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1. Scientific Objectives 
Science Questions and Objectives 
The Orbiter Mission is part of the Mars Sample Return (MSR) campaign concept, which would provide the 
transportation of a prepackaged and sealed cache of samples back to Earth. The proposed science 
objectives are described in the MAX-C and MSR lander mission concept studies [1, 2]. Two mission 
considerations relate to science integrity: 

1. The sample cache should be kept below 20°C, except for a short period of time (one hour) after 
landing, where it could be allowed to rise to 50°C, with a goal of maintaining 20°C. This would be 
obtained passively both on the orbiter and the Earth entry vehicle (EEV). During free-flight, the 
orbiting sample (OS) container would always be around -50°C, so there would be no need to 
quickly capture it. Upon returning to Earth’s surface, the temperature rise would be the worst case 
due to heat soak-back from entry and the more significant ambient input of sitting in the sun. 
Reaching the EEV and putting it into a cooled vault within approximately one hour would mitigate 
the temperature rise and would also be desirable for planetary protection. 

2. Upon landing, shock should be kept to within 2,500 g’s. The samples would be constrained inside 
sample tubes to maintain sample stratification. Drop tests of the EEV test models at the proposed 
(decision pending) landing site, Utah Training and Test Range (UTTR), have demonstrated that 
the EEV energy-absorbing impact materials can meet this need. 

The Mars Returned Sample Handling (MRSH) element would have to ensure the same level of 
temperature control for the samples. Moreover, the samples would have to be kept isolated from 
terrestrial contaminants and each other. Standard methods of curation and clean handling common to 
semi-conductor, medical industries, and astromaterials curation/analysis would be applied.  

Science Traceability 
The science traceability matrix is not included in this report because there is no science planned for the 
Orbiter Mission. 
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2. High-Level Mission Concept 
Overview 
The Orbiter Mission is one of three missions comprising the proposed MSR campaign. Samples would be 
collected and cached by the first mission, MAX-C, preliminarily planned for a 2018 launch. A sample 
cache (two canisters for redundancy) would be left on the surface of Mars for possible later retrieval. The 
orbiter would be launched nominally in 2022 on a medium-class vehicle reaching Mars in ~9 months. The 
orbiter would insert into a highly elliptical orbit and aerobrake down to a 500 km circular orbit over 6–9 
months. The third mission of the proposed MSR campaign, the lander, would nominally be launched in 
2024, which would be the next opportunity to get to Mars. The orbiter would provide critical event 
coverage of the lander entry/descent/landing (EDL), and provide telecom relay for the proposed lander 
and its fetch rover dispatched to retrieve the sample cache. Approximately 6 months after lander arrival, 
the OS container would be launched by a Mars ascent vehicle (MAV) and the OS would be released in a 
500 km orbit comparable with the orbiter. This is all part of the Lander Mission concept. The orbiter would 
provide critical event coverage of the MAV ascent and OS release and capture. 

Using an optical camera, the orbiter would detect and track the OS, while maneuvering to rendezvous. 
The OS would be captured via a basket, sealed into an outer container, and placed in an EEV. Nominally, 
within ~3 months, the orbiter would leave Mars on a non-impact trajectory to Earth, and shortly before 
arrival, would target Earth, release the EEV, and then divert away from Earth. The EEV would enter and 
hard land at a recovery site to be determined (baselined to be UTTR, decision pending the National 
Environmental Policy Act [NEPA] process and agreement with the U.S. Air Force). This return trajectory 
and EDL sequence is similar to the Genesis and Stardust missions, except it would not have a parachute. 

The MRSH element would then be responsible for safe transport of the EEV to a sample receiving facility 
(SRF), where the hardware and samples would remain in quarantine until they are determined to be safe 
(either by their nature or sterilized). A testing protocol would be applied to the samples to determine if 
they are safe for release. This might take approximately one year and is considered part of the MRSH 
element. If the samples are determined to be non-hazardous to Earth’s biosphere, the samples would be 
released to a curation facility for safe keeping and distribution to the international science community. A 
nominal cost is included for such a facility, potentially part of the current NASA Johnson Space Center 
(JSC) curation facilities. While they are not costed in this study, options for conducting science in the SRF 
are being considered in the event the samples are not deemed safe to release.  

The orbiter was designed and costed by JPL’s Team X, assuming an in-house build. Alternatively, the 
orbiter could be built by an industry partner, or provided by ESA as part of an ongoing international 
partnership on Mars missions. The EEV most likely would be provided by NASA Langley Research 
Center (LaRC), the developers of the EEV to this point. MRSH would be implemented by NASA with 
potential help from other agencies for safe transport of the EEV. A new SRF is planned, but augmentation 
to an existing bio-safety level-4 (BSL-4) lab would be considered. Curation nominally would fall under the 
auspices of the existing Astromaterials Curation Laboratory at the NASA JSC, and could be part of the 
SRF. Although, not considered in this report, ESA could provide support or parallel facilities for MRSH. 

Concept Maturity Level 
Table 2-1 summarizes the NASA definitions for concept maturity levels (CMLs). The flight systems 
concept is at a maturity level of CML 4. 

The orbiter concept has been through several iterative Team X studies, and is mostly based on Mars 
orbiters currently flying. The EEV was brought to a detailed conceptual design by NASA LaRC in 2002, 
and the design is still judged to be valid and appropriate for the mission.  

The MRSH element is based on studies performed by three industrial teams in 2005, establishing and 
evaluating conceptual plans. This element is at CML 3. 
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Table 2-1. Concept Maturity Level Definitions 
Concept 

Maturity Level Definition Attributes 
CML 6 Final Implementation 

Concept 
Requirements trace and schedule to subsystem level, 
grassroots cost, V&V approach for key areas 

CML 5 Initial Implementation 
Concept 

Detailed science traceability, defined relationships and 
dependencies: partnering, heritage, technology, key 
risks and mitigations, system make/buy 

CML 4 Preferred Design Point Point design to subsystem level mass, power, 
performance, cost, risk 

CML 3 Trade Space Architectures and objectives trade space evaluated for 
cost, risk, performance 

CML 2 Initial Feasibility Physics works, ballpark mass and cost 
CML 1 Cocktail Napkin Defined objectives and approaches, basic architecture 

concept 

Technology Maturity  
The Orbiter Mission would use the heritage and experience from a decade of orbiters at Mars. The orbiter 
bus, per se, would have no new technologies. Rendezvous and capture at Mars would be new, but 
concerns are mitigated by the experience of the DARPA Orbital Express mission, which performed 
detection, rendezvous, and capture in Earth orbit under very similar conditions, and demonstration of a 
MSR capture basket concept on a zero-g aircraft campaign. While the required rendezvous components 
have heritage from prior programs, integration as a system would still be required. The capture system 
would still need further development and integration with the rendezvous system would need to be 
demonstrated to reach technology readiness level (TRL) 6 by Preliminary Design Review (PDR). 

Early development and testing of the EEV concept has taken the design far enough to mitigate concerns. 
The biggest challenge ahead is meeting the planetary protection requirements for a restricted Earth-
return mission (termed BPP). A PRA has indicated where development is needed, some of which has 
been satisfied by the EEV concept. While basic techniques have been demonstrated in labs, components 
for sealing, leak detection, and dust mitigation still need to be brought up to TRL 6. In addition, the design 
of the EEV needs to be refreshed and the system developed to the point that it could be flight tested, if 
needed, by PDR.  

Key Trades 
Many trade studies for MSR have been performed over the last decade. For the orbiter concept, main 
trades have included potential use of solar electric propulsion (which would not be mission enabling), a 
rendezvous location (500 km circular being a good match for the proposed MAV capability vs. deep-
space or high-altitude), direct entry at Earth (vs. returning to the Space Station or Earth orbit, neither of 
which meets the reliability needed for planetary protection), and passive optical rendezvous sensing 
(simple, reliable and adequate vs. active systems). 

Orbiter implementation approach details still have open trades, which would be resolved after selection of 
the implementer (a NASA center, industry, or the European Space Agency [ESA]). The largest looming 
trade is staging of the propulsion system, either after Mars Orbit Insertion (MOI), Trans-Earth Injection 
(TEI), or both. While these alternate staging designs have been analyzed (and result in lower launch 
mass), a single stage is baselined in this report as being the most conservative.  

The main trades of MRSH implementation would involve the SRF and curation facility. The SRF might 
either be a new stand-alone facility or an augmentation to an existing BSL-4 laboratory (budget assumes 
a new facility). The curation facility might either be part of the SRF or a new lab built in conjunction to 
existing NASA JSC curation labs (assumed in the budget). Potential partnership with ESA might lead to 
their support to either, or even provision of parallel labs. 
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3. Technical Overview 
Instrument Payload Description 
It is assumed there are no science instruments proposed for MSR Orbiter. 

Instrumentation for planetary protection (not science) sample hazard testing in the SRF is included in the 
cost provided by industry teams, as part of the facility.  

Flight System 
The description is divided into two flight systems—the orbiter bus with a rendezvous/capture subsystem 
and the EEV. 

Orbiter 
The series of Mars orbiters (Mars Global Surveyor [MGS], Odyssey [ODY], Mars Reconnaissance Orbiter 
[MRO]) over the last decade lay the foundation for the proposed MSR Orbiter, including bus subsystems, 
complex operations at Mars, aerobraking (needed to reduce fuel requirements), and telecomm relay for 
assets on the surface.  

The primary function of the orbiter would be to detect, rendezvous, and capture the OS, transfer the OS 
to an EEV, then target and release the EEV to Earth for entry. This would all need to be performed in a 
manner consistent with the planetary protection of Earth (discussed in the Planetary Protection section). 

Depending on whether there are adequate telecomm assets at Mars for critical event coverage and 
surface vehicle telecomm relay, the orbiter might need to provide this function, in which case it would 
have to be early in the mission sequence as baselined. The orbiter would have redundant Electra 
telecomm relay systems and an X-band Small Deep Space Transponder Earth link with a 2-axis gimbaled 
1 m high-gain antenna. Electra is the standard programmable radio that has flown on MRO. It has a 
highly sensitive broadband-receiving mode originally designed for monitoring a potential ultra-high 
frequency (UHF) beacon on the OS, which might be included for backup.  

Even with the benefit of aerobraking to reduce MOI propulsive requirements, fuel would comprise 
approximately two thirds of the orbiter’s mass because of the additional need to perform a TEI to return. A 
bi-propellant system would be utilized for efficiency, like MGS. Figure 3-1 shows the baseline orbiter 
concept developed by JPL’s Team X. While the baseline in this report assumes one EEV, the 
configuration shows accommodation of two. Table 3-1 provides a mass summary and Table 3-2 lists the 
proposed orbiter characteristics. The bulk of the configuration would be a large central hydrazine fuel tank 
with two outboard NTO oxidizer tanks. A reaction control system (RCS) for attitude control would use 
hydrazine only. Power would be provided by a single 4.3 m diameter Ultraflex solar array, and a second 
dummy (unpopulated) array would be added to provide additional cross-sectional area (more drag) to 
keep the aerobraking period within 6–9 months. Except for the payload (rendezvous hardware and EEV), 
all other subsystems would be standard heritage hardware, depending on the integrator (a NASA center, 
industry, or ESA). The specifics in this report assume JPL in-house implementation consistent with 
standard Team X study assumptions. The baseline design is redundant throughout.  
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Figure 3-1 Preliminary Orbiter Configuration 

 
Table 3-1. Orbiter Bus Mass and Power Estimates 

 Mass Average Power 

 
CBE  
(kg) % Cont. 

MEV 
(kg) 

CBE 
(W) % Cont. 

MEV  
(W) 

Structures & mechanisms 260.9 30% 339.2 - - - 
Orbiter launch vehicle adapter 22.6 30% 29.3 - - - 
Thermal control 28.1 27% 35.6 67 43% 96 
Propulsion (dry mass) 137.5 25% 171.9 69 43% 99 
Attitude control 29.0 21% 35.1 66 43% 94 
Command & data handling 20.4 30% 26.6 40 43% 57 
Telecommunications 29.1 13% 32.9 145 43% 207 
Power 98.8 30% 128.4 57 43% 81 
Cabling 33.0 30% 42.9 - - - 
System contingency - - 101.1 - - - 
Total Orbiter Dry Bus Mass 659.4 43% 942.9 444 43% 634 

 



 

MSR Orbiter Mission 6 

Table 3-2. Preliminary Orbiter Characteristics 
Flight System Element Parameters (as appropriate) Value/ Summary, units 

General  
Design life, months 5 years 
Structure  
Structures material (aluminum, exotic, composite, etc.) Primarily aluminum 
Number of articulated structures 1 HGA, 1 capture door, 

1 solar array, 2 
rendezvous sensor 

Number of deployed structures 2 solar arrays 
Thermal Control  
Type of thermal control used  Passive with heaters 
Propulsion  
Estimated delta-V budget, m/s 3,690 m/s 
Propulsion type(s) and associated propellant(s)/oxidizer(s) N2H4 + NTO 
Number of thrusters and tanks 4 x 890 N biprop main, 

16 x 0.7 N mono RCS, 1 
NTO tank, 2 N2H4 tanks 

Specific impulse of each propulsion mode, seconds 325 s main, 210 s RCS 
Attitude Control  
Control method (3-axis, spinner, grav-gradient, etc.). 3-axis 
Control reference (solar, inertial, Earth-nadir, Earth-limb, etc.) Flight vector 
Attitude control capability, degrees 505 arcsec 
Attitude knowledge limit, degrees 252 arcsec 
Agility requirements (maneuvers, scanning, etc.) 6.2 arcsec/sec stability 
Articulation/#–axes (solar arrays, antennas, gimbals, etc.) HGA 2DOF, one solar 

array 1DOF 
Sensor and actuator information (precision/errors, torque, momentum 
storage capabilities, etc.) 

0.5 deg sun sensors, 
6 arcsec star trackers, 

0.005 deg/hr MIMU 
Command & Data Handling  
Flight element housekeeping data rate, kbps Low 
Data storage capacity, Mbits 4 GB 
Maximum storage record rate, kbps 8 Mbits/s 
Maximum storage playback rate, kbps 8 Mbits/s 
Power  
Type of array structure (rigid, flexible, body mounted, deployed, articulated) Deployed UltraFlex 
Array size, meters x meters 15 m2 
Solar cell type (Si, GaAs, multi-junction GaAs, concentrators) GaAs 
Expected power generation at beginning of life (BOL) and end of life (EOL), 
watts 

1257 W BOL,  
1124 W EOL 

On-orbit average power consumption, watts 634 W 
Battery type (NiCd, NiH, Li-ion) Li-ion 
Battery storage capacity, amp-hours 96 A-Hr 

 







 

MSR Orbiter Mission 9 

Table 3-3. Earth Entry Vehicle Mass and Power Estimate 
 Mass Average Power 
 CBE  

(kg) % Cont. 
MEV 
(kg) 

CBE 
(W) % Cont. 

MEV  
(W) 

Structures and mechanisms 16.5 43% 23.6 - - - 
Thermal control 0.4 43% 0.6 - - - 
Thermal protection system (TPS) 15.7 43% 22.5 - - - 
Range beacons 0.1 43% 0.2 - - - 
Sensors and cables 0.3 43% 0.4 - - - 
Total EEV Dry Mass 33.0 43% 47.2 - - - 

Mars Returned Sample Handling Concept 
MRSH denotes the “ground segment” of the proposed MSR mission, i.e., the activities occurring after 
landing of the sample return capsule on Earth. The most recent National Research Council (NRC) study, 
Assessment of Planetary Protection Requirements for Mars Sample Return Missions [6], as well as 
previous studies referenced therein, included high-level recommendations for MRSH. Discussion of the 
ground segment of MSR often emphasizes the planetary protection aspects, which take the form of 
policy. However, the ground segment represents a broad multifaceted element of MSR, and would 
include landing site operations, Earth surface transportation, the SRF (one or more), and curation (e.g., 
the formal record-keeping, storage, protection, and distribution) of the samples over time (Figure 3-4).  

After landing, MSR would require that the whole EEV be put in a quarantine vault with cooling (to 
maintain sample integrity) as soon as possible, and be securely transported to the SRF.  

The SRF represents the facility and processes that would be needed to 

• Handle the samples (and vehicle) in a manner as if they are potentially hazardous materials 

• Keep the samples isolated from Earth-borne contaminants 

• Apply a rigorous protocol to determine if there is any hazard in potentially releasing samples to 
other laboratories outside the facility 

The NASA Planetary Protection Officer commissioned the development of a draft test protocol that would 
represent one “necessary and sufficient” approach to evaluate the safety of the samples while 
safeguarding the purity of the samples from terrestrial contamination. A Draft Test Protocol for Detecting 
Possible Biohazards in Martian Samples Returned to Earth was published in October 2002 [7]. In 2003, 
three architectural design teams independently examined the scope, approach, cost, and technology 
required for the SRF, using the Draft Test Protocol for requirements. The approaches varied from all-
robotic handling of samples to more traditional glove box implementations. The studies indicated that the 
principles and techniques required are generally mature. Biosafety laboratories, the NASA Lunar Sample 
Facility, pharmaceutical laboratories, and electronic fabrication cleanrooms perform most of the required 
individual functions. However, there are some areas needing early development, such as ensuring 
sample preservation and bio-safety together, representing new challenges that were addressed by 
techniques like dual-walled containers (and gloves) with positive pressure clean inert gas in between the 
walls. This, as well as some further development in ultra-clean sample manipulation, safe and pure 
transport of samples, and sample sterilization techniques, are planned in the technology program. 

Future studies would explore the possibility of implementing an SRF at or adjacent to an existing BSL-4 
facility since containment at BSL 4 is consistent with MSR’s containment requirements. However, BSL 
facilities do not have and do not meet science contamination requirements that would be imposed on a 
sample returned from Mars. For that reason, MSR mission cost estimates assume the development of a 
new facility. In addition, if MSR becomes an international program, there likely would be interest in more 
than one SRF.  
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Table 3-4. Mission Design Concept 
Parameter Value Units 

Orbit parameters (apogee, perigee, inclination, etc.) 500 km circular 
orbit, within  

+/-30 deg incl. 

– 

Mission lifetime 5 years 
Maximum eclipse period 42 minutes 
Launch site CCAFS – 
Total orbiter mass with contingency 943 kg 
Total EEV with contingency 47 kg 
Propellant mass without contingency 1,573 kg 
Propellant contingency 45 % 
Propellant mass with contingency 2,280 kg 
Launch adapter mass with contingency  
(included in orbiter mass) 

30 kg 

Total launch mass 3,270 kg 
Launch vehicle Atlas 551 type 
Launch vehicle lift capability 4,770 kg 
Launch vehicle mass margin 1,500 kg 
Launch vehicle mass margin (%) 31 % 

 

Table 3-5. Comparitive Mission Parameters 

Launch 
Year Type 

C3 
(km2/sec2) 

Atlas 551 
Capability (kg) 

Max MOI 
(km/sec) 

Return* 
TEI Depart (km/sec) 

Next Skipped 
2018 I 9.8 5,300 1.2 2.5 2.5 
2020 I 14.3 4,900 1.1 2.5 2.2 
2022 II 15.9 4,770 1.1 2.2 2.0 
2024 II 12.1 5,100 0.9 2.0 2.0 
2026 II 10.5 5,250 1.0 2.0 1.9 
2028 II 10.4 5,260 1.2 1.9 2.0 

*Next opportunity ~2 years after launch; skipped ~4 years after launch. 
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Planetary Protection 
The orbiter must meet the requirements for Category III (forward planetary protection). This level of 
requirements has been implemented in all past Mars orbiters, with procedures like trajectory biasing, 
analysis, and selected bake-out of subsystems, all included in the cost. 

The main challenge for the proposed Orbiter Mission would be to meet the BPP requirements of Category 
V, restricted Earth return. Preventing contamination of Earth by potentially bio-hazardous Martian material 
would require highly reliable sample containment and ultra-safe entry and landing on Earth, as well as 
breaking-the-chain-of-contact with Mars in a way that would preclude return of Mars organisms outside of 
the sample containment. The current MSR architecture and plans reflect these implementation features, 
and the MSR technology program includes continued development of capabilities not yet fully 
demonstrated as outlined in the Technology Development Plan section. A PRA has been used to guide 
selection of techniques and will continue to be updated as trades and technology alternate paths are 
selected.  

Breaking-the-chain-of-contact has several features to it, including ensuring that the samples would be 
sealed in a reliable container. Nominally, the OS would be sealed into a container that would be brazed 
shut at the orbiter. In addition, there cannot be any Mars organisms outside the sealed container that 
could return to Earth. This could be implemented by minimizing Mars dust transfer from the MAV by 
keeping it in a non-contaminated cocoon, shedding atmospheric dust during launch, and allowing time for 
the OS to be in free-space before contact with the orbiter. The equipment deck of all the capture and 
transfer hardware could be ejected prior to leaving Mars if analysis determines it necessary. The EEV 
would be in a biobarrier, which would also provide micrometeoroid protection. A belt-and-suspenders 
approach is planned, diverting the orbiter into a non-Earth impact trajectory and designing the EEV so 
that all external surfaces reach sterilization temperatures upon entry.  

Risk List 
Table 3-7 lists the top mission and implementation risks for the proposed Orbiter Mission and MRSH. 
Figure 3-6 correlates the likelihood and impact on a 5x5 risk matrix (with risk level color coding of green = 
low, yellow = medium, and red = high). Table 3-8 is a key to risk assessment. 
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Table 3-7. Top Risks for the Proposed Orbiter Mission and MRSH 
Risk Level Description Impact Likelihood Mitigation 

1. Lander is late 
in delivery of 
the OS for 
rendezvous. 

M If the rendezvous is not 
completed in time for planned 
Earth return, the return would 
be delayed by 2 years.  

5 2 Carry the fuel to 
support a 2 or 
more year slip in 
return. 

2. OS capture 
difficulties might 
require several 
attempts. 

M Each attempt uses fuel and 
ultimately might cause 
delayed return. 

5 2 Carry the fuel to 
support such 
difficulties. 

3. Difficulty in 
meeting the 
restricted Earth-
return planetary 
protection 
requirements. 

M Some technologies are still 
needed to support the series 
of statistical mitigation factors. 
A statistically satisfactory 
solution set is needed for 
launch approval. The mission 
could be delayed until 
resolved and the design could 
become more complex. 

4 3 Parallel solutions 
are being pursued 
in the technology 
program, targeting 
completion by 
PDR. A PRA is 
used to guide 
choices.  

4. The NEPA 
process delays 
the start of the 
SRF.  

L The NEPA process has 
realized delays in BSL-4 
facilities, and the same could 
happen with the SRF. The 
mission would be delayed 
until the SRF is near 
complete. 

2 2 Build in additional 
schedule to 
accommodate as 
much as a 2-year 
delay. The 
schedule as 
costed has 
conservatism built-
in. Return could 
be delayed by 2 
years if needed. 

 

     

     

   3  

 4   1, 2 

     

 

 

 

Figure 3-6. 5 x 5 Risk Matrix  
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Table 3-8. Risk Level Definitions 

Levels 
Mission Risk Implementation Risk 

Impact Likelihood of 
Occurrence Impact Likelihood of 

Occurrence 

5 

Mission failure Very high, 
~10% 

Consequence or 
occurrence is not 
repairable without 
engineering (would 
require >100% of margin) 

Very high, ~70% 

4 

Significant reduction 
in mission return 
(~10% of mission 
return still available) 

High, ~5% All engineering resources 
will be consumed (100% 
of margin consumed) 

High, ~50% 

3 

Moderate reduction 
in mission return 
(~50% of mission 
return still available) 

Moderate, ~1% Significant consumption of 
engineering resources 
(~50% of margin 
consumed) 

Moderate, ~30% 

2 

Small reduction in 
mission return 
(~90% of mission 
return still available) 

Low, ~0.5% Small consumption of 
engineering resources 
(~10% of margin 
consumed) 

Low, ~10% 

1 

Minimal (or no) 
impact to mission 
(~99% of mission 
return still available) 

Very low, 
~0.1% 

Minimal consumption of 
engineering resources 
(~1% of margin 
consumed) 

Very low, ~1% 
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4. Development Schedule and Schedule 
Constraints 

High-Level Mission Schedule 
Figure 4-1 shows the development schedule for the proposed Orbiter Mission (planned for launch in 
2022) and the proposed SRF, which is the core of MRSH. It also shows an early NEPA process (with 
Notice of Intent [NOI] milestones) necessary to ensure adequate time to support return of samples in 
2027. Table 4-1 lists the duration of key phases of proposed Orbiter Mission development. 

 
Figure 4-1. Development Schedule for the Proposed Orbiter Mission 
and MRSH 

Table 4-1. Proposed Key Phase Duration 
Project Phase Duration (Months) 

Phase A – Conceptual Design 17 months 
Phase B – Preliminary Design 10 months 
Phase C – Detailed Design 22 months 
Phase D – Integration & Test 18 months 
Phase E – Primary Mission Operations 63 months 
Phase F – Extended Mission Operations None 
Start of Phase B to PDR 8 months 
Start of Phase B to CDR 20 months 
Project total funded schedule reserve Built in to schedule (~1 month/year) 
Total development time Phase B–D 50 months 
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Technology Development Plan 
Three areas require technology development: 1) rendezvous and capture, 2) BPP, including the EEV, and 
3) technologies for handling samples in the SRF.  

All three areas will be developed over about a 4-year period leading to TRL 6 by PDR as indicated in the 
development schedule above. The cost for technology development is included and identified as a line 
item in the overall mission and MRSH costs listed in Table 5-1.  

Rendezvous and Capture 
The following tasks are planned: 

• Combine a version of the OpNav camera flying on MRO with a ST-6 Draper ISC package for a 
complete autonav system. 

• Select and integrate autonav algorithms proven on Orbital Express, DS-1, and Deep Impact. 

• Develop a simple light source for proximity operation during eclipse. 

• Develop a UHF beacon and power source for the OS (bird collar and solar cell hardware) 

• Perform further refinement, trades, and testing of the capture system. 

• Integrate hardware in the loop testing.  

Except for the UHF beacon, enough work has been done to lend confidence that the tasks would be 
successful. The beacon for the OS is optional, but would provide some measure of backup in locating the 
OS. It would not be enabling. 

Back Planetary Protection 
BPP would require a complex and many-faceted approach and an end-to-end solution to meet the 
stringent restricted-Earth-return planetary protection requirements. .Systems engineering and PRA 
analysis would overlay these activities to provide the proper guidance and decision-making process that 
would lead to successfully development.  

Specific tasks preliminarily planned (plan will be kept flexible) are: 

• Develop sealing techniques for the OS. Explosive welding and brazing have been demonstrated 
at TRL 3–4. This work needs to continue and be down-selected within the first 2 years. 

• Study and develop dust mitigation techniques. There are several techniques available, but 
analysis still needs to be performed to down-select. 

• Develop a leak detection (preferably wireless) technique to ensure that the OS is not 
compromised. Preliminary proof of concept has demonstrated via a Small Business Innovation 
Research (SBIR) task in 2005.  

• Select materials for the OS, CV, and EEV to ensure meteoroid protection (and landing protection) 
with high probability. Initial considerations are aluminum with high-density foam OS, rubberized-
Kevlar “bag” CV, high density foams, and removable EEV meteoroid shields. In addition, 
detection of shield penetration could be used. Multiple solutions are available, but they need to be 
developed far enough in the first 1.5 years to be down-selected for further testing. Hyper-velocity 
testing of the Kevlar CV materials have been performed in the past but stopped prematurely due 
to loss of funding.  

• Refresh the EEV design, test existing TPS, and put developmental models through a variety of 
testing by PDR. 
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Mars Returned Sample Handling  
The main challenge for MRSH would be sample cleanliness while ensuring containment. A few areas 
need more development—double-walled containment vessels, rapid transfer ports, and double-walled 
gloves. In addition, robotics for sample manipulation and common carriers need to be developed. While 
these areas are not new to industry, they need tailoring to meet MRSH purposes. In addition, sterilization 
techniques need to be further studied and developed. 

Development Schedule and Constraints 
There is nothing unusual about the proposed Orbiter Mission that would indicate schedule issues at this 
point of planning. Care has been taken to adequately plan technologies and advanced development (i.e., 
with the EEV) to be completed prior to PDR.  

Launch opportunities occur roughly every 26 months; thus, if the spacecraft was not ready for launch, a  
2-year slip would occur.  
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5. Mission Life-Cycle Cost 
Costing Methodology and Basis of Estimate 
The proposed Orbiter Mission design and cost is provided by JPL’s Team X using their quasi-grassroots 
process. Combinations of grassroots, parametric analysis, and analogy models are used by each of the 
discipline chairs representing their implementing organizations. These models have been validated 
against actual costs of prior JPL missions.  

The Team X study was performed in October 2009. Costs have been modified to meet the Decadal 
Survey guidelines of 50% reserves for development (Phases A–D) and 25% for operations (Phase E).  

The EEV costs dates back to 2002, when NASA LaRC last completed a grassroots cost estimate based 
on their mature concept.  

All cost have been inflated to fiscal year (FY) 2015 dollars as requested by the Decadal Survey.  

Launch vehicle cost is as specified in the Decadal Survey ground rules for mission studies. 

MRSH cost estimates have 50% reserves, and are based on results of industry studies (described in 
Appendix D). 

Technology development costs are based on estimates from the potential implementing organizations at 
JPL and other NASA centers, and have 50% reserves. 

Cost Estimates 
Table 5-1 summarizes the total mission costs for the proposed Orbiter Mission, and the cost estimate for 
MRSH through two years of operations for testing the sample before potential release. 
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Appendix A. Acronyms 
BOL beginning of life 

BPP back planetary protection 

BSL bio-safety level 

CBE current best estimate 

CML concept maturity level 

DARPA Defense Advanced Research 
 Projects Agency 

DOD Department of Defense 

DOE Department of Energy 

DSN Deep Space Network 

EDL entry/descent/landing 

EEV Earth entry vehicle 

EOL end of life 

ESA European Space Agency 

FY fiscal year 

HGA high gain antenna 

ISC Inertial Stellar Compass 

JSC Johnson Space Center 

KSC Kennedy Space Center  

LaRC Langley Research Center 

MAV Mars ascent vehicle 

MEL master equipment list 

MEV maximum expected value 

MOI Mars Orbit Insertion 

MRSH Mars Returned Sample Handling 

MSR Mars Sample Return 

NEPA National Environmental Policy Act 

OS orbiting sample 

PDR Preliminary Design Review 

PRA probabilistic risk assessment 

RCS  reaction control system 

RY real year 

SBIR Small Business Innovation 
 Research 

SEP solar electric propulsion 

SRF sample receiving facility 

TEI Trans-Earth Injection 

TRL technology readiness level 

UHF ultra-high frequency 

UTTR Utah Test and Training Range 
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Appendix C. Orbiter Master Equipment List 
from Team X Study 
 

 

Component Flt Units CBE/Unit 
(kg/unit) CBE (kg) Cont. CBE + Cont. 

(kg)

Sun Sensor 1 14 0.01 0.06 10% 0.07
Star Tracker 1 2 1.48 2.95 30% 3.84
IMU 1 2 4 8 5% 8.4
Electronics 1 3 0.99 2.97 10% 3.27
OpNav Camera Assembly (Hardware Only) 2 7.5 15 30% 19.5
OpNav Algorithms and Software 1 0 0 0% 0
Shielding: 1 0 0 0% 0

Processor:  MSAP Enhanced SFU (3U)  133MHz 2 0.55 1.1 30% 1.43
Memory :  MSL NVM / Camera Card (NR) 2 1.2 2.4 30% 3.12
Telecom I/F:  MSAP MTIF Card (6U) 2 0.77 1.54 30% 2
General I/F # 1:  MSAP SIA Card  (6U) 2 0.8 1.6 30% 2.08
General I/F # 2:  none (4000) 2 0 30% 0
Custom/Special Function Board #1:  CRC Card (NR) 2 0.4 0.8 30% 1.04
CDS Backplane:  MSAP Backplane 2 0.9 1.8 30% 2.34
CDS Chassis:  MSAP Chassis 203x272x204 -9 cards 2 4 8 30% 10.4
CDS Power Supply:  MSAP PCC DC -DC Converter:  5 
V, 3.3V and +/-12V. 2 0.8 1.6 30% 2.08

MREU:  MSAP Analog/Discrete MREU 2 0.8 1.6 30% 2.08

Solar Array 1 20.17 20.17 30% 26.22
Li-ION (Secondary Battery) 3 19.2 57.6 30% 74.88
Chassis 1 6.37 6.37 30% 8.28
Array Segment Switches* Boards 1 0.8 0.8 30% 1.04
Load Switches Boards 2 0.8 1.6 30% 2.08
Thruster Drivers* Boards 4 0.8 3.2 30% 4.16
Pyro Switches* Boards 2 0.8 1.6 30% 2.08
Houskeeping DC-DC Converters* Boards 2 1 2 30% 2.6
Power/Shunt Control* (Pwr Bus Ctrl) Boards 1 1 1 30% 1.3
Battery Control Boards 3 0.8 2.4 30% 3.12
Diodes* Boards 1 0.4 0.4 30% 0.52
Shielding 1 1.66 1.66 30% 2.16

Attitude Determination and Control System

Command and Data System

Power
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Component Flt Units CBE/Unit 
(kg/unit) CBE (kg) Cont. CBE + Cont. 

(kg)

Gas Service Valve 4 0.23 0.92 2% 0.94
HP Latch Valve 6 0.35 2.1 2% 2.14
Solenoid Valve 4 0.35 1.4 2% 1.43
HP Transducer 2 0.27 0.54 2% 0.55
Gas Filter 2 0.11 0.22 2% 0.22
Temp. Sensor 4 0.01 0.04 2% 0.04
Liq. Service Valve 2 0.28 0.56 2% 0.57
Test Service Valve 2 0.23 0.46 2% 0.47
LP Transducer 8 0.27 2.16 2% 2.2
Liq. Filter 2 0.72 1.44 2% 1.47
LP Latch Valve 8 0.35 2.8 2% 2.86
Temp. Sensor 20 0.01 0.2 2% 0.2
Lines, Fittings, Misc. 1 3.6 3.6 50% 5.4
DM Monoprop Thrusters 2 16 0.17 2.72 10% 2.99
Biprop Main Engine 4 8.65 34.58 20% 41.5
Fuel Pressurant Tank 1 8.99 8.99 30% 11.68
Ox Pressurant Tank 1 6.52 6.52 30% 8.48
Fuel Tanks 2 18.94 37.88 30% 49.25
Oxidizer Tanks 1 30.39 30.39 30% 39.51

Primary Structure 1 145.7 145.7 30% 189.41
Secondary Structure 1 19.1 19.1 30% 24.83
Solar Array Drive Assemblies 1 4.7 4.7 30% 6.11
Solar Array Latch/Release + Booms 1 2.5 2.5 30% 3.25
Antenna Gimbal Assemblies 1 6.7 6.7 30% 8.71
Sample Capture and Transfer (Struc & Mech) 1 67 67 30% 87.1
Aerobraking Panel 1 8.6 8.6 30% 11.18
Balance Mass 1 6.59 6.59 30% 8.57
Cabling Harness 1 32.97 32.97 30% 42.86
Adapter, Spacecraft side 1 22.57 22.57 30% 29.34

X/X-HGA 1.0m diam Parabolic 1 1.8 1.8 20% 2.16
X-LGA (8dB) Cassini 2 0.2 0.4 20% 0.48
UHF-LGA MSL Helix 1 0.56 0.56 10% 0.62
SDST X-up/X down 2 2.7 5.4 10% 5.94
Electra 2 5.1 10.2 10% 11.22
X-band SSPA, RF=15W* 2 1.5 3 10% 3.3
X-band Diplexer, high isolation 2 0.8 1.6 10% 1.76
Waveguide Transfer Switch (WGTS) 2 0.38 0.76 10% 0.84
Coax Transfer Switch (CXS) 3 0.13 0.39 10% 0.43
Hybrid Coupler 1 0.02 0.02 10% 0.02
X-band Rotary Joint 2 0.25 0.5 10% 0.55
Filter, low power 1 0.2 0.2 20% 0.24
Coax Cable, flex (190) 8 0.16 1.31 25% 1.64
WR-112 WG, rigid (Al) 6 0.43 2.58 25% 3.23
Coax Cable, flex (120) 5 0.09 0.42 25% 0.53

Structures

Telecomm

Propulsion
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Component Flt Units CBE/Unit 
(kg/unit) CBE (kg) Cont. CBE + Cont. 

(kg)

Multilayer Insulation (MLI) 32 0.38 12 30% 15.6
General 38.325562 0 0 0% 0
   Paints/Films 10 0.09 0.86 30% 1.12
General 1 0.84 0.84 0% 0.84
   Isolation (G-10) 200 0 0.86 30% 1.12
Custom 30 0.05 1.5 30% 1.95
Propulsion Tank Heaters 6 0.1 0.6 20% 0.72
Propulsion Line Heaters 20 0.1 2 15% 2.3
Thermistors 60 0.01 0.6 10% 0.66
Mechanical 30 0.05 1.5 30% 1.95
Other Components 6 0 0 0% 0
OS Capture - MLI 10 0.5 5 30% 6.5
OS Capture - Cond Iso 6 0.1 0.6 30% 0.78
OS Capture - Surf 5 0.05 0.25 30% 0.33
OS Capture - Htrs 10 0.02 0.2 30% 0.26
OS Capture - Thermostats 20 0.02 0.3 15% 0.35
OS Capture - Temp Sensors 50 0.02 1 10% 1.1

Thermal

 
 

 



 

MSR Orbiter Mission 26 

Appendix D. Sample Receiving Facility 
Planning Article 
The following article “Planning Considerations for a Mars Sample Receiving Facility: Summary and 
Interpretation of Three Design Studies” provides a comprehensive overview of the SRF design studies, 
including cost and background. 

Reprinted with permission from Beaty et al., “Planning Considerations for a Mars Sample Receiving 
Facility: Summary and Interpretation of Three Design Studies,” Astrobiology 9(8): 745–758, 2009, Mary 
Ann Liebert, Inc., publishers, www.liebertpub.com/ast. 
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