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ABSTRACT

Market sensitivity and weight-based cost
estimating relationships are kelyivers in determining
the financial viability of advanced spal@inchvehicle
designs. Due todecreasing spacdransportation
budgetsand increasing foreigncompetition, it has
become essential for financiabssessments of
prospective launch vehicles to performedduring the
conceptual desigphase. As part of thidinancial
assessment, it is imperative tanderstand the
relationship between markeolatility, the uncertainty
of weight estimatesandthe economicwiability of an
advanced space launch vehicle program.

This paper reportsghe results of a study that
evaluated the economic risk inherent inmarket
variability and the uncertainty ofdeveloping weight
estimates for anadvanced space launch vehicle
program. The purpose of this study wasd&termine
the sensitivity of a businessasefor advancedspace
flight designwith respect tothe changing nature of
market conditionsand the complexity ofdetermining
accurate weight estimationsduring the conceptual
design phase. Thexpecteduncertaintyassociatedvith
these twofactors drivesthe economic risk of the
overall program.

The study incorporateMonte Carlo simulation
techniques to determinthe probability of attaining
specific levels of economigerformancewhen the
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market and weight parameters are allowed twoary.
This structured approach towamghcertainties allows
for the assessment of rislessociatedvith a launch
vehicle program's economic performancthis results
in the determination of the value of thdditionalrisk
placed on the project by these two factors.

NOMENCLATURE
CABAM  Cost and Business Analysis Module
CER cost estimating relationship
CSTS Commercial $ace Trangortation Stug
DDT&E  design, development, test, & evaluation
EBIT earnings before interest and taxes
ESJ ejector scramjet
HTHL horizontal take-off, horizontal landing
I0C initial operating capability
IRR internal rate of return
KSC NASA Kennedy Space Center
LCC life cycle cost
LEO low earth orbit
LH2 liquid hydrogen
LOX liquid oxygen
MSFC Marshall Space Flight Center
NASA National Aeronautics and Space Admin.
NASCOM NASA Cost Model
NPV net present value
RBCC rocket-based combined cycle
RLV reusable launch vehicle
ROI return on investment
SSDL Space Systems Design Laboratory
SSTO single-stage to orbit
TFU theoretical first unit
TRL technology readiness level
VTHL vertical take-off, horizontal landing



INTRODUCTION

With the advent of commercial space launch
vehicles and the drive towards a balancedederal
budget, government financial participation in tpace
launch industry has significantlyeclined. Inorder to
finance new programs and facilitate #idvancement of
technologiesnecessary totravel in space, private
capital investment isreeded. The growth inmarket
demand for launch servicéssattractedthe interest of
private investors. However, commercial investors
require ahigh rate of return ortheir investments in
order to take on the riskssociatedvith these types of
programs. Inorder to attain the necessary capital
investmentrequired to initiate new programs, it is
essential  that designers incorporate  financial
assessments into tleenceptual desigphase. These
assessments not onheed toinclude the economic
outlook of the project, but also tmclude the risk
associated with the assumptionsmade in the
projection.

One methodology used in calculating fir@ncial
costs of advanced space launch vehicle designs
employs parametric cost estimates. It hadeen
determinedthat parametriccost estimates allow for
greater speed, accura@nd flexibility in performing
these assessments thaterived from using other
estimating techniques. Parametric cost estimates use
cost estimating relationships (CERand relevant
mathematical algorithms to determine cost estimates.

A cost estimate is not expected to precigaigdict
the actual cost of a launch vehicle progrdmmyever it
should provide a realistic basis for evaluating the
project. The cost analyst should wotdwards the
goal of "cost realism,” which is a term usediescribe
the items that make up ttieundation of the estimate.
These includghe logicused indevelopingthe model,
the assumptiongnade about the future,and the
reasonableness ofthe historical data used in
determining the estimate. By analyzing #fects of
uncertainty inherent in thpredictedvalue, the analyst
is able todetermine amore realistic view of the
appropriateness of the results.

Parametric models have beedeveloped for
assessing the financialiability of advancedspace
vehicle launch programs. Tareate this type of
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model, certairsimplifications must benade. These
simplifications result in modeling uncertainties that
translateinto risk when trying toproduce arealistic
estimate of the financial feasibility of a projecthis
study analyzeand quantifiesthe risk associatedvith
two of the assumptionmade inperformingthis type

of assessment for tw@presentative conceptual launch
vehicles. Thisincludes the market variability of
predicting futuredemandinherent in anycommercial
market and the uncertainty in determiningccurate
weight estimates.

TOOLS

The toolsused inthis research include CABAM
(Cost and Business Analysis Module) and Crystal Ball.
CABAM is a tool that utilizesparametric economic
analysis to determine the financial feasibility of
advancedspacelaunch vehicles. Crystal Ball utilizes
Monte Carlo simulatiortechniques to determine the
possible outcomes when variability iigroducedinto
the problem. By combining these two tools, an
analysis of theeffects of variability in weight and
market parameters was completed.

Background on CABAM

CABAM was developed atGeorgia Tech in
response to th@eed tohave atool that provides a
financial assessment of a conceptual laumehicle
design. This tooincorporatemot only the lifecycle
cost attributesassociatedwith a project, but also
identifies the potentiakevenuestreamsand projects
several differentevaluation metrics including net
present value (NPV), internahte of return(IRR), and
return on investment (ROI).

CABAM is a Microsoft Excel® workbookbased
simulation tool developed for the analysis of
conceptual spaceunch vehicles. Itequiresthe user
to input basic launchvehicle system definitions
through component weightsd economicparameters
such as inflation rate, interest rate, and tax rate.
it only requiresthese basic inputsSCABAM may be
usedfor an economic assessment at itenceptual
design stage.

Since



Annual market sizand market capturgercentage
for a launch vehiclesimulation are determined from
key market price variables supplied ke user.
CABAM is a fiscal basedanalysis tool that utilizes
fixed rates forall of its economic parameters for the
entire life of the project.Yearly life cycle costs and
revenue are generated poovide annual cash flows for
the project being evaluated.

A schematic of the structure of CABAM is shown
in Figure 1. CABAM has anodular structurghat is
dividedinto the major components of lifeycle cost
andrevenuegeneration. Theevenue side of CABAM
is divided betweenthe government markeand the
commercial market, which is thefurther subdivided
between cargandpassengemarkets. The lifecycle
cost side of the program divided into threesections,
non-recurring costs, recurring costs, and financing
costs.

LCC

Program Definition -
Non-Recurring Costs
*DDT&E
ereusable hardware costs
«facilities costs

eassumptions
«fleet size
«flight rate

Recurring Costs
soperations and
maintenance costs
sexpendable hardware

Revenue

A4

Market Assessment
scommercial market elasticity
egovernment market elasticity

Income

emission revenue
ssalvage value

| Financing Costs |

v

Program Summary
«cash flows
*business and cost indicatorg
| spro-forma financial
p| statements

Figure 1: Structure of CABAM

CABAM tilizes elastic market models thatere
developed during the Commercial Space Transportation
Study (CSTS)performed byNASA in 19942 When
the user sets the launch prices éach ofthe four
markets, CABAM estimates the market sael share
captured and determines the flight rate segliredfleet
size to accommodatehat particular level ofmarket
penetration. From this informatioryearly revenue
streams are calculated.
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To determine the total non-recurring cost,
CABAM first calculates the design, development,
testing, andevaluation (DDT&E)and theoretical first
unit (TFU) costsfor reusablesystem components.
Weight-basedCERs are used taestimate the costs for
the vehicle, which are broken down by major
subsystems. The CERs are in the form of equation 1.

Cost ($) = A*WE * C, @)

In the equation, W is the weight efhchmajor
component, Aand B areconstantsand G is the
complexity factor. The Aand Bvaluesare system
component-specific constantobtained from the
unrestricted-releaseersion of the NASCOMdatabase
for similar component grougsThe complexityfactor
is determined basagpon themechanicaland material
technology readiness ofthe components.Overall
program wrap factorsare also modeled after
NASCOM.

Enhancements to CABAM

During the past year, thBpaceSystemsDesign
Lab (SSDL) at Georgidechhascontinued toupgrade
CABAM. The most significanthangemadewas the
way in which themodel calculatedNPV and IRR.
The fundamental change was to discount“fre® cash
flow” of the program, calculated in real dollars, by the
real discountrate. This alleviates the problem of
having to adjust all futureash flows by thexpected
inflation rate. Thefree cash flow is calculated by
adding depreciation to earnings before interest and taxes
(EBIT) andthen subtracting capital investments. By
using this method, interest is correctly accounted for in
the discountrate and the effect of taxes isremoved.
This was done to simplify the process of using
CABAM in performing a business analysis of an
advancedspacelaunch vehicle duringhe conceptual
design phase.

A second major enhancement to CABAM was the
addition of detailed pro-forma financial statements.
This includes an incomatatement, éalancesheet,
and a cash flow statement broken downylegrfor the
entire life of the program. Along with thespgrades,
the user was givergreater flexibility in choosing
options related to the financing of the program.
Included inthe newest version of CABAMversion



6.0) is the option to use either level-paymeands or
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weight parameters duringhe simulation runs. The

zero coupon bonds. Also, the user now has the ability original vehicle weight statementcluded a 15%

to include multiple equity investmentsmade in the
project.

Crystal Ball

Crystal Ball® is a user-friendly, graphically
oriented forecastingnd risk analysis program that
provides the probability of certain outcomes. It
utilizes Monte Carlo simulatiotechniques to forecast
the entirerange of results possible for a given
situation. CrystalBall also providesthe confidence
levels so that the user will know the likelihood of any
specific event taking place.

A Monte Carlo simulation is a system thages
random inputs for key inputs tmeasurehe effects of
uncertainty in a model. This ischieved byfirst
specifying the probability distributions for all of the
uncertain quantitativeassumptions. Next, sandom
number is generatedfrom the distribution foreach
parameter to arrive at aet of specific values for
computing the output of the simulation run. This
process is themepeatechumerous times tgroduce a
large number obutput values. An approximation of
the probability distribution of the output values may
be obtained by breaking thrange ofvalues intoequal
increments andounting thefrequencywith which the
trials fall into each increment. As the number of trials
increases, thdrequencieswill converge toward the
actual probability.

ANALYSIS

By utilizing the Monte Carlo simulation
technique, an analysis of the effects of allowaggtain
variables to varywithin a predeterminedrange was
possible. This studyinvestigated the effects of
allowing two variables, the markeharacteristics and
weight estimates to varyithin specified ranges to
determinethe effect onthe economicviability of the
project.

Calculating Weight Variability

The first step in setting up the analysis was to
determine an appropriateethodology for fluctuating

aggregatedry weight margin to allow for weight
growth that normallyoccurs asthe vehicle goes
through the different stages of design. Since the
distribution of thedry weight margin is not known,
CABAM uses only the base “best guess” (most likely)
component weights taalculate DDT&E and TFU
costs, but then applies a 20% cost margin tofitreg
non-recurring cost calculations.

The most-likely weights of the different
component groups listed in Tablewlere allowed to
vary by the percentages shown in the table. Avionics
was allowed tofluctuate equally on eitheside of the
most-likely estimate because of the continual
evolution in thedevelopment ofsmaller electronic
componentscompared tothe normal weight growth
that occurs with all components. The main
propulsion was given thgreatest allowance on the
maximum side because ofthe complexity of
developing new engines foadvanced space flight
launch vehicles.

Table 1: Variances by Component Group

Maximum
20%
20%
20%
20%
20%
25%
10%
10%
10%
10%
10%
10%
10%

Minimum
-5%
-5%
-5%
-5%
-5%
-5%
-5%
-5%
-5%
-5%
-5%

-10%
-5%

Component Groups
Wing Group
Tail Group
Body Group
TPS Group
Landing Gear
Main Propulsion
RCS Propulsion
OMS Propulsion
Primary Power
Electrical Conversion and Distribution
Surface Control Actuation
Avionics
Environmental Control

CABAM was reconfigured to allow for
adjustments to benade inthe size of thepayload
capacity depending on the total combined weight of the
components in comparison to the originlay weight
of the vehicle. Therefore, if the nedvy weight of the
vehicle calculatedafter the components weightsere
randomly changedper Table 1exceededthe original
baseline weight (includingits 15% dry weight
margin), thedifferencewas thensubtractedfrom the
payload capacity, thusreducing revenuefor each
launch. The opposite also held true: if the new weight
was less than the original weight, then thayload
capacity was increased resulting in additional revenue.



For passengemissions,incremental changes in
the number of passengerarriedper flight were only
permitted for increments of 180Bs. It wasassumed
that each passenger would generdtat amount of
weight growth in thedifferent systemsrequired to
transport a human into space.

As shown in Figure 2, a triangular distribution
wasplaced on each athe component groups for the
Monte Carlo simulation. The minimum and
maximum weights allowegere calculated basagon
the percentages listed in Table 1.

Assumption: Body Group

Triangular distribution with parameters:

Minimum 71,494.00
Likeliest 75,257.00
Maximum 90,308.00

Selected range is from 71,494.00 to 90,308.00
Mean value in simulation was 79,032.87

Body Group

71,494.00

76,197.50

80,901.00 85,604.50 90,308.00

Figure 2: Representative Triangular Weight
Distribution

Calculating Market Volatility

To evaluatethe sensitivity of themodel to
changing market conditions, an approximation of the
volatility of demandwas assumed. The authors
estimatedthat greatervolatility exists in thelower
price segmentscompared tothat occurring in the
higher pricemarket. Thereason forthis estimation
was based upon tHact that marketdemand is already
known for higherprice segmentshasedupon current
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competing in thisprice range. Ashown in Table 2,
it was assumed that at the lowmice segment, a 30%
fluctuation in the size of the commercial market a
15% fluctuation in the size of the governmemdrket
may exist fromcurrent estimations. At thehigher
price segment, a 5% fluctuation wasludedfor both
markets.

Figure 3 shows the market estimations for
commercial cargo, which was one of four marketsd
in this study. The solid linegepresentghe baseline
caseandthe long dashlines representhe variability
possible in marketlemand. This graphdepicts the
tapering of market variability as the price increases.

16000

14000 \

12000 \

10000 \l
\ \
8000 T\ \

6000 \\

(kib)

Payload

4000

2000

1197 |, wm s npm ngn aN
698 -}EE'HF:
0

$100 $1,000
Price ($/Ib)

‘_ Baseline Payload (klb) === = = Minimum Payload (klb) === ===Maximum Payload (klb)‘

$10,000

Figure 3: Commercial Cargo Market

Two equationavere derived todeterminethe size
of the market captured under the predefined
assumptions. By using these equations, rieket
volatility was quantified for apecifiedprice. For the
commercial cargo market, the market demand
fluctuated betweeri, 197,000 1b.and698,000 Ib. at a
price of $820/Ib. as shown in Figure 3 by the

market conditions, thuslower risk exists for horizontaldottedlines. The firstequationgives the
Table 2: Prices and Market Fluctuation for Each Market Segment
Price Market Fluctuation
Market Segment uUnits Optimal High Low High Low
Commercial Cargo $/1b 820 5,000 100 30% 5 %)
Commercial Passengers M$/passenger 0.52 5.0 0.2 30% 5 %
Government Cargo $/1b 1,650 5,000 100 15% 5%
Government Passengers M$/passenger .12 15.0 0.2 15% 5 %)




total demand in pounds for the market.
F*S*B+B=M 2

In equation 2, F ighe factor that is allowed to
vary between land -1 during the Monte Carlo
simulation creatingthe effect of either beinggreater
than or less than thexpectedvalue. As shown in
Figure 4, a triangular distribution wataced on F for
the simulation run. B is thkase value of thenarket
demanddetermined bythe price. S is thecalefactor
that fluctuates linearlypetween 5%and 30% for the
commercial markeand between 5%and 15% for the

government market depending on the price. The result

of this equation, M, is the net market swaptured by
the particular project under evaluation.

S,- S

S=%-P2_Pl (P, - P) ©)

Equation 3 was used to calculate S for equation 2.

P is theprice to launch either a pound péyload or
one person into lovearthorbit (LEO). Foreach of
the four market segments, thmice wasset at a
previously determinedoptimal level to achieve the
maximum rate of return for the prograffiable2). A
grid search optimization strategy was useddtermine
the optimal pricing strategy for this class of vehicles.

Assumption: Commercial Cargo

Triangular distribution with parameters:

Minimum -1.00
Likeliest 0.00
Maximum 1.00

Selected range is from -1.00 to 1.00
Mean value in simulation was 0.00

Commercial Cargo

ﬁ'
-1.00 -0.50 0.00 0.50 1.00

Figure 4: Representative Triangular Market
Distribution

AIAA 98-5179

The prices used in the analysis are showifable
2. P, is theprice atthe lowerboundand B is the
price at the upper bound. These bouacsrepresented
by the high and low figures also shown in Table 2. S
is the maximum fluctuation allowed in the market and
S, is the minimum fluctuationallowed. These
percentages are also shown in Table 2.

Sample Vehicles

To provide analysis data for this research, two

candidate single-stage-to-orbit (SSTO) reusable launch

vehicle (RLV) designswere chosen to serve as
referencevehicles. For both vehicles, the initial
operating capability (I0C) waprojected to be2008
andsteadystate operation waassumed fothe period
from the year 2010 to 2025. The baseliasefor the
two vehicles had a cargo capacity43f,000 pounds or
twenty-four passengers.

The firstconcept selectedyhich takesadvantage
of more off-the-shelftechnologies, was aall-rocket
SSTO vehicle with vertical take-off and horizontal
landing (VTHL). This concept, which utilizedive
LOX/LH2 rocket engines, is shown in Figure Bach
vehicle was configured to allow for cargo and
passenger service tow earth orbit (LEO, due east
from KSC).

Nl
|

Aft OMS/RCS
Tanks (LOX/LH2/He)

Main LOX/LH2

LH2 Tank Engines (5)

[Fivis

Forward RCS Tanks
(LOX/LH2/He)

Payload Bay (9.1 m dia. x 3.66 m)

He Pressurant Spheres (4)
Gross Weight 2,381,000 Ib.
Dry Weight 235,200 Ib.

O @ Payload 44,000 Ib.
@) Mass Ratio ~ 7.471
U
)
49.7 { oo

Figure 5: SSTO All Rocket Vehicle

The secondconcept, anadvancedlaunch vehicle
namedHyperion is currently being investigated by
students in the SSDL &eorgia Tech. This concept,
shown in Figure 6represents &LV with horizontal
take-off and horizontal landing (HTHL). The



| | Ducted Fans
70.1 LH2)

| (2LH2)
: /

Axisymmetric Forebody

I
=

N7
N7
©

Film Cooled Nozzle

Ejector Scramjet RBCC Engines (5 LOX/LH2)

OMS Engines (240,200 N Thrust ea.)

SHARP Leading Edge

S Nosecap TBS Vehicle Characteristics:

Gross Weight
Dry Weight
Payload
Mass Ratio:

1,729,800 Ib.
272,900 Ib.
44,000 Ib.
4.95

Sunroof-style Payload Bay Door
(Payload bay - 9.6 m x 4.9 m x 4.9 m)

Figure 6: Hyperion Vehicle

propulsion system of thisehicle consists offive
LOX/LH2 ejector scramjet (ESJ) rocket-based
combined—cycle (RBCC) enginés.

The technologyreadinesslevel (TRL) for the
Hyperion vehicle was much lower than the aticket
vehicle mainlybecause ofhe use of RBCC engines.
This resulted in higher complexity factors for
Hyperioncompared to those used for the other vehicle.
Since Hyperion utilizes a horizontal take-offlarger
landing gearwings, and tail were required. These
factors resulted in an overall heavidry weight for
Hyperion

RESULTS

Using Crystal Ball, a Monte Carlo simulation of
5000 trails was run foeach vehicle with thepre-
definedassumptions. The results show that thedel
was more sensitive tochanges in the market
parameters than to changes in the weights. As Figure
7 andFigure 8 show, the highesbrrelationexisted
betweenthe economic indicators, ithis case NPV,
and the commercial cargo market.

These chartshow that markevolatility exerted
greater influenceover the financial outcome of the
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project compared to fluctuations in weigiarameters.
Specifically, changes in the demand for the commercial
cargo markethad the greatest impactupon the
economic viability of an advanced space launehicle
program under the parameters set forth in this analysis.
This was a common result for both vehicleewever

the results for weightparameters differ between
Hyperionand the all-rocket vehicle.

For the weight parameters, the results
correspondedwith the weight breakdownsfor the
vehicles in terms of significance. Fétyperion the
body, wings, landing gear,and main propulsion

Sensiivity chart

Target Forecast: NPV

71.4%
11.2%

[Commercial Cargo
Body Group

5.3%
3.9%
3.4%
3.2%

[Government Cargo

ing Group

ain Propulsion(less cowl)
Landing Gear
0.5%
0.5%
0.1%
0.1%
0.1%
0.1%
0.0%
0.0%
0.0%
0.0%
0.0%

09

[Commercial Passengers
[Tail Group

[Government Passengers
[TPS Group

[Surface Control Actuation
JOMS Propulsion
Environmental Control
RCS Propulsion

Electrical Conversion & Dist.
Primary Power

JAvionics

25% 50% 75% 100
Measured by Contribution to Variance

Figure 7: Sensitivity Chart for Hyperion

Sensitivity Chart

Target Forecast: NPV

Commercial Cargo 66.7%
20.0%
5.9%
5.2%
0.6%
0.4%
0.3%
0.3%
0.2%
0.1%
0.1%
0.1%
0.1%
0.0%
0.0%
0.0%
0.0%

Body Group

Main Propulsion
Government Cargo

OMS Propulsion

TPS Group

Government Passengers
Wing Group

Commercial Passengers
Tail Group

Landing Gear

RCS Propulsion
Electrical Conversion & Dist.
Avionics

Surface Control Actuation
Primary Power

Environmental Control

0% 25% 50% 75% 100%

Measured by Contribution to Variance

Figure 8: Sensitivity Chart for Rocket
Vehicle



systemwerethe most significant in terms afeight

requirement. From this information, theeconomic
validity of utilizing horizontal take-offs might be

guestioned due to the need for heagi@mponents that
result from this feature.

For therocket vehicle, thebody and the main
propulsion system were the most significant.
Therefore, designers could inférom thesefindings
that changes irthe weight of thebody group would
have a significant impact upon the financial outlook of
the design. Conversely, improvements in the weights
of avionics,surfacecontrol actuation, primarypower,
and environmental control would ham@nimal impact
upon the profitability of the overall program.

The results for the two vehicles brokdown by
economic indicators, NP\and IRR, are shown in
Figure 9. Thecharts depicthe frequencydistributions
for each vehicle, with the correspondingstatistics
listed below each of the charts. The statistics
highlight the important findings fromeach of the
simulation runs.

The NPV showed avariability of +-50% of the
mean value for both vehicles. The rocket vehicle had a
slightly higheraveragethan Hyperion and aslightly
lower standarddeviation. Basedupon these findings,
the rocket vehiclewould be a superioinvestment
because othe higher returrcoupledwith the lower
risk value. However, thedifference inreturnbetween
these two vehicles was marginal. The simulations
for the forecastvalue IRRresulted inthe exact same
standard deviation for both vehicles. Apexcentage of
the mean value, thestandard deviation was
approximately 6% for bothsimulations. These
statistics show that by varying the weigind market
parameters byhe valuesdefinedpreviously results in
significant volatility in thefinancial outcome of the
project.

Reward-to-Variability Ratio

In performing a financial analysis of a project, it
is imperative that theeward betaken in context with
the amount of risk assumed. The Sharpe ratio is an
economic indicatothat combines botHactorsinto a
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single metric. Introduced in 1966 by Professor
William Sharpe of Stanford University, the Sharpe
ratio was intended to measurethe performance of
mutual funds. It hagained considerablgopularity in

the financial community as a metric faomparing
different investments. As shown iequation 4, to
arrive atthe Sharpe ratio, theisk-free rate, g, is
subtracted from the average return of the project, which
is thendivided by the standarddeviation of the return,
o(x).?

SR(x) = 7(x) = it

o(x)

For illustration purposes, the Sharpe ratio of a
portfolio held from 1954 to 1994 containinghares
from all stocks with a market capitalization over $150
million was 43° From the analysis, the Shamzio
was calculated for Hyperion as a somewhat
disappointing 7.2andfor the all rocketSSTO vehicle
as 7.3 using aisk-free rate 0f5.27% as shown in
Table 3'* The riskfree rate was derived from the
current yield on 30 yeagovernment bonds. In terms
of the Sharpe ratio, higher numberglicate better
risk-adjusted returns.

(4)

Table 3: Values Used in Sharpe Calculation
r(x)

9.65%
9.75%

(o)
0.61%
0.61%

Irf
5.27%
5.27%

SR(x)
7.2
7.3

Hyperion
Rocket

The 30 year government bond yieldvas chosen
because itcontains nodefault risk and matches the
term in years of the launch vehicle program.might
be arguedthat a shorter term governmesecurity
would eliminate interest rate risk, which should not be
included inthe calculation of the Sharpe ratio this
type of analysis. However, short-term government
securities do noteflect expectedong run changes in
inflation. Therefore, there is a trade-off in uskither
rate, but the overall implications to the valolagtained
from the Sharpe ratio calculation are marginal.



Hyperion

Rocket
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Forecast: NPV Forecast: NPV
5,000 Trials Frequency Chart 23 OQuitliers 5,000 Trials Frequency Chart 15 Outliers
.025 123 .028 139
- .018 92.2 - 021 104
= 2 = 2
= o - o
S 0124 F61.5 5 S 0144 69.5 5
= a = 3
p.
& 006 Ls0.7 © o 0074 Laa7 ©
.000- =0 000 ~0
2,500.00 3,375.00 4,250.00 5,125.00 6,000.00 2,500.00 3,375.00 4,250.00 5,125.00 6,000.00
millions millions
Statistics: Value Statistics: Value
Trials 5000 Trials 5000
Mean 4,231.28 Mean 4,282.63
Median 4,220.15 Median 4,271.14
Mode - - - Mode I
Standard Deviation 653.06 Standard Deviation 635.96
Variance 426,488.36 Variance 404,440.04
Skewness 0.05 Skewness 0.06
Kurtosis 2.74 Kurtosis 2.74
Coeff. of Variability 0.15 Coeff. of Variability 0.15
Range Minimum 1,657.69 Range Minimum 2,123.13
Range Maximum 6,279.83 Range Maximum 6,344.48
Range Width 4,622.14 Range Width 4,221.35
Mean Std. Error 9.24 Mean Std. Error 8.99
Forecast: IRR Forecast: IRR
5,000 Trials Frequency Chart 25 Outliers 5,000 Trials Frequency Chart 16 Outliers
.025 126 027 134
-, 0194 94.5 -, 020 100
= 2 = 2
= o - o
o 0134 163 = o 0134 67 =
= a = 3
& 0064 L31.5 < & 0074 L33.5 <
.000.d L0 .000 . .0
8.00 8.88 9.75 10.62 11.50 8.00 8.88 9.75 10.62 11.50
Percent Percent
Statistics: Value Statistics: Value
Trials 5000 Trials 5000
Mean 9.65 Mean 9.75
Median 9.67 Median 9.76
Mode R Mode I
Standard Deviation 0.61 Standard Deviation 0.61
Variance 0.37 Variance 0.38
Skewness -0.17 Skewness -0.17
Kurtosis 2.90 Kurtosis 2.84
Coeff. of Variability 0.06 Coeff. ofl\(ariability 0.06
Range Minimum 6.85 Range Mlnl_mum 7.39
Range Maximum 11.38 Range Maximum 11.51
Range Width 4.53 Range Width 4.12
Mean Std. Error 0.01 Mean Std. Error 0.01

Figure 9: Comparison of Results for Both Vehicles



In this analysis, the results of using tBlarpe
ratio only quantify the risk associatedwith market
volatility and variances in the weight parameters of the
differentcomponents. Many othdactors createrisk
in this type of project that might adversely or
positively affect the financialiability for an advanced
space launch program. Therefattee identification of
the Sharpe ratimbtained by astock portfolio in a
previous paragraph wast meant as a comparison to
the resultsobtainedfrom the two vehicles, butather
to provide anillustration of the numericvalues
expected.

DISCUSSION

In the analysis section, the Sharpe ratio was
introduced as ametric that might beused for the
financial analysis ofadvancedspace launch vehicle
programs duringhe conceptuatlesignphase. This
ratio was originallydevelopedor the sole purpose of
evaluating mutuafundsbasedupon pasfperformance.
Experts in thefield might question the validity of
using this ratio for the purposes outlined in thaper.

It has beersuggestedhat derivatives ofthe equation
might be preferable for this type of evaluation.

A possible alternative foequation 4 would be to
eliminate the use of the ridkee rate, therebyividing
the averagereturn by thestandarddeviation. This
would result in values of approximately 16 for the two
vehicles analyzed inthis paper. It has alsdeen
suggestedhat averagereturn should belivided by the
standard deviation squared:his would raisethe value
to approximately 26 forHyperion and the rocket
vehicle.  Thesetwo derivative equationswould
simplify the process for the conceptudksigner as
well as eliminate the controversgssociatedwith
determining an appropriate value for the risk free rate.

If the relationship between thetal economic risk
of the projectand the risk associatedwith the two
factors considered in this pap@e. component weight
and market variability) was known, thensealefactor
could be applied tahe ratio. Thiswould provide a

result that could be used in a comparative environment

with other launch programs as well agther

investment projects.
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CONCLUSIONS

The goal of thisresearchwas to investigate the
effects of uncertaintiesassociatedwith weight and
market parameters in determininthe economic
viability of advancedspacelaunch vehicles. Market
sensitivity and weight-based cost estimating
relationships are key drivers in determining the
financial viability of a project. The expected
uncertainty associated with these two factiriges the
economic risk of the overall program. Monte Carlo
simulation techniques were incorporatechto the
analysis todeterminethe sensitivity of themodel to
changes in marketndweight parametersFrom this,
the risk generated bythe variability of these two
parameters was quantified.

From the findings of the Monte Carlo
simulations, it may beoncludedthat the volatility of
the market will play an integral role in the viability of
commercial advancedspaceflight vehicle programs.
These findings emphasize the importance of ribed
for accuratemarket demandforecasts. For weight
parameters, the results suggest tteatain component
groups, depending on the vehicle type, dominate others
in terms of significance to the overaiconomic
viability of a launch program. Frorthis, it may be
concluded that improving the accuracy of the estimates
of weight for certain component groups will minimize
the risk associated with weight estimations.

In addition to these findings, a metric was
introducedwhich would quantifythe risk as itrelates
to the return of the project.This provides designers
with a basis from which to work in identifying the
value ofdifferentfactorsthat may affect the financial
outcome of an advanced space flight program. In terms
of weight estimations, by improving theonfidence
level of the predictiongmade about the weights of
specific components, the Sharpe ratio maynbreased
for the whole program, therebymproving the
financial viability of the design. UtilizingCABAM
and Crystal Ball,further investigations may benade
into other factors that create uncertainty in the
financial outlook of space launch vehicles.

From the analysis, it wadeterminedthat theall-
rocket SSTO vehicle was alightly better investment
due to the higher Sharpe ratio. In terms of IRR, both



vehiclesdisplayedthe same risk value for weight and
market parameters as v@hole, however the rocket
vehicle had a slightly higher return. Since the analysis
was performed at aconceptual designstage, the
difference inthe financialviability was marginal and
should not be aeterminant inchoosingbetween the
two vehicles at this stage development. It should
also benotedthat the analysis waperformed based
upon subjective assessments of weight variability and
market volatility (Tables 2 and 3). With those
assumptions and the CSTS Ilaunch market
assumptions alsaised, neither vehicle results in a
particularly attractive economic scenario for potential
investors.

FUTURE WORK

Future work forthis researchmay include the
investigation of otherfactors that might affect the
economicviability of a launch program. Thisvould
include not only itemglirectly related tothe design of
a vehicle, but als@conomic factorsand government
incentive programs thatould have far reaching
implications for the advancement of space flight.

Other possibleareas ofinterest forthis type of
investigation mightinclude the analysis oftargeted
marketing efforts. Certaiareas ofthe market may
provide ahigher level of stability for commercial
launch service providergut at what cost taeturn?

For example, if a launch service concentrated solely on
the governmenpassengemarket, the riskwould be
significantly reduced,howeverthe return might be
considerablylower, thus resulting in an overdbwer
quality project in terms of financial viability.

An expansion upon the use of the Sharpe ratio in
determining the economiperformance ofadvanced
spacelaunch vehicle programsiight be anotherarea
of consideration for investigation. The intentibere
would be totry to incorporateand quantify the total
risk of the program, thereby providing a metric for use
in the comparison of alternative launch programs.

CABAM will continue to be improved by

expanding upon the modulesthin the modeland by
adding new components to the overall structure.
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