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6.3. Torpor-Enabled DRA 5.0 Mars Architecture with Baseline Habitat 

6.3.1. NTR-Propulsion 
 
The results of the mission architecture assessment using the baseline torpor habitat in place of the TransHab on the 
NTR-powered MTV are shown in Table 12. By using the baseline torpor habitat, the IMLEO is reduced by 90 t 
compared to the TransHab, or approximately a 25% mass savings. This translates into a reduction of an entire SLS 
launch, from 4 launches to 3 launches, in order to assemble the crew MTV. 
 

Table 12. Summary Metrics for DRA 5 vs. Baseline Torpor-Enabled NTR-Powered MTV  

Parameter DRA 5.0 Torpor -Enabled 
IMLEO 360 t 270 t 
Total Length 105 meters 94 meters 
Maximum Diameter 8.5 meters 8.5 meters 
Number Required SLS Launches 4 3 

 
 
A size comparison of the NTR-powered DRA 5.0 crew MTV and baseline torpor-enabled crew MTV is shown in 
Figure 22. The overall vehicle length is reduced from 105-m to 94-m. 
 
 

 
Figure 22. DRA 5 vs. Baseline Torpor -Enabled NTR-Powered MTV  
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6.3.2.  All-Chemical, LOX/LH2 Propulsion 
 
The results of the mission architecture assessment using the baseline torpor habitat in place of the TransHab on the 
all-chemical MTV are shown in Table 13. By using the baseline torpor habitat, the mission IMLEO is reduced by 
150 t compared to the TransHab or approximately 31% mass savings. This translates into a reduction of an entire 
SLS launch, from 5 launches to 4 launches, in order to assemble the crew MTV. 
 
 

Table 13. Summary Metrics for DRA 5 vs. Baseline Torpor -Enabled All-Chemical MTV  

Parameter DRA 5.0 Torpor -Enabled 
IMLEO 490 t 340 t 
Total Length 50 meters 40 meters 
Maximum Diameter 5.0 meters 5.0 meters 
Number Required SLS Launches 5 4 

 
A size comparison of the all-chemical DRA 5.0 crew MTV and baseline torpor-enabled crew MTV is shown in 
Figure 23. The reduced habitat mass allows for the elimination of an entire propulsive stage for this concept; the 
MOI and TEI stages, separate in the DRA 5.0 baseline architecture, can be combined. Furthermore, the reduction in 
overall stage mass allows the propulsive stages to be designed with four, rather than five, RL-10 B-2 engines each. 
All of these impacts will reduce overall mission cost and improve the viability of using an all-chemical architecture. 

 

 

Figure 23. DRA 5 vs. Torpor-Enabled All-Chemical MTV  



 
Torpor Inducing Transfer Habitat For Human Stasis to Mars  
NIAC Phase I Final Report 
SpaceWorks Enterprises, Inc. (SEI)  

 
35 

 

6.4. Torpor-Enabled Mars Architecture with Vision System Habitat 
 
The results of the mission architecture assessment using the Vision Habitat in place of the TransHab on the NTR-
powered MTV are shown in Table 14. By using the Vision Habitat, the mission IMLEO is reduced by 160 t 
compared to the TransHab. This is an incredible 44% mass savings which ultimately translates into a reduction of 2 
entire SLS launches, from 4 launches to only 2 launches, in order to assemble the crew MTV. 
 
 
Table 14. Summary Metrics for DRA 5 vs. Vision System Habitat and NTR-Powered Mars Transfer Vehicle 

Parameter DRA 5.0 Vision Torpor 
IMLEO 360 t 200 t 
Total Length 105 meters 75 meters 
Maximum Diameter 8.5 meters 8.5 meters 
Number SLS Launches 4 2 

 
A size comparison of the NTR-powered DRA 5.0 crew MTV and vision system torpor-enabled crew MTV is shown 
in Figure 24. The reduced habitat mass allows for the elimination of the drop tank in this configuration; the TMI 
maneuver can be performed from a single tank, either as a single or multiple burns. This further reduces MTV mass 
by removing the saddle truss required to house the drop tank. The MTV was reconfigured, placing the docking 
module between the crew habitat and Orion vehicle, in order to accommodate the removal of the saddle truss. 
 

 
Figure 24. DRA 5 vs. Vision Torpor Habitat and NTR-Powered Mars Transfer Vehicle 
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savings percentages were derived relative to this baseline. While achieving multiple human missions to Mars is 
undoubtedly and inevitably expensive regardless of the approach, for the same cost as three NTR-based DRA 5.0 
crewed missions, a Torpor architecture enables nearly twice the number of missions. Six missions, instead of three, 
allows NASA to obtain a greater return on their investment in the form of sustained human presence on Mars, as 
well as maximized scientific return. It is noteworthy that similar trends and improvements are obtained for the all-
chemical architectures (not included for brevity). 
 
 

 
Figure 25. Mars Mission NTR Architecture Cost Comparison vs. Number of Missions 
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Figure 27. Torpor-Enabled Habitat Design with Artificial Gravity : Internal Views 

The induced artificial gravity parameters for the torpor-enabled habitat are shown in Table 16. It is unknown at this 
time what the artificial gravity requirements will be to mitigate the medical risks associated with long-term 
microgravity exposure; the required rotation speeds to induce lunar, Martian, and Earth gravity are shown Table 16. 
 

Table 16. Induced Artificial Gravity Parameters for Torpor-Enabled Habitat 

Parameter   
Rotation Radius  2.4 meters 
Induced Gravity RPM Tangential Velocity 

1.0 Earth 19.3 4.9 m/s 
1.0 Mars 11.8 3.0 m/s 
1.0 Lunar 7.8 2.0 m/s 

 
The artificial gravity habitat shares the same closed-loop oxygen production and water recovery ECLSS systems, 
and crew torpor compartments, as the baseline torpor-enable habitat, though these systems will need to be designed 
to operate in both microgravity and artificial gravity setting. All other subsystems are assumed to be identical to the 
baseline torpor-enabled habitat design. Redundant motor systems built into the fixed habitat end caps drive the 
rotation of the pressurized cabin. 
 
Summary metrics for the torpor-enabled habitat with artificial gravity are shown in Table 17. 
 

Table 17. Summary Metrics for Torpor-Enabled Habitat with Artificial Gravity Capability 

Parameter Torpor Habitat  

Mission Configuration Mars Conjunction-class 
Avg. 200-days(out), 500-days(surface), 200-days(return) 

Crew Complement 6 
Dry Mass 18.8 t 
Consumables with Contingency 3.9 t 
Total Volume 200 m3 
Habitable Volume 50 m3 
Length  4.0 m 
Diameter 8.0 m 
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The subsystem packaging and layout for the artificial gravity torpor habitat is shown in Figure 28. The view is a top-
down view. Each box represents the equivalent volume of a single ISS Standard Payload Rack. The row of boxes 
across the top and bottom represent the overhead and deck compartments respectively. 
 
 
 

 
Figure 28. Torpor -Enabled Habitat with Artificial Gravity Subsystem Packaging 

 
Three torpor compartments are placed at each the forward and aft sections of the habitat, each managed by a single 
robotic arm assembly. The closed-loop oxygen generation and water recovery systems are placed between the two 
torpor compartment clusters. Other supporting subsystems and equipment spares are stored in the remaining spaces 
and overhead areas, while the crew consumables are stored under the deck. Components that feed into one another 
(e.g. CDRA to CReA to OGA, UPA to WPA, etc.) are placed either adjacent or near to one another to minimize 
plumbing, ventilation, and power cabling. 
 
A central shaft running through the pressurized cabin provides crew access to the Orion crew vehicle and docking 
modules. 
 
 
 





 
Torpor Inducing Transfer Habitat For Human Stasis to Mars  
NIAC Phase I Final Report 
SpaceWorks Enterprises, Inc. (SEI)  

 
43 

Several observations can be made from the results in Figure 30. First, an opposition-class NTR-powered crew MTV 
with a torpor-enabled habitat is only slightly more massive than the conjunction-class NTR-powered mission crew 
MTV with the TransHab. Second, the opposition-class NTR-powered crew MTVs are roughly equivalent to the 
conjunction-class all-chemical crew MTVs. Finally, opposition-class all-chemical crew MTV with a torpor-enabled 
habitat is only slightly more massive than the conjunction-class all-chemical crew MTV with the TransHab. 
 

7.4. Dry Mass Growth Sensitivity 
 
A study of the sensitivity of the crew MTV mass to habitat mass was performed for both the DRA 5.0 vehicle and 
the baseline torpor-enabled vehicle. The results of the study are shown in Figure 31. For each case, the mass of the 
habitat was changed by a fixed percentage; consumables mass was not changed. The crew MTV was then reclosed 
with the new habitat mass. 
 

 
Figure 31. Habitat Mass Growth Sensitivity 

The DRA 5.0 crew MTV is slightly more sensitivity to changes in habitat mass than the torpor-enabled crew MTV. 
At the high end, increasing the habitat mass by 40% yields an increase in crew MTV IMLEO of 13% for the DRA 
5.0 vehicle and 10% for the torpor-enabled vehicle. Conversely, reducing the habitat mass by 40% decreases the 
IMLEO by 10% for the DRA 5.0 vehicle and 7% for the torpor-enabled vehicle. 
 

7.5. Crew Size Sensitivity 
 
Crew size is a major mission and architecture-level decision. Larger crew sizes are generally beneficial for personal 
interactions, minimizing conflict potential, and greater skillsets and capabilities. However, all the hardware (e.g. 
habitat volume, power generation requirements, etc.) and consumable systems increase with crew size. Thus, it is a 
significant consideration that must balance the engineering and program costs with the overall well-being and 
scientific return capability of the crew. 
 
The impact of crew size on the habitat was investigated to understand the mass growth sensitivity. The parametric 
habitat models that were created for both the DRA 5 TransHab and torpor-enabled, zero-G habitat were used to 
support this assessment. While the nominal crew size is 6, habitats capable of supporting 4 and 8 crew members 
were examined.  
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the crew such that one crew member is conscious at all times during the transit phase was determined to be 
minimal for the baseline habitat design. For the Vision Torpor Habitat, the impact would still be 
manageable but somewhat larger due to the need to increase the habitable volume. 

 
�x The mission-level impact of the habitat for both the NTR-powered transfer vehicle and the All-Chemical 

propulsion transfer vehicles from NASA DRA 5.0 were examined. Compared to the current NASA Mars 
reference architecture, IMLEO mass reductions ranging from 25% (NTR) to 44% (All-Chemical) were 
obtained. In addition to reducing the launch mass requirement (i.e. SLS launches), these mass reductions 
also resulted in the elimination of significant pieces of hardware (e.g. tanks, stages, engines). 

 
�x The propulsion system performance on the non-torpor NTR-powered architecture would be required to 

increase by 22%, an Isp increase of 200+ seconds, to achieve the same system-level mass reduction impacts 
obtained from a torpor-enabled habitat. For NTR propulsion, this is not likely to be a feasible goal. 

 
�x An NTR-powered, Opposition-class mission becomes a viable option using torpor and can be accomplished 

with an IMLEO on par with a non-torpor, Conjunction-class NTR-powered architecture. 
 

�x Preliminary cost results indicate that a Mars mission campaign utilizing a torpor-enabled architecture can 
support almost twice as many crewed missions (6 vs. 3) compared to a non-torpor architecture for the same 
cost. Given the substantial investment required to enable human missions to Mars, any program will need 
�W�R�� �E�H�� �D�E�O�H�� �W�R�� �R�I�I�H�U�� �P�R�U�H�� �W�K�D�Q�� �D�� �V�L�Q�J�O�H�� �P�L�V�V�L�R�Q�� �R�U�� �D�� �‡�I�O�D�J�V�� �D�Q�G�� �I�R�R�W�S�U�L�Q�W�V�·�� �D�S�S�U�R�D�F�K���� �7�K�H�� �W�R�U�S�R�U-enabled 
systems provide that opportunity for NASA. 

 

8.2. Recommendations for Future Work 
 
Based on the promising results and assessment from the Phase I activity, the SpaceWorks team would make the 
following recommendations for the continuation of this work: 
 

1) Activities in the medical community regarding the use of TH and new case studies should continue to be 
monitored. In addition to the refining of current techniques and protocols by the medical community, the 
types of scenarios for which TH is applied continues to expand. Further applicability to human spaceflight 
may occur if in clinical environments longer durations are attempted and/or the simultaneous 
administration of TPN is used. 

 
2) The medical team needs to be expanded to facilitate an multidisciplinary dialogue among medical experts. 

This team should include both researchers and practitioners from various fields and specialties. Specific 
specialists desired include a neurologist, critical care specialist, pulmonologist, cardiologist, physical 
therapist, anesthesiologist, and an endocrinologist. 
 

3) The engineering aspects of the system should continue to be examined. Various habitat configuration and 
design options should be developed in light of uncertainty. This will help to establish requirements that 
could be used to influence or support future technology maturation work. 

 
4) Assessment of the concept at the system-level via mission architecture analysis and trade 

studies/sensitivities should continue. As additional knowledge and details on how various aspects of the 
approach will work is obtained, the impact of this concept on the Mars architecture is likely to change. 
Maintaining a rigorous technology evaluation program will ensure future investments are justified. 
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9. Media and Public Relations Efforts 
 
During the course of the Phase I effort, SpaceWorks provided project and concept information through a variety of 
public venues. These efforts helped increase awareness of the project and NIAC program to both the technical 
community and the public in general. While not a formal aspect or actual work item under the grant, the team has 
supported a number of telephone and email interviews with different sources. 
 
Notable interviews included: 
 

�³�,�Q�F�U�H�G�L�E�O�H���7�H�F�K�Q�R�O�R�J�\�����+�R�Z���$�V�W�U�R�Q�D�X�W�V���&�R�X�O�G���+�L�E�H�U�Q�D�W�H���2�Q���0�D�U�V���9�R�\�D�J�H�´ 
Author: Senior Writer Mike Wall at SPACE.com 
�7�K�L�V���V�W�R�U�\���Z�D�V���V�X�E�V�H�T�X�H�Q�W�O�\���Y�R�W�H�G���D�V���³�6�W�R�U�\���R�I���W�K�H���:�H�H�N�´���D�Q�G���U�H�F�H�L�Y�H�G�������������W�Z�H�H�W�V���D�Q�G�����������������I�D�F�H�E�R�R�N��
posts. 
 
�³�6�S�D�F�H���7�U�D�Y�H�O�¶�V���(�I�I�L�F�L�H�Q�W�����&�K�H�D�S�H�U���)�X�W�X�U�H�����6�O�H�H�S�L�Q�J���<�R�X�U���:�D�\���7�R���0�D�U�V���,�Q���$���6�W�D�V�L�V���+�D�E�L�W�D�W�´���� 
Author: Reporter Michael Venables for Forbes Tech 
 
�³�6�O�H�H�S�L�Q�J���W�R���0�D�U�V�����7�U�D�Y�H�O���W�R���0�D�U�V���L�V���3�U�R�E�D�E�O�\���$�F�K�L�H�Y�D�E�O�H���L�I���:�H���+�L�E�H�U�Q�D�W�H���R�Q���W�K�H���:�D�\�´ 
Author: Author Caroline Kraaijvanger for Scientias.nl in the Netherlands. 
 
�³�������������7�K�H���<�H�D�U���6�F�L�H�Q�F�H���:�L�O�O���%�O�R�Z���<�R�X�U���0�L�Q�G���� �1�$�6�$�¶�V���&�U�D�]�L�H�V�W���,�G�H�D�V�´ 
Author: Science Writer Will Gater for Focus Magazine (UK)  

 
In addition to previously noted press articles, an interview was conducted with writer Fabrice Nicot for the youth-
�R�U�L�H�Q�W�H�G���)�U�H�Q�F�K���V�F�L�H�Q�F�H���P�D�J�D�]�L�Q�H���F�D�O�O�H�G���µ�6�F�L�H�Q�F�H���	���9�L�H���-�X�Q�L�R�U�¶�� 
 
A project blog maintained by NIAC Fellow, Dr. John Bradford, is available at: http://spacetorpor.blogspot.com. 
 
Additional speaking engagements that were supported (or scheduled) include: 
 
 2014 NIAC Symposium at Stanford University, California on February 4th-6th, 2014 

Georgia Tech AIAA Student Division on February 13th 
 65th International Astronautical Congress in Toronto Canada, September 29th-October 3th, 2014 
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As a Principal Engineer, his recent projects at SpaceWorks have included assessing heavy-lift configuration options 
�I�R�U���1�$�6�$�¶�V���6�/�6�����W�H�F�K�Q�R�O�R�J�\���U�R�D�G-mapping and prioritization for AFRL hypersonic systems, programmatic support 
to the Air Force's Reusable Booster System (RBS) Pathfinder flight demonstrator program and independent concept 
analysis for the NASA-AFRL Joint Systems Study (JSS). 
 
Prior to joining SpaceWorks, Dr. Bradford worked at both NASA Marshall Space Flight Center (MSFC) in 
Huntsville, AL and Aerojet in Sacramento, CA. His specific area of interest is in computational analysis and design 
of future systems using collaborative, automated engineering frameworks. Dr. Bradford has developed both 
disciplinary analysis tools as well as end-to-end concept simulation models spanning performance assessment 
through life-cycle cost. 
 
Dr. Bradford received his Doctorate and Master's Degree in Aerospace Engineering from the Georgia Institute of 
Technology. At Georgia Tech, he was the recipient of a NASA Graduate Student Researchers Program (GSRP) 
Fellowship. He also holds a Bachelor of Science degree in Aerospace Engineering and a Minor in Computer 
Programming from North Carolina State University. He is a Senior Member of the American Institute of 
Aeronautics and Astronautics (AIAA), a NASA Academy (NAAA) alumnus, on the Steering Committee and a judge 
for NASA's RASC-AL student design competition, an alumni member of the AIAA High Speed Air-Breathing 
Propulsion Technical Committee, an Adjunct Professor at the Georgia Institute of Technology, and regularly a guest 
speaker at science fiction conventions. 
 
Dr. Bradford is a native of California and resides in Atlanta, Georgia with his wife and two children. 
 
 
MR. MARK SCHAFFER, SENIOR PROJECT ENGINEER  
 
Mark Schaffer is a Senior Aerospace Engineer in the Engineering division of SpaceWorks Enterprises, Inc. (SEI). 
Mr. Schaffer's disciplinary focuses include conceptual design of space access and space exploration architectures, 
performance and closure analysis of architecture elements, trajectory determination for Earth-to-orbit and deep 
space missions, and technology impact evaluation. 
 
�0�U���� �6�F�K�D�I�I�H�U�� �L�V�� �P�H�P�E�H�U�� �R�I�� �6�S�D�F�H�:�R�U�N�V�¶�� �$�G�Y�D�Q�F�H�G�� �&�R�Q�F�H�S�W�V�� �*�U�R�X�S�� �D�Q�G�� �L�V�� �W�K�H�� �F�R�P�S�D�Q�\�� �O�H�D�G�� �I�R�U�� �K�X�P�D�Q�� �V�S�D�F�H��
exploration. In this role, he led a study sponsored by ULA to investigate cryogenic propulsive stages for human 
missions to the Moon, asteroids, and Mars. He has supported NASA lunar architecture studies for crew habitation 
and surface infrastructure design, and performed the habitat designs for a SpaceWorks study of manned Mars 
missions. In addition, Mr. Schaffer served as the team leader and lead engineer for SEI's Foresight proposal, a 
concept for a radio tagging mission to the asteroid Apophis. This proposal won first prize in the 2007-2008 
Planetary Society Apophis Mission Design Competition. 
 
�0�U���� �6�F�K�D�I�I�H�U�� �D�O�V�R�� �V�X�S�S�R�U�W�V�� �6�S�D�F�H�:�R�U�N�V�¶�� �V�S�D�F�H�� �O�D�X�Q�F�K�� �V�\�V�W�H�P�V�� �D�Q�G�� �K�\�S�H�U�V�R�Q�L�F�� �I�O�L�J�K�W�� �I�R�F�X�V�� �D�U�H�D�V���� �+�H�� �U�H�F�H�Q�W�O�\��
participated in the joint NASA-DARPA Horizontal Launch Study as a member of the analysis team, focusing on 
meta-model development and integration for closure and performance metrics models, and technology impact 
evaluation on the concept vehicles. He also led a study through the Joint Systems Study to investigate the impact of 
technologies on NASA's TBCC launch system. 
 
Mr. Schaffer received his Bachelor of Science degree in Aerospace Engineering from the University of Illinois at 
Urbana-Champaign in 2006. 
 
DR. DOUGLAS TALK, MEDICAL LIASION  
 
Dr. Douglas W. Talk completed medical school at Eastern Virginia Medical School in Norfolk Virginia and 
�S�H�U�I�R�U�P�H�G���K�L�V�� �U�H�V�L�G�H�Q�F�\�� �D�W���W�K�H�� �1�D�Y�D�O���0�H�G�L�F�D�O�� �&�H�Q�W�H�U���3�R�U�W�V�P�R�X�W�K�� �L�Q���9�L�U�J�L�Q�L�D���� �’�U���� �7�D�O�N�� �K�R�O�G�V���D�� �0�D�V�W�H�U�¶�V�� �L�Q���3�X�E�O�L�F��
Health and Epidemiology from Eastern Virginia Medical School. Dr. Talk is a native of North Carolina who earned 
�K�L�V���E�D�F�K�H�O�R�U�¶�V���G�H�J�U�H�H�V���L�Q���%�L�R�O�R�J�\���D�Q�G���%�L�R�F�K�H�P�L�V�W�U�\���D�W���1�R�U�W�K���&�D�U�R�O�L�Q�D���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����+�H���F�R�Q�W�L�Q�X�H�V���W�R���E�H���V�W�D�W�L�R�Q�H�G��
at Naval Medical Center Portsmouth. He has headed several research studies and presented at both the Armed 
Forces District and American College of Obstetrics and Gynecology national meetings. 
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During his four years on service as an OB/GYN resident and Chief resident his duties have included the care of both 
non-emergent and emergent obstetrics and gynecology patients. Dr. Talk has both clinical, surgical and intensive 
care unit privileges and works regularly with the Critical Care, Neonatology and Oncology departments in the 
treatment of cancer patients, obstetrical trauma and maternal/neonatal resuscitation, and acute medical care. Routine 
duties include diagnostic testing and evaluation of patients, medical and surgical management of illness and ICU 
care (including sedation, hypothermic therapy and nutritional recovery with TPN).   
 
Dr. Talk has an extensive military background. He attended the Naval Nuclear Power Training Program and served 
as both a nuclear chemist and nuclear plant technician aboard the USS Cavalla (SSN 684). After obtaining his 
�E�D�F�K�H�O�R�U�V�¶���G�H�J�U�H�H�V���K�H���V�H�U�Y�H�G���R�Q���E�R�D�U�G���W�K�H���8�6�6���:�D�G�V�Z�R�U�W�K�����)�)�*���������D�Q�G���8SS Curts (FFG 38) acting as the Auxiliary 
Officer and Navigational Officer as well as performing duties as Officer of the Deck and Combat Information 
Center Officer.  Dr. Talk has also served as the Congressional Liaison Officer for the United States Fleet Forces 
Command Public Affairs Office. During his service he has earned multiple honors including the Navy Achievement 
�0�H�G�D�O�� �W�Z�L�F�H���� �W�K�H�� �1�D�Y�\�� �&�R�P�P�H�Q�G�D�W�L�R�Q�� �0�H�G�D�O���� �V�H�Y�H�U�D�O�� �$�G�P�L�U�D�O�V�¶�� �/�H�W�W�H�U�V�� �R�I�� �$�F�F�R�P�P�R�G�D�W�L�R�Q���� �D�Q�G�� �Z�D�V�� �D�Z�D�U�G�� �W�K�H��
OB/GYN Intern of the year and later the Teaching Resident of the year at Naval Medical Center Portsmouth. 
 
Dr. Talk currently lives in Norfolk, Virginia with his wife of 12 years and his three children.  
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Appendix C: Frequently Asked Questions (FAQ) 
 

 
FREQUENTLY ASKED QUESTIONS (FAQ) 

TORPOR INDUCING TRANSFER HABITAT FOR HUMAN STASIS TO MARS 
April 2014 

 
 
 Questions on the Concept and Motivation        
 
[C.1] Could you explain a little bit about how you came to work on this project? 
 
SpaceWorks has evaluated a number of Mars mission architectures over the years, from both a performance and cost 
perspective. Mars exploration is a tough problem that will require a lot of technology development work to get to a 
feasible system in the foreseeable future. Traditionally, the technology focus is on the propulsion system, as there 
are a lot of gains to be made there. However, propulsion technology tends to be a very expensive investment area. 
We wanted to focus on a different aspect of the mission that may be equally advantageous and could be synergistic 
with any advances in propulsion capability. This naturally led to a focus on the crew and associated systems, with a 
�J�R�D�O���R�I���W�U�\�L�Q�J���W�R���U�H�G�X�F�H���W�K�H�L�U���µ�I�R�R�W�S�U�L�Q�W���¶���R�U���P�D�V�V���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���V�\�V�W�H�P�� 
 
[C.2] What is the purpose of this project? 
 
In short, we are studying the feasibility of putting a Mars-bound crew in a deep-sleep stasis during the 6 to 9-month 
transfer periods between the Earth and Mars. Currently, we are not performing any actual experiments or clinical 
trials. Our medical team is examining the existing body of data and case studies for the application of Therapeutic 
Hypothermia (TH), our baseline approach. For this initial 9-month phase being funded by the NASA Innovative 
Advanced Concepts (NIAC) program under the Space Technology Mission Directorate (STMD), we are focused on 
addressing the question of feasibility, evaluating engineering solutions, and exploring the implications for human 
exploration of Mars. 

 
 
 

Website: http://www.nasa.gov/directorates/spacetech/niac/ 
 
 

 
 
[C.3] Why put the crew to sleep? 
 
With the crew in a torpor state, we believe we can significantly reduce the mass and volume of the in-space habitat 
during the outbound and return segments of the mission. This ultimately reduces the entire launch mass for the 
system. The habitat itself will be a very small module, nominally containing 4 to 6 crewmembers each in their own 
sleep chamber. By contrast, a typical habitat for an active crew is required to have space for food preparation/eating, 
exercise, science stations, bathrooms, sleeping quarters, entertainment, etc. 
 
Many of the psychological-social challenges of prolonged space flight can be eliminated with this system. On a 
Mars mission, it is typically assumed that a small crew will be confined to a very small space for an extended period 
of time. The crew is under a lot of stress, a long way from home, and has no way to abort if there is a problem. This 
environment creates a lot of requirements and constraints pertaining to crew selection, increases the burden on the 
medical teams to monitor mental well-being, and consequently adds uncertainty to the mission. A lot of these issues 
are solved if the crew is asleep during peak periods of stress and likely boredom. Ultimately, we think it will be the 
preferred way to travel! We are eliminating the most mundane portion of the mission. Just imagine going to sleep 
and waking up on Mars 6 months later, no worse for the wear! 
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�>�&�����@���,�V�Q�¶�W���W�K�L�V���V�F�L�H�Q�F�H���I�L�F�W�L�Rn? 
 
Absolutely not! While it has certainly been inspired by sci-fi, we are taking a much more practical approach. We 
have volumes of medical research and case studies involving humans that gives credence to and bolsters our claims 
that this approach is achievable. We are adapting and extending ongoing efforts in medical practice and science. 
 
[C.5] Has anyone ever done this before? 
 
Good question! No �– only various aspects of the approach have been performed here on Earth. Scientists are actively 
looking at inducing hibernation states in non-hibernating animals. Both the Department of Defense (DOD) and 
National Institute of Health (NIH) have sponsored work aimed at putting humans in a preservation state in order to 
extend the time period under which critical care could be administered.  
 
[C.6] Is this technology real? 
 
Yes. Both the use of Therapeutic Hypothermia (TH) and Total Parenteral Nutrition (TPN) used in our approach are 
proven medically. For example, people are routinely fed using TPN for durations lasting over a year here on Earth. 
So we know that solution works well and is understood. We have a small set of data for people undergoing 
hypothermia therapy for periods of up to 14-days.  We have considerably more data for people undergoing TH for 
shorter periods of 2 to 4 days. We also have instances of individuals undergoing multiple/repeated TH cycles. In all 
these cases, there have been no reported complications with the patients associated with the TH. 
 
[C.7] At the end of this study phase, what do you hope to have achieved? 
 
We expect to have a baseline approach from a medical standpoint of how induced torpor for a space crew can be 
achieved. We hope to have some solid data that our system can significantly impact the design of the Mars 
architecture. We believe we can show benefits that can be applied to the near-term feasibility of going to Mars, 
possibly with this technology being the key enabler. We also think we can show benefits for exploration in the 
longer term, so this is not a capability that would be phased out after a few initial missions. 
 
[C.8] What other spin off benefits do you anticipate? 
 
Medically, the alternate uses of therapeutic hypothermia and sustaining a reduced metabolic condition are still being 
determined. Research has shown some benefits such as significantly reducing the growth rate of tumors (growth 
currently resumes upon rewarming) and lowering internal cranial pressure (ICP). 
 
The U.S. military is already very interested in the ability to slow down human metabolism in order to increase the 
time available to provide critically wounded soldiers with proper care. Our proposed approach is obviously 
synergistic with those goals. 
 
�6�L�P�L�O�D�U���W�R���W�K�H�� �P�L�O�L�W�D�U�\�¶�V�� �J�R�D�O�����W�K�L�V���F�D�S�D�E�L�O�L�W�\���F�R�X�O�G���E�H���X�V�Hd on non-Torpor Mars missions in the event of a serious 
injury. After putting the injured crewmember in stasis, the rest of the crew would have more time to communicate 
with doctors on Earth to evaluate the situation and recommend the best solution. This is especially important given 
the signal time delay between Earth and Mars that can range from 4 to 21 minutes. 
 
[C.9] How can I learn more? 
 
You can view an overview briefing on the project here: 
       http: www.sei.aero/eng/papers/uploads/archive/NIAC-Torpor-Habitat-for-Human-Stasis-2-28-2014.pdf 
You can get periodic updates via the Space Torpor blog at: 
       http://spacetorpor.blogspot.com 
You can also get more information from the NASA NIAC project page at:  
       http://www.nasa.gov/content/torpor-inducing-transfer-habitat-for-human-stasis-to-mars 
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Questions on the Medical Aspects          
 
[M.1] How does this idea work? 
 
Torpor (or Hibernation) is a state of inactivity characterized by low body temperature, slow breathing and heart rate, 
and low metabolic rate. Many animals in nature hibernate to conserve energy during periods when sufficient food 
supplies are unavailable. To achieve this, hibernators will decrease their metabolic rate, which then results in a 
decreased body temperature. Hibernation may last several days, weeks, or months depending on the species, ambient 
temperature, time of year, and individual's body condition. 
 
Doctors in patient care for extreme trauma are currently applying this idea. Medically induced Torpor (called 
Therapeutic Hypothermia) is a medical treatment that lowers a patient's body temperature in order to help reduce the 
risk of the injury to tissue during a period of poor blood flow. Examples include patients that suffer from cardiac 
arrest, stroke, trauma and brain injuries, as well as infants that are premature or had a complicated delivery. 
�/�R�Z�H�U�L�Q�J���W�K�H���S�D�W�L�H�Q�W�¶�V���W�H�P�S�H�U�D�W�X�U�H���E�\���H�Y�H�Q���D���F�R�X�S�O�H���R�I���G�H�J�U�H�H�V�����W�R������oC or 93oF) can produce the same effects that 
are seen in animals, including slowed breathing and heart rate, and a decreased metabolic rate. This reduced 
metabolic rate means a lower need for oxygen by cells in the human body, protecting them from damage during the 
medical emergencies listed above.  
 
�>�0�����@���:�R�Q�¶�W���W�K�H���F�U�H�Z���J�H�W hungry? 
 
Crew members that are in a Torpor state will get their nutrition through a process called Total Parenteral Nutrition 
(TPN). With TPN the crew member will obtain all nutrients (such as glucose, amino acids, lipids, added vitamins 
and dietary minerals) through an intravenous (IV) line, bypassing the usual process of eating and digestion. TPN is a 
well-known and often used medical process for the long-term care of preterm infants and adults that are suffering 
from medical conditions that do not allow them eat.  
 
The physical sensation of hunger is related to contractions of the stomach muscles. These contractions, sometimes 
called hunger pangs, are believed to be triggered by high concentrations of the hormones (Ghrelin is the most 
common) that is rel�H�D�V�H�G���L�I���D���S�H�U�V�R�Q�¶�V���E�O�R�R�G���V�X�J�D�U���O�H�Y�H�O�V���J�H�W���O�R�Z�� 
 
[M.3] Are they breathing? 
 
Yes! Astronauts that are in Torpor are in a deep sleep similar to that of bears and other hibernating animals. Because 
their body is at a decreased temperature they will experience a decrease in metabolism. This will result in a decrease 
in their respiratory rate, heart rate, and blood pressure. However, crewmembers in Torpor will continue to have 
normal physiologic processes. 
 
[M.4] What kind of special equipment does this take? 
 
T�R�U�S�R�U���L�V���D�F�K�L�H�Y�H�G���E�\���G�H�F�U�H�D�V�L�Q�J���D���F�U�H�Z�P�H�P�E�H�U�¶�V���F�R�U�H���W�H�P�S�H�U�D�W�X�U�H���W�R���D�S�S�U�R�[�L�P�D�W�H�O�\������oC (93oF). There are several 
techniques that can be used to accomplish this. Some are invasive, involving injecting a cooled saline solution into 
the femoral vein, while others are non-invasive, such as circulating cold water through a blanket or body pads. Our 
preferred solution is called Trans Nasal Evaporative Cooling. With this approach, a small plastic tube is inserted into 
�D���F�U�H�Z�P�H�P�E�H�U�¶�V���Q�D�V�D�O���F�D�Y�L�W�\�����7�K�L�V���L�V���X�V�H�G���W�R���G�Hliver a spray of coolant mist that evaporates directly underneath the 
brain and base of the skull. As blood passes through the cooling area, it reduces the temperature throughout the rest 
of the body. The current terrestrial variant of this system is called RhinoChill® by BeneChill, Inc. 
 
Administering nutrition and hydration via Total Parenteral Nutrition (TPN) requires use of an intravenous (IV) line 
and no additional equipment. 
 
Crewmembers will also have monitoring equipment similar to those seen in a normal hospital setting to monitor 
their vital signs while in the Torpor state. 
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very low and that it is not always being released. It is only used when the body temperature starts to rise and exceed 
the target temperature range. 
 
Many researchers have noted that the procedure may cause an oppressive feeling due to the high volume of 
circulating air and that it is only suitable in sedated patients. With high flow systems the large amount of dry air was 
noted to cause stinging and dryness of the nasal mucosa during initiation, but this was temporary and counteracted 
by either moisturized air or lubricant when placing the tubes. 
 
[M.10] How do you prevent corneal stenosis? 
 
Corneal stenosis is a disorder of the eyes characterized by damage or erosion to the outermost layer of cells of the 
eye. The condition is excruciatingly painful because the loss of these cells results in the exposure of sensitive 
corneal nerves. Corneal stenosis can occur in medical patients that are in a coma or other prolonged sleep state as the 
cornea tends to dry out the longer the eyelids are closed. Prevention of this condition includes ensuring that the air is 
humidified rather than dry, maintaining general hydration levels with adequate fluid intake, applying long-lasting 
eye ointments before starting the sleep cycle, and applying artificial tear drops under the inner corner of the eyelids 
before opening eyes upon waking. 
 
[M.11] Will the crew develop pressure sores due to lack of movement? 
 
Pressure ulcers (also known as decubitus ulcers or bedsores) are injuries to the skin or underlying tissue. They occur 
due to pressure applied to the tissue resulting in partial or complete blood flow blockage of the blood supply to soft 
tissue. Pressure ulcers most commonly develop in persons who are not able to move on their own. Fortunately these 
injuries are easily preventable and treatable if detected early. Primary prevention is to redistribute pressure by 
turning the patient regularly. In addition to turning and re-positioning, eating a balanced diet with adequate protein 
and keeping the skin free from exposure to contaminants is also helpful. 
 
In a microgravity environment crewmembers would have minimal pressure applied to the skin and soft tissue, which 
would greatly reduce the incidence and severity of pressure ulcers during a torpor state 
 
[M.12] Have any animals ever been tested?  
 
As noted above, Therapeutic Hypothermia and Total Parenteral Nutrition are medical procedures that are used in 
every major medical center in the United States.  They have been well studied in both animal and human 
investigative trials. Current human studies have shown the safety and medical benefit of Torpor for as long as 14 
days straight and as many as 5 repeat cycles. Prolonged Therapeutic Hypothermia resulting in Torpor greater than 
that has not been studied at this point and would need to be investigated further. 
 
[M.13] What about the increase in intracranial pressure? 
 
Microgravity-Induced Visual Impairment/Intracranial Pressure (VIIP) is of recent concern at NASA regarding long-
duration space missions. Although its exact cause is not known at this time, it is suspected that the low gravity space 
environment causes a fluid shift to �W�K�H�� �E�U�D�L�Q���� �7�K�L�V�� �F�D�X�V�H�V�� �D�Q�� �L�Q�F�U�H�D�V�H�� �L�Q�� �W�K�H�� �F�U�H�Z�P�H�P�E�H�U�¶�V�� �L�Q�W�U�D�F�U�D�Q�L�D�O�� �S�U�H�V�V�X�U�H��
(ICP) resulting in optic disc edema and globe eye flattening that can cause mild but persistent changes vision. NASA 
is currently looking at how to address this medical concern. 
 
Medically therapeutic hypothermia has remained a controversial issue in the debate concerning the management of 
elevated intracranial hypertension. It is not currently recommended as a standard treatment for increased intracranial 
pressure in any clinical setting. However, recent studies suggest that hypothermia can lower ICP and may improve 
patient outcomes. Hypothermia also appeared to be effective in lowering ICP after other therapies have failed. 
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[M.14] Is there a way to predict or prevent the medical side effects from occurring (while the crewmembers 
are in Torpor)? 
 
Patients that undergo Therapeutic Hypothermia do not all respond in the same physiologic manner. Some patients 
have a very strong shiver response that requires multiple large doses of sedation medications to control while others 
have only mild or no shivering response at all. Similarly, the effects on patient heart rate, blood pressure, 
coagulation factors, white blood cells and blood sugar are all widely variable. This would indicate that some patients 
are just better suited to handle the physiologic effects of TH than others. In addition, there is some evidence from 
patients that have undergone repeat cycles of Therapeutic Hypothermia that the body becomes accustomed to the 
physical changes that occur, resulting in decreased physiologic complications. 
 
Because of this it would be feasible to place all available astronauts from the mission pool under short test cycles of 
TH and identify which ones are least likely to have complications. In addition, crew members that were mission 
critical or had moderate to mild complications may be able to be conditioned for the Torpor state by undergoing 
short repeat cycles. 
 
Questions on the Mars Architecture          
 
[A.1] What if something goes wrong? 
 
We are considering emergency-wake procedures for the crew. The best rewarming process for TH patients is an 
ongoing area of research and study. Generally, a slower warming process that is on the order of a few hours is 
preferred. But, this dataset is based on patients that have experienced some traumatic injury. A combination of 
approaches including cessation of the cooling process, active warming, and injection of adenosine, for example, 
could permit acceleration of the emergency-wake procedure. 
 
Alternatively, we have evaluated an operational protocol that would have at least one crew member awake at all 
times and the remaining crew members on a 14-day torpor cycle. The impact to our baseline habitat mass for this 
approach is minimal to support this approach. 
 
[A.2] How do those in torpor respond to the short warnings on incoming radiation? 
 
Ultimately, we would plan to have the crew stasis pods shielding to be on par with a storm shelter. Since the surface 
area of these pods is fairly low, the parasitic shielding mass is tolerable.  
 
We are also looking at the option to surround the habitat with the liquid hydrogen being used for the trans-Earth 
injection (TEI) propulsive burn upon Mars departure. With this, the crew would have additional protection during 
the outbound trip to Mars and in the event of an aborted surface mission that leaves them in orbit. During the return 
segment, the shielding level would be reduced, however.  
 
With the mass savings provided by our approach, we can offer and afford radiation shielding levels that would 
�R�W�K�H�U�Z�L�V�H���E�H���S�U�R�K�L�E�L�W�L�Y�H���I�R�U���D�Q���µ�D�F�W�L�Y�H�¶���K�D�E�L�W�D�W���G�H�V�L�J�Q�� 
 
[A.3] What medical problems with torpor have been noted on Earth and how do we mediate them with the 
limited resources carried into space? 
 
There are several potential complications associated with Torpor. The most significant risks are increased risk of 
bleeding and increased risk of infection. In addition, TH can adversely affect several other physiologic processes. It 
should be noted that all of the complications listed below are rare, and can be completely corrected through 
autonomous systems and monitoring of crewmembers if needed. 
 
1. Torpor induces a mild coagulopathy (increased risk of bleeding).  With body temperatures below 35ºC, clotting 
factors operate more slowly and platelets function less effectively. As a result, some bleeding is seen in up to 20% of 
patients treated with TH, although bleeding that needs to be treated with medication is rarely seen even in trauma 
patients and blood transfusions are rarely required.  
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For a major external event like a meteor impact, we are considering emergency-wake procedures for the crew. The 
best rewarming process for TH patients is an ongoing area of research. Generally, a slower process that is on the 
order of a few hours is preferred. But, this dataset is based on patients that have experienced some traumatic injury. 
A combination of approaches like cessation of the cooling, active warming, and injection of adenosine, for example, 
could permit acceleration of this process. 
 
Alternatively, we have evaluated an operational protocol that would have at least one crew member awake at all 
times. The remaining crew members would be on 14-day torpor cycles. For this case, the impact to our baseline 
habitat mass is minimal to support this approach. 
 
[P.6] What do we know about the human digestive system not working for that long of a time? 
 
There are many groups of medical patients, including preterm infants, coma patients, and cancer patients that 
undergo long periods of TPN use as their only source of nutrition.  As a result, doctors have long had concerns over 
the affects of TPN and its long term affect on the human digestive system. Thirteen different studies have been 
conducted on over 400 infants and children between the ages approximately 4 months to 17 years old, and almost 
100 healthy adults control subjects to identify complications such as gastrointestinal bacterial overgrowth and sepsis, 
impaired immune functions, overall mortality including bowel or stomach perforation, intestinal villous atrophy, and 
the effects of TPN on gut mobility.  Based on this literature there is no evidence suggesting that TPN promotes 
bacterial overgrowth, impairs neutrophil functions, inhibits blood's bactericidal effect, causes villous atrophy, or 
increases the risk of death due to gastrointestinal complications. The hypothesis of a negative effect of TPN, while 
commonly cited by many doctors, was also unproven in these studies.  
 
The most common complication that can occur in adults from prolonged TPN use is a complication after returning 
to normal food called "refeeding syndrome". "Refeeding syndrome" is a complication in patients that have gone 
without food for a long period time (usually greater than 5 days). When food is reintroduced to the patient they can 
have rapid disturbances in their electrolyte levels, causing complications with their body chemistry. This is a rare 
complication with TPN and can be easily prevented with the proper re-introduction of oral food and the proper 
monitoring and correction of the person's electrolytes. 
 
�>�3�����@���:�K�D�W���D�U�H���\�R�X���G�R�L�Q�J���I�R�U���*�D�O�D�F�W�L�F���&�R�V�P�L�F���5�D�\�����*�&�5�����V�K�L�H�O�G�L�Q�J���D�Q�G���S�U�R�Y�L�G�L�Q�J���D���µ�V�D�I�H���S�O�D�F�H�¶���I�R�U���W�K�H���F�U�H�Z�" 
 
The NASA DRA 5.0 architecture design does not include a dedicated storm shelter or any parasitic radiation 
protection shielding for the crew. To enable a direct comparison of the torpor-system, we have made similar 
assumptions with our baseline design. 
 
However, with the significant mass savings we are obtaining, we have the system mass margin to now include 
additional shielding for the crew. Not only can we add additional shielding, we only have to protect a smaller 
volume inhabited by the crew. Thus, we can increase safety and wellness for the crew and still reduce the IMLEO 
for the architecture. 
 
[P.8] Are you considering the use of any artificial gravity? 
 
Yes. While DRA 5.0 baseline was a zero-G architecture, we have developed a habitat configuration that would 
easily permit inducing an artificial gravity field. While the radius of rotation in this habitat is fairly small, less than 
3-meters, with the crew in an unconscious state we do not have to be concerned with the typical issues of 
uncomfortable gravity gradients or Coriolis effects. If we are going to have an active crew member, we would need 
a slightly more complex design that would have a larger radius. 
 

 
Please submit any additional questions to: spacetorpor@sei.aero 
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5.2.3.  Configuration Layout 
 
The subsystem packaging and layout for the torpor habitat is shown in Figure 15. The view is a top-down view. 
Each box represents the equivalent volume of a single ISS Standard Payload Rack. The row of boxes across the top 
and bottom represent the overhead and deck compartments respectively. 
 
At the center of the habitat are the six torpor compartments. Immediately above and below the crew are the required 
crew consumables and robotic arm assembles. The aft third of the habitat is devoted to the ECLSS oxygen 
generation and water production facilities. The forward third of the habitat is devoted to the other supporting 
subsystems. Components that feed into one another (e.g. CDRA to CReA to OGA, UPA to WPA, etc.) are placed 
either adjacent or near to one another to minimize plumbing, ventilation, and power cabling. 
 
 

 
Figure 15. Baseline Torpor-Enabled Habitat Subsystem Packaging 
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As seen in Figure 17, the size of the crew compartment has been minimized; it is designed solely to support the crew 
in a torpor state, not to serve as contingency habitable volume. It also only carries consumables for the outbound and 
return flights, not for the on-orbit contingency stay at Mars.  
 
As with the baseline habitat configuration, each crew member is allocated an individual torpor compartment, which 
each contain all of the subsystems required to support the crew during the mission. The vision habitat contains a 
single robotic manipulator arm in the deck that can reach to all six crew members.  
 
The Vision Habitat shares all of the ECLSS technology assumptions with baseline torpor habitat, using a closed-
loop oxygen production system and closed-loop water recovery system. As with the baseline torpor-enabled habitat, 
crew nutrition is provided intravenously as TPN, so there is no need for a galley. 
 
Though significantly smaller in size, the vision torpor-enabled habitat has similar power requirements as the 
baseline because it carries all of the same crew-specific subsystems. The Vision Habitat requires 15-kWe average 
power, compared to 17-kWe for the baseline habitat. 
 

5.3.2. Size and Mass Comparison with NASA DRA 5.0 TransHab 
 
The Vision Habitat is significantly smaller in size compared to the voluminous DRA 5.0 habitat required to support 
the active crew of 6. Figure 18 provides a scale comparison of the two habitats along with key geometry dimensions. 
 
 

 
Figure 18. Size Comparison for DR5 5 TransHab vs. Vision Habitat 

 
Summary statistics for the baseline torpor-enabled habitat are shown in Table 9; a full mass breakdown statement is 
shown in Table 10. 
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Table 9. Vision Torpor Habitat Summary Metrics 

Parameter DRA 5.0 Reference Vision  Torpor Habitat 

Mission Configuration Mars Conjunction-class 
Avg. 200-days(out), 500-days(surface), 200-days(return) 

Crew Complement 6 6 
Dry Mass 27.5 t 11.1 t 
Consumables with Contingency 13.1 t 1.6 t 
Total Volume 500 m3 75 m3 
Habitable Volume 350 m3 8 m3 
Length  9.0 m 5.0 m 
Diameter (rigid) 4.3 m 4.3 m 
Diameter (inflated) 8.2 m - 

 
Table 10. Mass Estimates for Vision Torpor Habitat Design 

Item DRA 5.0 Reference 
(kg) 

Vision Torpor Habitat 
 (kg) Delta (%) 

Power System 5,840 2,870 -51% 
Avionics 290 280 -3% 
Environmental Control & Life Support 3,950 2,040 -48% 
Thermal Management System 1,260 770 -39% 
Crew Accommodations 4,210 790 -81% 
EVA Systems 870 0 -100% 
Structure 2,020 840 -59% 
Mass Growth Allowance (30%)  4,920 2,160 -56% 
Additional Spares  4,180 1,330 -68% 
Habitat Dry Mass  27,540 11,080 -60% 
Crew  560 560 - 
Total Consumables 13,080 1,620 -88% 
Total Mass  41,340 13,260 -68% 
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6. Architecture-Level Assessment 
6.1. Introduction 

 
The previous section outlined the mass savings predicted by incorporating torpor in the in-space transfer habitat for 
Mars missions. Reductions in habitat mass will directly impact Mars mission architectures by reducing the size of 
the propulsive stage(s) required for that habitat. In order to quantify these impacts, a full mission architecture 
analysis was performed.  
 
The NASA Design Reference Architecture 5.0 (DRA 5.0) is a 2009 study for a campaign of human space missions 
to the Martian surface in the 2�������V���� �,�W�� �L�V�� �1�$�6�$�¶�V�� �O�D�W�H�V�W�� �G�H�V�L�J�Q�� �U�H�I�H�U�H�Q�F�H�� �D�U�F�K�L�W�H�F�W�X�U�H�� �I�R�U�� �0�D�U�V�� �P�L�V�V�L�R�Q�V���� �K�D�Y�L�Q�J��
evolved from earlier versions 1.0 through 4.0. Because of its public release and general visibility in the aerospace 
industry, the authors have selected DRA 5.0 as the baseline architecture for performing architecture-level 
assessments of the torpor-enabled habitat. 
 
In order to perform these assessments, parametric sizing models for the propulsive elements of the architecture were 
created, and anchored to the baseline DRA 5.0 architecture. The models allow the propulsive elements to be resized 
based on changes to the architecture payload masses, and predict the total IMLEO required to accomplish the 
mission. 
 
The baseline DRA 5.0 architecture is described in the next section; the results of the architecture assessment are 
discussed in subsequent sections. For each architecture assessment, the DRA 5.0 TransHab was replaced by a 
torpor-enabled habitat, and the propulsive elements were resized. In the case of the Vision Habitat, several other 
vehicle-level changes were enabled and incorporated. 
 

6.2. NASA DRA 5.0 Mars Architecture Overview (Non-Torpor) 

6.2.1. Overview 
 
The architecture involves the assembly of three separate in-space vehicles in Low Earth Orbit (LEO), two cargo 
Mars Transfer Vehicles and one crew Mars Transfer Vehicle (MTV). The payloads for these vehicles are shown in 
Table 11. 
 

Table 11. Mars Transfer Vehicle Payloads for DRA 5.0 

Mars Transfer Vehicle Payload 
Cargo 1 �x In-Situ Resource Utilization (ISRU) System 

�x Mars Ascent Vehicle 
Cargo 2 �x Surface Habitat 

�x Pressurized Rover 
Crew �x TransHab 

�x Orion 
�x Docking Module 

 
 
The concept of operations for DRA 5.0 is shown in Figure 19. Though not shown in the figure, each vehicle requires 
several heavy lift launches in order to deploy its propulsive and payload elements.  
 
The two cargo missions are shown in blue in Figure 19. The first cargo mission deploys the ISRU production system 
and Mars Ascent Vehicle directly to the Martian surface through aerobraking, aerocapture, and direct Entry, 
Descent, and Landing (EDL). The second cargo mission deploys the Surface Habitat and Pressurized Rover into 
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Mars orbit. For the purposes of this study, it is assumed that the cargo missions are unaffected by the inclusion of a 
torpor-enabled habitat, and are shown only for reference. 
 
The crew mission is shown in red in Figure 19. Once the crewed MTV is assembled in LEO, the crew is launched 
into LEO on a dedicated launch vehicle and rendezvouses with the MTV. The MTV departs directly from LEO and 
transfers the crew from Earth to Mars, where it enters Mars orbit for a rendezvous with the Surface Habitat. The 
crew uses the Surface Habitat to access the Martian surface, and uses this habitat as the primary surface base for the 
surface mission. At the end of the surface mission, the crew returns to Mars orbit using the Mars Ascent Vehicle, 
and transfers back to the TransHab on the crew MTV. The MTV departs Mars orbit and transfers the crew back to 
Earth. The crew uses the Orion vehicle to perform a direct entry into the Earth atmosphere. 
 
The baseline DRA 5.0 architecture assumed Nuclear Thermal Rocket (NTR) powered propulsive stages using liquid 
hydrogen (LH2) propellant. An alternative architecture with all-chemical propulsive stages using LH2 and liquid 
oxygen (LOX) propellants is also included in DRA 5.0 (Figure 19. shows the baseline NTR vehicles). 
 

 
Figure 19. DRA 5.0 Mission CONOPS Overview 

 

6.2.2.  Mission Performance Verification 
 
To perform the required mission-level architecture assessments, SpaceWorks first independently verified the 
interplanetary trajectory analysis published in DRA 5.0. The missions assumed in DRA 5.0 are conjunction-class or 
long-stay missions, which involve a ~ 200 day Earth-to-Mars outbound flight, ~500 day stay at Mars, and ~200 day 
Mars-to-Earth return flight. The missions have three primary propulsive maneuvers: Trans-Mars Injection (TMI) at 
Earth departure, Mars Orbit Insertion (MOI) at Mars arrival, and Trans-Earth Injection (TEI) at Mars departure. 
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Eight opportunities for conjunction-class missions occur between 2030 and 2046; the required propulsive change in 
�Y�H�O�R�F�L�W�\�� ���ß�9���� �I�R�U�� �W�K�H�� �7�0�,���� �0�2�,���� �D�Q�G�� �7�(�,�� �P�D�Q�H�X�Y�H�U�V�� �I�R�U�� �H�D�F�K�� �R�S�S�R�U�W�X�Q�L�W�\�� �L�V�� �S�U�H�V�H�Q�W�H�G�� �L�Q�� �’�5�$�� ���������� �7�K�H�� �D�X�W�K�R�U�V��
selected the 2035 and 2037 mission opportunities for independent assessment.  
 
Example trajectories during the 2035 and 2037 mission opportunities are shown in Figure 20. These trajectories 
�Z�H�U�H�� �J�H�Q�H�U�D�W�H�G�� �X�V�L�Q�J�� �W�K�H�� �6�S�D�F�H�:�R�U�N�V�� �6�R�I�W�Z�D�U�H�� �%�X�O�O�V�H�\�H���� �L�Q�W�H�U�S�O�D�Q�H�W�D�U�\�� �W�U�D�M�H�F�W�R�U�\�� �V�L�P�X�O�D�W�L�R�Q���� �7�K�H�� �I�O�L�J�K�W�� �W�L�P�H�V����
surface stay times, and arrival/departure dates for the example trajectory are all presented in the figure. 
 
 

 
Figure 20. Typical Mars Conjunction-class Mission Opportunities 

 
These example trajectories each represent a single mission solution of Earth and Mars arrival and departure dates; 
�P�D�Q�\���V�X�F�K���V�R�O�X�W�L�R�Q�V���H�[�L�V�W���Z�L�W�K�L�Q���W�K�H���J�L�Y�H�Q���R�S�S�R�U�W�X�Q�L�W�L�H�V�����,�Q���R�U�G�H�U���W�R���Y�H�U�L�I�\���W�K�H���U�H�T�X�L�U�H�G���S�U�R�S�X�O�V�L�Y�H���ß�9�V�����D�O�O���R�I���W�K�H��
�G�L�I�I�H�U�H�Q�W���V�R�O�X�W�L�R�Q�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G�����)�R�U���H�D�F�K���(�D�U�W�K���G�H�S�D�U�W�X�U�H���G�D�W�H�����W�K�H���P�L�Q�L�P�X�P���W�R�W�D�O���ß�9���V�R�O�X�W�L�R�Q�����L���H�����F�R�P�E�L�Q�D�W�L�R�Q��
of Mars arrival, Mars departure, and Earth arrival dates) was determined. The results of this analysis are shown in 
Figure 21. 
 
�7�K�H���V�R�O�L�G���F�R�O�R�U�H�G���O�L�Q�H�V���U�H�S�U�H�V�H�Q�W���W�K�H���F�D�O�F�X�O�D�W�H�G���ß�9���U�H�V�X�O�W�V���X�V�L�Q�J���%�X�O�O�V�H�\�H�����W�K�H���W�K�L�Q���G�D�V�K�H�G���O�L�Q�H�V���U�H�S�U�H�V�H�Q�W�H�G���W�K�H���ß�9��
results published in DRA 5.0. The thick dashed lines represent the associated mission times for the given mission 
�V�R�O�X�W�L�R�Q���� �)�R�U�� �W�K�H�� ���������� �R�S�S�R�U�W�X�Q�L�W�\���� �W�K�H�� �F�D�O�F�X�O�D�W�H�G�� �7�0�,���� �0�2�,���� �D�Q�G�� �7�(�,�� �ß�9�V�� �P�D�W�F�K�� �Y�H�U�\�� �Z�Hll with the published 
�U�H�V�X�O�W�V�����)�R�U���W�K�H�������������R�S�S�R�U�W�X�Q�L�W�\�����W�K�H���7�0�,���D�Q�G���0�2�,���ß�9�V���P�D�W�F�K���Z�H�O�O�����Z�K�L�O�H���W�K�H���F�D�O�F�X�O�D�W�H�G���7�(�,���ß�9�V���Z�H�U�H���O�R�Z�H�U���W�K�D�Q��
the published values. It is likely that the DRA 5.0 used a more conservative set of assumptions for this mission. 
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Figure 21. Mission Delta-Vs and Durations for Typical Mars Opportunities 
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6.3. Torpor-Enabled DRA 5.0 Mars Architecture with Baseline Habitat 

6.3.1. NTR-Propulsion 
 
The results of the mission architecture assessment using the baseline torpor habitat in place of the TransHab on the 
NTR-powered MTV are shown in Table 12. By using the baseline torpor habitat, the IMLEO is reduced by 90 t 
compared to the TransHab, or approximately a 25% mass savings. This translates into a reduction of an entire SLS 
launch, from 4 launches to 3 launches, in order to assemble the crew MTV. 
 

Table 12. Summary Metrics for DRA 5 vs. Baseline Torpor-Enabled NTR-Powered MTV 

Parameter DRA 5.0 Torpor-Enabled 
IMLEO 360 t 270 t 
Total Length 105 meters 94 meters 
Maximum Diameter 8.5 meters 8.5 meters 
Number Required SLS Launches 4 3 

 
 
A size comparison of the NTR-powered DRA 5.0 crew MTV and baseline torpor-enabled crew MTV is shown in 
Figure 22. The overall vehicle length is reduced from 105-m to 94-m. 
 
 

 
Figure 22. DRA 5 vs. Baseline Torpor-Enabled NTR-Powered MTV 
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6.3.2.  All-Chemical, LOX/LH2 Propulsion 
 
The results of the mission architecture assessment using the baseline torpor habitat in place of the TransHab on the 
all-chemical MTV are shown in Table 13. By using the baseline torpor habitat, the mission IMLEO is reduced by 
150 t compared to the TransHab or approximately 31% mass savings. This translates into a reduction of an entire 
SLS launch, from 5 launches to 4 launches, in order to assemble the crew MTV. 
 
 

Table 13. Summary Metrics for DRA 5 vs. Baseline Torpor-Enabled All-Chemical MTV 

Parameter DRA 5.0 Torpor-Enabled 
IMLEO 490 t 340 t 
Total Length 50 meters 40 meters 
Maximum Diameter 5.0 meters 5.0 meters 
Number Required SLS Launches 5 4 

 
A size comparison of the all-chemical DRA 5.0 crew MTV and baseline torpor-enabled crew MTV is shown in 
Figure 23. The reduced habitat mass allows for the elimination of an entire propulsive stage for this concept; the 
MOI and TEI stages, separate in the DRA 5.0 baseline architecture, can be combined. Furthermore, the reduction in 
overall stage mass allows the propulsive stages to be designed with four, rather than five, RL-10 B-2 engines each. 
All of these impacts will reduce overall mission cost and improve the viability of using an all-chemical architecture. 

 

 

Figure 23. DRA 5 vs. Torpor-Enabled All-Chemical MTV 
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