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Introduction:  The concepts presented here de-

scribe prototype hardware and instrumentation related 
to the study of planetary surface materials at the Deep 
Space Gateway (DSG) following a sample return mis-
sion. The concepts outlined in this paper represent a 
progressive evolution of capabilities for DSG and will 
also address specific capability needs that were includ-
ed in recent architecture studies for the Evolvable Mars 
Campaign [1]. 

The scientists and engineers in the Granular Me-
chanics and Regolith Operations (GMRO) Lab located 
in the Swamp Works R&D facility at NASA Kennedy 
Space Center (KSC) have the expertise to design, fab-
ricate, and to test the proposed hardware in collabora-
tion with other NASA centers. The Swamp Works 
approach to advancing research and technology is to 
drive design improvements through lean development 
and early stage testing. The GMRO Lab develops fully 
functional prototype systems to handle, analyze and 
process granular regolith simulants that will be found 
on the Moon, Mars and asteroids. These prototype sys-
tems have been ground tested, used on reduced-gravity 
flight experiments, and field tested in support of 
NASA STMD programs and NASA Analog Missions, 
such as Desert RATS. For some GMRO Lab person-
nel, their payload development experience includes 
Spacelab and Space Shuttle missions as well as current 
support of ISS projects.  

Space Materials Airlock Laboratory:  Lunar, 
Martian and asteroid regolith materials are of great 
interest to planetary scientists for advancing our 
knowledge of the evolutionary history of the Solar 
System and of the current state of planetary surfaces. 
They also provide a source of useful raw materials that 
will enable a sustainable future human exploration of 
deep space [2]. In their natural unaltered state, these 
planetary regolith materials might also contain poten-
tially hazardous components that need to be isolated 
from the human crew. If EVAs are planned to conduct 
proximity activities of returned samples, as part of a 
DSG mission in high lunar orbit for example, then 
there should be concern about the large uncertainties 
related to the unknown composition and toxicity levels 
of the materials that the crew may have to handle and 
analyze.  

We propose an addition to the Deep Space Gate-
way in the form of an airlock space in which samples 

of space materials would be brought in from docked 
robotic sample carrier spacecraft under controlled at-
mosphere without being admitted into the lab itself. 
The airlock “receiving room” would be designed as an 
inside wall facility instrumented for mineralogical, 
chemical, and physical analysis to serve as a laboratory 
accessible from inside the crew habitat (Hab). A crew 
member could work in the lab pressurized environment 
and access the received samples by manipulators only 
without the need to conduct an EVA. The Space Mate-
rials Airlock Laboratory would serve as the place 
where all handling and analysis takes place in a pres-
surized, controlled environment in which this type of 
work can be done with state-of-the-art analytical in-
strumentation and would enable trained geologists and 
other scientists to examine each sample in close con-
tact with adequate protection. 

An alternative to a “sample receiving room” is a 
hermetically sealed External Sample Analysis Inter-
face panel as an enclosure inside the hull wall of the 
Hab laboratory that interfaces between the interior of 
the Hab laboratory area and the outside. Samples of 
planetary materials brought to the in-orbit DSG by 
robotic carriers or by crew during EVA would be de-
livered to the outside panel where they remain evacu-
ated. Preliminary analysis tools would be part of this 
panel to obtain mineralogy information and surface 
chemical signatures to assess their level of hazard or 
their sensitivity to contamination and alteration inside 
the Hab prior to entering the sample preparation area 
inside the Hab hull. The investigation of materials such 
as volatile-rich regolith may require that the analytical 
facility be situated in-vaccuo and offer low-
temperature handling of the samples to preserve their 
natural state in order to understand the physical and 
chemical interactions of minerals and volatile species 
[3]. The corresponding interior panel inside the Hab 
would include controls and displays for the crew to 
operate and manipulators to handle and prepare the 
samples without ever admitting the samples into the 
Hab. The facility would include in-vaccuo storage ca-
pability for future transport of these samples to Earth 
or disposal. The through-hull interface facility may 
reach an estimate of 300-500 kg in mass and require on 
the order of 500 W of power. 
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External Facility for Sample Analysis and Ma-
terial Processing:  The Deep Space Gateway will be 
involved in crewed missions in stable lunar orbits (e.g. 
LDRO) and is the ideal crewed space vehicle to inter-
face with and support the systems that will handle and 
characterize planetary materials from sample-return 
missions. The other manned spacecraft at the DSG will 
be Orion, which is not likely to be equipped to support 
these systems. 

Similar in concept to the External Sample Analysis 
Interface panel described above, the proposed proto-
type facility would be part of the external shell of the 
Hab in the form of a panel structurally linked to the 
Hab frame. In addition to the analytical suite described 
for the External Sample Analysis Interface, the Sample 
Analysis and Material Processing panel would be de-
signed with a variety of locking fixtures on which ma-
terials processing subsystems would be mounted, such 
as feeders for granular materials, crushers, chemical 
reactors, water extractors, etc. When planetary surface 
materials such as drill core segments, regolith, and 
surface rocks are introduced into these systems and 
processed, the effluents of such reactions would be 
carried into the Hab laboratory area and supplied to 
analytical instruments for crew investigations. The 
primary purpose of such an added capability to the Hab 
is to enable full assessment of potential resources re-
vealed by scientific samples by processing such plane-
tary surface materials without having to bring them 
into the Hab, thus eliminating the need for special han-
dling and Planetary Protection (PP) protocols inside 
the Hab. The Sample Analysis and Materials Pro-
cessing would have an estimated 500 – 700 kg mass 
and require on the order of 1 kW of power. 

External Carrier Platform:  The DSG may play 
the role of a launching and docking station for small 
robotic spacecraft that conduct missions to low lunar 
altitudes for high resolution geological, mineralogical, 
and resource mapping and to the lunar surface for 
sample retrieval. Sample return missions from aster-
oids may also be designed to deliver samples to the 
DSG, especially if it is stationed at orbits such as 
LDRO for easier access. This essential role of DSG for 
planetary materials science investigations will involve 
the use of multiple robotic assets that will require a 
platform from which to launch toward their destination 
and to which they will return with samples and data. 
We propose to study a prototype of such an External 
Carrier Platform that would be an attachment to the 
Deep Space Gateway so that the crew can manage the 
operations with full vision of the platform in a similar 
way that the open Spacelab carrier was used aboard 
Space Shuttle missions. The platform also would ena-
ble the remote operations of the transfer of samples 

into the external Sample Analysis and Materials Pro-
cessing facility and where the crew would take control 
of the handling of the samples and their assessment of 
the need to admit them inside the laboratory.  

This flexible set of concepts range evolve in com-
plexity as the missions require to ultimately transform 
the DSG in a base of operations for lunar sample return 
missions using small reusable landers ferrying between 
the DSG-Orion stack and the lunar surface and enable 
advanced material processing systems to be tested with 
lunar samples without having to land complex hard-
ware on the lunar surface. It uses the capabilities de-
sired by EMC for the DSG crew to teleoperate surface 
assets from orbit and allows the program to gain opera-
tional experience in this area in anticipation of Mars 
orbital missions. The External Carrier Platform would 
have an estimate mass of 1 t and require 0.5 – 1 kW of 
power. 

This concept is also aligned with the vision of 
commercial exploration of space resources for mining 
purposes because it offers these private companies a 
testbed for such tests in a win-win public-private part-
nership. 
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