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Introduction:  Forty seven years after the 

Apollo 11 lunar landing - There exists today an inabil-

ity for NASA to routinely deliver payloads (either ex-

periments, R&T payloads, or scientific payloads) to 

space (other than to the ISS destination) on a recurring 

cost-effective manner., Therefore, a national need ex-

ists today for an acceptable approach to satisfy this 

functional deficit (delivery of payloads to LEO, GEO, 

or Beyond Earth Orbit (BEO)) at an economic cost 

point that will provide a positive net savings of ~$125 

mil/year to the agency, while enabling 800% more sci-

entific and R&T payloads to be injected BEO. Today’s 

NASA establishment may state that the above outcome 

is improbable; but, our team will provide actual analy-

sis and data to justify that such a system could be field-

ed in five to ten years. This cost effective space archi-

tecture will be an excellent return on investment to our 

nation, the US taxpayers, scientists, NASA Science and 

Research & Technology (R&T) investigators and 

STEM students throughout the USA and will ena-

ble/provide much greater scientific returns then we 

currently achieve. 

 

Note, the crux of the problem that this 

RAREDOM architecture will be addressing is not in 

the contracting of the commercial ETO launch vehicle 

families, nor does it reside with the launch vehicles 

themselves, but actually utilizes the commercial launch 

services industry to the maximum extent possible to 

reduce cost for BEO payloads. The current Mission 

Operational culture at NASA is grounded in an estab-

lished manner of doing business in the same manner as 

was done in the 1960’s and 1970’s (NASA Announce-

ment of Opportunity (AO) calls generally have the 

primary payload being launched on a dedicated launch 

vehicle provided by NASA’s Launch Service Providers 

Office at KSC. Figure 1 shows the past ten years of 

NASA’s BEO launches. The average scientific payload 

for 10 of the 11 missions was 72 kg. For this problem 

to be solved effectively a paradigm shift on how NASA 

effectively does mission operations will be required 

and this proposed RAREDOM architecture will estab-

lish the factual basis to begin this process shift. 

 

Todays BEO Problem: Currently, when 

NASA releases an AO call, this is in response to spe-

cific national science communities needs and there 

usually is a particular scientific destination (i.e., Mars, 

Phobos, Venus, lunar, etc.) that is sought. 

 
 

Then the various scientific proposal teams de-

velop proposals to this AO and when selected they 

build the set of instrumentation that becomes the pay-

load for a spacecraft that must be acquired and then is 

launched via the Launch Service Providers Office at 

KSC. The total mission costs are not well established 

as the costs of the launch is underwritten by another 

NASA Directorate. 

 

 
 

The Solution: The RAREDOM architec-

ture would utilize commercially available components 

from avionics, valves, propulsion systems, and ELVs, 

combined with the Expendable Secondary Payload 

Adaptor (ESPA) to develop an in-space transportation 

system based upon the ESPA ring structure that could 

deliver over 700 kg of scientific payloads (see Figure 2 

above) on a single mission of discovery. In addition to 
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the agency coming out with selected AO calls, the 

agency would also field one of these BEO spacecraft’s 

per year to various destinations as needed. By having 

routine missions of payload delivery to various deep 

space destinations orders of magnitude of science re-

turns can be achieved for the same or much less cost of 

doing business now. The estimated total mission cost to 

fabricate an ESPA spacecraft and launch it to a BEO 

would be in the $50 to $80 million dollar range or 

$70k to $115k per kg of payload. And that includes the 

launch costs. These costs do not include the payload 

costs or payload integration costs. But the payload in-

tegration costs would be a fraction of today’s costs as 

the payloads would be designed to fit within various 

standard interfaces. 

 

System Operations: One example of 

how this system would operate is as follows.  In year 

#1 NASA would procure an ESPA in-space transporta-

tion system and its destination would be the Earth Sun 

L1 Lagrange point, NASA would have the capability to 

send 738 kg of payloads to this location. Note, this 

payload mass is ~10 times greater than a payload that 

was flown before on a single dedicated mission archi-

tecture (Figure 1). Imagine the scientific returns, in-

stead of selecting only a small handful of the scientific 

proposals submitted, by offering a ride of up to 738 kg. 

The agency could enable many more researchers and 

technologists to actually fly their payloads to BEO des-

tinations. Then in year #2 the destination may shift to a 

Mars Flyby type of mission, in Year #3 it could be a 

low lunar orbit mission or a near Earth asteroid mission 

and then the cycle would repeat. 

 

Conclusions: By having the agency pro-

cure in-space transportation options based upon the 

ESPA structural hardware for 10 years forward, the US 

scientific, educational, and government researchers 

would be enabled to do up to ~ 900% more science 

(738 kg/72 kg) per opportunity for a savings of ~$100 

million per GTO launched ESPA versus todays stand-

ard methods of business via a dedicated spacecraft on a 

dedicated launcher. 

 

MSFC and Moog Space have been working 

on this particular architecture for several years and 

both parties believe this architecture investigation as a 

NIAC Phase I awarded grant would shine the light on 

what is possible and deliver major return on invest-

ments. By performing this architectural analysis under 

the NIAC umbrella, the agency could then direct future 

missions of discovery to take this approach as an alter-

native to today’s current methods of payload delivery 

BEO. 

 

Today’s inability is solved by interjecting cost 

effective methodologies to leverage the future planned 

NASA and US government launches as well as selected 

commercial launches to the fullest potential possible 

via the addition of a propulsive rideshare spacecraft 

(RAREDOM) whose heritage began with the USAF’s 

Expendable Secondary Payload Adaptor (ESPA) and 

now marketed by Moog Inc.. This RAREDOM payload 

delivery architecture would enable recurring delivery 

of ~600 kg of payloads per launch opportunity to des-

tinations BEO when co-manifested with a satellite on a 

Geostationary Transfer Orbit (GTO) trajectory. 
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