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· Any part or all of the small Lunar payload guide is subject to change. NASA reserves the right to select none 
· All teams will have to quantify if (or how much) they can meet of the specifications detailed below.  

Environmental Monitoring and Lunar Prospecting: Priority measurements for the Moon have been documented in several reports and presentations that are publically-available (links included below).  The Small Lunar Payload Challenge specifically is soliciting proposals for technology developments that address the lunar resource potential or the lunar environment.  Proposers should pay close attention to the information contained in the documents below to ensure that their proposals target high-priority measurements (e.g. determining the availability of water in the top 1-2 m of regolith, measuring mineral composition, providing an immediate alert system for an impending SEP event) 

Useful References and Links to help with Science Rationale:
https://www.nasa.gov/exploration/library/skg.html
https://solarsystem.nasa.gov/resources/598/vision-and-voyages-for-planetary-science-in-the-decade-2013-2022/
https://www.nap.edu/catalog/11954/the-scientific-context-for-exploration-of-the-moon
https://www.lpi.usra.edu/leag/reports/ASM_SAT_Interim_Report_2-18-2018%20(2).pdf
https://www.lpi.usra.edu/leag/reports/NEXT_SAT_REPORT%20(1).pdf
https://www.lpi.usra.edu/lunar_resources/documents/ISRUFinalReportRev15_19_05%20_2_.pdf
https://www.nasa.gov/sites/default/files/atoms/files/2015_nasa_technology_roadmaps_ta_7_human_exploration_destination.pdf
https://www.nap.edu/catalog/12951/new-worlds-new-horizons-in-astronomy-and-astrophysics
https://www.nap.edu/catalog/18974/solar-and-space-physics-a-science-for-a-technological-society
https://sites.nationalacademies.org/SSB/CompletedProjects/SSB_067720
https://www.nasa.gov/sites/default/files/files/FY2014_NASA_SP_508c.pdf
https://www.nasa.gov/sites/default/files/atoms/files/ger_2018_small_mobile.pdf
https://www.lpi.usra.edu/leag/reports/ASM_SAT_Interim_Report_2-18-2018%20(2).pdf
https://www.nasa.gov/exploration/library/skg.html
https://www.nasa.gov/pdf/203084main_ISRU%20TEC%2011-07%20V3.pdf
https://www.kiss.caltech.edu/workshops/marsX/presentations/Sanders.pdf

Lunar landing sites to address as high priority: NASA is looking for payloads for the next two CLPS deliveries, expected late 2023 and early 2024.  While there is interest in developing payloads that  would be ready for later CLPS missions, the proposals should address how the proposed payloads would be applicable to the expected landing sites: Reiner Gamma (a lunar swirl) in Q4 2023, and a Schrodinger Basin impact melt (lunar far side) in Q2 2024.  If the payloads are more appropriate for other landing sites, this should be discussed.  Proposals will identify one or more of these lunar landing sites and propose an investigation uniquely achieved within that type of lunar terrain. 
Lunar landing time frame: Lunar mid-morning 
Mission lifetime:  Lunar mid-morning to Lunar noon, stretch goal of extended mission of 3 lunar days (Note: power may not be available during lunar night).
Payload Requirements: 
Terminology
1. Payload: payload delivered from contributing organization to mission office
2. Hosting spacecraft/mission: mission hardware directly interfacing to payload and delivering to mission work space during surface operations.
3. Lander: Lander carrying hosting spacecraft/payload from Earth to lunar surface.
4. Program Office: interfacing organization between payload, hosting spacecraft, and lander.
Deliverables
1. Deliverables from payload defined in Glossary of Delivery Package Documentation
2. Details of the following will be developed between Program Office, hosting spacecraft, and payload upon selection:
a. Environmental test and analysis requirements
b. V&V test requirements
c. Documentation requirements
d. Reliability and traceability requirements
e. Mandatory inspection points (MIP’s)
Mechanical
1. Interface Drawing, JPL drawing 10353889 is the controlling mechanical document and supersedes in case of a contradiction with this document
2. Maximum exterior static envelope, with the exception of the interface connector: 100mm x 100mm x 50mm MAX
3. Mass 0.4 kg MAX.  
4. Coordinate frame and spacecraft origin per JPL drawing 10353889.
5. Orientation of payload coordinate frame relative to lunar surface is operation dependent.  See Operational Restrictions section for further detail.
6. Mounting interface pattern and keep out zones per Interface Drawing
7. Acceptable threads per Interface Drawing
8. No requirement on Center of Gravity location within envelope
9. Interface connector Airborn R-series Part Number: RM212-020-1XX-5500 or RM252-020-3XX-5500.
10. Interface connector location per Interface Drawing
Dynamic
1. Assembly will experience approximately 100g static acceleration in the three principal axes (X, Y, Z) of the spacecraft reference frame specified by the Interface Drawing.  Note: quasi-static, sine, and random vibration environments may be updated for specific missions and specific launch vehicles. Dynamic testing will be performed on delivered payloads.
2. SVP will be worked on w payloads upon selection
3. Maximum dynamic envelope: surfaces shall exceed the maximum static envelope by 0.8mm MAX in the load cases of Dynamic-1 assuming fixed or RBE2 condition between four mounting interface points applied to contact areas of 10mm outer diameter MAX as specified in the Interface Drawing
4. Acoustic: Acoustic testing requirements to be released at a later time
5. Shock: Shock testing requirements to be released at a later time 

Thermal Environment 
Typical, approximate, unmargined, allowable flight temperature ranges, applied at payload interface, are provided below as a design reference.  Temperature ranges are Lander specific and will be updated upon lander selection and placement on lander.  Survival heaters will be provided by hosting mission and/or lander, and minimum baseplate temperatures will be controlled.  
Pre-launch: 0 °C to +27 °C Integration and launch facilities will be climate controlled
Launch: -30 °C to +27 °C The integrated spacecraft is encapsulated in an environmentally controlled payload fairing
Cruise: -30 °C to +100 °C: Colder environment for objects in shadow and hotter for objects in direct sunlight.
Lunar Orbit: -30 °C to +100 °C: Colder environment for objects in shadow and hotter for objects in direct sunlight.  Approximately 135 cycles.  Total number of thermal cycles and temperature ranges during Lunar Orbit is lander specific and will be updated upon lander selection. 
Lunar surface: -30 °C to +80 °C. Colder environment for objects in shadow and hotter for objects in direct sunlight. This range is relevant for the nominal lunar surface operation duration and does not include lunar night
1.  Approximate radiative boundary conditions normal to faces of envelope, per the spacecraft reference frame in the Interface Drawing:
a. +X: -Z half of face view of outer space, +Z half of face  view of surface at 120°C
b. –X: Spacecraft surface at 80°C
c. +Y: Spacecraft surface at 80°C
d. –Y: Spacecraft surface at 80°C
e. +Z: Surface at 120°C
f. –Z: Spacecraft surface at 80°C
2. Conductive boundary condition: .01W/K total conductance at bolted interface across four contact areas of 14mm outer diameter (154mm2) MAX, as specified in the Interface Drawing.
3. Temperature range at bolted interface -30°C to +120°C, 
4. Coefficient of thermal expansion at spacecraft side of bolted interface 20-25ppm/C.
Lunar night: 60 K – 100 K.  Non-operational survival case only. If your payload will be capable of functioning during lunar night with the assumption that heaters will be provided at the mounting face plate (controlled to -30 °C), include this in your proposal.  

Materials & Processes
1. Material Total Mass Loss (TML) 1% MAX
2. Material Collected Volatile Condensable Material (CVCM) 0.1% MAX
3. Bake out assembly for outgassing 70°C MAX, 72hrs MIN.  Arrangements may be made with program office for hosting mission to perform bakeout.  Note:  Exceptions may be made in special circumstances by agreement with program office and hosting mission Contamination Control Engineer.
4. The following materials are forbidden: Pure beryllium, cadmium, mercury, zinc, and radioactive materials.  Note: exceptions can be made in special circumstances by agreement with program office.
5. Pure tin mitigation:  Tin of greater than 90% purity must be mitigated for tin whiskers by either alloying with other materials and/or by encapsulation. Note: exceptions can be made in special circumstances by agreement with program office.
6. No dangerous stored energy is allowed at time of launch.  This includes charged batteries and supercapacitors, sealed pressure vessels (high and low pressure), and reactive chemicals.  Note:  exceptions can be made in special circumstances by agreement with program office.
7. Interface threads free from paint, anodize, or other non-conductive coatings
8. Interface threads to spacecraft must be conductively tied to Payload chassis ground
9. For galvanic matching to spacecraft, Interfacing bearing surfaces to spacecraft must be chemfilm, bare aluminum, electroless nickel, gold, anodize, stainless steel, titanium, or tiodize

Environmental:
1. The hosting mission is not responsible for sealing payloads from the environment.  For surface missions the payload is responsible their own dust mitigation, if necessary.
2. The payload will experience a pressure differential during launch.  It is recommended that payloads incorporate dedicated vent holes to prevent structural damage to the assembly due to launch pressure differential.  If HEPA or other dust filter material is used to protect the assembly vent paths, the material will limit the venting rate. Upon request the hosting spacecraft can provide launch specific pressure profiles and provide guidance for venting both with and without filter materials.
3. Internal and External metallic elements with surface area greater than 3 cm2, or wires longer than 25cm shall have resistance to chassis ground of <100 MOhm at all times.  Condition verified by measurement in air.
4. Primary payload electrical return and payload chassis ground at mounting interface will be tied to Spacecraft primary return and chassis ground with a maximum resistance of 2.5mohm.
5. Probability of solid-particle and/or meteoroid impact during cruise, landing, surface operations is mission specific and will be provided to payloads upon mission selection.
6. [bookmark: _Hlk26879661]Total Ionizing Dose (TID) is expected to be low.  Maximum TID is 6 krad assuming 2.54mm aluminum shielding and a mission length of 1 year.
7. The payload should be tolerant to single event effects due to Solar Proton Flux, Solar Heavy Ion Flux, Galactic Cosmic Ray Proton Flux, and Galactic Cosmic Ray Heavy Ion Flux.

Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC)
1. The hosting spacecraft transmits on 900MHz and 2.4GHz frequencies.  The payload shall accept all interference from the hosting spacecraft on these frequencies.  Note: vent holes and connectors can inadvertently act as apertures for electromagnetic radiation.
2. Conducted Emissions (CE), Conducted Susceptibility (CS), Radiated Emissions (RE), and Radiated Susceptibility (RS) testing for payload will be completed by the hosting program as an integrated system with the hosting spacecraft.  Test conditions TBD.

Power:
1. Power will be inhibited to hosting spacecraft and payload during launch, cruise, and landing
2. Payload will be unpowered during critical surface operations, including mobility/motion.  Note:  Exceptions may be possible in special circumstances for low-power payload operations during surface mobility with agreement from program office and hosting mission project management.
Lunar Surface
3. Electrical Pinout per Interface Drawing
4. Hosting spacecraft will provide current limited and switched access to primary bus:
a. 6.7-13.2V Operational range
b. 7-12V Nominal
c. 4W, 0.5A continuous
d. 12 W, 1A peak, (50ms, 5% duty cycle MAX)
5. Hosting spacecraft will provide primary bus return and tie all grounds and returns to primary bus return.
6. Payload must be tolerant to immediate, unanticipated power loss

[bookmark: _Hlk26879522]Data:
1. Electrical Pinout per Interface Drawing
1. The spacecraft will provide RS-422 without flow control at ~115 kbaud per second.  The following may be available over RS-422:
1. Pulse Per Second (PPS)
1. Reprogram/Reflash Firmware
1. The payload can query the following telemetry from the spacecraft, format TBD: 
2. 6 axis IMU data (as applicable)
2. UTC timestamp or equivalent global timestamp
2. Bulk temperature data (as applicable)
2. Odometry (as applicable)
2. Estimated position and orientation
1. SPI master at 1Mbit/s and wifi at 2.4GHz may be provided by the hosting spacecraft.  Availability and details will be provided by program office upon selection.

Software:
1. Software interface protocol TBD
2. Electrical waveform TBD 

Operational restrictions:
1. Operational restrictions are based on expected capabilities of hosting spacecraft and lander.  Mission constraints, payload operational time, and accommodations may be negotiated with the mission and program offices after selection.
2. Data is downlinked to Earth through the hosting spacecraft.  Maximum continuous data downlink rate from payload to Earth will be approximately 1-2 kb/s.
3. Received data is limited by lander capability and mission life.  Data will not be stored by the hosting spacecraft or lander, and any data not received at the end of the mission will be lost.
4. Data will only be downlinked to Earth when payload is powered.
5. Downlink is dependent on surface operations and instantaneous relative orientation between hosting spacecraft and lander.  Hosting spacecraft will attempt to ensure continuous connection during downlink, however, hosting spacecraft is not responsible for data lost during transmission.  Data may be re-sent from payload to Earth at a later time as allocation and mission life allows.
6. For surface operations, hosting spacecraft can deliver bottom (+Z) face of payload to within 6.5cm of surface (Deployables to extend range beyond this envelope can be allowed by agreement with program office).
7. For surface operations, hosting spacecraft can deliver front (+X) face of payload to within 5cm of target of interest taller than 6.5cm
8. Telecom is not allowed directly from payload to lander or Earth.  All communication will transmit through hosting spacecraft.
9. For surface mobility missions, maximum expected range from lander [1000m], direct line of sight.
10. For surface mobility missions, maximum expected total odometry [1000m].  Note: total odometry achieved is mission dependent and may be reduced by surface operational constraints.
11. For non-mobility missions, approximate operational work space on lunar surface: circular sector of radius 1.7m and central angle 60 degrees.
12. Hosting spacecraft will soft reset payload if no heartbeat is received for 5 continuous seconds
13. Hosting spacecraft will power cycle payload if 5 consecutive soft resets fail
14. Hosting spacecraft will turn off payload permanently if 2 consecutive power cycles fail.
15. Payload pointing and sensor exposure: +X face of payload may be exposed to direct, normal sunlight.  +Z face of payload may be exposed to direct sunlight at a maximum continuous elevation of 30 degrees and a maximum instantaneous angle of 45 degrees during motion.
16. Elevation of payload +Z face relative to lunar surface:
a. -30 to +30 degrees nominal at rest
b. -45 to +45 degrees during motion
17. Generally, payload will not be operated, powered, or heated during lunar night, unless designed for specific night operations.  
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This document was prepared at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with the National Aeronautics and Space Administration (80NM0018D0004).
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