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MSES  II/B  REPRESENTATIVE TASK ORDER (RTO)

RTO 1

Location:
On-site (Government)
Task Title: 
Structural, Mechanical, Thermal and Optical Analyses for Lunar Composite Spectrometer
Task Background
The Lunar Optical Orbiter (LOO) is comprised of several instruments, including the Lunar Composite Spectrometer (LCS).  LCS is composed of three separate units:  the Gamma Ray Spectrometer 2 (GRS2), the Neutron Spectrometer 2 (NS2) and the Lunar Infrared Spectrometer (LIS).  
After conferring with his sub-team leaders, the Project Manager has determined that considerable contractor support is required to support instrument mechanical and optical development in order to be ready for the instrument preliminary design review (I-PDR) in 18 months.  The following key areas have been identified:
a) Mechanical engineering design to integrate the three spectrometers  
Contractor support shall be used to develop a CAD (computer-aided design) model, interface control documents and drawings, instrument mass budget, and preliminary plans for integration and test, and mechanical risk management.  
The instrument mechanical team engineers shall initiate preliminary packaging and layout of the three spectrometers as well as development of the mechanical system requirements.
b) Structural Analysis

Contractor analysis support shall be necessary for the mechanical design effort.  Finite element models must be developed for both the structural analysis and the structural/thermal/optical (STOP) analysis.  The contractor must be familiar with the possible differences between a finite element model used for typical structural analysis and one used for STOP analysis.  Separate models may be required.
c) Thermal Analysis 
Contractor analysis support shall be necessary for the thermal design and analysis effort.  Temperature maps shall be developed for both the STOP analysis.  The contractor must be familiar with the Thermal Model Generator (TMG) or Finite Element Modeling and Post-processing (FEMAP/TCON) software, which shall be used to generate temperature maps for the structural and STOP analysis.  The GRS2 detector temperature requirement is -28°C±0.5°C.  The power dissipation of the Electronics Module is 3.85 Watts.  The power dissipation of the detector is 1.15 W.  The operating temperature of the Electronics Module is required to be -10°C minimum and 40°C maximum.  The survival temperature limits are -50°C 
minimum and 40°C maximum for the detector, and -20°C minimum and 50°C maximum for the Electronics Module.  The NS2 detector requires a stable temperature of -60°C ±0.5°C.  The power dissipation of the Electronics Module is 4.1 W.  The power dissipation of the detector is 900 mW.  The operating temperature of the Electronics Module is required to be -10°C minimum and 40°C maximum.  The survival temperature limits are -100°C minimum and 40°C maximum for the detector, and -20°C minimum and 50°C maximum for the Electronics Module. The LIS detector requires a stable temperature of 65K±0.5K.  The power dissipation breakdown is 24.2 W for the Wave Front Sensing boards, 35.7 W for the Main Electronics boards, and 100 mW for the detector.  The operating temperature of the optics components is required to be 293K ±0.5K.  The survival temperature limits are 20K minimum and 313K maximum for the detector, and 253K minimum and 323K maximum for the optics components, Wave Front Sensing and Main Electronics.  
The GRS2 and NS2 detector temperature requirements are much colder than the spacecraft to instrument interface temperature in the operating mode, and the temperature stability is stringent (±0.5°C).  Although Section 3.4.4 (Thermal Interface) in the Payload PIP says that the spacecraft shall provide a thermal sink for the instrument's dissipated thermal power, the GRS2 and NS2 detectors shall be conductively and radiatively isolated from the spacecraft bus to meet these requirements.  The LIS detector temperature requirement is much colder than the optics component temperature requirement.  It shall be conductively and radiatively isolated from the Spectrometer to meet the thermal requirement.  The GRS2 and NS2 Electronics Modules, the LIS Wave Front Sensing and Main Electronics may be thermally coupled to the spacecraft bus.  The LCS thermal design must consider the conditions of the variable orbital transient lunar thermal environment.  The lunar environment shall be assumed to have a solar constant between 1280 W/m2 and 1420 W/m2, an albedo factor between 0.06 and 0.13, and a lunar emittance of 0.92.  Conductive thermal coatings shall be used to meet the electrostatic discharge requirement in orbit.  They shall also meet the Contamination Control requirements.  The radiators shall be within the envelope specified by the Mechanical System to prevent interference with the launch vehicle.  

d) STOP Analysis for the LIS Instrument

The Lunar Infrared Spectrometer instrument contains very sensitive optical components that must maintain their alignment to each other in order for the optics to properly focus on the detector and obtain adequate data for the instrument.   This alignment must be maintained under all possible conditions such as temperature loads including cool down to 65 degrees Kelvin and variations on-orbit.  A STOP analysis must be performed to determine the motion of each optical element and the relative motion between each optical element due 
to the instrument's temperature environments.  The STOP analysis looks at changes in the thermal environment and then uses structural analysis tools such as Nastran software to predict the motion and deformation of the optical components.  Then these changes are applied to the optical model and a sensitivity matrix is developed for the system.

In order to perform the STOP analysis, the contractor must understand the minimum motion requirements and obtain the details of the mechanical and thermal designs and the temperature loading distributions.  Obtaining this information and all other necessary information shall be coordinated by the contractor.  
A copy of the LIS dynamics finite element model (FEM) is available and shall be supplied to the contractor.  However, this FEM has only been used for preliminary structural dynamics studies.  
Statement of Work
For (a) Mechanical engineering analysis:  
1) The contractor shall develop an integrated 3D CAD model of the instrument using I‑DEAS software.  The model shall have sufficient detail to ensure that all mechanical interface requirements are satisfied.  Views from all angles should be prepared, including cut-away views to show internal interface details as necessary.  Additionally, views shall be prepared for the I-PDR as necessary to illustrate various features of the mechanical accommodations.  The contractor shall provide these I‑PDR views in both native and portable document format (pdf) formats.  

2) Draft interface control documents shall be prepared using MS Word.  Draft mechanical interface control drawings shall be prepared using I-DEAS.   Drawings shall be compliant with all GSFC and ISO requirements.  (Consult GDMS for more information; see the government furnished property (GFP) section below).  All instrument hardware interfaces shall be addressed.
3) Mass properties for the instrument shall be calculated and reported using MS Excel spreadsheets.

4) A draft integration and test plan shall be prepared detailing the integration and test strategy and requirements for the LCS instrument, using MS Word.  The objective is to detail the tasks, schedule and requirements for the successful qualification for flight.   The schedule shall clearly highlight all key milestones for required deliverables from all parties to maintain the overall schedule.

5) A mechanical risk management plan and report shall be delivered in MS Word format. This report shall include a probabilistic risk assessment itemizing the probability of each risk, the consequences if the risk manifests itself, and the mitigation of the risk.  

For (b) Structural Analysis:
6) The contractor shall support project management in defining mechanical requirements that shall be used for all design and analysis tasks.  Requirements include but are not limited to static, dynamic, sinusoidal, shock, and jitter design limit loads.  Requirements are to be derived from spacecraft-level requirements as well as other controlling documents such as GEVS.
7) The contractor shall provide input to project management for an instrument-level analysis plan detailing all necessary and recommended structural analyses for the spectrometers to verify that requirements are being met.  This plan is currently being drafted by the contractor, under item (a) of this task order.  This is a living document that can be updated and revised as necessary for the duration of this task.

8) The contractor shall develop and maintain instrument FEMs.  They shall be used for dynamic, static and STOP analyses.  For compatibility, all analyses must use Nastran as the finite element analysis (FEA) solver.
Currently the design is being performed using I-DEAS.  The I-DEAS geometry shall be used as the starting point for the generation of the FEM.  As directed by the lead analyst and mechanical engineering team there shall be frequent trade studies for the analysis team to perform and document.  

The end goal of the analysis effort is to support the design so that it shall be mature enough for the scheduled I-PDR.  Analysis shall show that the design meets all frequency requirements and that the structure has been sized for all relevant loading environments.

9) The contractor shall attend weekly analysis meetings on-site at NASA/GSFC.  The meeting shall be used to status the model and on-going analyses.  Analysts are expected to bring hardcopies of their results to the meeting and to provide an electronic copy to the lead analyst who shall maintain a library of all the analysis being performed.
10) The contractor shall support all mechanical reviews.  This support shall include providing analysis results and presentation slides for the reviews.
For (c)  Thermal Analysis:

The contractor shall:

11) Provide a detailed task plan, including cost and schedule, for thermal design, analysis, development, integration and testing of the thermal control system that shall meet the thermal requirements listed above.

12) Perform thermal design and analysis.  All thermal analysis software utilized must be compatible with Systems Improved Numerical Differencing Analyzer (SINDA), Thermal Synthesizer Systems (TSS), Thermal Desktop, Thermal Model Generator (TMG) or Finite Element Modeling and Post-processing (FEMAP/TCON) software packages.

13) Provide support as required for a Pre-System Requirements Review (SRR) thermal peer review.  This may include providing data, presentation slides or presenting results.
14) Support preparation of a SRR thermal control system presentation and provide supporting documentation.

15) Support a Pre-Instrument Preliminary Design Review (I-PDR) thermal peer review.

16) Support preparation of an I-PDR thermal control system presentation and provide supporting documentation.

For (d)  STOP Analysis for the LIS Instrument:
17) The contractor shall coordinate and perform the structural part of a STOP analysis for the LIS instrument only.  The contractor shall be responsible for developing the overall analysis schedule, coordinating all the tasks, and obtaining the necessary information from the LIS thermal and optical design engineers in order to perform the STOP analysis. The contractor shall collect the required information from the LIS thermal and LIS optical engineers but their support shall be charged to other tasks. This task shall support the system coordination of the analysis and provide the structural support required to perform the analysis.   The contractor shall be proficient in the use of Nastran structural analysis and ZEMAX optical analysis software.

Details and mission requirements of the LIS instrument are listed in RTO 
Enclosure 1. 

Applicable Documents
1. RTO Enclosure 1-LOO Mission Requirements for RTOs

2. RTO Enclosure 2-LOO Mission Instrument Specification for RTOs

3. RTO Enclosure 3-2008 Lunar Optical Orbiter (LOO) Payload Proposal Information Package

Task Start Date
11/01/06
Task End Date
04/30/08
Tentative Review Dates

Pre Systems Requirements Review Peer Review


02/07
Systems Requirements Review




04/07
Pre Instrument Preliminary Design Review Peer Review

01/08
Instrument Preliminary Design Review



03/08
Government Furnished Property
General Property for all subtasks
1. Generic office accommodations (furniture, phone, etc.)

2. Office computer workstations (includes internet connection) capable of running required software listed for each subtask
3. Web-based access to GSFC provided Task Order Management System (TOMS) software

4. Web-based guest access to the GSFC Directives Management System (GDMS) via http://gdms.gsfc.nasa.gov/gdms/pls/frontdoor
For Subtask (a):

5. 3-D CAD model of LCS in Pro-Engineer format

6. 3-D CAD model of Spacecraft in I-DEAS format

7. GSFC licensed I-DEAS software, located on-site at GSFC

8. GSFC on-site roller-bed plotters and laser printers (b/w and color, A-E size)

For Subtask (b):

9. 3-D CAD model of LOO S/C in I-DEAS format and translatable to both I-GES and STEP formats

10. Any existing Nastran models of the instrument
11. On-site access to FEMAP and MSC.Nastran
For Subtask (c):

12. Web-based access to GSFC provided SINDA, TSS, Thermal Desktop, TMG or FEMAP/TCON software packages
13. GSFC on-site SINDA, TSS, Thermal Desktop, TMG or FEMAP/TCON software packages
14. Thermal Coating Laboratory
15. Thermal Blanket Facility
For Subtask (d):

16. LIS Dynamics FEM
17. Diffraction Grating Evaluation Facility (DGEF)

18. Optical Fabrication Facility

19. Optical Coating Facility

Milestones/Deliverables and Dates
All deliverables shall be furnished on CD-R media (5 copies), and delivered to the task ATR by hand or Fed-Ex.  A pdf summary file notating the CD-R contents shall be included on each disk.
Dates given below are relative to task beginning and ending dates and to the various tentative review dates given above.

For each deliverable file on the CD-R, the summary file shall include:

a) File name

b) Name of software used for creation

c) Software vendor name, address and phone

d) Version number used

e) Brief description of contents

f) Reference files used in the deliverable creation (such as optical prescription, etc), whether GFE or contractor generated.

For Subtask (a):

1) CAD Model
Drops are due at the end of each month
2) Views for I-PDR
Drops are due at the end of each month
3) Interface Control Drawings & Interface Control Docs
Drops are due at end of months 3, 6 and 9, with the final drop at end-of-task (EOT)
4) Mass Properties Report
Drops are due monthly.  Last report is due at EOT
5) Draft I&T Plan
First drop due at I-PDR minus 4 months;  2nd Drop at I-PDR minus 1 month, Final drop is due at EOT
6) Draft Analysis Plan
Due 2 months after task start date
7) Risk Plan & Report
Drops are due at end of month 6 and 9.  Final drop is due at EOT
8) Status reports 
Weekly reports are due to the LCS project management.  This shall generally be in the form of e-mail status reports or weekly status meetings for the entire team.
9) Presentation Packages for Reviews
The contractor shall provide MS Powerpoint charts summarizing the model and analysis results for the peer reviews, the SRR and I-PDR.  Recommendations for future design worrk, issues and concerns should be addressed.  These are due at one month prior to the respective review.
For Subtask (b):
10) Finite Element Model  
The FEM shall be constantly updated and iterated and must pass appropriate validity checks (see http://femci.gsfc.nasa.gov/ValidityChecks/).  The contractor shall be responsible for making sure that the FEM is concurrent with the I-DEAS design as it matures.  The contractor shall make available in electronic format both the FEMAP model file and the MSC.Nastran bulk data file for every member of the analysis team for use in their individual analyses on an as-needed basis.  
11) Analysis Status Reports 
The contractor shall provide these to support the weekly analysis meetings.  No specific format is required as long as it communicates the information clearly.  Hardcopies shall be provided for every member of the analysis team and an electronic version shall be provided for the lead analyst.
12) Support for Reviews
Analysis results shall be provided for all scheduled reviews.  This includes data, presentation slides and if required, presentation support.

13) Final Analysis Report
The final report is due at EOT.
For Subtask (c):
14) Task Plan
Date to be proposed by offeror as part of this task.
15) Status reports 
Weekly reports are due to the LCS project management 
16) Presentation Packages for Reviews
The contractor shall provide MS Powerpoint charts summarizing the model and analysis results for the peer reviews, the SRR and I-PDR.  Recommendations for future analyses, issues and concerns should be addressed.  These are due at one month prior to the respective review.
17) Final Analysis Report
The final report is due at EOT.
For Subtask (d):

18) Status Reports
The contractor shall provide weekly status reports.
19) Final STOP Analysis Report
The contractor shall provide a comprehensive written report detailing the finite element model used for the analysis and the STOP analysis results at EOT. 

20) Presentation Packages for Reviews
The contractor shall provide MS Powerpoint charts summarizing the model and analysis results for the peer reviews, SRR and I-PDR.  Recommendations for future analyses, issues and concerns should be addressed.  These are due at one month prior to the respective review.
21) Final Analysis Report
The final report is due at EOT.

[END of RTO -1]
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