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1) LDI Conceptual Design and Mockup

Background

NASA seeks an instrument to obtain the dusty plasma environmental conditions driven by solar activity on and near the lunar surface. These conditions define the integrated charged dust environment affecting all lunar operations, systems, and components. Moreover, during solar storms these near-surface conditions can be electrically severe. It is the principal objective of the instrument to provide high fidelity direct measurements of the charged dust environment, to enable validated mission risk analysis, and to provide the scientific basis for understanding and designing of systems and components exposed to charged lunar dust.

Introduction

Dust, and in particular, charged dust, is a key potential impediment for safe operations on the moon. Understanding and quantifying the charged dust “atmosphere” is a critical need for risk reduction, operational design, and for evaluation of alternative dust management and removal techniques. While dust interactions with systems and components will be intensively studied on earth, it is charged dust, which is potentially of significant mission risk. Due to considerable uncertainty in the properties of the electrical environment on the lunar surface and the commensurate properties of charged dust, planning and risk mitigation activities are at best an educated guess today. It is the primary objective of the instrument to provide a direct and validated set of measurements of the electrical environment and of charged dust on the moon, which impacts all lunar operations under charged dust conditions and to predict mission risks connected with it.


A Langmuir probe (LP) is a standard plasma measurement instrument, typically consisting of a cylindrical probe that is exposed to the plasma environment and is biased to a prescribed varying potential. The set of I-V characteristic curves is then used to derive plasma parameters using conventional isotropic plasma theory. NASA GRC has recently derived a modified plasma theory, applicable to solar wind plasma, which could substantially change the present understanding and quantification of the plasma environment. This theory attends to the highly anisotropic nature of solar wind plasma; a concept to be exploited in the instrument design and data analysis. The probe is essentially a trailing conductor which extends preferably up to ~10 meters above the lunar surface. The conductor rod will be deployed into its final configuration after landing of the carrier spacecraft. The probe will be divided into sections insulated from each other such that I-V characteristic for each could be measured using multiplexed electronics. This will provide for direct plasma parameter evaluation within the sheath layer near the surface. The I-V characteristics will be measured using electrometer boards, and the data processed on-board using pre-programmed equations derived from the modified plasma theory. The probe should also be capable of directly detecting charged dust impacts, and act as a dust flux detector. The final parameters will be returned to the orbiter using available communications on the carrier spacecraft. 

Statement of Work

The contractor shall develop an instrument conceptual design capable of measuring plasma properties in the near surface lunar environment, per Section 4.3 Concept Studies, of the SpaceDOC Statement of Work.  The contractor shall build upon analytical studies done by GRC and GSFC.  The conceptual design shall be developed to fit into a specified volume and mass envelope to be provided by NASA.  The contractor shall develop operational concepts that will allow deployment of the plasma probe from a carrier spacecraft after landing, and can also serve as a dust flux detector.  Upon down-selection of a single operational concept, the contractor shall develop a conceptual design of an integrated instrument package.  The conceptual design shall include the design of the instrument and enclosure, including the mechanical, electrical, and thermal interfaces to the carrier space craft and the packaging of the probe, interconnects, and electronics within the instrument enclosure.  Finally, the contractor shall develop a prototype mock-up of the instrument design suitable for testing the mechanical, electrical, and thermal connections in a simulated dust environment.

Specific Tasks

a) The contractor shall develop a conceptual design of the lunar dust instrument package.  This task encompasses two sub-tasks: (a) the packaging of the probe, interconnects, and necessary electronics within the instrument enclosure, and (b) the design of the enclosure and mechanical, electrical and thermal interfaces with the carrier spacecraft.  The instrument package shall be capable of being deployed after landing in the field and must fit within specified mass and volume targets (nominally <5kg and <1.5l).  The contractor shall develop a packaging scheme for the instrument, interconnects, and necessary electronics.  NASA GRC will supply the mass and volume targets prior to the initiation of the delivery order, as further refinement of the instrument specifications is on going.  The contractor shall determine the appropriate interconnects and control electronics to allow for safe instrument operation.  The contractor shall include any additional structural support required within the enclosure to ensure sufficient mechanical stability of the instrument.  The contractor shall also address the thermal integration of the instrument with the spacecraft thermal management system to ensure that the electronics remain at the desired operating temperature.

b. The contractor shall develop a conceptual design of an instrument enclosure capable of interfacing with the carrier spacecraft.  The purpose of the enclosure is to house the probe and electronics and provide a mechanical, thermal, and electrical interface to the spacecraft. The interfaces must be able to be tolerant to the lunar dust and plasma environment, without degradation of performance.
2. The contractor shall develop a prototype mock-up (to breadboard fidelity) of the instrument design suitable for testing the mechanical, electrical, and thermal connections in a simulated dust environment.  It should provide electrical and thermal output similar to that expected from the instrument in order to test the interface performance.

Deliverables

1. Monthly technical status reports detailing work performed, technical progress and accomplishments, issues, and planned work for the next month and budget status.  Monthly status reports shall also include PowerPoint slides detailing significant technical progress and accomplishments, as appropriate.

2. Mid-term presentation to NASA on operational concepts for a lunar dust instrument.  Presentation will include all concepts considered, advantages and disadvantages of each, and a recommendation for a selected concept.  The presentation package will also be delivered to NASA.

3. Presentation to NASA of final conceptual design of the instrument including probe packaging, enclosure design, and thermal, electrical, and mechanical interfaces. The presentation package will also be delivered to NASA.  The presentation will serve as a review before the contractor proceeds with the prototype development.

4. Prototype mock-up of the LDI conceptual design

5. Final report and presentation summarizing the work done on the task, including:

a. Development and selection of operational concept

b. Packaging of probe, interconnects, electronics, and structural and thermal support within the enclosure

c. Development of the instrument enclosure, including mechanical, thermal, and electrical interfaces

d. Development of the prototype mock-up
e. Evaluation of the prototype mock up

2) Milestones and Reviews

The contractor shall provide regularly scheduled meetings with the NASA Technical Representative for the following:

1. Monthly technical status. Items to be covered:

a. Top Level Technical Performance/Accomplishments

b. Near Term Activities

c. WBS Comments (Problems/Issues/Risks and Mitigation Strategies)

d. Schedules (to include a Critical Path Schedule)
e. Budget 
2. Mid-term status presentation, per the SOW, by June 30, 2009

3. Conceptual design presentation, per the SOW, by September 30, 2009

4. Final report and presentation, per the SOW, by December 31, 2009

3) Hardware Deliverables 
The specific hardware deliverables called out in DO-xxx are listed below. 

	Deliverable 

No. 
	Item 

Description 
	Completion 

Date 

	1 
	Prototype Mock Up of Lunar Dust Instrument Assembly
	December 31, 2009


4) Document Deliverables: 
Document deliveries shall be prepared, documented, and delivered in compliance with Sections 1.3 through 1.7 of the Contract Data Requirements List (CDRL). Documentation electronic copy, applicable hard copy, and required cover letter shall be delivered to: 

DO Manager, LDI Project (Mark Hyatt, Mail Stop 77-7, NASA Glenn Research Center, Cleveland, OH 44135) 

Deliver courtesy copies of cover letter only to: 

Contracting Officer (Kurt Brocone, Mail Stop 500-319) 

The specific documentation deliverables called out in DO-xxx are listed below. 
a) Contractor Delivery Order Work Plan per DID PM-006;

b) Contractor Financial Management Reporting per DID CD-01;

c) EVM Baseline Plan per DID CD-002;

d) Monthly reporting per DID CD-003;

e) Supporting documentation (specifications, drawings, test procedures, analysis/test reports, and operating/maintenance manuals as applicable) for the hardware deliverables identified above, upon delivery of hardware.

f) Mid-term presentation package, per the SOW, by June 30, 2008

g) Conceptual design presentation, per the SOW, by September 30, 2009
h) Final report and presentation, per the SOW, by December 31, 2009
5) Government Furnished Equipment (provided in accordance with 52.245-1)

In assessing the contractor budget and schedule, the following hardware and software shall be available by the Government to the contractor:

The following lunar dust instrument documentation shall be provided to the contractor:
a) Mass, Volume and Geometry specifications for the Lunar Dust Instrument

6) Government Furnished Facilities

In assessing the contractor budget and schedule, the following Government Facilities shall be available by the Government to the contractor per agreement and coordination with the GRC Project Manager:

a) Calibration Lab
b) Instrument Pool

c) B110 Space Experiments Laboratory – User Lab

7) Government Contacts

The contractor shall have access to consultation with:

a) GRC Dust Environments Technical Representative

b) GSFC Dust Environments Technical Representative

c) GRC Dust Project Manager

d) MSFC LPRP Instrument Payload Study Manager

8) Period of Performance

The period of performance for the contractor plan shall be from January 1, 2009 to December 31, 2009.
9) CPIF, Clause H20, Fee Matrix Structure 4

Cost: 30%

Schedule: 20%

Technical: 50%
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