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The International Space Station (ISS) has developed as a very capable center for scientific research in Lower 

Earth Orbit.  An additional potential of the ISS that has not thus far been exploited, is the use of this orbiting plat-
form for the assembly and launching of vehicles that could be sent to more distant destinations.  This paper reports 
the results of a recent study that looked at an architecture and conceptual flight system design for a lunar transfer 
vehicle (LTV) that could be delivered to the ISS in segments, assembled, loaded with payload and launched from the 
ISS with the objective of delivering multiple small and micro satellites to lunar orbit.  The design of the LTV was 
optimized for low cost and high payload capability, as well as ease of assembly.  The resulting design would use 
solar electric propulsion (SEP) to carry a total payload mass of ~250 kg from the ISS to a 100 km lunar orbit.  A 
preliminary concept of operations was developed considering currently available delivery options and ISS capabili-
ties that should prove flexible enough to accommodate a variety of payloads and missions.  This paper will present 
an overview of the study, including key trades, mission and flight system design, and notional operational concept. 

 
 

I. INTRODUCTION 
The International Space Station (ISS) will soon 

reach completion. Already it has become a fully staffed 
operations center in low earth orbit facilitating a wide 
range of scientific activities.  As it transitions into a 
fully operational mode new uses are being explored  
that can fully exploit the unique attributes of this multi-
national facility.   

One concept that traces back to the earliest ideas of 
space station applications has been the use of the ISS as 
an assembly and departure point for in-space transporta-
tion systems.  While the ISS has not been designed to 
support large spacecraft assembly activities such as 
might be required for crewed missions, there are oppor-
tunities to make use of the facility in a more modest 
manner as a launching point for smaller robotic vehi-
cles.  Specifically, the idea of using the ISS as an as-
sembly point for small and microsatellites that could be 
transported from the ISS orbit to lunar orbit in an inex-
pensive manner was investigated by a team at JPL in 
Autumn of 2009.  The task began with the broad aim of 
developing a lunar transfer vehicle (LTV) that could be 
delivered to the ISS on a standard delivery vehicle, 
where it could be fitted with a number of small satel-
lites.  The LTV would then be launched from the ISS to 
a low lunar orbit, where it would deploy the satellites, 
perhaps carrying its own scientific payload to become a 
lunar orbiter itself once all payloads have been deliv-
ered. 

The team explored the design space available for the 
task, performed high level trades and developed a point 
design for a vehicle and mission concept as discussed in 
the following sections. 

 

LTV Requirements 
As a basis for the study a number of initial assump-

tions were made. 
   
• The LTV should be able to carry up to six small 

satellite payloads 
• Average payload mass would be ~50 kg 
• Payloads would be delivered to low lunar orbit at 

100 km altitude 
• Transit time should be less than one year (goal) 
• The LTV would be delivered to ISS as a fully 

fuelled unit 
 

II. TRADE SPACE 
Given the initial assumptions listed above the team 

considered a number of high level trades to further de-
fine the mission and flight system design space.  A top-
level trade tree is shown in Figure 1. 

The initial trade involved the means by which the 
LTV would be delivered to the ISS.  The trade consid-
ered using the Shuttle, as well as both launch on a dedi-
cated launch vehicle or as a secondary payload on an 
EELV, as well as the range of ISS cargo delivery vehi-
cles expected to be available in the near future.  Shuttle 
was eliminated as a result of its imminent retirement 
and the two independent launch vehicle choices were 
excluded because of the lack of rendezvous and docking 
capabilities.  The subset of ISS cargo vehicles available 
was reasonably quickly narrowed to the JAXA-
developed H-II Transfer Vehicle (HTV).  The HTV 
provides the nearest term delivery vehicle with signifi-
cant unpressurized payload capability.  In the case of the 
HTV, 1500 kg up-mass is available on an unpressurized 
pallet, divided into three 500 kg units.   
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Radiation analysis was performed for the baseline 
trajectory described above for the combination of 
trapped protons and electrons, as well as solar proton 
and Bremsstrahlung dose during the mission. Results of 
the modelling indicate that a total ionizing dose of about 
64 krad (behind 100 mils Al) would be seen by the 
LTV.  For comparison this is a slightly higher dose than 
that seen by geosynchronous satellites over the course 
of their lifetimes, but well within the range of current 
parts and manageable through judicious design. 

 
SUMMARY 

The ISS provides an orbital base for a variety of ac-
tivities, expanding as the facility nears completion.  The 
concept of using the ISS as an assembly and launching 
point for lunar-bound microsat payloads is an activity 
for which the ISS is uniquely suited, with infrastructure 
already in place to accommodate operations necessary 
to deliver, assemble, and launch an LTV in a mission 
like the one described in this study.  The flight system 
as conceived is buildable using currently available sub-

systems and components and requires no new technolo-
gies.  The mission concept is relatively straightforward 
and would open a path to a rich variety of low cost lunar 
missions, and the spacecraft bus could itself be used as a 
host for more capable investigations. 

This study was a first look at this exciting concept.  
While significant work remains to refine and optimize 
flight system and trajectory designs, indications are that 
the concept would be a feasible and attractive augmen-
tation of the capabilities of the ISS. 
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