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Introduction:  Planners’ and investigators’ apprehen-

sion about facilitating science and research on human-

occupied space vehicles have historically been rooted 

in constraints involving mass, volume, and energy. 

These concerns may be allayed for future missions 

based on the success of compact and modular accom-

modations and instruments utilized by a variety of 

space vehicles.   

In fact, significant science return is not dependent on 

payload size. Many sophisticated investigations in a 

multitude of research, engineering and technology 

fields have generated breakthroughs over the decades 

of human space exploration involving investigators 

from government, academia, and industry. Examples 

include [1, 2, 3]:  

 Apollo service module Science Instrument Mod-

ule bay instruments that included cameras, spec-

trometers, and sensors 

 Spacelab experiments in astronomy, earth obser-

vation, life sciences, material science, solar phys-

ics, biotechnology, combustion science, fluid 

physics, and space plasma physics 

 Space Shuttle Hitchhiker and Get-Away Special 

external payloads and small satellite launchers 

enveloping research and technology areas such as 

heliophysics, plasma, environmental science, op-

tics, contamination, materials science, fluid trans-

fer, and cryogenics 

 Shuttle middeck experiments studying space ef-

fects on everthing from plant growth to industrial 

manufacturing  

 Space Experiment Module (SEM) satchel inves-

tigations in life science, material science, astro-

physics, etc., and deployed cubesats hosted by the 

International Space Station. 

Techniques such as incorporation of standard and 

modular interfaces are key to resource management, 

spacecraft payload manifest flexibility, and serving 

science and research needs.  Functions for internal and 

external investigations, shared resources, fixed, de-

ployable, and extractable compact capabilities are also 

advantageous to science/research communities [3]. 

As spacecraft accommodations and operations serve 

science and research, science and research synergisti-

cally assist the development and advancement of 

spacecraft through improvements in supporting sys-

tems, technologies, processes, utilities, and operations. 

Thus, it is critical that NASA’s Deep Space Gateway 

(DSG) facilitate and be facilitated by science and re-

search investigations and functions throughout its 

lifecycle.  The DSG is expected to be resource-limited, 

based on a minimalist design and functionality ap-

proach.  The ability for the DSG to accommodate 

emerging and varying research may be enabled and 

guided by several successful, relevant precedents and 

legacy design solutions despite its resource limitations 

[3, 4, 5, 6, 7, 8].   

Techniques, systems, and processes employed to en-

able, enhance, produce, and deliver significant, break-

through science and research results under mass-

volume-energy constraints, as with the DSG, are dis-

cussed.  
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