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ABSTRACT

Hosung Lee
Dr. John R. Olds
Aerospace Systems Design Laboratory
School of Aerospace Engineering
Georgia Institute of Technology, Atlanta, GA, 30332-0150

This paper reports oresearctthat integrates cost
modeling and business simulation intaconceptual
design environments foradvanced launch vehicle
programs. A newdesign-orienteccomputer tool has
been developed and used that is capableswofg price-
elastic market estimatepyice optimization, vehicle
characteristics, and historical operatiaizga to predict

key businessndicators such as return on investment
maximum

(RQI), internal rate of return (IRR),

exposure,and break-evenpoint (BEP). This paper
includes a brief introduction tthis tool called Cost

And Business Analysis Module (CABAM).

In addition, this paper reports orthe results of
work to integrate the cost analyst, via CABAMto

the advanced conceptual design

processi.e.

performance, propulsion, aerodynamics, weights,
internal layout, aeroheating, etc.). Usindgndustry
standardools anddesign practicesvithin a controlled
university environmentthree sample launchvehicle

concepts were designedwith varying

levels of
participation from the cost analyst. Successes and

difficulties in integration of CABAMare documented.
Then, the resulting economindicatorsare presented
and interpreted for each of the three example conceptual PGP
designs to illustrate the typand range of data

available. These example results illustrate the potential

cost savingsand increasegbrofit generation possible
when a ‘design-for-business’ philosophy is used.
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NOMENCLATURE

Aerodynamic Preliminary Analysis Syst.

ASDL/SRGAerospace Systems Design Laboratory/

BEP
CA
CABAM
CCD
CER
CSTS
DDT&E
DoD
DOE
GTO
HRST
IRR
ISS
LCC
LEO
LH2
LOX
MLLF
NASCOM
NAFCOM
NPV

POST
RBCC
RFP
RLV
RSE
ROI
SERJ
SSTO
TFU cost
TSTO
$96
$TY

Space Research Group
break even point
contributing analysis
Cost And Business Analysis Module
central composite design
cost estimating relationship
Commercial Space Transportation Study
design, development, test & evaluation
Department of Defense
design of experiments
geosynchronous transfer orbit
Highly Reusable Space Transportation
internal rate of return
International Space Station
life cycle cost
low earth orbit
liguid hydrogen
liquid oxygen
Magnetic Levitation Launch Facility
NASA Cost Model
NASA/Airforce Cost Model
net present value
profit generation potential
Program to Optimize Simulated Traject.
rocket-based combined-cycle
request for proposal
reusable launch vehicle
response surface equation
return on investment
supercharged ejector ramjet (RBCC eng.)
single-stage-to-orhit
theoretical first unit cost
two-stage-to-orbit
1996 U. S. dollars
then-year U. S. dollars (inflated value)



INTRODUCTION

In the recent decade and a half, due to international
competition, the US launchers have lost a great market

share in the international launch indu&tfo compete

for future payload and passenger delivargrkets, new
launch vehicles must first beapable of reliably
reaching anumber ofdesiredorbital destinations with
customer desired payload capacities. However, the
ultimate success of a new launch vehicle progwéth
depend on the launch price it is capable of offeriisg
customers. Extremely aggressive pricing strategies
will be requiredfor a new domestic launch service to
compete with low-price international launchers.
Therefore, budgetconstraints established bjow-
pricing requirements place pressure on new launch
vehicles to have unprecedentedly low LCC's.

Conventionally, economic aspects of a new
launch systenwere analyzed after a ‘finalized’ design

concept was reached. That is, a new launch vehicle was

initially designed for the lowest launch weight, lowest
empty weight, or minimum fuel approa€kesign-for-
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‘design-for-businessprinciple within advanceddesign
organizations.

Implementing a ‘design-for-business’ principle
during the conceptual design phase has two
requirements First, a new design-orientedcost and
business simulatiormodel must be available. The
modelmust bereasonablyfast, accuraterobust, and
capable ofoperating ondata of the detail typically
available in the conceptual stage of desi§econd,
cost modelingandbusiness simulation must be fully
integratedinto the conceptual design process. The
business/cost analyst must also kmewledgeable in
engineering aspectendbecome dull member of the
designteam. Then,each vehicle design cyclemust
include a prediction okey business indicators, and
each design decisiorshould be made with full
knowledge of its impact on those indicators.

COST AND BUSINESS
ANALYSIS MODULE

performance’), and then the resulting design was passedOverview

to a cost analyst whavould determine development

and production costs (post-design evaluation). In some

cases, operations and facilities costs wouldnbleided

CABAM is a tool for unlimited ‘what if’analyses
andprogram cost assessments for the entireclfde

so that the LCC could be predicted. In even rarer cases, of new launch vehicle concepts, whields decision

potential marketandrevenue sourcesere considered

making and designoptimization. CABAM bases all

so that a cash flow stream could be predicted. This last suchrelatedanalyses on fiscalinits (US$) whereas

level of information, whilerarely provided, comprises
the minimum needed to evaluate the potential
commercial business viability of a new launch service.

Unfortunately, for conventional design methods,
the highestperformancerehicle is seldom the lowest
cost vehicle. In fact, even the loweltvelopment cost
vehicle maynot necessarily be thenost attractive
vehicle from a commercial businessd profitability
viewpoint. If a decision maker's objective is to
produce asystem with a high profitabilityand low
financial risk, thenthere must be away to estimate
cost and business indicators early in the veldelgign
processand a mechanism tofeed cost and profit
information backinto theactual design proces3his
would enablecost and profit management from the

earliest design stages. Such a capability could change a

‘design-for-performance’ principle into a more desirable

there has been achievements in cost analyses of similar
sort based on labor metrics (men-hoti)s a multi-
spreadsheeteconomic analysis tool capable of
generating annual figures fomll major LCC
contributorsand expectecnnual revenues. Summary
businessindicators such asRR, NPV, maximum
exposure, RObndannualand cumulative cash flows
are determinedfor each designconcept. CABAM
currently runs under Microsoft Excel, a platform which
allows easyoutput formatting, easy expansion of
results, and quick production ofplots and tables for
enhanced decision support. CABAM is an
improvementand extension ofearlier cost modeling
work® and is a publianodel available omequest from
the authors.

CABAM requires vehicle componentweights,
vehicle payloadcapability, and aset of economic and
market assumptions a@puts. For each vehicle



design, the cost analyst is alsequired to make
subjective adjustments to the liégcle cost model as
necessary technology complexity factorseusable
hardware life spans, operations cost adjustments,
additional facilities requirements, etc. Business
schedule factorssuch as vehicle acquisitioplan,
vehicle operation plan, financingndmanagement of
liability accounts are also under the analyst's
discretion.

A schematic of the internal structure ©ABAM
is shown in Figure 1. CABAM has two main
information flows. The first is a ‘cost’ stream of
information that includes non-recurring costs
(DDT&E, reusablehardwareproduction,and facilities
construction) recurring costs (operations/maintenance
and expendablehardware production) and financing
costs. Thesecondinformation stream is &arevenue’

LCC

Program Definitio -
Non-Recurring Cost

-DDT&E
-reusable hardware costs
-facilities costs

-assumptions
-fleet size
-flight rates

A
Recurring Cost
-ops. and maint. costs
Revenue Y -expendable hardware cogts

Market Assessment

-comm. market elasticity
-gov. market elasticity

7 v

Revenue

-mission revenue
-material recycling (on/off)

| Financing Cost |

Program Summary

-cash flows o
-business and cost indicators

Y

Figure 1: Internal Structure of CABAM

stream. Annuatevenue isderivedfrom launch prices,
market elasticity, and flight rates. The two information
streamsare combined to create annual cash flow
which, in turn is used to determindRR, NPV,
cumulative cashflow, and other business-oriented
indicators that represent the program’s PGP.

LCC Assessment

Within CABAM, various estimation methods are
usedfor assessing theCC. When baseline operation
andacquisitionschedules are specified the Program
Definition sheet, the vehiclgesign is entered via

AIAA 97-3911

payloadcapabilities, system component weights, and
complexity factors inthe DDT&E & TFU module.
The only sharedinformation betweenthe LCC and
revenuestreams is the flightate (flight rates are
actually derived from the revenue streanitially). Via

this connection, LCGndrevenuedata ardinked and
made consistent.

To begin the non-recurring cost estimate, DDT&E
and TFU costs forreusablesystem components are
estimated using weight-based cost estimating
relationships (CERs) by a major subsystem
breakdown. A typical CER is in the form of below.

$=C, * A*WB 1)
Here, W is the component weight, A andaig system
component-specific constants and<Cthe complexity
factorthat is acombined measure of mechanical and
material technology concerns. Theafdd Bvalues are
derived from the unrestricted-releaseversion of
NASCOM database (a newly releasegision haseen
renamed adlAFCOM)* for similar hardwaresystems.
When the reference first unit’ TFU costs are
determined learning and rate effectsare imposed for
subsequensystem acquisitions. Currently, theext
non-recurringcost component, the facilities cost, is
estimated by a stage-associatedt allotmentscheme.
For a given vehicle design, an amount of facilities cost
for each stages ireservedor expenditureFor special
facilities such agroundlaunchassist,whenincluded,
a separate specifiost inclusion ismade. Currently,
stage-specific facility cost estimates must be input by
the analyst.

Expendable system acquisition cost is estimated in
the same manner as reusable systems (by CERs) and is
accountedfor under recurring cost. Another major
recurring cost contributor, which is themost
challenging to predict, isthe operations and
maintenancecost. It is estimated as aum of total
labor costs, hardware refurbishment costs, and
propellantcosts. CABAM has a function ofground
crew requirements vs. flight ratbat is defined by the
user and drives the labor costs. This function simulates
additionalhiring when flightrates becoméoo heavy
for a certain work crew to handle. Thesnphasizes the
real-life business practices wherethe work crew
requirements as #&unction of flight rate is not a



continuous oneAirframe/hardwaransurancecosts are
also included in recurring costs as a useinputted
percentage of expected financial losses per flight.

The final major component of LCC is the
financing costsDue to large capitatequirements in
typical launch system programs, financing is a
significant factor that affects LCC. CABAM has a
built in capital financing schemehat is based on
corporate bonds. Debt-to-equity ratio, bond terms,
paymentschedule odiability aresome of therelated
inputs a cost analyst muptovide. CABAM displays
annual figures foraccumulatedliability obligations,
paymentsandinterests for the cost analyst to plan a
financing strategy. BERNd maximum exposure are
extremely sensitive to the financing strategies.

Government participation is anothéactor that
plays a major role in modern launch programs. NASA
assistscommercial entitiesusually via cooperative
agreementshat provide financialand other aids (e.g.
the X-33 and the original X-34 cooperative
agreements). In CABAM the commerciblrden of
LCC can be lessened to degree bygovernment
contributions and provisions. CABAM hapecifiable
government contributions in DDT&E, hardware
acquisition, facility, and operationand maintenance
costs that the cost analyst can input separately.

Revenue Assessment

Revenue iaultimately a function of launclprice
in CABAM. The nature of anyprofit-driven ventures
requires pricing strategighat invariably followprice-
elastic markets. The market siaed sharewill depend
upon theprice of the launch service. In CABAM,
these market elasticity curves for various futlawnch
markets were derived from NASA’'s Commercg&pace
Transportation Study (CSTS) stiidBamplemarkets
for Low-Earth Orbit (LEO) payloadand spacestation
missions are shown in Figures 2and 3. CABAM
considerscompetition for the market bymposing a
market capturgercentage onhe total market sizes.
Captured markesize and available payloaddictate
annual flight ratesFlight ratesand launch prices are
then used to calculatannual revenue. Vehicl@eet
size is a function of bothairframe life and vehicle
turnaroundtime. Vehicle turnaroundime is usually
checked after gimulationfor its viability. Currently,
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the Shuttleturnaroundtime is 125days andfor the
RLV and HRST, 12and 2,5 days areestimated as
viable (based on an average 7-day mis$ion)

The currentversion of CABAM (v. 5.0)includes
separate launch prices for commereiatl government
missions and, for each,separatemarket elasticity
curves for up to four future market classes — LEO
cargo, LEO passengers/ astronauts to International
Space Station (ISS), GTO cargoand high speed
global point-to-point missions. In thisnodeling
scheme, a set of pricing feachtarget marketre the
true input variables for CABAM and are the
independent control variables that can later be
optimized for highest profit.

An unique revenueomponent in CABAM is a
‘material recycling’ option. As with old commercial
airplanes, when a launch vehicle is at the end of its life
span, it isdeclarednoperable. In such an event, the



exotic materials thaivere used orthe vehiclecan be
‘scrapped’. This is built into CABAM as a toggle
option that a usecan decide toinclude as another
source of revenue dhe end of eachlaunch vehicle’s
life span. Only the body, winggndtail materials are
consideredfor recycling forthis purpose. In darge
fleet of reusable launchvehicles, this material
recycling option yields a rathersubstantialeffect on
the program economy.
Economic Indicators

Key businessndicatorsarethe major outputs of
CABAM. The most important indicator is the IRR. It
is a generallyacceptedneasure othe programs total
economic performance inprofitability. NPV shows
how the progranfared against aprescribed discount
rate. ROl shows the relationshiggtweenthe profit
and actual capital investmentanade. Maximum
exposure igecognized inCABAM as the minimum
point in thecumulated caslilow, and represents the
risk associatedwith making the initial capital
investment. Inaddition to those busineséndicators
above, there are additionalcost indicators such as
recurringcost per flight andLCC per flight that help
understandhe focal points of profit generation. By
determining these cost indicators, the marketstack
most aggressively can be determined.
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Inputs
tax rate, inflation rate, interest rate,
discount rate, subsystem weights,
system life spans, payload capabilities...

CABAM

Outputs
IRR, NPV, BEP, cash flow,
max. exposure...

Post-Simulation Analyses

1-D Trades PGP
inflation, min. cash,
OLsilrL:wrifgtii n-merest rat_nax. cash,
P ave. salary.. stability
of IRR

Figure 4: Input, Output, and Post-Simulation Analysgs

prices. Maximizing IRR(calculatedfor an after-tax
discounted cash flow) is the objective used in all of the
examples reported in this paper. Limited local
optimization is readily available via a built-in gradient-
basedoptimizer in Excelcalled ‘Solver’. However,
many of the internal variablemndinputs for CABAM

are discreteintegers. As a resultthe optimization
space is highly non-smooth. The gradient-based Solver
tends to become trapped by the nearest logaimum

These indicators are measures that reflect the entire IRR and is not suitablefor global optimization.

launch vehicle program’s economy.Overall

assessment of a program requires careful evaluation and

consideration ofall of the variables. CABAM's
spreadsheeenvironment allows fast generation of
analytic plots and tables for this purpose.

Business Simulation

After all the inputsare enterednto CABAM,
there are several steps to simulating a business
operation with the designed launch vehicle. A
summary of inputs, outputsand a general post-

simulation analyses sequence is illustrated in Figure 4.

The firstandthe most important step is to optimize
launch prices foeach ofthe target markets. A given
designmay be moreeffective in certainmarkets yet
miserably fail in otherslepending orthe pricing and
the mission-specific costsTherefore anoptimization
for overall profitability must bedone onthe launch

Several global optimization strategieshave been

successfully overlaid onto CABAM for price

optimization. For examplesoarse graine@xhaustive

grid searches have beemmplemented through a
Microsoft Visual Basic program and a remote

execution of CABAM (for a workstation-class
computer) using Applescriptingtechniques. Once a
favorable priceregion is found, Solvecan be used to
find the optimum.

The secondstep in the business assessment is to
checkfor the performance ofthe programeconomy
under possible fluctuations of input assumptions.
These uncertainties can include corporte rates,
inflation rates, average salary for work foraed even
market sizes themselves. To tertainabout alaunch
system’'s PGP, stability of IRR must behecked
against fluctuations in these uncertainty variables,
since theseather crucialassumptionsgenerally have



great effects orthe program economy. CABAM can
quickly perform theséwhat-if' analysesand report
associated IRR fluctuations as long as theertainty
problem can be studied as a one-dimensional
fluctuation. To truly test thgrogram’sperformance
under multiple economic uncertainties, atructured
approach is necessary.

APPLICATIONS IN
CONCEPTUAL DESIGN

To demonstratethe integration of cost and
business analysis into taaditional conceptuatlesign
process, CABAM wagplacedinto a multidisciplinary
environment of traditional designcodes (i.e.
propulsion, performance, aerodynamics, weight
estimation). Since CABAMdepends onthe major
subsystem weights of @andidatevehicle design, it is
executed afterthe weights have been converged
between the other disciplines. Design payload capacity,
system life spansand the economicand business
variablesare then set. As thevehicle subsequently
changes during the design optimization cycle, only the
subsystem weights typicallyneed updating. The
economicand business variableare usually set by
preconceptualinformation and should not need to
change as the vehicle size changes.

Examples of integrating costand business
analysis modeling into theonceptual design process
with CABAM, in different degrees, angsible in the
next three launch vehicle designs.

Cerberus

The concept ‘Cerberus’ is shown in Figures 5 and
6°. Cerberus is &STO launch vehicle withnitially
plannedcapabilities toserviceboth the LEOand the
Geo-TransferOrbit (GTO). Its first stagebooster
utilizes seven superchargedejector ramjet (SERJ)
RBCC engines. Second stage systemshave two
variations of which one is designed for LE@rgo and
passengemissions (to ISS)ndthe other for GTO
missions. Both are shaped ‘asveriders’. In addition,
the boostercould be configured to senglobal high
speed point-to-point delivery markets for volatile
substancesand pharmaceuticals. High technology
requirementsand the corresponding readiness level
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Figure 5: Cerberus Booster Configuration

-

GTO Stage

LEO Stage

Figure 6: Cerberus Upper Stage Configurations

force the initial operating capabilit{lOC) to be at
year 2008. Steadystate operatiorperiod is planned
from years 2010 to 2025.

Several independent Cerberus system ‘point
designs’ were created in an effort to expltre design
space. Key variablesere variedbetweenthe concepts
such as staging Mach number, upper stage engine, and
upper stageairframe material. These variablesaere
anticipated to have areffect on vehicle weight,
performance,cost, and economic return. Foreach
convergedpoint design, CABAM waaused to select
optimum prices for each of the four markets. A
subsequent ‘best-of-the best’ comparison was then
madeamong thecandidatedesigns to select the one
with the highest potential IRR (Mach 8 staging,
staged combustion LOX/LH2 upper stagengine
configuration).

The economic evaluatioryielded a surprising
result which, after the launch price optimization,
CABAM chose not to operate in the GTO market. The



launch price optimization process chose a layprate

(a very high price) for GTO missions thatwould
capture zeranarket share. The reason wtmt the
GTO stageswere expendablesystemsand the cost
incurred by acquisition of thesxpendablestages was
overwhelming the entire program economy. This was
a good example of early economémalysis saving
future DDT&E costs. All systemdesign decisions
were re-focused on reducirtpe GTO stage’s system
acquisition cost, yefor the program’sprofitability,

the GTO stagesvere eventuallyabandonedThis is
illustrated in Table 1. The annuahd cumulativecash
flow diagrams for Cerberus are shown in Figure 7. In a
cash flow diagram as sucBEP, maximumexposure,
and cash flow trends are the important information that
a cost analyst should focus on.

Table 1: The Effect of Expendable GTO Stages

without GTO with GTO*
IRR (%) 19.59 10.66
Maximum Exposure ($TY,M) 1,782 2,736
ROI (%) 287.07 67.81
Total Revenue ($TY,M) 55,151 60,018
NPV ($M) -99 -249

* 2 GTO missions per year @ $14,000/Ib.

Annual Cash Flow/Cumm. Cash Flow
14000

12000 —&—Cash Flow/Year (then-yr) e

---@-- Cash Flow/Cum. (then-yr) -
-
10000 -

8000
- .
@ 6000 A
=

4000 -

2000

-2000 R

Figure 7: Annual and Cumulative Cash Flows of Cerbgrus

Though this design process was veimyilar to a
more traditional process of assessing vehicle afbst
a point designhas alreadybeen converged, there are
two significantdifferencesFirst, the speed inwhich
CABAM can be executed (minutes) allowed the
designers to consideéhe economic value o$everal
different vehicle options. Traditional cost estimates
typically take days or weeks. Two, CABAM wased
to not only assess cost, but also revenue and IRR.
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The ‘Argus’ concept, Figure 8, is near completion
at the Georgid@echASDL/SRG. The basic premises
that have been established are SSTO, launch assist via
Magnetic Levitation LaunchFacility (MLLF), and
cargo and passenger serviceL#O. One of the goals
of the Argus project is tmbservethe advantages of
launch assist. The IOC was projected to be at 2008 and
steadystate operatioperiodwasassumed to be from
year 2010 to 2025.

Argus is beingstudied aspart of the NASA's
Highly Reusable Space Transportation (HRST) study.
One of tenants of the study is that logcurringcosts
are achievable by taking advantage of market elasticity
at lower prices whilestill maintaining aprogram that
is economically profitable. Therefore, the use dbal
like CABAM becamemperative. CABAM iscapable
of evaluatingrecurringcostsper Ib. of payloadwhile
simultaneously selecting market prices to maximize
IRR. For Argus,separategovernmentand commercial
price elasticity curves foreach ofthe two markets
considered (for a total of four different price points)

Annual Cash Flow/Cumm. Cash Flow

30000

——e—Cash Flow/Year (then-yr) -
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20000 -
15000 x5

@
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19p5 ZO-DD- v 7‘&0‘017“"2’010 2015 2020 2025
-5000
Year
Figure 9: Annual and Cumulative Cash Flows for Argds




For the baseline Argus concept, business analysis
results show an optimum IRR of 27.8% at a very low
launch price for LEOpayloadmissions of $845/Ib.
This is a considerable improvement in lowering launch
price and can evenstimulate market growth for the
entire launch industry. The resulting cash flow diagram
is shown in Figure 9When finalized, the Argus
conceptwill be a strong HRSTcandidatefor future
launch options.

Sirius

The ‘Sirius’ concept wadeveloped tolaunch a
hypothetical constellation of LEO satellites. It is a
TSTO, vertical take off, horizontal landindaunch
vehicle capable of servicing Mega-LEO class
constellation deployment. Figure 10 shows3-giew

‘ 108 ft

) |

\ ¢
@ R [ )
40 J }‘7 5657 “—.‘

4

rion

Satellites
TOS Upper

Stage

Payload Bay Vehicle Characteristics:

LH2 Tank (19 it ong)

LOX Tank

1161t

Gross Weight: 280,500 Ibs.
Dry Weight: 32,400 Ibs.
Payload Weight 6300 Ibs.
Mass Ratio 1: 4.26
Mass Ratio 2: 3.32

=8

D ]
‘ \_LU TRV

Figure 10: Sirius 3-View

of the Sirius booster stage. The planned 10C for Sirius
wasyear 2002. Therefore, involvedechnology levels
were limited to current levéls

The Sirius launch system wadeveloped in
response to a hypotheticaquest-for-proposgdRFP).
The RFP demanded a laungystem thatan deploy a
400 satellite constellation (borrowing th@ame
‘Orion’) in a 2 year period. Therefore&irius was
targeting a non-elastic market that limitedvenue
generation to a$3M ($96) per satellite basis. A
constellation replenishmemteriod of 10 subsequent
years following deployment wasplanned at 20
satellitesper yearwith the same launcprice which
provided a total program revenue of $1.8B ($96).
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To achieve low-cost, high flight rate, fixed
revenue operations, a TST€édncept was chosdrom
a brainstorming process by tdesign team members.
Several design variablegere proposedor evaluation.
The booster stage was to use onethwée currently
available propulsion systems and #erondstage one
of three currently available solighotors. Otherdesign
variables were booster airframe material, booster
fineness ratioandnumber of satellitezo-manifested
on a single launch. To evaluate the numerous possible
combinations of thesdesign variables, awo-phase
design strategy was developed: first generate a response
surface equation (RSE) for each major design discipline
including CABAM and then use a genetic algorithm
optimizer to optimize the design based on thBSEs
to finalize the design variables.

To emphasize the importance of economics in
complying to such requirements, the objective
function for the optimizatiorprocess was chosen as
the IRR. That is, theentire vehicle design and
selection of design features was performed to maximize
IRR. This is one of the few examples ofdasign-for-
business’ philosophy beingpplied in conceptual
launch vehicle design.

It was found that to integrate CABAMinto a
design iteration loop, only the weighasdsizing CA
neededcoupling. Propulsion systemgere purchased,
instead ofbeing developed andnanufacturedand the
final configuration selected the Russian RD-0120 main
propulsion systemand Transfer Orbital Stage(TOS)
upperstagenotors out ofseveralexisting propulsion
system choices. A tethedeploymentsystem was
chosen as the orbit installation mechaniand each
cost $60,000. Each TOS motaarried 4satellites and
a tether deployment system as payttad

The final Sirius design was able to meet the
requirementsand generate gositive IRR of 1.11%.
Even though well below a commerciallyiable
standard, by reaching a positive IRR, the desiffjorts
have proverthat the goalgan bemet for this fixed
low budget problem. Among the various post-
simulation analyses, theffects of expanding to LEO
markets other than th®rion constellationand the
resulting generation of a PGP envel@re noticeable.
To be more realistic in business assumptions, it was
decided tooperatethe Sirius launch systerfor other
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Figure 11: Annual and Cumulative Cash Flows for Sirjus
with Maximum Market Coverage

payloads to LEO by assuming an elastic market profile

and aseparatdaunch price. The resulting caslow
diagram isshown in Figure 11. Assuming raarket
coverage 0fl00% of the available markagiredicted

(that is, the flight rate allowed to go to the maximum

predicted bythe elastiomodel)the IRR wasmproved

to 28.9%. Realistically, this maximummarket

expansion may banreachablesince themanagement
may feelreserved tdancreasethe scale ofthe program

economy by 2.5old (LCC of Orion-only: $1,943M

($96), maximum market: $4,907M ($96).

From various business strategiedated to a
launch vehicle programmaximum and minimum

profit generation scenariosan be used to generate a

PGP envelope. For Sirius it is asen in Figure 12.
This PGP envelope is important to th@rogram
management, sincelieflects generajjrowth potential

of the launch program relative to a baseline business
scenario. For a poor launch vehicle program, the PGP
envelope gives a flatter profile over the same amount

of time scale.When the bestscenario isconsidered

PGP Envelope by Scenarios
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Figure 12: PGP Envelope for Sirius Business Scenarjos
note: gray area represents the PGP envelope
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Figure 13: Advance Payment Trade Study for Siriud

reasonable, the launch vehicle prograwith larger
PGP envelope area is generally the better one.

As a demonstration of post simulation analyses, a
plot of assumable advance payment is shown in Figure
13. Theunderlying premise was teequire the Orion
constellation to pay a fraction of deploymdees in
advance.The resulting IRRand maximum exposure
shows that the optimum amount advancepayments
is not a 100%. Interestingly, f@irius, thecombined
effect ofinvestment taxcredits and interestrate gave
the most benefits at 90%.

The non-smoothnature of LCC and business
analysis modeling isclear in Figure 14. It was
mentionedthat a fullcommercial marketoverage in
addition to the predefined Orion constellation
deployment was apossibility. In such acase,
additionalunits of Sirius boosters must lpairchased
for the drastically increasedflight rates. It isclearly
visible in Figure 14 thatrecovery from those
additionalbooster purchasesmeresulting in peaks of
increasedoptimized launch prices as moealditional
market coverage is assumed.
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Figure 14: Additional Market Operations of Sirius
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Table 2: Concept Comparison addition of aneconomics analyst to theonceptual
design team.
‘ Cerberus ‘ Argus ‘ Sirius
Markets| LEO-PL LEO-ISS HS-PTP LEO-PL LEO-1SSOrion LEO-PL . . .
Payload (b 10000 8pass. 100 11100 6pajs. 6000 6,040 A final thought is given to an urgemeed of a

43 2 18 93 10 50 126
1,355 1.2Mjpass. 3.87 ip 845 051 ass. 2,000 15

Max Flightshyr.
Launch Price ($/b.

universal measure of ‘good’ economicperformance.

~

Max IR (%) 19,59 278 | 111 2888 Some efforts have been present, yet therernsea for
Max Exposure ($TY, 1,782 1306 1,445 1482 . .
Ops.$M.Payball 1312 - 394l 94 - 17 117 a standardized economic performance measurevery
launch vehicle concept. Measures such as profitability,
Comparison financial risk, and technologieadinessisk should be

represented inthe new metric. Thepresence of an

Table 2 summarizes the key resutimduced by overall metricwill greatly help anydecision maker's
the three examplepplications. Argusand Cerberus  judgment for comparingdifferent launch vehicle
results are price Optimiza’[ions of a given pgjgggn Concepts,and therefore eventually ensure aetter
(although the Cerberudesign isthe best IRRfrom execution of a launch vehicle program.
several candidatedesigns). Argus shows the lowest
price per pound of the concepts. This is largely a result

of the long life airframe (1000 flights) baselined for FUTURE WORK

the HRST study. Of théhree conceptsSirius is the

only one specifically optimized for maximum IRRll Certain modules within CABAM will continue to
design variable, not just market prices). It asal the receive improvement. In particular, thecurrent
smallest payload capabilignd, naturally, the highest ~ facilities cost module is extremely limited.
flight rate and fleet size. Improvements in the operationand maintenance

module is also a priority.
In the authors’ economic modeling experience, the

smaller payload and higher flight rate vehicle programs Currently, there is success in automatically
often outperform highepayloadandlower flight rate running CABAM via telnet operations as a local job
vehicle programsThere areseveral factorghat seem within a workstation-based  automateddesign
to influence this result. One, the smaller vehidiase integration  environment.  Refinements irthis
lower DDT&E and TFU (fleet acquisition) cost. integration method will savBme andgreatly enhance
Therefore, non-recurringosts are less. Thefact that the launchprice optimization processand ultimately,
that thesmon-recurring ear|wostsappear ear|yla5 a the entire COﬂCthU&' design process. The ultimate goal
very significanteffect onIRR. In addition, the lower is to create atightly-integrated automatediesign
non-recurringcost means that more @fach flight's framework on a geographicallywidely-distributed
revenues can be usddr profit. Also, the smaller network of heterogeneous computing platforms.
vehicles have advantages in recurring costs (operations)
to their smaller sizeandmore efficient use ofjround For the uncertaintiemssociatedwith economic
labor. Other benefits of having a smaller, hiflight variables such as inflation ratéhere is a strategy
rate vehicle are that thmaximumexposure (thenost being studied incorporating Monte-Carlcsimulation
negative cumulative cash flow) is smaller and techniques. This structured approach toward
financing costs are more manageable. uncertaintieswill allow the assessment of risks
associatedwith launch vehicleprogram’s economic
performance.

CONCLUSIONS

The examples presentstiow some of the results ACKNOWLEDGMENTS
than can beealizedwhen costandbusinessmodeling
is integrated into the conceptual launch vehitgsign The authors wish to thank Jodamaker and
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