle compatibility. No
upgrading solely for increasing performance is included. The incentive is to
provide a baseline Shuttle upper stage alternative for the interim period at

low development cost and program risk. The resulting configurations are referred
to as the baseline minimum modification existing stages. (Actually, the
configurations in existence gt the time of go~ghead for Shuttle modification
should be used as the baseline stages. In this study, the current stage
configurations including only firm already-approved changes were used.)

In addition to the minimum modification baseline version, each manufacturer
proposed and briefly investigated improved non-baseline configurations of

his stage, but in much less detail. Also, since the completion of these studies,
other upgraded configuraticns have been identified in recent studies. These
newer upgraded configurations are not included in the following evaluation.

The results obtained through all eight of the contracted studies were evaluated
in~house at the Lewis Research Center to determine the most effective family

of existing expendable upper stages for Shuttle. A chart showing the schedule
for each of the contracted studies and the in-house evaluation is included as
figure 1.

To provide wider participation in the evaluation, a coordinating committee

was set up with representatives of four NASA Headquarters' offices (0SS, OMSF

0A and OAST), five other NASA field centers (GSFC, JSC, KSC, LaRC and MSFC) and
the Air Force (SAMSO). The stated function of the coordinating committee was

to: (1) provide liaison for timely exchange of pertinent information, (2) review,
critique and approve guidelines and assumptions, (3) recommend specific variations
and options to be exercised, and (4) assess the validity and implications of the
results. These functions were sccomplished through review of the Study Plan

and Data Documentation Package by the Coordinating Committee members and the
status review and committee meetings as indicated in figure 1. The individual
comunittee members are listed in figure 2.



During the evaluation, thirty-five different groupings or "families" of
baseline and non=baseline stages were investigated. A cost and capture
analysis was completed for each of the families for each of three different
combinations of assumptions or "options'". The first of the three options
(option I) limits consideration to conventional spacecraft designs. The
Second option (option II) allows use of a combination of conventional and
low cost spacecraft designs (low cost designs are typically larger and
heavier but less expensive than the corresponding conventional or current
design model). In options I and IL only a single spacecraft is allowed

on egach Shuttle flight which includes an upper stage. Those missions

which do not require an upper stage are packaged together to more fully
utilize the Shuttle capability., These "Shuttle-only" multiple launch
assignments are the same for options I and II and also for each family
considered. Option III includes the same combination of current and low-cost
spacecraft as option II, In addition, maximum multiple packaging of space-
craft on a single stage and in a single Shuttle is permitted. Both NASA
and DOD missions are included in the capture analysis. The families are
compared on the basis of transportation system cost or, where appropriate,
"equivalent" transpertation cost which accounts for savings due to low

cost payload design,

The pertinent groundrules and assumptions are discussed in the next section.
The results of the evaluation for each of the three options (I, TI, and III)
for both minimum-modification baseline and non-baseline families are
discussed in the "DISCUSSION OF RESULTS" section, The effects of several
"special case" variations are also discussed, Based on these results,

one family is selected as being representative of the capability of the
existing expendable upper stage alternative to satisfy the interim

Shuttle upper stage requirements. Additional infermation is provided for
the selected family. The conclusicns reached during this evaluation are
summarized in the "CONCLUDING REMARKS' section.

GROUNDRULES AND ASSUMPTIONS

The task of assessing the variocus opticns in the use of existing expendable
Shuttle upper stages is quite complex and requires that a clear, comprehensive
set of groundrules be established to guide the analysis. For this reason, a
substantial portion of this report is devoted to describing the various elements
which served as inmput teo this study as well as the assumptiens which were made
to facilitate the analysis,



Such items as the mission mddel, Shuttle; ‘definition, and program schedules

change frequently as new 1nxarmatlon is: developed it is impractical te respond“
to all such changes which cccur during the course of a study such as this.
Therefore the groundrules to be followed were "frozen'" at the last practical
point and remained unchanged throughout the remainder of the analysis., They

are discussed below,

The sensitivity of the results ro some of the groundrules which include

uncertainties was also determined as will beé discussed in later sections of this
report,

SPACE SHUITLE

I0C and Availability

The Space Shuttle is assumed cperational at ETR beginning January 1, 1980.
The Shuttle buildup rate given in reference 9 is assumed, The Shuttle launches
available at each launch site under the assumed buildup rate are as follicws:

YEAR EIR WIR

1980 : i3 0

1981 34 G

1982 46 total launches split as required
1983 and later as required as required

During the'perioé of Shuttle buildup,: thebe missions in excess of the available
Shuttle launches are assigned tod expendable ‘lauach vehicles, All ayailable
Shuttle launches.in a given year are. used: before expendable veéhicles are assigred.
The missions are considered for aSSLgnment to Shuttle in the following order:

1) NASA missieneeWithin the capability of Shuttle without an upper stage.
2) DOD‘miesions_ﬁithin the.caeaﬁility of_Sﬁuttle without an vpper stegenﬁ
3). NASA‘Shuttie;plUSHUPPermseeée ;niSsiensu
43 bOD Shuttlemplesuupperwstage missione,
When insufficient Shuttle flights-are available fo coepleﬁe a peﬁticuiaf'
category, other factors are considered .to determine which missions within

that category should be flown on Shuttie and which on expendable launch vehicles.
Two such factors are:



1) The Shuttle should be used to replace the most expensive launch vehicles
for maximum cost effectiveness.

2) New programs should be assigned to Shuttle before a continuing program
which has previously (before 1980) been integrated with an expendable
launch vehicle,

Performance

Space Shuttle performance characteristics used in this study are taken from

the Space Shuttle Paylcad Accommodations document (reference 10). Space

Shuttlie delivery capability from ETR i3 shown in figure 3 as a function of
circular orbit altitude for various orbit inclinations. Figure 4 shows similar
data for Shuttle launches from WTR. This performance was derived assuming the
external tank is jettisoned prior to reaching a 50 by 100 nautical mile transfer
orbit, and the final orbit is achieved by using the Shuttle’s orbit maneuvering
system (QMS).

It is possible that the Shuttle will also be able to deliver payloads to elliptic
orbits, which would be advantageous for some missions. However, no Shuttle
performance data for this mode of operation were aveilable at the time of this
analysis.

Maximum Shuttle performance, based on figures 3 and 4 is used in this study.

It is assumed that cargo bay OMS tankage kits could be used with the expendable
Shuttle upper stages. For migsions beyond Shuttle-only capability, the Shuttle
delivers the spacecraft and expendable upper stage to a circular orbit. The
altitude and inclination of the circular Shuttle orbit are selected to maximize
expendable upper stage performance.

When the Shuttle performance with integral OMS tanks is adequate, the Shuttle

cargo space available for Shuttle payloads is 15 feet in diameter by 60 feet

long. The expendable stage, when one is required, is part of the Shuttle payload.
If cargo bay OMS kits are required, the 60-foot available cargo bay length is
reduced by 12.3 feet. Multiple OMS kits can be nested so that the available cargo
bay length is 47.7 feet whether 1, 2, or 3 cargo bay OMS kits are needed (reference
10},

Figure 5 illustrates the Shuttle launch azimuth constraints for launch sites at ETR
and WIR. The allowable launch azimuth range for EIR is defined as 35 degrees

to 120 degrees, This azimuth range gives an inclination range of 28.5 degrees

to 57 degrees. The allowable azimuth range at WIR is 140 degrees to 201 degrees.,
This azimuth range gives an inclination range of 56 degrees to 104 degrees. All
missions requiring Shuttle orbit inclinations less than 57 degrees are launched
from ETR. Missions requiring higher Shuttle orbit inclinaticns are launched from
WIR,



Center-of=Gravity and Landing Weight Constraints

The maximum design landed payload weight and the allowable payload, longitudinal
center~-of-gravity (c.g.) envelope for the Space Shuttle are shown in figure 6,
The landing weight limit of 32,000 pounds is applied, in this study, to planned
operations only., Planned operations include the return of sortie spacecraft
and/or upper stage/Shuttle interface equipment. The landing weight is not
constrained for mission abort situations (unplanned operatioms). For abort
landings, therefore, the margins of safety could be below the nominal.

The longitudinal c¢.g. comstraint is applied to all landed weight either for
plarmed or abort operations. Dumping of upper stage liquid propellants is
assumed in case of abort; therefore, the landed Shuttle pavlcad weight in

abort situations comnsists of all spacecraft on the flight plus the empty weight
of any liquid stages, the full weight of any solid stages, and all upper stage/
Shuttle interface equipment. Detailed c.g. information was not available for
the individual spacecraft., The c.g.'s of all spacecraft {including sortie
modules) are assumed to coincide with the center of the cylindrical payload
envelope.

In those cases where a single sortie spacecraft apparently violates the landing
weight constraint and/or the longitudinal c.g. constraint, the mission is flown
but no other spacecraft is packaged with it for multiple launches.

Costs

Development costs for the Space Shuttle are not included in this study. The
direct operating cost per launch, as supplied by OMSF (reference %), is held
constant at $9.8M per launch.

UPPER. STAGES

The baseline Shuttle upper stages considersd in this study are versions of
existing propulsive stages modified only as required to make them compatible
with the Space Shuttle. Those configurations considered as baseline stages are:

Agena

Burner II

Burner IIA

Scout (Castor II/X259)

Scout (Castor II/X259/FW=45)
Centaur )
Belta

Transtage

The characteristics of these stage configurations are discussed in the section
entitled "Baseline Stages."



In addition to the baseline stage configurations, several other configurations,
proposed by the stage contractors are considered. These involve further
modifications to the existing stages in order to enhance their performance
capability as Shuttle upper stages. These stage configurations are described
in the section called "Non-Baseline Stages."

Baseline Stages

The characteristics of the baseline Shuttle-compatible expendable upper stages
are given in table 1. The information shown was, in general, taken from the
final reports (veferences 1 through 8) of the recently completed NASA-funded
Shuttle Integration Studies. The comparative sizes of the baseline stage
configurations may be seen in figure 7 which shows the stages drawn schematically
to a common scale., Each of the baseline stages is discussed briefly later in
this section.

In order to facilitate performance calculations, total expended weight and
effective specific impulse are used and are included in table 1. Total expended
weight includes all weight expended between the upper stage’s first ignition and
final burnout. This includes items such as main impulse propellant, attitude
control propellant, engine shutdown and restart losses, boil-off, solid rocket
‘motor expended inerts, etc. The effective specific impulse is determined by
multiplying the engine specific impulse by the ratio of usable propellant weight
to total expended weight. WUsing total expended weight and effective specific
impulse (rather than usable propellant weight and engine specific impulse)

in performance calculations simplifies the accounting for the non-impulse
expendables while maintaining a high degree of accuracy.

Also, shown in table 1 is the longitudinal center=of-gravity location for the
stages plus their interface equipment. The value given is for an abort landing,
and hence for liquid propellant stages assumes the propellant has been dumped.
The dimension given is the distance from the aft end of the Shuttle 15° x 60°
cargo bay assuming the stage is installed in its aft-most position in the cargo
bay.

For options I and II, no more than one upper stage is carried on each Shuttle
flight. The groundrules for option IIL permit multiple similar stages on a
single Shuttle flight, In most instances, weight and volume constraints preclude
multiple stages in the cargo bay so that, even in optiom IIT, the single stage
per Shuttle arrangement is most prevalent. The possibilities for multiple stage
arrangements are discussed along with the main characteristics of each individual
stage in the follewing paragraphs. Figures 8 through 15 which will be referred

to in this section are taken from the final contractor reports (references 2
through 8) and do not all include the same amount of detail and information.



Agena, - The Shuttle-compatible Agena baseline stage is shown in figure 8.
The Agena uses a single Bell Model 8096 engine capable of multiple restarts.
Its 5-foot diameter allows side- by side mounting in the cargo bay for small
spacecraft, This type of mounting would require de51gn of a special cradle
or pallet, Such a design was not undertaken for this study, however; for the
option III capture analysis it is assumed that such a cradle is avallable

The Agena's 21-foot length will accommddate spacecraft packages up to 39 feet
long with integral Shuttle OMS tankage and up to 27 feet long when cargo bay
OMS kits are required,

Burner I¥ and Burner IIA, - The Burner II characteristics shown in table 1 are
based or the use of the flight-proven TE-M-364-4 solid rocket motor, as shown

in figure 9, which carries 2290 pounds of composite solid propellants. While
this Burner II configurations has not flown, substitution of the larger motor in
place of the 1440-pound TE-M-364-2 rocket motor presently used has been studied
and is considered to be "existing" in the context of this study.

Restartable motors are not considered in this study, hence, the Burner II single
burn capability severely limits its ability to capture missions starting from
circular Shuttle orbits. Therefore, the single stage Burner II is not considered
as an independent stage in the capture analysis, However, it is representative
of small solid propellant kickstages which can be used to increase the performance
capability of the liquid propellant stages., Because of the availability of
technical and cost data for a Shuttle-compatible Burner II, it was used for all
kickstage applications in this evaluation. It is recognlzed that a variety of
kickstage configurations could be used. For example, as indicated in table 1,

the Burnmer II is a 3-axis stabilized stage. For those missions which require

a kickstage, and for which a spin-stabilized kickstage is adequate, the
TE-M-364-4 motor in a spin stabilized mode offers comparable AV capability
(slightly higher) at a cost savings of approximately $0.5M per flight, However,
the mission requirements are not known well enough to determlne the type of
stabilization required in all cases,

The adapter weight used between the lower stage and the Burner IIL kickstage is
given in table 1 under the respective liquid propellant stages.

The c.g. location given in table 1 for the Burner II is measured from the forward
end of the lower stage.

The 2-stage Burner IIA configuration shown in figure 10 is used independently

to fly missions from the Space Shuttle. The Burner IIA retains the TE-M-364-2
rocket motor in the lower stage and uses the TE-M-422-1 motor in the second stage,
The 2-stage concept significantly increases the flexibility over the single-stage
Burner 1IL. .

The stage contractor (reference 3) looked at two options for mounting the

Burmer IIA in the Shuttle cargo bay. For this study, mounting with the Burnmer IIA
centerline parallel to the Shuttle cargo bay centerline was selected rather than
the perpendicular mode,



Scout Stages. = The upper three stages of the present 4-stage Scout B which are
considered as candidate Shuttle upper stages are shown in figure 11. A two-stage
and z three-=stage configuration are included in the evaluation. The twe stage
version, composed of the Castor II and the X=259, is contrclied by a 3=axis
stabilized guidance system on the X-259 stage. The lower two stages of the
three-stage version are controlled by the same guidance system in the X=259,
while the third stage, the FW=45, is spin=stabilized.

The 38~foot length of the 3=stage configuration limits the spacecraft length
which it can carry to 22 feet with integral Shuttle OMS tanks, and under 10
feet with cargo bay OMS kits., The 2-stage configuration can carry spacecraft
up to about 6 feet longer in each case. The small diameter of the Scout stages
permits side~byeside packaging with small spacecraft. A pallet for this
purpose was proposed by the stage contractor in reference 4,

Centaur. - The Centaur D=15, shown in figure 12 is the largest of the baseline
stages studied, and offers the highest performance. The Centaur D-15 is a
modification of the present Centaur D-IT which is currently being flown on

the Titan booster. Two pump-fed hydrogen-oxygen RLL0A-3=3A engines with multiple
restart capability provide the propulsion for Centaur. The length of Centaur
limits its capability to spacecraft less than 28 feet long with integral OMS
tankage. For the mission model used in this study, the performance capability

of Centaur is adequate to perform all missions without cargo bay OMS kits.

Delta. - The Shuttle=compatible Delta stage is shown in figure 13. This
configuration is based on the second stage of the current expendable TAT/Delta
launch vehicle. It carries the Delta Inextial Guidance System and uses a single
pressure=fed LM descent engine capable of multiple restarts.

The Delta skage is the smalliest of the liquid propellant stages studied, and

carries about 10,000 pounds of propellant. Its 5-foot diameter allows side=by-side
mounting in the cargo bay, assuming an appropriate cradle or pallet could be '
designed. Spacecraft up to 40 feet long can be accommodated with integral OMS
tankage and up to 28 feet long with cargo bay OMS kits.

Transtage. = The C=26 Transtage, which served as the basis for the Shuttle-compatible
Transtage (figure 14) considered in this study, is the final stage of the Titan IIIC
expendable launch vehicle. Propulsion is provided by two AJ~10-138 pressure fed
engines which are capable of multiple restarts, Transtage carries the most

propellant of the Earth storable stages and it is the shortest of all the liquid
propellant stages considered. Its total length is 15 fzet. While the Transtage’s
10=foot diameter precludes side-by-side installation in the carge bay, it is

posgible to take advantage of its shortness by mounting two Transtage/spacecraft
packages end-to~end in the ecargo bay.

10



Non-Baseline Stages

As discussed in the INTRODUCTION, the expendable upper stages are intended to

be an interim system planned for use with the Space Shuttle for only a few years
until a reusable Tug becomes available. Consequently, the primary emphasis

in the contracted studies (references 1-8) and in this evaluation is on existing
stages modified only to provide Shuttle compatibility. The resulting minimum-~
modification baseline stage versions discussed in the previous section, received
about 90 percent of the contracted study resources, There are, of course,
improvements that can be incorporated into the existing stages which enhance
their performance for the Shuttle application. The improved "non-baseline”
configurations proposed by the contractors were studied under about 10 percent
of the contracted activity and are discussed in this section. Various other
improved versions of the baseline stages have been identified since the

completion of the contracted studies but could not be included in this
evaluation. . : ‘

The non-baseline stages considered in the contracted studies and included in
this evaluation are: '

Tandem Agena
Tandem Delta
Tandem Trangtage
Large Tank Agena

The characteristics of these configurations are given in table 2. As =
special case, a2 new advanced Scout configuration is also considered.

A non~baseline version of Centaur, the large tank Centaur, was also proposed by
the Centaur contractor (refersnce 1). However, because the baseline Centaur
with a kickstage can perform all of the missions in the model, the large tank
Centaur is not needed and, hence, is not considered in this evaluation.

The three tandem-stage configurations are very similar in concept. The upper

stage of each stack is essentially the same as the respective baseline stage
degcribed in the previous section, A new interstage adapter is provided between
the two stages, The lower stage is a bdseline stage stripped of most of its

" avionics systems and converted to a propulsion module, Such functions as guidance,
navigation control, and sequencing of events are provided for both stages by the
systems carried on the upper stage.

The specific system designs and functional details varied among the three tandem
configurations, Additional information may be found in veferences 5, 6, and 7.
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The Large Tank Agena (LTA) configuration which is included in this study is the
evolutionary Agena configuration proposed by the contractor in the initial
Shuttle/Agena Compatibility Study (reference 2). .The configuration is shown

in figure 15. This stage represents a major change in systems cver the present
Agena and as such is considered to be a higher risk development than the other
non~bageline stages considered. The significant increase in Isp over the present
Agena and the low jettison weight give this stage a very good performance
capability.

The final non~baseline configuration, the Advanced Scout, differed from the
others in that the stage configurations comsidered are not designed for the
expressed purpose of increasing performance in the Space Shuttle, The Scout
Project Office, in anticipation of a requirement for imcreased performance from
the Scout expendable launch vehicle, funded a study with the Scout prime contractor
to design an improved Scout launch vehicle (see reference 11). If the Advanced
Scout vehicle proposed by that study were to become a reality in the near future,
the stages of that configuration, rather than the current Scout, would be
considered for use in the Shuttle, Thus, the second (Short Algol IIT), third
(Antares IIB), and fourth (Short Antares IIB) stages of the proposed Advanced
Scout launch vehicle are considered as Shuttle upper stages. The stages are
designated "SA", "AB" and "SB", respectively. This concept is considered to be
a special case because the use of these stage configurations in the Shuttle would
rely on the previous development of the Advanced Scout launch vehicle,

Performance and cost data for all of the non-baseline stage configuratlons are
presented later in this report.

Per formance

In order to perform the capture analysis required in this study, the performance
capability of the Shuttle and/or the Shuttle plus upper stages had to be
determined for each of the various missions in the model. The capability of

the Shuttle without upper stage is discussed in the earlier section on

"SPACE SHUTTLE" in the subsection entitled '"Performance". For missions requiring
energiss beyond Shuttle capability, an expendable upper stage (or stages) and

the spacecraft are injected into an initial orbit by the Shuttle. At the propex
time the upper stage is ignited and performs the desired mission. The performance
capabilities of the expendsble upper stages considered, and the groundrules
followed in the computation of Shuttle plus upper stage performance are discussed
in this section. '

In computing Shuttle upper stage performance, the upper stage/Shuttle

adaptation equipment weights are charged to Shuttle payload. These adaptation
equipment weights are presented in tables 1 and 2 for all expendable upper stages.

12



For liquid propellant stages, a one percent FPR ig ineluded by reducing the
effective stage specific impulse one percent. Since the expendsble solid stages
~considered are not restartable and onee ignited they must burn ko propellant
depletion, there was notattempt to include any flight performance reserves.

Performance characteristics of expendable upper stages are givem in tables 1

and 2. Using the basic stage performance data and the Shuttle performance

maps described in the "SPACE SHUTTLE" section above, the delivered payload is
maximized for each mission in the missieon mpdel. There are two parameters

free for optimization, the circular orbit altitude to which the Shuttle can
inject a spacecraft and expendable upper stage, and the Shuttle orbit inclination.
These two parameters are chosen to maximize payload with the constraint that
spacecraft plus expendable stage plusgtsupport equipment weights are léss than

or equal to Shuttle capability. For orbit-to=erbit transfer, the liguid stages
and the two-stage solid vehicles use a two impulse Hohmann transfer. The amount
of perigee inclination change is selected to give a maximum payload for the
given total inclination change. The 3-stage solid vehiclé&s use a threés impulse
transfer mode. The three impulse transfer is aecomplished in either of two ways.
In the first transfer mede the first stage burns into an intermediate transfer
orbit making an optimal inclinatien chaﬁge. The secend stage then cgists to the
apogee where it ignites and puts the third stage into ansther tramsfer orbit
with an apogee equal to the apogee of the désired final erblg. The second

gtage also makes an coptimal ineclimation change. At the apogee of the segond
transfer orbit the third stage ignites, making the remaining inclimatien c¢hange
and raising the perigee to coeincide with the desired final perige¢. The sgcond
three impulse transfer mode ig similar to the twe-impulse transfer in that the
first and second stages ave burned at perigee of the-d#ffeind orbit, making an
optimal plane change and raising the imitiel apogee to the desired final apogee.
The third stage then cuasts te apegee where 1t makes the final iptlination changs
and raises the perigee to the desirved perigge altitude. Por the threws stage
soplid vehicles both three impulse transfer modes are éavaluwated, snd the ong
giving the higher payload (generally the first mode) is selected.

Payload capability of all baseline and gm=baseline stiges to géesynchronous
equatorisl orbit are given in table 3 and table 4 respestively.®For csomparison,
two sets of performance numbers are presemted. The first set is ébtained by
optimizing Shuttle orbit altitude and inelination te give maximum paylead.

The second cage assumes the Shuttlé delivérs the payioad and upper stage to a
100 nautical mile circular orbit.

Planetary mission performance ecapability of the baseline §tages without and

with Burner 11 kickstage are presented as a function of incremental veloeity

on figures 16 and 17, respectively. The curves include a3 eme percent flight
performance reserve. These curves are used in determining planetary mission
performance for each stage and mission. Again, the Shuttle orbit is selected

to give maximum payload weight delivered., Similar performance curves are presented
fpr the non-baseline stages on figures 18 and 19.
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Cost estimates for the various stages (baseline and non~baseline) were provided
under contract by the respective manufacturers (see refs. 2 through 8). A
common set of groundrules was imposed en all six contractors and all costs

were reported to a common work breakdewn structure (WBS). In spite of these
attempte to achieve comparability among all elements of the cost estimates, a
number of apparent discrepancies and variations in the method of bookkeeping
specific cost ftems were noted in the published results. In an sttempt to put
all of them on ancequal basis, a number of adjustments were made to some of

the cost estimates. No attempt was made to modify the contractor'# estimates
of individual cost elements. Rather, certain elements were deleted or added

in an effort to imnsure that the same items were included in each of tha overall
stage cost eatimates, '

The major groundrules imposed on the cost estimates include:
1. Costs are for plapming purposes only,
2. All costs are expressed in constant 1972 dellars,
3. Prime contractor fees are not included,
4, No flight tests are imcluded in the development program,
S.‘ Government Furnished Equipment (GFE) coéts are included,
6. Government administrative cests are not included,
7. Cost estimates assume that all launehes are from a single pad at EIR,
8. Costs fer all launch operatiens, faeilities and GSE required to
support the Shuttle upper stsge (but not the Shuttle itself)

are included,

9. GCosts associated solely with the spacecraft and/or Space Shuttle
are not included,

10. Typical mission peculiar and software costs are ineluded,

A number of adjustments were made to the individual stage cost estimatesidn
the area of mission peculiar costs. This tapfic ig diseussed in the first
part of this section. Following this, the nonreecurring and recurring cests
for the baseline stages are treated separately. A discussion of the costs
used for the non-baseline stages completes the section.

14



Mission peculiar costs. = Very large varigtiens were noted in the eéontractor's
estimates of "first-ofea=kind" and '"repeat" mission peculiar or spaceeraft
integration costs. Some elements ef the migsion peeculiar costs are gpecifically
related to the individual stage characteristics. Other portions of thése costs
are related to the partieular spacecraft and missien requirements. Planetary
missions, for example, require very extam@ive launch window analyses and
trajectory optimization activities., Multiple spacecraft delivery missiogs

could require extensive software.

Historically, the larger upper stages have been used to launch heavier, more
complicated and more expensive spacecraft than the smaller stages. As a result,
the mission peculiar cost estimates tended to be much higher for the larger stages
since the estimates were necessarily based on the individusl contractor’s
experience. In the Shuttle upper stage application the smaller stages are

capable of accomplishing (and may be assigned to) more sophisticated missions.

In that event, the mission peculiar costs for these stages will be more comparable
to-those of the larger stages.

It is also quite peesible that some of the mission planning and spacecraft
integration tasks that are traditionally ineluded as mission peculiars

would be accomplished by WASA or by a separate comtractor in the Shuttle era
and not charged to the individual stages.

Because of all these various S iBgtepiiieeR, the deecision was made to include
only those mission peculiar coste which would be ref@dred to supply a stage
identical im all respects (hardware and seftware) to a previous unit. These
items are included in the stage cests used in this evaluation. All other
mission peculiar costs were eliminated.

Baseline stage non-recurring costs. - The eontractor estimates, the adjustments
that were made to them, and the resulting nem-recurring costs as used in the
evaluation are summarized in table 5 for &ach pf the baseline stages, The
missicn peculiar costs that were removed from the Scout and Transtage estimates
are those associated specifically with particulay spacecraft and are in addition
to the stage-related costs. The service console and safety equipment costs
added to the Agena estimate fre for equipment and capability equivalent to that
already included in the other stage estimates. The contingency ig removed from
the Centaur estimate for consisteney with all of the ether stages.

Baseline stage recurring costs. - A summary of the baseline stage recurring costs
is given in table 6. The contractor estimates, all adjustments thereto, and

the resulting cost at a launch rate of six per year are included. The Burner II
stage studied as a baseline case by the contraeter utilizes the 1440-pound

solid propellant TE-M-364-=2 motor. For use as a kickstage it is dessirable to
substitute the 2290=-pound TE=M-364-4 motor. The contractor gost estimates

for the Sceut are based on the assumption that there would be& five expendable
Scout launch vehicle flights per year in addition to the six per year used

in the Shuttle. When the decision was made to eliminate the concurrent Scout
vehicle program in the baseline case, it wa®s necessary to adjust the recurring
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cost as indicated in table 6.  Mission peculiar costs are deducted from the
contractor's estimates for the’ Scout, Delta and Centaur. The items déducted
are specifically related to the spacecraft. . Costs which are mecessary to
provide stages identical to the previﬁus'one are not deducted; The safety
equipment cost added to the Agena is the contractor's estimate for equipment
necessary to provide safety provisions comparable to those included for the
other stages. The cost of each .stage at a rate of six per year is shown in
the bottom row of table 6, :

‘In addition to a detailed breakdown at a rate of six per year . each contractor
was required to provide an estimate of ‘the stage recurring cost as a function
of 1sunch rate for rates between two and. twenty per year, These estimates were
adjusted consistent with table 6. The resulting recurring costs as a function
of launch rate are shown in figure 20. The launch rate dependent costs as
shown in figure 20 are used throughout the evaluation. For rates above
20/year, the costs at 20/year are assigned. ' .

Non-baseline stage costs. - The cost estimates provided under ‘contract for the
non-baseline stage configurations are, in general, much less detailed and were
studied to a lesser degree than those for thé baseline versioms. They should
consequently be treated with less. confidence, The- non-recurrlng and” recurrlng
costs (at a reate of six per year) of non-basellne and special cases are surmarized
in table 7. The non-recurring costs for the Advanced -Scout are those required

for adaptation to the Shuttle assuming that the Advanced Scout launch vehicle

is already in existence, As with the basellne stages launch rate dependent

costs are used throughout the evaluatlon ‘ )

' - EXPENDABLE LAUNCH VEHICLES'
During the gradual bulldup of avallable Shuttle fllghts as 1nd1cated in ths
section "IOC and Avallabllity", it is" necessary to as31gnrall WER: missions in 0o
1980 and 1981 plis some of the 'ETR missions -in 1980 and- 1981 to: expendsble
launch vehicles. Only expendable launch VEthlES presently avallable in. the
NASA and/or DOD inventories are used and’ they are flown. only .out of the launch

sites at which they are presently opeérational. The launch vehicles considered
are listed below under the launch site(s) at which they are_consldersd operational:

ETR - X 7 WrR . L
Scout (Walloﬁsﬁ - ' Scout S ‘1  -
TAT/Delta _ . TAT/Delta o :
Atlas/Centaur S “ Titan IIIB/Agena

Titan IIIC  ° ‘ _ Titan IIID
Titan IIIE/Centaur Lo
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The performance of these wehicles, assuming lawnch frewm ETR, wase takin frem
reference 12 and is shown Gw'SlpedoTl for perposes of cenpayidon:. Whie véhieles
are assigned to WIR missions, performance evryectioms are made ko agbamt for
the decreased capsbility.

Thé TAT/Delta vehiclés with 3, 6, and 9 Cagbor strap-on colid metinte i¥s uted
in the study, however, only tha pérf@mm&nm@ of the largest varsiey 23 shewh
on figure 21 to indicste the upper linmit &f the TAT/Delra vehicle eapabiYiey.

The Titan I1TE/Centaur is the largest wwpandable laumeh vehiche reéquirad fo
perform the missions assigned to expendable vehicles in Biis stedy. Hewover,
the prformance capability of the Titan ITIE/Centaur/Burmer II configurarisn is
also shown in figure 21 to fljustrate the maximum expendabls lavmeh vehicle
capability presently available outsidg of the Saturn class &f vehieles,

Recurring @méts for tha expendable lamnch wehicles are based em the informatien
in the January 5, 1973 draft of the 0SS Eegwomic Dats Pecumemi. The vevurring
costs are varied with launch rate. TIn those familiss where a stage is part

of an expendable launch vehicle and is also used as & Shuttle upper stage, the
combined use rate is considered in determimfng fhe recurting costs for both

the expendable vehicle and the Shuttls uppér stage.

MISSION MODEL

To project funding requirements for space explaration and &valuaté transpértation
system needs of the futurej 1t is of primary impévgance to defimé and eoliate
all mission objectives. From these objectives a mission medel ¢an be derived
which defines spaceseraft weight and exbit sharacteristics mésdad fer space
transportation system analysis. Since theg sblectivas changd as mew kmowledge

is acquired and techmslaglcal advimca® evrd mads, and expesated budgat isvels also
change, both NASA and DOD are contimucusly spdating their missién models.

Since the mizgien medels are in 4 censtant state of flux, the medels wnsed

in this study were frozen at what were considersd te be the best wparsisns
available at the time. The DOD mission mepdél is clagsified, thevefione,

most of the #iscussion on missisn madgls will cemtgr absut thé NASA (nsn-DPD)
model .

NASA

The mission model usad im the analydis s given in tsblie 8. The &#ble contains

an abbreviated missisn name, missfen charastsrietics and Isunch schedule including
the pumber of spacecraft launchad. The misslen madel was obtalngd fram MSFC

who is responsible for the centinued upditing of the modsl. Two spasseraft
options are shewn in table 8 fegr¥ each migsien, a currémt de#ign expendable (CDE)
spacecraft, and a léw cost expendable (ICE) design. The aurrent design
designation refers teo spacetraft designs based on current design philesaphy.
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This philoscphy is charaster{zéd by high demsity mimizturized systems designed
with high reliability. High reliability tedds beo ineraise spacesraff costs.
Low cost design philosephy on the ether hand relies more on madulsrization and
commonality between gpacecraft and lees on mimiasturization. A tumber of NASA
contraeted studies (references 13 and ¥4) indicate substantial spazeéraft cost
savings can be achieved through low cast design. Estimated <ostgsavings
associated with the given low cost spacecraft designs of table 8 werw obtained
from MSFC for most missiens requiring uppér stages. Table 9 gives ths cost
savings for a selected sample of missiaens.

Iranspertation costs were evaluated using: ecurvent design spacesraft and
multiple launches only for men-upper stage missions (Option I); best-mim
of current design and low cost spacecraft with multiple Immches restwieted as
in Option I (Option II); and the bestemix of C€DE and LCE spacecraft with
maximum multiple launches (Optiem TIT). A Whwst-mix" miseiom model was derived
for each family of expendable stages. Starting with all CDE spacecraft, each
migsion was checked to see if the potemtial ¢ost savings sttyvibuted te the LCE
desgign was greater than the inerease (if amy) im transpertetiom system cost due
to the heavier waight and larger volume of the LCE spasscraft. Only the twoe
CDE and LCE spacecraft point designs were available, s® thSre was mp oppertunity
to parametrically trade spacecraft savings agaiast transpertatiom géet. The
same bestemix model was used in Options II énd III fer each family. The
maximum multiple lasnches groundrules and ryestrictiems will be discussed in a
later section entitled "MULTIPLE LAUNEH GROPNDRULES".

Based on destimation, the missions can be glassified inte feur catéegeries;

nsmely geostationary, planetary, high inectdwmticn and a fourrh group which
includes all missions that do neot fall inte the fiyst three categories. Table

10 summarizes this breakdown for the baseline four year. paried. In addition thare
iz a brgakdown of missiens by year and by launch site ef Shuttlew@nl -miasions

and those that require an éxperdable Shutile upper stage. Rewghl percent

of the missioms (85 out of 193) requive a2 Shuttle uppess stage. BF Eheaég

33 percent are geostationary, 15 pereamt plametary, 24 percent high inclimstion
-and 8 percent £a11 into the "other" éategery. The high inelination missiens

have relatively low energy reéquirements amd will net pose ségnifieant probléms

to any of the expendable third stage families considered, It 18 of interest,
howaver, to discuss in more detail the geestationdry (beeause of Ehe high

traffic rate) and planetary (because of their high energy requirements ) miSsions
in terms of expendable third stage capsbilities. :
On figure 22 the distribution of geostatienary spdeccraft is plotted as a - .
function of the number of spacecraft for both current design expandable and 1@w.~
cost expendable designs as defined in table 8, The speeifis weighte usad

were the current NASA estimates af the time of this study. Putwre detailed design
studies will undoubtedly lead to revised estifiates espeeially fer the low cost
designs which have received limited study. There dis a subskantial inergase in
weight in going from current design expend&ble to low ctst expenddble spademraft
This is consistent with low cost design philosophy as discussed previeusly.

i
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Expendable Shuttle basellne thlrd
flgure

stages con51dered can accommodate‘,it
number 14

Planetary missions fall lnto two categor!es;-‘
low energy m15310ns) and outer plane

veloc1ty.-
stages with a Butner. II klckstag,
-51gnif1eant performance problems.,

is the only basellne conflgufa 10‘
it was assumed that the spacecraft



'DOD

The DOD mission model used in the evaluatlon is. ClaSSlfled and it 1s\not o
presented, Based on Delta velocity and spacecraft weight, NASA and out31de
user transportation réquirements are: more stringent than those of DOD,; A
selected family of expendable stages ‘which satlsfles NASA performance’ needs
will satlsfy those of DOD as well. ' However, the indicated spacecraft length
requirements of DOD exceed those of NASA whlch may lead to a requ1rement for
a short stage like Transtage to be included in the stable of expendable stages
as will ‘be discussed- later. ‘ ‘ ‘

All DOD missions are included in ‘the evaluatlon with the approprlate groundrules,
but detailed results are not presented to keep the’ results unc13531f1ed Basic
groundrules and assumptlons were supplled by DOD

MULTTPLE LAUNCH GROUNDRULES

N
€

A nwjor beneflt attrlbuted to the Space Shuttle{is the capab111ty to dellver
several spacecraft -to their respectrve miss;on dest1nat1ons*w1th a. 51ng1e Shuttle
launch and thereby reduce: transportatlon costs, :The- task: of- grouplng the '
various spacecraft so as to make optimum use of the Shuttle and Shuttle upper
stages under this multlple launch philosophy is a &ery complex one. There are"
many obvious constraints which: must be’. lmposed on the packaging, such ‘a5 volume
limitations, c.g; locatipn comstraints :CQmpatlblendest1nat10ns etc Wthh

will be descrlbed 1n‘the llSt of groundrules presented below.- R
In addltlon there are many . other con51derat10ns which cannot be readlly quantlfied
especxally for missions 6 to 10 years in the future._ For- example, program.
prlorltles scheduling, transportatlon cost distribution, and.systeéms: compatlblllty
are among those, items: which must be con51dered_;n the actual'packagingaof Shuttle‘“ﬁ
payloads., ‘but are beyond the scope of the P ent, analysis le these items” _(xl‘
may have a strong effect on-the’ absolut Y 2y, ‘“of*savings*achiQVaﬁlé'with;'AwAn‘ o
multiple launch capahlllty,‘lt is. felt that” the analySLS presentedfln this o
report is valid for purposes of comparlng expendable Shuttle upper stage families.

The packaglng of spacecraft and Shuttle upper stages for multlple launches
in the Shuttle is based on ‘the.- follow1ng groundrules and assumptlons.
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All Shuttle loads must fit within the 15' x 60' eclear volume of
the Shuttle cargo bay,

When cargo bay OMS kits are required for adeguate performance
capability, the available volume im the cargo bay is reduced to
157 by 47.7°.

The 32,000 1b. landing weight limit is cbserved for all planned
operations with multiple spacecraft. In any case where a single
sortie spacecraft weighs more than 32,000 pounds the missicn is
flown, but no other spacecraft of any kind are packsged with it,

The Shuttle longitudinal c.g. constraints are satisfied by all
multiple lsumch Shuitle lvads. Only in the case of single sortie
-spacecraft which apparently violate the c¢.g. constraints are the
limits shown in figure 6 exceeded. 1In such cases no other
spacecraft are packaged in the same Shuttle., As is indicated in
the earlier section of this report where Shuttle c.g. constraints
gre discussed, this constraint is applied only to reentry and
landing. Since the expendable upper stages are returned only in an
‘gbort situation, the liquid propellants are assumed to be dumped
.before the c.g. constraint is applied.

Up to 3 spacecraft are permitted on a-single Shuttle upper stage.
Up to 5 spacecraft are permitted on a single Shuttle launch.

Up te 3 identical epacecraft for the same mission are permitted on
the same Shuttle launch.

Both gide=by-side (parallel) and end-te-end (tandem) packaging of
spacecraft are allewed on Shuttle upper stages and in the Shuttle
- vargo bay. The longitudinal axis of each stage and spacecraft is
oriented parallel to the longitudinal axis of the cargo bay.

Packaging of spacecraft alongside the Centaur and Transtage upper
stages is not allowed.

Only spacecraft with launches scheduled in the same yesr azre '
packaged together.

Only spacecraft requiring the same Shuttle inclination may be

launched together. The missions are separated into four groups

by Shuttle orbit inclination. The first includes th@s@ missions
requiring a nearly due East launch from ETR (i = 30" }. This group
includes the gecstationary orbit missions, planetary missioms, and

low inclinaticm Earth orbit missions. Included in the second group

of missions (1L = 55° - 57@) are several sortie missions and missieon
number 54. The third group consists of polar Earth orbit missions with
inclinations of 90°. The final grouping was made up of sun=gynchronous
and other high incllnatlon missions at 98° to 105° inclination.

i
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12. Only one type of upper stage is permitted in the Shuttle cargo bay

at a time, with the exception of Burmer IIA., Because of the interfaces
and dump provisions required for each liquid propellant. stage, it is
not likely that the Shuttle eorbiter could suppert the coperations
required for two different liquid stages on the same flight. The
relstively smsll size and simple interfaces associated with the

Burner IIA were felt to justify allowing it in the cargo bay with

‘other stages. Two or mors stages are also permitied in the carge

bay simultaneously when beth stages are the same.

(As an illustration of this groundrule, a Transtage and a Delta could
not be carried in the Shuttle at the same time, However, two
Transtages or a Transtage and a Burner IIA could be carried simultaneousdly.)

15. Wo more than one planetary spacecraft ig permitied per Shuttle launch.

14, WNo other spacecraf& is flewn om the game Shuttle upper stage with a
planetary spacecraft.

15. DOD spacecraft are not launched with non=DOD spacecraft. This is a
DOD constraint. z

16. Spacecraft for differant DOD missions are not launched together. Up'
to 3 of the same spacecraft for a given DOD mission may be launched
together. These are DOD constraints,

17. Spacecraft are delivered to 'the déstingtions indicated in the mission
model as shown in table 8 with one exception. The Space Processing
Sgrtie missions listed as missions number 102 and 103 'in the table are
actually a single mission with a launch schedule equal te the sum
of the launch schedules shown for wmissions 102 and 103.

An inclination of 28.5° is given for the mission #102 gnd 103
destipation, Howsver, the objectives of this mission are such that the
inclination of its orbit is not important. Because of its-relatively
light weight and compact size, this spacecraft can be cenVeniéntly
packaged with many other spacecraft. But because of the largé number
of launches required, if the inclination of its eorbit were restricted
to 28,5@, several Shuttle launches would have to be dedicated to this
mission alone. For these reasons it was decided to allow these space-
craft to be launched to any inclination where they can be fitted inte

a Shuttle flight.

18. No wultiple launches are pernitted on expendabls launch vehicles.
The sbove groundrules are applied to all cases where maximum multiple launch
packaging is considered. In those cases, where only Shuttle-only multiple

launches are considered, the same groundrules, except those which refer to
Shuttle upper stapges, apply.
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- DISCUSSION OF RESULTS. . . ~ .7 7 P

conflguratlons and the Large Tank. Ageﬁ are, .
Finally, results of.several spec1al 1n estlgetlons (varlable“Tug IOC *concurrent
Scout launches and Advanced Scout) are Lo

Minimum modlflcatlon ver51ons of the Centaur (CT
Delta (DL), Scout (SC), } A ¢ ﬁwere groupedwlnto 16 dletinct
baseline families, Since Centaur is - the only basellne=stage’eapable of meeting
‘the requlrements of the Drlver Planetar& MlSSanS as:- shown in flgure 23, it

is necessarily included in 'all 16 familii ' ! '
added to the Centaur for the most demand

to the mimber .of. stages 1nf
liquid stage and that - same
counted as only 1. O stages
be included in a famlly together T
Burner. ITA is simpler and jeasier t

conflguratlons and, cac ordlngly;
purposes, The 16 base

cost for the current de51g
case in table 2.
family is-shown in. the center ‘port
missions requlre 71 Shuttle fllgh

a'll vehi ,eifllghts there are .
Jof fllghts that are within the




Scout pleS up 34 missions and the three-stage configuration captures an

~ additional 3 missions. The Delta can accomplish 42 launches by 1tseli and

14 additional ones with a kickstage. Similarly, the Agena captures 60 plus 2
with kickstage, Transtage flies 67 plus 2 with kickstage, and Centaur captures
72 missions by itself and the four remaining omes with a kickstage added.

When the Transtage is included in the family, only the 7 Driver Planetary
Mission launches are assigned to the Centaur. :

The cost breakdown is givenin the right side of the table. There are 147
Shuttle flights (71 by itself and 76 with an upper stage). At $9.8M per flight,
the Shuttle cost is $1441M for every family, The 62 expendable launch vehicles
cost from $868M to $890M, depending on which stages are in the Shuttle upper
stage family. The variation in expendable launch vehicle cost is a function
only of the individual upper stage use rate, sincé the expendable launch vehicle
assignments are the same for all families. Non-récurring and recurring Shuttle
upper stage costs are shown separately. The total transportation cost is the
sum of the Shuttle, expendable launch vehicle and Shuttle upper stage (non—
recurring and recurrlng) costs, :

The 2.5-stage (CT, DL, B2) family has the lowest transportation cost for

option I at $2589M, The 2.0-stage (CT, DL) family is a close second at $2594M,
Examination of table 12 reveals that each of the 2,0-stage families is just sllghtly
more expensive than the corrésponding 2.5-stage family which includes the. same 2
basic stages and the Burner IIA. This would indicate that when there are two

main stages in the family, the Burnmer IIA can be either included or excluded without
‘having a substantial effect on the transportation cost. The 3,0-stage families

are not attractive for option I since there is usually a corresponding 2.5- or
2,0-stage family (with two of the same stages) having a lower cost. The single
stage Centaur family is the most expensive candidate, costing nearly $150M more

than the lowest cost family.  This indicates that 2, 0- or 2,5~-stage families are

the most desirable for option I. Centaur is requ1red Delta is the first choice

and Tganstage is the second choice as a second stage in the family. It should

be noted. that only the Transtage can accommodate .both the length.and weight of the
longest DOD spacecraft. Consequently, all of the non-Transtage famlllES v;olate‘
the Shuttle length constraint for thls mlSSlOﬂ. : '

Best Mix Spacecraft, Shuttle-only Multiple Launches (Option II)

The' flight summary and transpgortation cost breakdown for the 16 baseline families
for the best-mix spacecraft, -Shuttlewonly multiple launches (option I1) case is
shown in table 13. The number of expendable launch vehicle flights, number of
Shuttle flights and the Shuttle cost is the same.as for optiom I (table. 12),

The intermediate stages (Scout, Delta, Agena and Transtage) capture fewer missions
in option II than in option I since the low-cost spacecraft included in the best
mix mission models are heavier than the corresponding CDE spacecraft of option L.
The Centaur is required for 10 of the best-mix missions as compared to 7 of the
CDE spacecraft, The expendable launch vehicle costs are slightly different for
most families in option II than in option I due to the different upper stage use
rates. As in option I, there are 62 expendable launch vehicle flights.
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The total transportation cost is slightly higher for option IT than for

option I since in some cases larger stages are required for the heavier LCE
payloads. The savings in payload costs (payload effects) for the best-mix
spacecraft model is $446M for each &f the 16 baseline families of table 13.

For the four year period considered, the best mix of current and low-cost designs
is the same for all families which include the Centaur. Only the 7 Driver
Planetafy Missions and mission number 14 are forced to be current design
versions. For all other missions for which low-cost design spacecraft data were
available, it was best (on a cost basis) to use the low=-cost versions.

Since the payload effects savings are the same for ,all of the families in

table 13, the famllles can be compared.on The basis of total transportation
cost .

The 2.5-stage (CT, TR, B2) family is top-ranked in option II. The 3.0-stage
(CT, TR, DL) family is second, followed by the 2.5~-stage (CT, DL, B2) which
was the lowest cost family for option I. The cost differences between any

of the top six families are quite small. The l.0-stage family is the most
expensive as it was in option I, costing $115M more than the lowest cost
family. The relatively high performing Transtage shows up better in option II
than in option I while the Agena, Delta and Scout families are further down
the list in option II. This is a direct result of the heavier LCE spacecraft
in the best-mix wmission model.

Best-Mix Spacecraft -Max imum Multiple Launches (Option III)
|
The flight summary and transportation cost breakdown for the 16 baseline families :
are shown in table 14 for the option III. case (best=-mix spacecraft, maximum e
multiple launches), The best-mix mission Todel derived in option II for each family
-is uked in option IIT as well. The same best-mix model applies to each of the
families, the cost savings due to payload effects are $446M for each family in
table 14, and therefore the families can be compared on the basis of total
transportation cost, There are 4 columns %n the flight summary portion of
tabl@ 14 which did not appear in the prev1ous tables, They are de51gnated Zl
Q (AG and [2X and represent the number of flights on which 2 Burner IIA's,

DLéelta/Kick' * 2 Agena s or 2 Transtage's respectively, are carried to orbit
in the same Shuttle ~ Although not restricted, no more than 2 stages were ever
azsigned to the same Shuttle flight. !
The expendable launch vehicle cost is lower in option III than it was for options
I and II. In option III there are 58 expendable launch vehicle flights compared
to 62 in the prev10us options. The reduction is due to the increased pumber of
spacecraft which can be carried on the available Shuttle flights because of the
maximum multiple 1aunch packaging.

The 2.5-stage {(CT, TR BE2) family which ranked first in option II is also
top-ranked in nptlunlIII The 2.0-stage (CT, TR) family ranks second. The
third ranked family 15 actually identical to the second one. The zero's
representing the number of AG, AG/K and flights indicate that although

these conflguratlonslwere avallable, they were not assigned to a single mission
The Agena non-recurring cost is therefore not included in the cost summary for
the third-ranked family and it becomes identical to the second-ranked family.
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The transportation cost for the top-ranked families in option IIL is about
53400 less than for the top-ranked families in option II. This is a result

of the reduction in the number of Shuttle/upper stage and Shuttle-only flights
required because of the mazimum multiple launches packaging. The number of
flights and the Shuttle cost are a function of how efficiently the individual
spacecraft and their delivery stages can be packaged and therefore differ for
the various families. As mentionmed previously, the same best-mix mission model
that was derived for each family in option IT is used for that family in
option TII. Since the best-mix model was the same for each of the 16 baseline
families in option II, the $446M savings due to low-cost payload effects also
apply in option ITI, Total savings for each of the top families in option IIL
over the same families in option I is therefore about $340M plus $450M, or
nearly $800M. ' o

Summary of Baseline Stage Results

The relative rankings of all 16 of the baseline families are summarized in

tahle 15 for options T, IT and III, Im this section, those baseline families
which do not appear to be cost effective choices are eliminated. The remaining
families will be compared with the non-baseline and special cases in the
following sections. The 1.0- and 1.5~stage families rank near the bottom for
all three options and are not considered to be reasonable alternatives on this
basis. Of the 2.0-stage families, the (CT, DL) and (CT, TR) both rank as high
as second for ome of the three options and are therefore considered reasonable
alternatives. This conclusion is indicated by the check in the rightmost
"eandidates" column of table 15.  The (CT, SC) and (CT, AG) families do not rank
higher than ninth for any of the three options and are therefore not considered *
candidates. Of the 2.5-stage-altérnates,‘the (¢t, DL, B2) and (CT, TR, B2)
families both rank first in at least one option and are therefore attractive
candidates. The (CT, AG, B2) ranks as high as eighth in option IIL and, since
the Agena is not included in any of the previous candidate families, it is listed
as a candidate. The (CT, SC, B2) ranks very low in all 3 optlons and is not
considered a reasonable alternate. Of the 3.0-stage families, the (CT, TR, DL)
is a candidate by virtue of its very high ranking in all 3 options. The (cT,
TR, 3C) alternate is also listed as a candidate since it appears to be the most
attractive family which includes the Scout. The other 3.0=-stage families are
not attractive candidates.

Each of the stages is included in at least one of the seven candidate families.
The top 3 families in each option are also included. These seven families are
used as a point of comparison for the non-baseline and special cases of the
following sections. '
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Special Case: Non-Centaur Baseline Families

A1l of the results presented thus far are for baseline stage families having the
Centaur as the largest stage. The Centaur,fas previously discussed, is required
for the Driver Planetary Missions. 1In this section the seven candidate baseline
Centaur families are compared with baseline families that do not include Centaur

to see if significant cost savings would result. The Transtage, which is the.

next best performing baseline stage would then be the largest stage in the family.
A transportation cost comparison of the seven candidate Centaur-based families and
various Transtage-based families is shown in table 16. The Transtage (with

kick) falls far short of meeting the requlrements of the Driver Planetary Missions.
ITn fact, most of these missions could not bp accomplished at all with the
Transtage (see figure 23). For comparison purposes, however, these missions

must be included in the traffic schedule so the Transtage/Kick is assigned to

each of them and its cost is included in the totals of table 16. In option I,

the lowest cost (TR, DL) family is $52M less expensive than the best Centaur-based
family (CT, DL, B2). 1In options II and IIT, heavier LCE spacecraft are included.
With Centaur in the family, the estimated spacecraft savings due to payload
effects is $446M, When Centaur is not in the family, fewer of the LCE spacecraft
can be included and the estimated savings are only $378M. The spacecraft savings
must be subtracted from the transportation cost in order to obtain the "equivalent
transportation cost" on which legitimate comparisons can be made. The payload
effects (P E.) columns in table 16 indicate the expected spacecraft savings

and the "equivalent transportation cost" is given in the columns headed "EQUIV".

In option IT the cost advantage of the best non=Centaur family over the best
Centaur-based family is only $5M and in option III this drops to an insignificant
S1M. If only baseline stages are donsidered -the effect of eliminating the -
Centaur would be to sacrifice the outer planet programs in return for little or

no reduction in total program cost.

: o :
NON-BASELINE STAGE FAMILIES

In addition to the minimum-modification baseline stage families, a number of
non-baseline options were considered. These are compared to the seven candidate
baseline families described in the previous section.

Centaur-based Tandem Stage Families
i .

Tandem Delta, Agena and Transtage configurations were investigated briefly in
the contracted studies by the respective sfage manufacturers. None of the
investigated tandems is capable of capturing all of the Driver Planetary Missions
(see figure 24). Therefore, if the requirements for these missions are firm,
then the Centaur must be included in the families along with the tandems. A
comparison'of the transportation costs of the Centaur plus tandem Delta (TD),
Centaur plus Tandem Agena (TA), and Centaur plus tandem Transtage (TT) families
with the 7 candidate baseline families for options I, II and IIXI is shown in
table 17. It is assumed in each case that when a Tandem configuration of a
particular stage is included in a family, then the single stage versions (with
and without a kickstage) of that same stage are also available.

27



The (CT, TD) family ranks second in option I. It would not be selected,
however, since the top-ranked (CT, DL, B2) has fewer configurations. Also,
there is practically no cost advantage over the 2.0 baseline stage (CT, DL)
family. The (CT, TD) is ranked first in'optiqn IT. It is doubtful that it
would be selected over the second-ranked (CT, TR, B2) baseline family since the
cost advantage of only $14M probably would not warrant development of the
non-baseline Tandem Delta configuration. In option III the (CT, TT) family
ranks third, but here again the simpler and more cost~effective baseline
families which rank first and second are preferred alternates. In optiens I
and IT the (CT, TT) family has exactly the sane cost as the (CT, TR) since the
IT is not assigned to any missions. All;but the Driver Planetary Missions can
be done by the TR/K. The Driver Planetary Missions -are beyond the TT
capability and are assigned to Centaur. . ' P

The results of table 17 lead to the conclusion that if the Centaur is included
in the family, then it does not seem reasonable to develop any of the tandem
configurations. . i E o ‘

'Tandem Traristage-based Families

The performance capability of the’Tandem‘Transtage is imsufficient to meet

the requirements of the 7 Driver Planetary Missions as defined for this evaluation
(see figure 24), It might be possible to decrease the requirements of these
missions to match the Tandem Tran%tage pérformanCe, although as indicated in
figure 24, the decrease would be significant for all 7 Driver Planetary Missions.
The performance of the Tandem Transtage kwﬁth kick) is roughly comparable to '
that of the largest existing unmanned exbendable launch vehicle, the Titan ITIE/ -
Centaur /TE364~4. Use of the Tandem Tran?tage as the largest stage in the Shuttle
would therefore restrict the planetary program of the 80's to requirements no
greater than those of the 70's. A comparison of the transportation costs of

the 7 candidate baseline families and 5 tandem Transtage-based families is shown
in table 18. The Tandem Transtage-basedkfamilies occupy the top 4 or 5 spots

for each of the three options. The cost difference between the best Tandem
Transtage~based and the best Centaur-based family ranges from $34M to 7™M

for the three options. This potential cost savings would have to be traded

off against the impact of limiting the delivery capability to that of the

. Tandem Transtage rather than Centaur. Also, the Tandem Transtage with a planetary
payload utilizes very close to the maximum specified Shuttle payload capability.
The Centaur, on the other hand, utilizes considerably less than the maximum
Shuttle capability and would allow a relaxation of Shuttle requirements during
the early years of its use. 3 ‘



Large Tank Agena (LTA) Families

A large tank growth version of the Agena was investigated briefly as a non~baseline
configuration in the first Agena upper stage study (see reference 2). The
performance capability of the LTA is comparable to that of the Centaur (see
figure 24). Because the LTA is nearly 10 feet shorter than Centaur, it can
accomplish all of the CDE versions of the Driver Planetary Missions without
violating any of the stated length constraints.

A comparison of the transportation coést of |six LTA-based families with the
seven candidate baseline families is given?in table 19. 1In options T and II,
baseline families are top-ranked. In optiom III, three of the LTA families are
ranked first, second and third. The cost difference between the best baseline
family and the lowest cost (LTA, DL) family is less than $30M. The technical
and cost risks associated with a major development such as the LTA do. not seem

to be advisable for an interim period in v1ew of the modest potential cost
savings.

!
SPECTIAL CASES
Tn addltlon to the basellne and non-basellne stage families discussed above,
a number of special cases were evaluated. These included the effect of: (1)
varying the initial oﬁerational capability!of the Space Tug; (2) expendable
Scout vehicle launcheé concurrent with the Shuttle launches; and (3) the
possibility that an advanced version of the expendable Scout launch vehicle
could be flying by 1980. The special case|results are discussed in this section.
|
Variable Tﬁg T0C

All of the results presented thus far are %or the 1960-1983 four year period.
The full capability Tug is assumed to be aéallable by January 1, 1%84. It is
possible, however, that technical or budget difficulties could delay the

Tug I0C. In this event it would be necessary to utilize the interim

expendable upper stages for five or|81x years The effect of variations in
Tug LOC were investigated, | [

The transportation costs of the 16 basellne families for all three options and
for two, four and six=year periods (1980 through 1981, 1983 and 1985, respectively)
are shown in table 23, There is very llttle dlfference in the relative rankings
of any of the families between the four-year and six~year cases. Potential
slips in planned Tug IOC need not impact the choice of expendable stages for the
interim peried. In the two-year case, families having less than 3.0 stages
tend to rank better than they do for longer periods. As indicated by the footnotes
in table 20, a number of the 3.0 stage families revert to being identical to
2.0 scage families since one of the stagesiin the family is not assigned to any
of the launches in the two~year mlSSlon model. The most reasonable choices of
families for each option in the four-vear ase is therefore a good basis on which
to select a representative family, T
i
|
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It should be recognized that if it were planned to use the expendable stages for
more than about 4 years, then it would be important to consider incorporating
additional modifications initially. The cost of the improvements could be
amortized over the extended time period ané greater utility in the Shuttle
application could be achieved.

Concurrent Scout Launches

During the course of the evaluation the Scout Project Office representative

on the Coordinating Committee suggested that the mission model being used did
not properly account for the type of international programs which currently
utilize expendable Scout launch vehicles, 'As a special case, the effect of an
expendable Scout launch rate of 5 per vearl concurrent with the Shuttle program,
was investigated. The transportation cost of each of the 16 baseline families
for all three options is presented in table 21. A comparison of the results

of table 21 with the previous results (see table 15) shows that the families
including Scout stages rank higher, in general, than they did when.concurrent
Scout expendable launch vehicles were not included. In all three options the
'highest ranking Scout family is a 3.0-stagé grouping including Centaur and
either Delta or Transtage. And in all three cases there is a less expensive,
lower  stage number family involving the same two other stages. The Scout
families are not the best choices on the basis of transportation cost for

any of the three options, even when the effect of an expendable launch vehicle
launch rate of five per vear is included.

¥

Advanced §cout

An improved version of the expendable Scou¢ launch vehicle has been studied
under contract (see reference 11), This Advanced Scout would incorporate a
second stage (short Algol III) which is a modification of the current first
stage, a modified third stage (Antares IIBiin lieu of the current X-259),

and a fourth stage which is a shortened version of the new third stage.

New and modified guidance and control systems are also incorporated. . An
analysis was completed which shows how the existence of the Advanced Scout. (AS)
would impact the selection of a family of expendable upper stages for

Space Shuttle. Since development of the Advanced Scout would not be undertaken
without the anticipation of a substantial launch rate, it was assumed that if
the Advanced Scout were available, there wéuld be 5 expendable Advanced Scout
launches per year in addition to the Shuttle program. The transportation costs
of 16 upper stage families for options I, IT and ITI are shown in table 22.

The (CT, DL, AS) 3.0-stage family ranks first in options I and II. TIn option I,
the savings over the 2.5-stage (CT, DL, B2) family is only $3M. ' In option II,
the Advanced Scout makes its best shcwing,}occupying the first 5 rankings. The
cost savings of the second-ranked 2.5~stage (CT, AS, B2) family over the sixth
ranked (CT, TR, B2) (also 2.5 stages) is $27M. In option III the top ranked
2.5-stage (CT, TR B2) and 2.0-stage (CT, TR) families are lower in cost than
the best AS family. If the Advanced Scout is operational at the time of
Shuttle I0C, then it is a potential contender among the expendable Shuttle
upper stage candidates.

i
i
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SELECTED FAMILY

The primary objective of this stﬁdy was tg evaluate the various possible
alternatives of minimum modification existing expendable upper stages for
Shuttle, on a cost effectiveness basis. The results were to be used in
the planned WASA/MSFC assessment of various Shuttle upper stage program
options. In one of the MSFC options the expendable upper stage family
would provide an interim capability until}the.full capability reusable
Space Tug hecame available. The benefits of this option were to be com-
pared to those of other options such as.the phase~developed Tug, The
MSFC assessment ground-rules closely resemble those of option III (best-
mix of CDE and LCE spacecraft, maximum multiple launches). The option ITI
results of this evaluation were therefore given more welght than those

of options I and IIL.

On the basis of all of the results presented, a 2.0~ or 2.5-stage baseline
family consisting of the Centaur, an intermediate stage, and perhaps the
Burner IIA should be selected. None of the non-baseline cases investigated
offered potential cost savings sufficient' to justify the additional risk
associated with the required development effort or the resulting impact

on the planetary missions, The baseline stage results summarized in

table 15 indicate that the 1,0- and 1,5~ stage families are not cost
competitive, Furthermore, the 3,0-stage famllles offer no advantage over
the simpler 2.0- and 2. S—Stage groupings,

The rankings of the candidate 2.0; and 2_5-stage families consisting of.
Centaur and an intermediate stage both without (2.0) and with (2,53) the
Burner IIA are shown in table 23, Several interesting trends are visible.
As the potential payloads become heavier (because of low cost designs and
multiple packaging) in moving from option:I to option II to option III,
the families which include the relatively'small Scout and Delta stages
move further down in the rankings. The famllles which include the larger
Agena and Transtage vehicles improve their standing from option I to II
to III. The Scout and Agena families rank well below the Delta and Transtage
groupings, The choice is between Delta and Transtage for the intermediate
stage role, :

On the basis of all available information the family con51st1ng of the
Centaur, the Transtage and the Burner LIA' (CT, TR, B2) is selected. This
family ranked first of the baseline families in the prime option III case,
It also ranked first in option II and was only $26M more expensive than
the best family in option I. The selected family showed up well against
all of the non-baseline and spec1al cases, particularly in the prime
option IIT results,
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The Centaur provides an excellent planetary program capability as well as the
opportunity to deliver multiple spacecraft to geostationary orbit. The
Transtage is the only stage that can meet both the performance and length require-
ments of one of the DOD missions. The Burner IIA is not a 'strong cost driver
and could be eliminated without significantly changing either the capability or
the cost of the.selected family. On the other hand, a Burner-type klckstage

is required for some of the planetary missions and-the use of the Burner IIA

by itself does result in a slight cost advantage. The combination of a large
cryogenic Stage, a relatively large but short intermediate stage.and a small
sclid stage, all of which are mlnlmum-modiflcatlon versions of existing stages,
combines g high degree of flexlbillty, margln for spacecraft weight increases
(or accommodation of low cost spacecraft) gnd cost effectiveness.

A computer printout of the mission model sﬁowing the vehicle assigned to each
launch for the selected family for Option I is included as table 24. The

first column gives the mission number. This is followed by the mission code

and name. The "WT" column is the weight in pounds of the CDE spacecraft design.
The mext two columns show the apogee and perigee altitudes, respectively, in
nautical miles. The required orbit inclingtion for earth orblt missions appears
in the "INC" column. The "VC" column shows the required characteristic velocity
for planetary and escape type missions in feet per second. The TL number is

the total number of launches in the four yéar period. The launch schedule by
year is also shown. The vehicle assigned to each mission is given in the

column entitled, "VEHICLE", For a number of missions there is an additiomal
code shown at the far right. A KITS" code indicates that cargo bay OMS kits

are required. The "0" code means that the 'vehicle was assigned external to the
computer. In the vehicle assignments, EOS !stands for Earth-Orbit-Shuttle,

TRANS represents the Transtage and CENIR is the Centaur. The kickstage is
represented by the designation "B-II", The Burner-IIA has a "B-II" first stage
and a "B-IIA2" second stage. Option I inciludes multiple launches for missions
not requiring an upper stage. For each multiple shuttle-only mission, one of
the included spacecraft has the Shuttle (EOS) as the assigned vehicle, and all
of the other spacecraft are specified as being "MULT'". In this way the correct _
anumber of Shuttle launches are always included in the cost totals. .The expendable
launch vehicle missions appear at the bottom of table 24 starting with missgion
111. Missions 91 through 96 are simulated missions representing the actual

DOD mission model that was used. The vehlcle assignments and total number of
launches are the same as would be required for the actual model. However,

the launch schedules and mission weights shown in table 24 for the DOD missions
are simulations. A complete schematic showing which spacecraft are included

in each of the Shuttle-only flights is included as table 25. The cylindrical
envelope of each spacecraft is shown to scale in the Shuttle cargo: bay. When
cargo bay OMS kits are requlred they are also shown to scale at the aft end of
the bay. L
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The option II mission descriptions and vehicle assignments are shown in table- 26.

. The Shuttle-only mission assignments are the same as for option I (table 25).

A complete cargo bay manifest for the selected family for the option IIL case
is.shown in table 27. A total of 165 non-DOD and 26 DOD missions are flown

~on the 119 Shuttle flights for an average of 1.6 spacecraft per flight. The
structural attachments between stages and spacecraft are indicated on the sketches.

CONCLUDING REMARKS

The use of existing expeﬁdable upper stages is a feasible approach for providing
an interim Shuttle upper stage capability. All of the candidate stages are
adaptable to the Shuttle with relatively minor modifications and low technical

and cost risk. Since the expendable upper stages would be used for only several
years with the Shuttle, primary emphasis in this evaluation has been on minimum

- modification versions of existing stages. 1In order to minimize program cost and
development risk the stages were modified only as required for compatibility

with the Shuttle and not exp11c1t1y to increase their performance. Additional
modifications can increase the capabilities of each of the stages and enhance their
ability to capture missions when flown in the Shuttle but at a correspondingly
higher development cost. Each of the contractors proposed and briefly studied

cene or more uprated configurations under contract and these were included in

this evaluation. Other configurations, 1nc1ud1ng new expendable upper stages have
been proposed since that time but they have not been evaluated.

The Centaur is the only existing wminimum m@dlflcation upper sStage which can o
capture all of the high energy planetary missions as defined for this study. _ !
Use of the Centaur in Shuttle provides an increase in capabllity over the existing
unmanned expendable launch vehicles and also would permit a relaxation in Shuttle
performance requirements during its initial years of operation. When Centaur .

is included in the family, there i1s no reason to include tandem configurations.

If Centaur is not included, the Tandem Transtage-~based families provide the best
capability and are also cost effectlve, but the outer planet performance capability
is marginal, < : -

The Transtage is attractive as a second stage in the family because of its
short length and relatively high geostationary orbit delivery capability. It

is the only stage capable of capturing all of the DOD missions without violating
the stated length comstraints. It is the wmost cost-effective intermediate stage
for the option IT and option. III cases. '

The Delta is also a cost effective intermediate stage. Families including both
Centaur and Delta have the lowest transportation cost for option I. Becauée

of irs lower capability and longer length, however, Delta is not as attractive
as the Transtage for the other optiems. '
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The Scout is not attractive as a Shuttle upper stage system for several

- reasons. Its long length is a distinct disadvantage for the multiple
launch application. When used as an intermediate stage in a Centaur-based
family, a large number of Centaur flights are required when compared to
families having Delta, Agena or Transtage as the intermediate stagé, and
the cost is higher. Also, the Scout's guidance accuracy and flexibility is
not as good as that of the liquid propellant stages., As a small stage inp

a family including Centaur and a larger 1ntermedlate stage, Scout is less
cost effective than the Burner IIA, When the Advanced Scout and concurrent
expendable launch vehicle flights are considered, Scout becomes more cost
effective, but the other disadvantages remain,

The Agena is more expensive, longer and has lower performance capability than
Transtage and therefore is not as attractive as a Shuttle upper stage.

The Burner IIA has potential applicationlas a small third member of -a Shuttle
upper stage family, 1Its inclusion in a family having two larger stages does
not have a substantial impact on the overall transportation system cost., A
solid kickstage, such as the growth Burnér II is a cost effective addition
to any of the families considered in thlS evaluatlon and is required for
the most dlfflcult planetary m1551ons. f

]
The Centaur, Transtage, Burner IIA (CT, %R, B2) .family is selected as being
representative of the capability of minimum modification existing expendable
upper stages for the interim Shuttle upper stage application. The selected
family is not intended to be a fihal cholce of stages for integration with
the Shuttle, Differences in transportation system cost were relatively
small between the various families lndlcétlng that the final choice will be
based on other factors which could not be included in this evaluation, '
Other facters which could influence the final selection include the effect
on cost of future changes in the level of business of the various stage
manufacturers at the time the selection is made, the type of reusahle Tag
which will follow the interim expendable,system, the need for a concurrent
expendable launch vehicle program for either supplemental or back-up purposes
and further definition of the mission model including the extent of payload
effects benefits and the feasibility of ﬁultiple spacecraft launches.
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APPENDIX A

ABBREVIATIONS AND ACRONYMS

AR - ‘ " = Antares IIB

ACS - Attitude Control System
AG ~ Agena :
Apo. Alt. - = Apogee altitude
A3 . -~  Advanced Scout
B2 - Burner-IIA
B-IT - Burner II kickstage or lower stage of Burner-IIA
B-TITA2 - Upper stage of Burner-IiA
CDE - Current design expendgble !
Cent . - Centaur
CENTR . - Centaur
c.g. - Center-of-gravity
cT - Centaur
DDT&E - Design, development test and evaluation
DL : - Delta
- DOD - Department of Defense !
EQS - Earth Orbit Shuttle ,
ETR ' - Eastern Test Range
Exp. -  FExpendable : B
- FPR . Flight performance reserve
fps. ‘= TFeet per second
FWD -~ Forward -
GFE - Government furnished equipment
GSE - Ground support equipment
GSFC - Goddard Space Fllghr Center
H-AP = Apogee altitude
HDA = High density acid
H-PR - Perigee altitude
i " = Inclination
CING : - Inclination
Incl, - Inclination
»IOC ~ Initial operational capability
- . Specific impulse
J§B - Johnson Space Center
' - Kickstage
KITS - Flag to indicate use of ‘cargo bay OMS klts
KsC - Kennedy Spacé Center
LaRC - = Langley Research Center
LCE ~ Low cost expendable
LeRC - Lewis Research Center
LEO -~ Low earth orbit
M =  Lunar module
LTA - Large Tank Agena
IAY _ - Launch vehicle
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MSFC ‘ - Marshall Space Flight Center

MULT o -  TFlag to indicate flight as part of multiple launch w1th
., no additional 55 cost

N.A. - Not applicable

NASA - National Aeronautics and Space Administration

i1 ' -  Nautical Miles i

N.Mi. - Nautical Miles

NR - Non=recurring

N~Rec. . - Non~recurring

OA - Office of Applications

DAST = Office of Aeronautics and Space Technology

OMS -~  Orbital Maneuvering System '

OMSF : - - Office of Manned Space Flight

0SS - Office of Space Science

P.E. - Payload effects

Per. Alt. - Perigee Altitude

Rec. - - Recurring :

SA B -  Short Algol III

SAMSO - Space and Missile Systems Organization

SB ' - Short Antares TIB

sC - Scout 7

s/c - Spacecraft

SC(2) - Two=stage Scout

SC(3) - Three-stage Scout -

SRB - Solid Rocket Booster

S8 - Space Shuttle L

TA ‘ - Tandem Agena —

TAT - Thrust Augmented Thor

TIIIB - Titan IILB Booster

TITID - Titan IIID Booster

TD ~ Tandem Delta ‘

TL - Total launches for &-year perlod

TR - Transtage :

TRANS - Transtage

Trans. . - Transportation

TT « Tandem Transtage

UDMH ~  Unsymmetrical-dimethyl Hydrazine

TS0 : - UDMH + Silicome 0il

v - Velocity

v ' ~  Characteristic Velocity

wls -~ Work breakdown structure

WIR - Western Test Range

XLV - Expendable launch wvehicle

AV - Delta velocity
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TABLE 1. CHARACTERISTICS OF BASELINE SHUTTLE»COMPATIBLE EXPENDABLE UPPER STAGES

Burner II Hurner I1IA Castor I1/X-259 [Lastor IL/X-25¢/FW-48 . Delta - Agena Transtage Cantaur
Usable
Propellant We,, lb 2290 1440/ 524 8212/2575 B212/2575/606 10,047 13,596 23,032 30,020
Fuel ' UDMH-N, K, UDMH UDMH-N, B, B,
Propellant Solid* Solid#/Solid* Sol{d*/Solid** [Salid*/Solid¥*/ 5ol idH
Oxid, , )
. N204 HDA NZOQ 02
Mixture Ratio, O/F ¥.a, N.A, N.4, N.A. 1.6 2.7 2.0 5.0
Prop, Feed System N.A, N.A, N.4, . N,A. Pregs. Fed fump Fed Press. Fed ‘Pump Fed
Engine Isp' sec, 285.0 290,4/272.4 2Bl.9/281.4 -281,9/281,4/284,1 304 2935 32 444
Thrust, 1b, 16,500 10,200/8,700 61,839/20,931 | 61,839/20,931/5,856 9850 16,500 16,000 10,000
Total Expended Wt,, 1b 2332 1 1463542 8,324/2,597 8,324/2,597/610 10,097 13,720 23,130 30,164
Effective Isp' sec. 280.6 285.8/263.3 278.1/279.1 278,1/279,1/282.7 302,5 292.3 . 300.8 - 441.,9
Jettison Welght, 1b 498 224341 20917769 2124/804/118 2018 1418 3675 4371
Length, ft 7.1 8,1 31,9 37.5 19,1 20,7 : 14,75 32,3
Diameter, ft 5.6 5.6 2.6 2.6 . 5,0 5.0 10,0 10.0
Strapped down | Strapped down Strapped down Strapped down Strapped down | Strapped -down| Platform Placform
Guidance bre-programued | pre-programmed pre-programmed Pre-prograrmed/SPINI Cleosed Loop Closed Loop | Cloged Loop |Closed Loop
ACS Propellant 1,0, & N 1,0, & N, H,0,/H,0, 1,0,/1,0, /K4, ) ) B, . 10,
Shuttle Adapt, Equip, . . ‘ : :
Weighe, lb 925 925 4823 4823 1517 1470 2763 2810
Kickstage Adapter
Weight. Ib, KA. AL L N.A, 125 130 130 135
Longitudinal cg loca=- 20.40
tion for abort, ft 3.31 4,04 . 21,08 13,08 11,96 9.50 18.13
“from @Ec end )

* composite solid propellant ** modified double-base solid propellant



6€

TABLE 2.

CHARACTERISTICS

OF NON-BASELINE EXPENDABLE UPPER STAGES

Tandem Agena Tandem Delta “Tandem Transtage Large Tank
Agena
Lower Upper Lower Upper Lowert Upper
Propellant Weight, 1b, 13,596 13,596 10,047 10,047 22,802 23,032 48,412
"Fuel UbMH UDMH UDMH-N. B "UDMH-N, H UDMH=N_H UDMH-N, H Uso
Propellant S 24 274 2.4 2"
Oxid, HDA HDA NoOy N204 1\1204 N204 HDA
Mixture Ratio, O/F 2.7 2,7 1.6 1.6 1.96 1.99 2,7
Prop, Feed Systéem Pump Fed Pump Fed Press Fed | Press Fed Press Fed | Press Fed Fump Fed
Engine Isp, sec 295 295 304 304 303.5 302.6 310
Thrust, lb, 16,500 16,500 9850 9850 16,000 16,000 17,620
Total Expended Weight, 1b | 13,720 13,720 10,097 10,097 22,842 23,136 48,633
Effective Lgp, sec. - 292.3 292.3 302.5 302.5 303.0 - 30,2 + 308.8
Jettison Weight, 1b 1180 1425 1768 2018 34377 3572 2054
Length, ft 42,2 37.6. 30,0 22.8
) 5.0 6.7 10.0 10.0

Diameter, ft

Strapped down closed

Strapped down closed

Platform closed loop -

Strapped down

Guidance loop in upper stage loop in upper stage in upper stage Closed loop

ACS Propellant N2 : N2 N2 N2 e N2H4 N2

Shuttle Adapt. Equip. 3068 2631 3770 796
We., 1b.

Kickstage Adapter :
Wt., 1b. 130 125 155 150

Longitudinal cg location

for abort, ft from aft en 24,1 24,0 18.4

- 16,0
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TABLE 3. BASELINE SHUTTLE UPPER STAGE GEOSTATICONARY ORBIT PERFORMANCE

Optimum Performance
Payload (LBS)

Initial Circular Inclinatibn Change (Deg) from 100 x 100 (NM)
Vehicle Name Orbit Altitude (NM) Perigee Apogee Payload (LBS) Orbit
CASTOR/X=259/FW=48 617 % : * 1526 1065
DELTA 644 2.47 26.03 1555 1057
AGENA _ 632 2.47 26,03 3021 2494
TRANSTAGE 485 2.38 26.12 4096 3295
CENTAUR 324 2.30 26.20 13480 12500
DELTA/BURNER II 630 2.46 26.04 2737 2226
AGENA/BURNER II ‘ 598 2.45 26,05 3739 3205
TRANSTAGE/BURNER 11 445 2.36 26.14 5285 4602
CENTAUR/BURNER II 290 2.28 26.22 13630 | 12790

* Inclination change made by the Castor, X-259 and FWe4S stages are 1.60, 10.50 and 16.40 degrees respectively,
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TABLE 4. NON-BASELINE SHUTITLE UPPER STAGE GEOSTATIONARY ORBIT PERFORMANCE

Initial Circular
Orbit Altitude (MM)

Vehicle Name

SA/AB

SA/AB/SB

DELTA/DELTA
AGENA/AGENA
TRANSTAGE /TRANSTAGE
LARGE TANK AGENA
DELTA/DELTA/BURNER II.
AGENA/AGENA/BURNER II
TRANS/TRANS /BURNER IT

LARGE TANK AGENA/BURNER IY

475
430
497
429
210
210
461
396
210

210

Optimum Performance

Inclination Change (Deg)

Perigee

13.33
*
2.39
2.35
2.26
2.26
2,37
2.33
2.26

2.26

Apogee
'15.17
. *
26 .11
26.15
26.24
26,24
26.13
26.17
26.24

26.24

Payload (LBS

' 2755
2963
4528
6960
9527

13760
5106
7463
9589

13250

Payload (LBS)
from 100 x 100 (MM)
Orbit

2610
2253
3825
6193
9175
13417
4727
6736
9208

12880

* Inclination change made by the Short Algol III (SA), Antares IIB (AB) and Short Antares IIB (SB) stages
are .40, 9.10 and 19.00 degrees respectively.
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TABLE 5. BASELINE STAGE NON-RECURRING COSTS

Stage
B-II SCOUT . | o
Cost Item KICK B~IIA 2-Stage | 3-Stage DELTA AGENA TRANS | CENTAUR

6 (1) 2) ! i
Contractor estimate, 107% 6.3 1.4 12.8 1.4 15.8 20,1 1 14.9 3 37.4
Remove mission peculiars -0.1 -1.6
Add service consolé- costs +0.9 f
Add safety equipment +0.5 f
Remove contingency 3.4

_—Non~recurring cosg used (1) £2) '
in evaluation, 10°% 1 6.3 1.4 12.7 | 1.4 15.8 21.5 13.3 34.0
1 e e SRS S

(1) The $1.4M is the incremental cost assuming that the basic B-TT (KICK) has already been adapted to Shuttle.

(2) The $1.4M 1s the Iincremental cost for the 3=-stage configuration assuming that the 2-stage configuration has

already been adapted to Shuttle,



th

TABLE 6.

BASELINE STAGE RECURRING COSTS AT A LAUNCH RATE OF SIX PER YEAR
o Stage T
) B-IT SCOUT

Cost Item KICK B-ITA 2-5tage 3-Stage DELTA AGENA TRANS CENTAUR

Contractor estimate, 10% | 0.59 0.64 1.70 1.73 2.55 4.23 3.71 6.41
_ Substitute larger solid motorj+.05

Remove effect of concurrent
SCOUT expendable launch vehicles +.47 +.47
Remove mission peculiars -, 07 .07 =20 -.22
Add safety equipment .12
Recurring cost used ig .
evaluation @ 6 yr, 10”3 0.64 0.64 2,10 2.13 2.35 4.35 3.71 6.19




TABLE 7.

Configuratien

Tandem Delta
Tandem Agena
Tandem Transtage
Large Tank Agena

Advanced Scout

2-Stage
3-Stage

[ R . _—

Incremental amount assuming the single stage configuration is also

adapted to Shuttle,

NON-BASELINE CONFIGURATIONS COST SUMMARY

10

4.6

5.3

6.9

50.0

[
NS

$

- ﬁoﬁ.iééurg;;é“é5§t I

Recurring Cost

(@ 6/ yggr h)

10

—_

-

‘
!
|

3.30
5.94

5.20

Incremental amount assuming the 2-stage configuration is also adapted to

Shuttle.

Ly



TABLE 8, PR.ELIMINARY 1973 NASA MISSION MODEL’

S4

Misegion Description CDE 5/C Desc. ICE 5/C Desc, Launch Schedule
”;“' ::lio;g . Mission Name Per. Alt.] APO, Alt. | Incl. | Weight | Lgth. | Dia.| Weight | Lgth. | Dia.

°- i o (N. MI.) | (N. MI.)|(Deg.)| (1B) | (FT)} | (FT)|{ (LB) i (FT) | (£T)|80|81|82}83|84|85|a6|8a7| 88|89l 9001
1 NE3~047 |Small Appl. Tech. Sat (8ynch.) 19,323 19,323 0.0 387 | 10.5 3.0 635 9.8 {4 8|1 (0 jCc|o|o|o|oni0|D]O{O
2 NE3~393 [Small Appl. Tech. Sat. Follow=on [ 19,323 19,323 0.0 387 | 105 3.0 695 9.8 1488|0001 ]ofofr|ofOo|1iCi0
3 NE3~041 [Synch. Meteorolegical Sat. 19,323 19,323 0.0 596 8.0 | 6.0 1,100]10.9 7.2]10(ojofo |1 /oo folojoicfao
4 CE3-111 (Earth Resources - Synch. ] 19,323 19,323 0.0 1,06l 8.0 ! 6.0 1,680 10.8 7.olelopjololololol2algl2 o]0
5 CE3-315|Foreign Synch. Meteor, Sat. 19,323 19,323 0.0 1,072 ] 10.5 5.0 2,117{11.2 7.0 120y jy iy frfrfy 11
6 CE3-115(Synch. Operational Meteor. Sat, 19,323 19,323 0.0 1,072] 10.5 5.0 2,117 1 11.2 7810111 (11 |o (1|01 |01
7 CC3-109!Foreign Comm. Sat. 19,323 9,323 a.0 1,081 1150 [ 4.0 1,700110.9 7.h{riz2z iz fzqz (1 j2z2i2z270z2
8 NC3-049 ITracking and Data Relay Sat. 19,323 19,323 0.0 1,795 ( 17.5 ]i0.0 3,262 115.1 46 |ofojo]3folojoiololololo
9 CC3-050|Disaster Warning Sat. 19,323 19,323 0.0 1,795 47 17.5 |10.Q 2,870(14.5 M40 (L [t |Jo|ojo |l |o|oio|o|Llo
10 CC3-113[Iraffic Management Sat. 19,323 19,323 0.0 2,047 Ta.0 [1Z.0 3887178 &7 (2 [2 T[T T[0T [0oTT[CI1]0
11 CC3-105 [Intelsat 19,323 19,323 0.0 2,356 § 17.5 |10.0 4,022 | 14.8 143 (3 |0j0 (213 (22|00 f2(3 ]2
12 | GC3-051|Prototype Operational Sat. 19,323 19,323 0.0 | 2,917)16.0 |12.0 | 3;936|14.8 143 |1 |11 |tdo|1|olti1]o]|2 |1
13 CC3-046 |Communications R&D 19,323 19,323 g.0 3,060 25.5 (9.0 5,689 |18.0 {147 (11 (o folo 1|1 i0JOojo|1 {1
14 CC3-108 [U.S. Dowestic Comm. Sat. 19,323 19,323 0.0 3,545 ] 27.5 115.0 5,172 139.2 4.7 |12 |2 |1 Ly |2 123 |2]2191
15 RE3«039 [Synch, Earth, Obs. Sat. 19,323 19,323 0.0 5,262 13.0 8.0 6,798 115.9 [l4.7|o 1 o1 |olofofo]jo|olo]e
16 KE3-043 [8ynch. Earth. Obs. = Oper. 19,323 19,323 2.0 5,262 17T13.0 [8.0 6,798 [15.9 |Ia-7[0jo|0[0|Ccja |0 |20 (2102
17 NU3-037 |Asteroid Rendezvous Ve [= 36,488 fhs 3,713 ] 20.5 [190.0 5,521414.9 (La.4 | |ojojojo[(o]2i0(0f0(|0i0
18 NL3=381|dAvtomated Lunar Orbiter Ve [= 36,668 ffs 1,472 6.3 7.5 2,556 111.3 7.9(0jJotojojr ol jojolalolo
19 | KL3-382|Automated Lunar Rover V.i= 36,670 fys 8,874 27.3 [10.0 8,874 127.3 [1o.c{o0jo|cjofjafofalrirfolo|o
20 NL3-383 |Halo Sat. V.1{= 36,670 fos 2,256 | 24.5 9.0 4,696 f19.3 (14.7{o0jo|o|o|ojojo{ofo]1]0]0
21 NL3=-384 |Lunar Sample Return Ve[= 36,670 fqs 11,7307 27.3 (10.0 11,730f27.3 [10.6{o |0 |o(o|ajojfafojojOoil ]t
22 NU3-378 |Mars Surf, Sample Return/Lander Vel= 37,888 s 8,353 17.5 [14.0 10,779 1311 (14,70 (00 [0 [1I[GJOo[O[C[Oi0 0
23 NU3=379 |[Mars Surf. Sample Return/Orbiter Ve l|= 37,888 fps 8,921 12.0 (10.0 17,236 (14.1 135 |0 |o|ojof1|ojo|ojolotlo]|o
24 NU3=389 [Mars Satellite Sample Return Ve l|= 37,490 fga 7,2314{27.0 |12.0 9,120 23.0 i14.7|ofoi0|olofoje|o|lo]o|1 (1.
25 MiI3-324 [Inner Planetary Follow-on V.[= 38,588 ffs 8971 15.5 [10.0 131 T.5 s ol l2i07Tololr|ojo[ofo]0
26 NU3-025 [Venus Radar Mapper Vo |= 38,588 f(s 2,123 12,5 !10.0 3,153113.4 12.2]o0 (o |o(2|0]0)0loj0]|0|0l0O
27 MJ3-386 |Venus Buoyant Station Ve |= 38,588 fps 2,244 | 12.5 [10.0 4,174 14,0 |13.270 (o |o|ofo|z2foloflojalojo
28 NU3-026 [Venus Large Lander Ve |= 38,590 fps 1,192 (10.5 [18.0 2,008)113.2 i1 8jo0foc[olofojolafoiofz|Cio
29 WU3-027 (Mercury Orbiter Vel= 42,288 fps 5,269 26.0 J12.0 7,456 124.4 14730000 |e)eioj2r0j0)0)0
30 NU3-035 [Comee "X" Slow Flyby Ve b= 47,488 frs 3,222 18.0 |12.0 4,254 115.6 (L4711 0]o|ajoflojolojalointlo
31 NU3-036 [Encke Rendezvous Vel=47,488 fgs 3,257 1 20.5 110.0 4,19 1 14.2 L3 7o lo |z o foJofofololoialo
32 NU3=C30|Ploneer Jupiter Probe V.[= 49,888 ffs 813| 17.5 |10.0 1,346 | 14.6 [La.1|oto|o|of2z|ololololotola
33 NU3=032 |[Mariner Juplter Orbiter Ve l= 49,388 ffs 2,550 17,0 |12.0 3,523 15.4 |14.7]0j1 |1 |o|ojojojoiojo]oion
34 NU3=387 {Jupiter Satutn OrbiterfLander Vel|= 50,90 fpa 22,440( 27,0 [1z.0 37,446 [47.6 [La.7)ofJofololo]jololoe oo+l |1
35 NU3-328 |Pioneer Saturn/Uranus Flyby V.= 50,788 fps 2,050 24.5 | 9.0 3,336 15.2 14,712 |0 |0|olo|ojololololo|o
36 [ MI3-034 {Maviner Saturn Orbiter V.|= 50,788 fds 2,415 18.0 |12.0 | 4,307|21.0 1a.7loe|olojol2iololalniolo
37 NU3~033 [Mariner Uranus Probe/Nept. Flyby V.|= 57,388 Igs 5,0907718.0 1270 63101150 Hasfo]joJojolololzloialolotn
38 NU3-388 {Halley Comet Flyby Vo= 57,388 fgs 6,222 35.5 jl0.0 12,289 (32.8 4.7 |o|afolofjo|rjo|olo]ofo|o
39 NP3=-015 |Explorer = High Alt. ) V.i= 39,988 fps 721 9.0 3,0 1,252 10.4 6.2(t(a|ljrio|i |t |l{ocjotolo
40 NP3-017 |Gravity/Relativity Sat. - Solar Vol= 47,790 fds 7971 7.6 | 8.5 1.400712.0 [ 9.3[o|oaf{ofofaiol1 0|00 |01
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TABLE 8. (Continued)
Miss. Miss. Miassion Degeription CDE 5/C Desc. LCE S/C Desc. Lavnch Schedule
Yo. Code Mission Name Per. Alt.| APO Alt Incl. | Weight | Lgth. [ Dia. | Weighkt {Lgth. | Dia,
] (M. MI.) (N. MX.) (Deg) (LB) (FT) (FT) (LB) {FT) (FT) 80(81(82{83|84]85{86|87] 88| 89|90|91
51 NP2-020| Heliocentric/Interstellar Vo 9 54,490 fps 635 | 10.5 [10.0 954 112.9 1.2 |0 |0 |ojo (oo |0 (oY |ojO|O
42 NE3-038 | Earth Observation Sat. - R&D 300 500 ) 93.0 2,448 1 12,0 0.0 3,735 113.4 Nzl j1JofojJofojo|o oo |ofojo
43 NE3~338 [ Earth. Obs, Sat. - System Demo. 500 500 | 98.0 6,678 | 47.3 {10.0 6,678 |47.3 10,0 |0 |1 f2 (1 |2 (L |21 ]2 (1|2 |1
b4 CE3-116 | Earth Resources ~ LED 5Q0 500 JL0OO.O 2,561 ] 14.0 6.0 [ 4,071 [13.0 IL.3 T[T 1T T fT [T [T [T (T [T (L [T
45 NP3-013 | Explorer - Upper Atmos. 180 1,800 | 90.0 1,241 11.0 { 4.0 2,678 1 11.7 (8.8 |0 (1 0 |ofljo{0jOo1 1 (1|1
46 . HE3=048 | Small Appl. Tech, Sat, (Polar) 300 3,000 90.0 3871 10.5 3.0 695 2.8 4.8 (1L (oo jojolofofotn|o 0|0
47 NE3-340] TIROS N-P 906 G060 [103.0 | 1,215 130 [ 8.0 1,556 j12.4 po.l|o[g T e [o[g[oj1ta|o|0]o
48 CE3-040] TIROS Oper. Sat. 906 906 [103.0 1,415 13.0 | 8.0 I,9%6 [ 12.4 No.x (O (L |11 jojr o |t([o(1 o1
49 CE3-360| Environment Monitor 600 600 105.0 1,642 12.0 [10.0 2,626 113.3 11.9 |t [t |1 oo |1 L (1{1]0af1 |1
50 NP3-Gl4 | Explorer - Med, Alt. 1,000 20,0007 1 90,0 a2 FIGS 2.8 932 110.5 e lofrjojo]rjoJoolTI |1t J1
51 NA3-002] Explorer ~ Synch. 19,323 19,323 28.5 463 9.9 2.6 546 | 14.1 3s|1lojoj1|ol1|afr|o]olo]|o
52 WE3-397| Magnetic Monitor 800 800 8.5 524 9.3 3.5 1,122 | 10.3 5.9|0|1]jojojo]Jofljofo)of1 |0
53 NA3-011] Radic Astronomy Observatory 38,646 38,646 [ 28.5 2,433 17255 [I0.0 223 3t Iz olo(gfe|otalt o1 loiTle (1
54 NE3-018| Environment Perturbation Sat. 6,900 6,900 [ 55.0 4,437 1 13.5 7.0 8,335 | 21,9 [L&.7 |01 lo|ojLfofojojolalo|o
55 WP3=019| Environment Perturbation Sat. 6,900 6,900 | 55.0 8,874 | 15.3 |10.0 [ 16,763 | 49.1 a7 [a|o|o[olojofotr|olo |1 |0O
56 NA3-0Cl| Explorer = LEQ 297 297 [28.5 463 9.9 | 2.6 546 14,1 (3571 (113 1 Ji a1 i1t 1
57 NA3-215 | Solar Max. Sat. 350 350 [ 28.5 1,980 10,0 | 7.0 4,270115.5 [lo.oj1 (o1 ]ofr|o|rjo|rijoltL|o
58 NP3=016 | Gravity/Relativity Sat. 500 500 90.0 1,061/ 13.2 7.6 2,572 113.7 12,8 )1 |ojof1|otoflojo]jotiololo
- 59 NE3-391] Small Appl. Tech. Sat. 280 280 190.0° 3871105 3.0 €95 9.8 GB8To0fZfoJoJ1 o[0T [G[0o]1 o
60 NE3-392| Small Appl. Tech. Sat. 400 400 1 90.0 3871 10.5 3.0 895 9.8 (48001 jofofrfjolotr|ojoll
61 NE3-395 | .Gravity Gradiometer Sat. 110 1!.0 90.0 6,732] 16.5 (13.Q 11,329 133.3 |i4.7{tjoja (o0 |ojo|ofajojo]o
62 WE3=-045 Geopause 270 270 190.0 7821 11.5 5.0 1,100} 16.3 Na.7{0]0oj1Jo(oJojolocloiolola
63 NE3-396 | Mini-~Lageos 350 350 | 28.5 1,554 8.1 |10.0 1,554 8.1 1o.ojriojofaejofr|o{ol0lololo
64 NE3-3883| Magnetometer Sat. 215 215 | 28.5 414 9.3 | 3.5 895 1100 ¥s.4jol3jofatfolof3lo]|o]o]|3 |0
63 NE3=349| Seasat-B 380 380 90.0 734 7.5 5.0 1,240 [ 10.4 6.2|l0]of1{ofo[oJOoJolofaolalo
66 HB3-055 | Bi{o=Reaearch Module 300 300 §28.5 4911 10.7 2.2 L9110 10.7 2.2j2|ofojofojojolDjOolOoto]o
67 | CE3-371| Global Earth and Ocesn Monitor 200 200 {98.0 | 2,561]114.,0 [6.0 | 4,98 |13.6 12.6 o [0 |ojofo|o[3[o]3]o]3]0
68 NA3-003 ) High Energy Astronomical Obs. 250 250 §28.5 | 19,085 (47.6 | 9.2 | 19,085 f&47.6 {9,210 [0 |1 I‘O gfloJof1]o[0fa]o
69 HA3-004 | HEAD-Revisit 250 250 28.5 3,500 5.0 [15.0 3,500 S.0 15.0fof(ofoft{rii-|ojo(L1(L |1 (L
. 70 NA3=005| Large Space Telescope 330 330 | 28.5 21,0381 64.1 12,8 121,038(44.1 [12.81 |00t |o|olofol1llololo
71 NA3~006 ( LST~Revisit 330 330 28.5 3,500 5.0 115.0 3,500 5.0 Is.ojJogj1jr ol |1 J1fofz 101
72 NA3-007| Large Solar Obs. 270 270 | 28.5 36,799 56.5 |14.5 36,799 | 56,5 (145 ofojofololr{oio|0i0o|o]0
73 NA3-008| LSO-Revisit 270 270 | 28.5 3,500 5.0 |15.0 3,500 5.0 [15.0(0|olo|ojo|o|E{1y1i1 |1 (L
14 HA3=005| Large High Energy Telescope 400 4£Q0 28.5 17,903 35.4 [1G.4 17,903 (35,4 104 [QO0 (GO0 clio{1{Ccio|O(0
75 HA3-010{ LHET=-Revisit 400 400 { 28.5 3,500 5.0 {15.0 3,500 5.0 j15.0|o0 (0 |o|o(afojojo|l21(1 (1|1
76 KP3~321] Cosmic Ray Lab. 200 200 28.5 46,758 | 43.5 [14.0 46,758 | 43.5 [ls.0|0|a|Ccjo|0|oflo]1|ojo]|o |0
L7 NPI-322| CRL-Revisit 200 200 1 28°% 1,500 5.0 }115.0 3,500 5.0 Ns.0joJolofJoJojofoTol1 I L |1
78 NA3=301| Stellar Ast. Sortie 150 150 28.5 45,400 55.5 |14.0 | 45,400)]'535.,5 [14.0{0 (31|12 (3]l4|2ri1])2]2]l1]2
73 NA3-302( Stellar Ast. Sortie {30=day) 150 150 28.5% 56,400/ 55,0 14,0 56,400/ 55.0 [14.0]0]o)loloflofolziz]2l2]z2]2
50 WA3-304} Solar Physlcs Sortie ) 167 167 23 .5 43.500( 55.0 |la.0 | 43500550 N0 1L (1 3 (442 2z 212{% 2
L
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TABLE 8. (Concluded)
Migs.| Miss. Mission Description CDE S/C Desc. ICE 5/C Desc, Launch Schedule
No. Code ’ Mission Name Per. Alt.| APO Alt. | Incl.|Weight [Lgth.] Dia.| Weight |[Lgth. | Dia. “[

(N. MI,) | (N, MLI.) | (Deg){ (LB) | (FT) | {FT)| (LB) [(FT) | (FT)|80|{81[{B82|83|84]|8586.87)88(85(90]|91
Bl NA3=305 | Solar Physics Sortie (30-day) 167 167 28.5 | 54,500 55.0 f 14,0| 54,500 {55.0 [14.0 |0 {010 {0 {0 |0 |2 12 (2 (2 (2|2
82 NA3=-312 | Space Physics Sortie 200 200 28.5 | 33,200|56.5% | l4.0| 33,200 ;56,5 [14.0|0 (0 (1|1 |2 |02 |02 |02 @
83 NA3-313 | Space Physics Sortie 200 - 200 55.0 33,200 | 56.5 14,0| 33,200 156.5 [14.0 |0 |0 [0 [0 |2 [0 |2 0|2 |02 ]0
B4 NA3-314 | Space Physics Sortie 100 100 90. 0 [ 33,200 56.5 16.0[ 33,200 |56.5 [I4.0[0 {0 [0 [0 [0 |4 [0 4]0 |& {0 |4
85 NB3=057 | Life Scilence Lab, Sortie 200 200 28.5 | 30,300 25.5 | 14.0] 30,300 |25.5 [14.0 |1 j1 (L |0 (O |O|O (O|O |00 |O
36 NB3-058 | Life Science Lab. Sortie 200 200 28.5 | 41,300 25.5 | 14.0| 41,300 |25.5 [14.0 (0 jo [0 |1 |2 12 |2 [2 [4 [4 |4 |4
87 HWE3-044 | Eaxrth Obs. Sortie 150 150 55.0 | 24,0007|56.5 | 14.0| 24,000(56.5 1.0 L |1 |o o JofofoJofo]o]o]o
88 NE3=344 | Earth Obs. Sortie 150 150 0.0 24,000 | 56.5 14,0 24,000 (5% .5 140|001 L |t J1 |1 I1|% |E {1 |1
89 NE3-306 [ Earth Obs. Sortie 150 150 28.5 |19,300|25.5 | 14,019,300 (25.5 [34.0 |1 |1 {1 1 1 J1 |2 §1 |% |1 {1 |1
g0 - | NE3-307[ EQPAF Comm,Nav. Sortie 150 150 57.0 18,514 [ 535.0 1470[18,514 [535.0 [la.0Jr t2 |2 (2 |2 [2|2 212 |2 }2 |2
91=100 DOD Simulated Missions
101 NM3-062 | Space Processing Sortie 150 150 28.5 | 22,850 30,5 | 14,0/ 22,850 )30.5 14011 |1 )1 /1 j1j1 /1 f1]1 /1)1 ]1
102 WM3=365 | Space Processing Sortie 160 160 28.5 7,650 5.0 | 1&.0F 7,650} 5.0 [4.0f0 [3 [10f% {10[9 }10j9 [10]9 L10j9
103 MM3-365{ Space Processing Sortie 160 160 28.5 7,650] 5.0 | l&.0f 7,650 5.0 (L4000 (L (213 [2 (3121312 (3 |2 43
104 NI3-0631{ Adv. Tech., Lab. Sortie 200 200 57.0 27,3807 51.5 14.01 27,380 [51.5 [14.012 |4 |4 (4 |4 14 14 |6 14 (4 |4 |4
105 CP3-375 | Foreign Sci./Phys. Sortle 200 200 78.5 | 33,206 56.5 [ 14.0[ 33,20056.5 [1a.0{o0 [0 |L¢1 [0¢0 1 |OjOf1 (D |0O
106 CP3-376] Foreign Sci./Phys. Sortie 200 200 55.0 | 33,200]56.5 | 14.0| 33,200|56.5 [14.0fofofclof1folo|1]|ojo |1 |o
107 €P3-377 | Foreign Sci/Phys. Sortie 100 100 90.0 | 33,200]56.5 | 14.0( 33,200 |56.5 |14.040j004{0l0]1 |0 {0 )Y 0|0 |1
108 CP3+374 1 Foreign Scl./Ast. Sortie 150 150 28.5 45,500 [ 55.5 14,045,400 (55.5 [l4.0Y0 |1 JCc 31 41 1 |2 (11201 |1 |1
109 CP3-372| Space Processing Sortie 160 -160 28.5 7,6501 5.0 | 4.0 7,650 5.0 [l4.0;0 (0|0 |0 014 8 |4 |84 |8 (4
110 NT3-061) Long Duratfion Exposure Facility 270 270 28.5 | 10,200 35.5 | 14.0| 10,200 35.5 [14.001 [0 |1 O f1j041 |01 40 (1 |0




84

TABLE 9. EXAMFLES OF SPACECRAFT COST SAVINGS
DUE TO PAYLOAD EFFECTS
SPACECRAFT costs, 10°s
Current Low Cost No. of ]
Design Design Launches Total S/C
R&D Unit R&D Unit . {4 years) Savings
Foreign Synch. Meteor. Sat. 80.4 19.7 62.2 15.6 4 34.6
INTELSAT 46.8 12.0 37.6 11.0 2 11.2
Inner Planetary Follow-on 4.9 18.5 64 .4 16.6 3 16.2
Earth Resources Sat. 78.2 19.8 6l.o 16.9 "2 22.4
TIROS Operational Sat. 75.1 20.7 60.7 18.3 2 19.2
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TABLE 10. MISSION MODEL SUMMARY
4=YEAR PERICD (NO DOD)

By Year 1980 1981 1982 1983 Total
Missions within Shuttle Capability 17 23 ' 34 34 108
Missions beyond Shuttle Capability 21 25 18 21 85

38 48 52 55 193

By Launch Site ETR WIR
Missions within Shuttle Capability 98 10
Missions beyond Shuttle Capability 66 19

164 29
By Mission Destination : o Geostationarv Planetary Hich Inel. Other

Missions beyond Shuttle Capability 45 13 20 7
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TABLE 11. BASELINE FAMILY DESCRIPTIONS

Family ' No. of
No. Stages Designation Stages Configurations
comme - I - — S

1 Centaur CT 1.0 CT,CT/K
2 i Centaur, Burner-IIA CT,B2 1.5 CT,CT/K,B2
3 g Centaur, Scout CT, 5C 2.0 CT,CT/K,5C(2),5C(3)
4 Centaur, Delta CT,DL 2.0 ¢T,CT/K,DL,DL/K
5 | Centaur, Agena CT,AG 2,0 CT,CT/K,AG,AG/K
6 Centaur, Transtage CI,TIR 2.0 CT,CT/K, TR, TR/K
7 Centaur, Scout, Burner-ITA CT,SC,B2 2.5 CT,CT/K,;SC(2),5C(3),B2 .
8 Centaur, Delta, Burner-IIA CT,DL,B2 2.5 CT,CT/K,DL,DL/K,B2
9 Centaur, Agena, Burner-IIA ; CT,AG,B2 2.5 CT,CT/X,AG,AG/K,B2

% 10 Centaur, Transtage, Burner-ITA CT,TR,B2 2.5 ? CT,CT/K,TR,TR/K,B2

Lo Centaur, Delta, Scout CT,DL,SC 3.0 CT,CT/K,DL,DL/K,SC(2),8C(3)
12 Centaur, Agena, Scout CT,AG,SC 3.0 ; CT,CT/K,AG,AG/K,SC(2),5C(3)
13 Centaur, Transtage, Scout ¢T,TR,SC 3.0 CT,CT/K,TR,TR/K,SC(2),8C(3)
14 Centaur, Agena, Delta CT ,AG,DL 3.0 CT,CT/K,AG,AG/K,DL,DL/K
15 Centaur, Transtage, Delta CT,TR,DL 3,0 |- ©T,CT/K,TR,TR/K,DL,DL/K
1§‘ ) CePt:au"r, Transtage, Agena CT,TR,AG - 3.0 CT,CT/K,TR,TR/K,AG,AG/K

— - e et o e it e, el
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TABLE 12,

CURRENT DESIGN EXPENDABLE SPACECRAFT,

FLIGHT SUMMARY AND TRANSPORTATION COST BREAKDOWN FOR BASELINE FAMILIES FOR OPTION I.

SHUTITLE ONLY MULTIPLE LAUNCHES.

Transportation Costs, 10%

1 Number of Flights by Stage
Scout Delta Agena Tf;;ﬁs Cent
Rank | Family ss | 82|(2)(3) | DL DL/K | AG AG/K | TR TR/K | CT CI/K
1 :cr,oLB2 | 71 | 7 35 14 16 4
2 i CT,DL 71 P42 14 ! 16 4
3 é CT,TR,DL ég 71 E 42 14 P11 2 3 4 |
4§ Cr,DLSC |71 (343 1 8 11 16 4
5 | CT,AG,DL || 71 i | | 42 14 | &4 2 10 4
6 | CT,TR,B2 717 60 4
7 enIRse |7 g 3 3 30 4|
8 . CT,IR 7l . 67 4 i
9 ' CT,AG,SC 711 343 123 2 T
10 | GT,SC,B2 71 i 7127 3 % 35 4
11 | or,sc 4 71| (3403 | 35 4
12 ! CT,AG,B2 ‘E 71y 7 53 2. | 10 4
13 | cr,A6 71 60 10 4
14 | CT,TR,AG EE 71 60 0 7 2 3 4
15 | CT,B2 g 715 7 - % 65 &4
L’ oper oo jn il i 24

Shuttle ; Ex

1441

872
872
888
a71
B75
890
g8g9
890
871
872
872
369
868
883
874
874

po.L

FOUR YEAR PERIOD,

Upper Stage
N-Rec | Rec (Total |
57 | 218 | 2589
56 | 226 | 259
L 69 | 206 | 2604
| 70 1232 | 2614
78 | 221 | 2614
55 1231 | 2617
[ 68 220 2617
st | 244 | 2628
76 | 249 | 2637
| 56 | 272 ) 2640
54 1276 | 2643
63 | 278 | 2650
62 | 295 | 2665
|75 | 285 | 2684
0 42 353 | 2709
40 | 383 | 2737
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TABLE 13, FLIGHT SMRY AND TRANSPORTATION COST BREAKDOWN FOR BASELINE FAMILIES FOR OPTION II.
BEST=-MIX OF CURRENT DESIGN EXPENDABLE AND LOW COST EXPENDABLE SPACECRAFT DESIGNS FOR EACH FAMILY.
SHUTTLE ONLY MULTIPLE LAUNCHES, FOUR YEAR PERIOD,

Number of Flights by Stage

6
Transportation Costs, 10§

Scout Delta _Agena Trans Cent Upper Stage |
Rank | Family ss | B2 [ (2)(3) | DL DL/K | AG AG/K | TR TR/K | CT CT/K || Shuttle | Exp. LV N-Rec | Rec| Total
1 | cr,Tr,B2 [ 71 | 7 59 0 4 1441 887 55 | 240] 2622
2 | CT,TR,DL || 71 28 15 23 0 6 & 882 69 |232] 2624
3 |cr,DL,B2 || 71 | 7 21 15 29 4 869 57 1263] 2630
4 | CT,TR 71 66 6 4 886 54 t252] 2632
5 | cT,TR,8C || 71 22 0 44 6 4 884 66 | 244| 2635
6 | CT,DL 71 28 15 29 4 868 56 | 270| 2635
7 | cr,AG,oL || 71 28 15 3 9 17 4 869 78 | 265) 2652
8 | cT,DL,5C || 71 22 0| 8 13 29 4 867 69 | 279 2656
9 | cr,aG,B2 {71 7 39 9 17 4 866 63 | 297! 2667
10 | cr,aG,sc 71 22 0. 2% 9 17 4 866 7% 1294 2675
11 | cT,AG 71 46 9 17 4 865 62 | 314| 2681
12 | cv,sc,B2 §71] 7] 15 0 50 4 871 54 1318 2684
13 | cr,1R,AG | 71 46 0 |20 0 | 6 4 877 75 1293] 2686
% |er,se f 71 22 0 50 & 870 53 | 323| 2686
15 | cT,B2 71] 7 65 4 874 42 | 353] 2709
16 | oT 71 72 4 Y 874 40 1383 2737
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TABLE 14, FLIGHT SUMMARY AND TRANSPORTATION COST BREAKDOWN FOR BASELINE FAMILIES FOR OPTION III.
BEST-MIX OF CURRENT DESIGN EXPENDABLE AND LOW COST EXPENDABLE SPACECRAFT DESIGNS FOR EACH FAMILY.

MAXIMUM MULTIPLE LAUWCHES.

FOUR YEAR PERIOD.

Number of Flights by Stage

Transportation Costs, 106$

Scout Delta Agena Trans Cent Upper Stage
2X 2X 2X 2%
Rank Family SS B2 B2 (2)(3)| DL DL/K DL/K| AG AG/K AG |TR TR/K TR |CT CT/K S_S__ XLV, NR ;R_]EI_(;H_bTotil
1 CT,TR,B2 64| 2 2 31 5 4 7 4 L1166 { BA4 | 55 | 216 2281
2 |er,TR 65 33 4 518 4 1166842 54226 | 2286
3. |CT,TR,(AG) |65 { 6 0 ©0{33 4 5|8 & 14 1166 | 842 | 54 | 224 | 2286
4 |cT,TR,DL {66/ i 16 4 1 % 3 319 & ;1176|839| 691216} 2300
5 |cT,DL,B2 mi 2 2 10 7 1 30 4 !1176_829 57 {239 | 2302
6 |CT,TR,SC |65 9 0 24 4 5! 8 4 (11166 842) 66228 | 2302
7 |ecr,bL 65 % 7 1 30 4 | 1186 829] 56 | 243 | 2313
8 |cr,ac,B2 {e4i 2 2 19 7 20 4 |I1176 827 63 | 260 | 2326
9 [er,ac {65 21 7 21 4 [ 11761 826( 62 | 268 | 2331
10 |CT,DL,SC {i65 7 012 31 4 l 1186 829| 69 ] 249 | 2333
11 |0CT,AG,DL {65 i12 9 1| 2 7 21 4 |1 1186 829| 78 241! 2333
12 |cr,sc,B2 {6412 2 | 9 40 4 il 1186 832 54 | 266 | 2338
13 |CT,AG,SC {65 7 % 7 2 21 & ({1176 827| 74 | 268 | 2346
14 |CT,B2 651 2 2 49 & 1196 833} 42 | 280 2350
15 |cCT,sC 66 % 0 40 4 | 1215{830f 53| 269 | 2368
16 |cT 65 56 4 | 1225 832] 401307 | 2404




TAEBLE 15,

FOR OPTIONS I, II, AND IIT.

SUMMARY OF BASELINE FAMILY RANKINGS

OPTION
No. of [
Stages FAMILY I. I1 III CANDIDATES
1.0 CT 16 16 16
1.5 CT,B2 15 15 14
CT,SC 1l 14 15
3 0 CT,DL 2 6 7 v
’ CT,AG 13 11 9
CT,TR 8 A 2 v
i
CT,SC,B2 | 10 12 12
2.5 CT,DL,B2 ; 1 3 5 v
. CT,AG,B2 | 12 9 8 v
CT,TR,B2 | 6 1 1 v
CT,DPL, SC 4 8 10
CT,AG, SC 9 10 13
CT,TR,5C 7 5 6 v
3.0 CT,AG,DL 5 7 11
CT,TR,DL 3 2 4 v
CT,TR,AG L4 13 -

54
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TABLE 16, COST COMPARLISON OF NON-CENTAUR BASELINE FAMILIES
WITH SEVEN CANDIDATE BASELINE FAMILIES

Option L 1I T
Spacecraft CDE Best~Mix Best-Mix
Multiple Launches Shuttle-only Shuttle~only Maximum o

Cost, 106$ Cost, 106$‘ Cost, 106$
Rank Rank Rank

Family Trans. | P.E. | Equiv. Trans. | P.E. ; Equiv, Trans, | P.E. fiEquiv.
CT,DL 2594 0 259 7 2635 =446 2189 10 2313 =446 1867 11
CT,TR 2628 0 2628 11 2632 =446 2186 9 2286 -446 1840 3
CT,DL,B2 2589 0 2589 6 2630 =446 2184 ] 2302 =446 1856 7
CT,AG,B2 2650 .0 2650 12 2667 «446 2221"‘ 12 2326 =446 1880 12
CT,TR,B2 2617 0 2617 9 2622 446 . 2176 3 2281 =446 1835 2
CT,TR,SC 2617 0 2617 10 2635 =446 . 2189 11 2302 =446 1856 8
CT,TR,DL 2604 0 2604 8 2624 | <446 2178 4 2300 =446 1854 6
TR 2563 0 2563 4 2563 -378 2185 7 2227 ~378 1849 4
TR, B2 2549 0 2549 2 2549 -378 2171 1 2212 -378 1834 1
TR, SC 2549 0 2549 3 2561 . =378 21383 5 2242 -378 1864 10
TR, DL 2537 0 2537 41 2552 -378 2174 2 2237 =378 1859 9
TR,AG 0 2563 3 2563 =378 2185 g 2227 -378 1849

2563




TABLE 17. TRANSPORTATION COST COMPARISON OF CENTAUR-BASED TANDEM STAGE
FAMILIES WITH SEVEN CANDIDATE BASELINE FAMILIES '

99

Option I : II : IIT
Spacecraft CDE Beste~Mix Best-Mix
Multiple Launches Shuttle-only Shuttle~only .':‘:‘Maximum

- | 6 6 ‘ b

Family Cost, 10°$ | Rank | Cost, 107§ | Rank | Cost, 107§ | Rank
Baseline Families .

CT,DL 259 3 2635 6 2313 8
CT,TR _ 2628 7 2632 5 2286 2
CT,DL,B2 2589 1 2630 4 2302 5
CT,AG,B2 2650 9 2667 9 | . 2326 9
CT,TR,B2 2617 5 2622 2 - 2281 1
CT,TR, 5C 2617 6 2635 7 2302 6
CT,TR,DL 2604 4 2624 ‘3 - 2300 4
Tandem Stage Families
CT,TD 2592 2 2608 1 2307 7
CT,TA 2672 10 2687 10 2345 16
CcT,TT 2628 8 2639 3 2296 3

Note: The savings due to payload effects are $446M for each family in options IT and ITI,
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TABLE 18, TRANSPORTATION COST COMPARISON OF TANDEM TRANSTAGE-BASED
FAMILIES WITH SEVEN CANDIDATE BASELINE FAMILIES

|

Option 1 I1 II1
Spacecraft CDE Best-Mix Best-Mix
Multiple Launches Shuttle-only Shuttle-only . Maximum

Family Cost, 106$ Rank | Cost, 1_06$ Rank | Cost, 106$ Rank
=
Baseline Families
CT,DL L 2594 6 2635 10 2313 11
CT,TR 2628 10 2632 2286 7
CT,DL,B2 2589 5 2630 2302 9
CT,AG,B2 2650 12 2667 12 2326 12
CT,TR,B2 2617 2622 6 2281 6
CT,TR,SC 2617 2635 11 2302 10
CT,TR,DL 2604 7 2624 7 2300 8
Tandem Transtage-based Families
TT 2583 4 2587 4 2221 2
TT,B2 2569 3 2573 2 2204 1
TT, SC 2565 2 2580 3 2236 5
TF,DL 2555 1 257 1 2221 4
TT,AG 2638 11 2587 5 2221 3

Note: The savings due to payload effects are $446M for each family

in Options II and III.




TABLE 19. TRANSPORTATTON COST COMPARISON OF LARGE TANK AGENA
FAMILIES WITH SEVEN CANDIDATE BASELINE FAMILIES

85

Option 1 I1 111
Spacecraft ‘CDE Best~-Mix Best~Mix
Multiple Launches Shuttle-only Shuttle-only Max Lmum

Family Cost, 106$ Rank | Cost, 106$ Rank | Cost, 106$ Rank
Baseline Families

CT,DL 2594 2 2635 6 2313 12
CT,TR 2628 7 2632 4 2286 5
CT,DL,B2 2589 1 2630 3 2302 10
CT,AG, B2 -l 2650 10 12667 9 | 2326 | 13
CT,TR, B2 2617 5 2622 1 2281 4
CT,TR,SC 2617 6 2635 1 2302 ' 11
¢T,TR,DL 2604 L | 2624 2 2300 9
‘Large Tank Agena Fanmilies
LTA 2689 13 2689 12 2291 |7
LTA,B2 2672 11 2672 11 2261 2
LTA,8C ' .2638 9 2668 10 - 2288 6
LTA,DL 2601 3 2634 5 2252 1
LTA,AG 2674 12 2689 13 2291 8
LTA,TR 2634 8 2641 8 2263 3

Note: The savings due to payload effects are 5446M for each family in Options II. and III.
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TABLE 20. ' EFFECT OF VARIABLE TUG IOC

Period 2-Years 4=Yaars 6-Years

Option I 11 II1 I Il IIT I I1 111
Spacecraft CDE Best-Mix CDE Best=-Mix CDE Best-Mix

Mult, Lehs, Shuttle-only Maximum Shuttle-only Max fmum Shuttle-only Maximum
Fanmily Cost  Rank Cest  Rank Cost  Rank Cest  Rank Cost  Rank Cost Rank Coat  Rank Cost  Rank Cost  Rank
CT 1398 14 1398 10 1320 12 2737 16 2737 16 2404 16 4273 16 | 4273 16 | 3639 16
CT,B2 1396 13 1396 8 1308 6 2709 15 2709 15 2350 14 4223 15 4223 15 3555 14
CT,SC 1392 7 1408 16 1331 15 2643 11 2686 14 2368 15 4081 11 4158 12 3568 15
CT,DL 1376 1388 5 1307 2594 2 2635 6 2313 7 l_4006 2 4076 6 3491 7
CT,AG 1395 12 1402 12 1319 2665 13 2681 11 2331 4137 13 4164 14 526 12
¢r,TR 1382 1386 1 1296 2 2628 8 2632 4 2286 4068 9 4073 5 3442 2
CT,sC,B2 1392 1407 14 1320 11 2640 10 2684 12 2338 12 4076 10 4153 11 3525 11
¢1,DL,B2 1377 1389 7 1298 4 2589 i 2630 -3 2302 3995 1 4067 4 3477
CT,AG,B2 1394 10 CA0 11 |- 1319 10 2650 12 2667 2326 8 4105 12 4139 10 3515 9
CT,TR,B2 1381 4 1386 4 1294 1 2617 & 2622 1 2281 1 4044 7 4050 2 3433 1
cr,oL,sc faszeyl 2y | ocoseyl  e) | 1325 13 | 2614 6 | 2656 2333 10 | 4026 5 | 410 8 | 3517 10
CT,AG,SC 1404 15 (1402)1 (13) | 1334 16 2637 9 | 2675 " 10 2346 13 4066 3 4137 9 3542 13
CT,IR,5C 1394 9 (1386)1 {2) (1296)1 €3) 2617 - 7 2635 3 2302 6 4028 5 4058 3 3459 4
'CT,AG,DL 1395 11 1407 15 1328 14 2614 5 2652 2333 11 4033 [ 4101 7 3511 8
CT,TR,DL 1387 6 1396 9 | 1316 7 | 2604 3 | 2624 2 | 2300 4 | 4014 3 laos? | 1| 3445 3
CT,TR,AG 1410 16 (1386)2 (3) | 1316 8 2684 14 2686 13 (2236)2 (3) || 4160 14 4159 13 3467 3

1A1though avallable, the Scout was not asasigned to any missions,

2Althcvugh available, the Agena was not assigned to any missions,
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TABLE 21, EFFECT OF CONCURRENT SCOUT LAUNCHES

Option 1 I1 IIL
Spacecraft CDE Best-Mix Best=Mix
Multiple Launches Shuttle=only Shuttle-only Max‘imum

Family Cost, 1065 Rank Cost, 106$ Rank Cost, 10 Rank
CT 2785 16 2785 16 2452 16
CT,B2 2756 15 2756 15 2398 14
CT,sC 2677 11 2722 12 2403 15
CT,DL 2642 2 2683 6 2361 7
CT,AG 2713 13 2729 13 2379 11
CT,TR 2676 10 2680 5 2334 2
CT,sC,B2 2675 9 2720 ‘11 2373
CT,DL,B2 2636 1 2678 4 2350
CT ,AG,B2 2698 12 2715 1o 2373 10
CT,TR,B2 2665 7 2669 1 2328
CT,DL,SC 2648 3 2692 7 2368 8
CT,AG,SC 2671 8 2711 9 2381 13
CT,IR,5C 2651 4 2670 2 2337 3
CT,AG,DL 2662 6 2699 8 2381 12
CT,TR,DL 2651 5 2672 3 2348 4
CT,TR,AG 2732 14 2734 14 2361
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TABLE 22, TRANSPORTATION COST COMPARISON OF SIXTEEN BASELINE FAMILIES
WITH ADVANCED SCOUT (AS) SUBSTITUTED FOR SCOUT

Option I [ II III
Spacecraft CDE Best-Mix Best-Mix

Hultiple Launches Shuttle-bnly Shuttle~only Maximum

Family - Cost, 106$ Rank Cost, 106$ Rank Cost, 106$ r Rank
CT 2789 16 2789 i 16 2456 16
CT,B2 2761 15 2761 15 2403 15
CT,AS 2646 5 2650 4 2393 14
CT,DL - 2646 6 2687 10 2366 7
CT,AG 2717 13 2734 13 2384 12
CT,IR 2681 11 2684 9 . 2339 2
CT,AS,B2 2643 3 2647 2 2378 -
CT,DL,B2 : 2641 2 . 2683 8 2354 5
CT,AG,B2 2702 12 2720 12 2378 10
CT,TR,B2 2669 10 2674 6 2333 1
CT,DL,AS 2638 1 2642 1 2368 8
CT,AG,AS 2658 8 2663 5 2382 11
CT,TR,AS 2644 A 2650 3 2342 3
CT,AG,DL 2667 9 2704 11 2385 13
CT,TR,DL 2656 7 2676 7 2353 4
CT,TR,AG 2737 14 2738 14 2366 6

Note: The savings due to payload effects are $446M for each family in Options II and III,
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TABLE 23, COMPARATIVE RANKINGS OF 2,0- AND 2,5-STAGE BASELINE FAMILIES

Stage SCOUT DELTA " AGENA TRANSTAGE

Option I IT ITI I | 11 111 I I1 I11 I 1T IiI

Rank

2,5

2.0
2.5
2,0 2.5
2.0
2.5 | 2.0
2.5 2.0

LT-T - R - I ¥ B~ I V' I - B

2.5
2,0 ‘ | 2,0
2.5 2.5

T o
O R =
b
.

w

L)

2,0

—
(%]

2,0

16

Note: Each family includes the Centaur and the intermediate stage indicated. The 2,0 and 2.5
entries indicate the relative ranking without and with the Burnmer IIA also included in
the family, respectively.
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- TABLE 24. ' VEHICLE ASSIGNMENTS FOR SELECTED FAMILY - OPTION I » CONCLUDED
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TABLE 25. SHUTTLE-ONLY MULTIPLE LAUNCHES FLIGHT ASSIGNMENTS FOR OPTIONS | AND ||

FLIGHT . FLIGHT
YEAR NO YEAR NO
f ' -l |
1980 1 ! 80 1980 7 ) 87
A R . _ —
=66 ' ' ]
OMS 8
2 _ 70 \E . 7 ,
‘ Q | - — —
| 63 '\\ N
3 110 _ \ons\ : - 910 . 104
L 66 DN\ .
| 85 Rows 1981 1" s
4 YA} | .
~ NN A -
5 89 |'2 " 80
6 - ol i IR S T . 108

. ~=——FWD
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YEAR

FLIGHT
__NO

1981

15

16

18

19

TABLE 25, CONTINUED

- FLIGHT
YEAR NO
1ok ' lséi 20 F 8?‘
i
104 21 104
10k ‘ 22, 23 90 &mz
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| 64 85 ‘ 24 ﬂ
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4 -~ : \ ’
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56 | 101  Kons 1982 25 78
89 10271 %ns 26 80
NN ' !
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1982

‘FLIGHT
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28
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30

31

32

TABLE 25,
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N
N
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7
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CONTINUED
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YEAR NO
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37, 38

39

Lo

L, 42

L3

—— EWD

104 -
80 102
}
. 88
=
65 62 60 \\Sii\\
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e
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OMs

110

02{10]
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1982

1983

© FLIGHT
NO
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47,48

49-51

52

TABLE 25,

1 021021102
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70

2\
NN
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80

Bz

CONTINUED
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YEAR NO

1983 53

54

55

56

57

58-61

e

105

108

101

| [

|

t

LOJ 69

=

N

104
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TABLE 25, CONCLUDED

FLIGHT ‘ FLIGHT
YEAR - RO S ' YEAR HO
1983 62,63 90 102: 1983 66 b3
i . ﬁ P
67,68
. &b & 88 ‘
‘ L — , : L _
65 | o2 58 R ows 69 | 'mzéoz
| I NN 2 02402

- FWD



TABLE 26. VEHICLE ASSIGNMENTS FOR SELECTED FAMILY - OPTION II.

BEST=MIX 0OF CCE AND LCE SPACECRAFT FOR CcNTAUR W/ TRANSTAGE
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o B ey oA
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FLIGHT
YEAR NO,

1380 1
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TABLE 27.
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NN
[ 56 | \
85 §§§§§§S

-———FWD

SHUTTLE CARGO BAY MANIFEST FOR SELECTED FAMILY, OPTION III.
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YEAR NO. o
-
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T R e R e e
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12, 13 104
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1981 14 5
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i- - e ek
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Figure 2, - Coordinating Committee members
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Figure 3, - Shuttle payload weight vs. circular orbit altitude for ETR launch and delivery only..
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" Figure 4. - Shuttle payload weight vs. circular orbit altitude for Wik launch and delivery.only
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Figure 7. - Baseline expendable shuttie upper stage configurations
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Figure 10. - Shuttle Burner IA stage
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Figure 12, Centaur D-15 vehicle conffguration
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Figure 13, -~ Delta baseline stage
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Figure 14, - Transtage Pictorial
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