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Executive Summary 

The growing commercial market in space has prompted interest in space tourism trips to 

low earth orbit. As a result, our objective is to design a vehicle and a supporting mission capable 

of transporting at least five passengers and two crew members to a minimum orbital altitude of 

250 km for at least two orbits. Additionally, the first launch will occur by 2010, and the vehicle 

will land at the launch site. Space tourists will also be given maximum Earth viewing at a 

minimum passenger cost. 

In order to meet these mission requirements, the design was divided into the following 

subsystenls: business, propulsion, external vehicle design, internal vehicle design, launch site, 

survivabih'ty, maintainability, safety, and vehicle performance. Through this collaborative 

process, the concept vehicle Perseus was developed. This two-stage vehicle separates at 

approximately Mach 3.8 at an altitude slightly less than 100,000 m. The first stage separates 

safely and returns to the launch site while the second stage continues on to a 250 km altitude 

orbit. The orbit path of the second stage allows passengers to see recognizable sights from the 

comfortable passenger compartment through sizeable windows. Thus, Perseus presents the 

optimal solution for cost effective low earth orbit tourism. 
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1.0 Overall Mission Architecture 

Growing attention focused on the emergent conmlercial market in space has generated 

interest in the development of a design and mission concept supporting low earth orbit (LEO) 

commercial trips. Originating from this desire, the two-stage vehicle Perseus is able to perform at 

least two orbits of 250 km while providing maximum Earth visibility at minimum passenger 

cost. Capable of an initial launch in 2010, Perseus was developed with emphasis not only on a 

sound technical design, but also on the profitability of the overall venture. This comprehensive 

design approach ensures that Perseus provides the best option for LEO tourism missions. 

1.1 Overall Mission Approach 

The mission objective is to design a space transportation vehicle that meets five primary 

requirements set forth in the AIAA Request for Proposals (RFP). ! First, the vehicle must be fully 

operational by 2010. Secondly, the vehicle must support at least two crew members: one pilot 

and one copilot/host, and it must be capable of carrying a minimum of five tourists. Also, the 

flight must consist of at least two orbits at a mininmm altitude of 250 kin. Fourthly, the vehicle 

must land at the same location from which it was launched. The importance of the commercial 

aspect of the mission is furthermore reflected in the following mission requirement: "the system 

must provide the 'best value' to the passenger, in that maximum earth observation must be 

available at minimum cost to the passenger." 

Each mission requirement specified in the RFP was carefully considered throughout the 

entire design process. For example, vehicle components with high Technology Readiness Levels 

(TRL) were chosen to ensure completion of development and testing of both the components and 

integrated vehicle before 2010. Crew and passenger capacity were also taken into account in all 

decisions related to both the external and internal configuration of the vehicle with both safety 



and comfort in mind. In order to achieve the desired orbital altitude of 250 kin, the optimal 

choice for propulsion, combined with careful consideration of the aerodynamics of the concept 

vehicle, was made. To accomplish the aforementioned fourth mission requirement, various 

launch sites were considered, taking into account government regulations, certification, and 

aspects unique to the design. The 'best value' to the passenger was achieved in several ways. By 

comb'ming an orbit path that allows passengers to see recognizable sights from space and a 

comfortable passenger comparmmnt with sizeable windows, the space tourists will be provided 

with excellent Earth-viewing capabih'ty. Costs of multiple aspects of the vehicle and mission 

were also determined to ensure a minimal cost for the passengers. 

In addition to the mission requirements specifically stated in the RFP, several inferred 

specifications were determined. The safety of the passengers and crew, in addition to the 

prevention of any failures, is of primary importance. For this reason, many types of faikLres, 

including failure on the launch pad, ~ a l  failure, power failure, jet engine failure, and liquid 

propellant rocket engine failure, were addressed throughout the design process. The redundancy 

inherent throughout all of the subsystems is crucial to the overall safety of this mission. The 

second inferred requirement is a profitable overall mission, which stems from the emphasis 

placed on the commercial aspects of this venture. Various cost estimates were completed in order 

to meet this requirement. 

In order to develop a solution to this challenge, the following approach was used. ARer 

identifying the mission requirements, the design of the vehicle was divided into the following 

subsystems: propulsion, external vehicle design, internal vehicle design, launch site, 

survivability, maintainability, safety, and vehicle performance. Research and trade studies 
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performed in these areas, combined with constant consideration of the mission requirements, 

resulted in the concept vehicle Perseus. 

To better visualize the mission as a whole, a mission timeline was developed. Shown 

below in Figure 1-1, the overall mission timeline outlines goals from the present time through the 

first comnmcial flights and beyond. First, the design must be finalized and individual 

components fully developed before the integration of subsystems. Testing and evaluation 

procedures must then be perforncd. After this iterative process, a prototype will he created, and 

flight testing will be completed. Before the first commercial flights begin in 2010, ample time is 

allowed for necessary government and certification testing as required by the Federal Aviation 

Administration's Associate Administrator for Space Transportaion (FAA/AST). 2 As shown, this 

mission must adhere to s rigorous timetable in order to ensure completion by 2010. 

. ~  "-q 

2005 2006 2007 2008 2009 2010 2011 

Figure 1-1: Overall Mission Timeline 

1.2 Remarks and Recommendations 

The concept vehicle Perseus is a superior design concept in that it not only meets but 

exceeds all of the aforementioned mission requirements set forth in the RFP. Dividing the 

vehicle and mission into logical subsystems proved to be an excellent method to ensure that all 



critical aspects of the design were addressed. The collaborative design process ensured that all 

mission requirements were met and that all subsystems were effectively integrated. This led to an 

overall timeline for the mission that takes into consideration time limitations within all 

subsystems while bearing in mind the rapidly approaching 2010 launch date. 

2.0 Business and Financial Mission Aspects 

In developing this space tourism vehicle design and mission, three major costs were 

considered: design and development, theoretical first unit (TFU), and trip costs. Based on these 

cost estimates, an initial ticket price was determined. A supporting business plan was 

additionally developed in order to demonstrate the feas~ility of this mission ~om a financial 

point of view. 

2.1 Cost Estimates 

Due to the conmm'cial nature of this venture, various costs related to the vehicle and 

mission must he considered. First, the costs of design and development and of the theoretical 

first unit will he addressed. The Space Launch and Transportation System (SLATS) cost model 

developed by Joe Hamaker for NASA Marshall Space Flight Center was used to estimate design 

and development and TFU costs. 3 

In order to estimate the design and development and TFU costs, the SLATS cost model 

uses weight values combined with TRLs and various details specific to individual subsystems of 

the vehicle. Design and development and TFU costs were determined for individual vehicle 

subsystems such as structure and mechanics, electrical power, and jet engine package. A more 

complete list of vehicle subsystems may be found in Table 2-1. Design and development of the 

vehicle will cost approximately $6.474 billion, while the TFU will cost $986 million. This 

results in a combined design and development and theoretical first unit cost of $7.460 billion. 
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Table 2-1" Summary of SLaTS Cost Model 

Subsystem 
Structure and Mechanical 
Thermal Control 
CC&DH (Communications, Command, & Data Handling] 
SN&C (Guidance, Navigation, & Control) 
Electrical Power 
Reaction Control 
Liquid Rocket Main Engines 
Propulsion Less Engines 
Solid KJck Motors 

Estimsted D&D Costl 
(In Milliona of $) 

1229.2 
163.7 
169.8 
246.2 
102.7 
96.6 

272.0 
197.9 

Estlmsted TFU Cost 
(In Millions of $) 

375.4 
45.0 
22.5 
29.0 
12.7 
28.6 
25.9 
32.1 
0.0 15.2 

Thrust Vector Control & Control Surface Automation 120.4 20.3 
Separation 3.6 0.4 
Range Safety 0.8 0.3 

49.2 ECLS (Environmental Control & Life Support) 
Crew Accommodations 
Jet Engine Package 

113.9 
1187.7 

9.3 
2.7 

64.5 

Subsystems Subtotal 3968.9 688.5 

System Test Hardware 895.0 0.0 
122.2 99.4 

0.0 
IACO (Integration, Assembly, and Checkout) 
STO (System Test Operations) 
GSE(Ground Support Equipment) 
Systems Integration and Engineering 
Project Managernent 

Contingency 

161.8 
248.3 0.0 
356.3 51.2 
133.0 57.3 

Subtotal 5885.6 896.5 
588.6 89.6 

Total 6474.2 986.1 

Combined D&D and TFU Total: $7,460.3 million 

It is important to note the range of varied aspects taken into consideration for different 

vehicle subsystems with this model. All of the subsystem cost estimates take into consideration 

subsystem TRL, the degree of new design, expendability/reusability, the year of technology 

freeze, pre-development, the number of organizations involved, and team experience. 3 For 

example, the cost calculation for the liquid rocket main engine accounts for the weight, thrust, 
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chamber pressure, engine cycle, and type of fuel. On the other hand, in order to calculate the cost 

of crew accommodations, fewer subsystem specific details are required. In particular, the weight 

of the crew accommodations, number of crew and passengers, and time in orbit all factor into 

this subsystem cost. These several examples exhibit the msny design aspects considered in 

calculating the design and development and theoretical first unit costs of all of the subsystems. 

Of these subsystem costs, the two most significant are structure and mechanics and the jet 

engine package. Defined by the SLATS cost model as equipment that "provides the load-bearing, 

containment, and attachment functions for all the other systems during ground processing, 

launch, on-orbit operations, reentry, and landing," the structural and mechanical subsystem 

accounts for $1229.2 million of the design and development cost and $375.4 million of the TFU 

cost. This subsystem cost is the highest, mainly because 70% of the vehicle weight is structural 

and mechanical components, but also because this vehicle is reusable. At $1 I87.7 million for 

design and development and $84.5 million for the TFU, the jet engine package is the second 

most expensive subsystem. This is largely due to the fact that Perseus comprises a total of five jet 

engines, which contn'bute significantly to the overall weight of the vehicle. These two aspects 

constitute a significant amount of the total design and development and TFU costs. 

In addition to the costs associated with the vehicle subsystems, various integration and 

project management costs are included. These additional costs include physical integration and 

assembly of the subsystems, systems level development testing and assembly, checkouts of test 

units, and project management. Using the SLATS cost model, the combined assembly, testing, 

and evaluation cost is estimated to be $1.917 billion and $208 milh'on for design and 

development and TFU costs, respectively. Although there are costs associated with the 

development of individual subsystems, it is important to consider the costs associated with 
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combining these technologies in a final working design and eventually into a functional vehicle. 

This is achieved through subsystem assembly, testing, and checks. 

Although the previously quoted cost estimates for design and development and 

theoretical first unit appear high, several factors inflating these values must be considered. First, 

a cost contingency of 10% of the design and development and TFU costs is included in the final 

totals. Such expenses may arise in a project of  this magnitude and cannot be ignored. In addition, 

although most of the h~iividual subsystems require minimal additional research, supplcncmary 

costs arc associated with int©gration of these systems. Thus, the pre "hmina~ cost of this vehicle 

is a conservative estimate. 

In addition to calculating the costs of the design and development and TFU, prediction of 

the cost of a round trip is also vital, due to the commercial nature of this venture. Specifically for 

this mission, the trip cost was determined by itemizing individual expenses, assuming 40 annual 

trips. Using this method, a trip cost of approximately $5.25 million was estimated. A sun'anary of 

individual factors contributing to this cost may be found in Table 2-2. Specifr, ally, fuel costs 

include jet fuel for the jet engine and balancing fuel in addition to liquid hydrogen and liquid 

oxygen for the liquid rocket engine. Also, although the rocket engine is considered to be 

expendable, it comprises a significant amount of reusable parts, which will allow it to be safely 

refurbished for approximately fifteen trips. Yearly expenditures included in this model are 

employee salaries, assuming one thousand employees with an average yearly salary of $70,000; 

and maintenance (parts only), which is assumed to be 10% of the TFU cost. 

Table 2-2: Summary of Trip Cost Model 

EF~11801$ 
Fuel 
Rocket En~line 
Employee Salaries 
Insurance 
Maintenance (parts onh/} 
Buildin~l Operations and infrastructure 
Total Trip Coot: 

7 

Cost perVlp($) 
$112,334.00 
$867,000.00 

$1,750,000.00 
$500,000.00 
$25,000.00 

$2,000,000.00 
$S,2,S4,334.00 


