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Mr. Frank Snow, Code 410.0

THEMIS Mission Manager

Goddard Space Flight Center

Greenbelt, MD. 20771

Subject: THEMIS Monthly Technical Report 

Dear Frank,

Enclosed is a copy of the monthly technical report for the THEMIS project. Copies have been distributed as itemized below.

Additional details on the status of the program are available at any time at the THEMIS ftp site:

ftp://apollo.ssl.berkeley.edu/pub/THEMIS/1.1%20Management/REPORTS/

If you have any questions, please don’t hesitate to call.

Sincerely,

Peter R. Harvey

THEMIS Project Manager

University of California, Berkeley

Cc: 
Michael P. Riley, Contractor Officer, Code 210S
Technical Information Services Branch, Code 239
Dr. Vassilis Angelopoulos, Principal Investigator

Dr. David Sibeck, Project Scientist, Code 696

Summary Status and Accomplishments

1.1 Mission Management

Written by Peter R. Harvey

During the period, the UCB and Swales teams began combining efforts as the Probe bus integration picked up steam. With all probe structures completing assembly, efforts focused upon electrical integration and test using both Swales and UCB engineers and programmers.  Instruments slowed their pace slightly as the focus naturally shifted to the probe buses, and budget-driven downsizing at UCB took hold.

1.2 System Engineering

Submitted by Ellen Taylor

1.2.1. Requirements and Verification – The IIRT Pre Ship Review (PSR) for the FM1 Instrument Suite has been moved to early in the next period.  Pre Environmental Reviews for FM2 and FM3 Instrument Suites are also planned.   The MRD is being actively worked and the verification columns updated in preparation for these reviews.  

Focus in the last period was on Instrument performance requirements and Instrument payload self-compatibility issues – specifically SCM white noise, the EFI AKR measurement, and the SST sun pulse effect on SCM data.   

1.2.2. Resource Budgets - Power, Mass and Data budgets continue to be tracked. Spin balance mass was determined from best estimate mass properties from the Probe and Instruments.  Results have been reported in Swales tm-2873.  The Data budget by Instrument Mode (Survey, Particle Burst, Wave Burst) was reviewed.

1.2.3. Reliability, Safety and Risk - 

· Risk: No new risks were formally added during the last period. 

· Safety: Safety issues continue to be actively worked with Safety Working Groups (SWG) Meetings.

· Reliability: Operating time of Flight Actels Instruments is being tracked.

1.2.4. Engineering and System Change Notices (ECRs and SCNs) – 

· The Instrument LVPS x-axis floating supply frequency will most likely be changed from 150 kHz to approximately 1MHz to move out of the frequency band of the EFI AKR measurement.  

· The SST sun pulse suppression circuit will be added to all SST flight models.  

1 Space Segment Development

2.1 Instruments

1.1.1 Instrument Data Processor Unit
Boom Electronics Board (BEB). 
No report this month

Digital Field Board (DFB)

Written by Jim Westfall

Continued testing FM DFBs as they arrive and worked with SSL on resolving new concerns as they came up.

 In August we anticipate that we will help in the process of reducing HF noise sensitivity in the instrument and are ready to proceed once the final power converter switching frequency question is settled. Modifications to the DFB will be minor if they are needed.
Data Controller Board (DCB)/ Flight Software

Written by Dorothy Gordon and Peter Harvey

I&T Support. EEPROM Version 2.08 was developed during the period to address problems described in fsw_007_Changes. 

Compression. The CMP module was tested during the period. Input simulated data sets exercised the CMP module functions for all Delta modulation field widths and Huffman bit streams and phases. Both raw simulated and compressed packets were passed to the IDPU GSE program which verified the formats. Performance of the package was close to predicts, and one should expect roughly 1MB per minute compression (however data dependent).

Burst.  Burst logic was written and will be tested in the next period.

Power Control Board (PCB)

Written by Corinna Chen

PCB July Accomplishments:

PCB SN005 (FM5) has completed board level functional testing.

Assembly of PCB SN012 (FM6) is complete but all rework modifications and the Actel installation has not been performed.

During FM3 CPT, it was seen that IMON_P10V current readback was increased compared to FM1 and FM2. During troubleshooting it was concluded to be a faulty op-amp part on the current monitor. The part was replaced and the current monitor is now accurate. Refer to PFR 89 for more details.

PCB August Goals:

Bring PCB SN006 to completion including all rework, Actel and board level functional test. 

Integrate FM5 PCB with FM5 IDPU.

1.1.2 Electric Field Instrument (EFI)
1.1.2.1 Spin-Plane Boom Mechanisms

Written by Bill Donakowski

Progress:

Flight Units Build:  F1, F2, F3, F4


All Units (16) Environmental Testing and Science Calibration Completed

All Units integrated onto Suite Platform in Clean Room

Flight Units Build:  F5

Final Assy Completed

Environmental Testing Completed

Units Undergoing Science Calibration

Calibration should be completed 20 August 2005 

· Flight Spares


· Units ready for Final Assy

· Flight Enable Plugs

· Remade to revised schematic.  Redesigned SMA circuit will prevent shut-down of power to SPB Front Doors prior to actuation of both SPBs (2 in series).  Work completed to close out PFR generated on this topic.

· 10 units manufactured; remaining to follow in 10 days

.

Issues:

No outstanding technical or schedule issues at this time. 

Concerns:
None at this time
1.1.2.2 Axial Booms Boom Mechanisms
Written by Rob Duck 

F1 –Integrated Booms and Tube @ Swales, for Probe 1 integration

F2 – Integrated Booms and Tube @ Swales, for Probe 2 integration

F3 –Booms in Suite Testing @ Berkeley, Tube in Storage @Berkeley

F4 –Booms in Suite Testing @ Berkeley, Tube @ Swales

F5 –Booms @ Berkeley awaiting Science Calibration, Tube @ Swales

F6 – In Berkeley (Flight Spare)

 
 
1.1.3 Electro Static Analyzer (ESA)

Electronic Boards Progress

Written by Chris Scholtz

LVPS – 

· F1-F6 Assembly Work and Verification Complete at SWRI. All units received.

· All LVPS Harnesses built. Installed on F1 – F6

· To Do –

· Functional Test

· Touch Up Staking on FM 4 – FM 6

HVPS –

· Flight Assembly Initially Complete

· F2 – F6 have part changes, transformer changes and VMI shields complete

· F2 – F6 have completed testing and had final inspections

· To Do

· F4 – F6 need to be staked and conformally coated.

Preamplifier –

· Flight Assembly is done on F2 – F6.

· To Do -

· F6 needs Flight Actel installed and connectors soldered

· F4 – F6 need to be staked and conformally coated

· Testing on all units

Anodes -
 

· All Flight units F1- F6 are finished with Electrical Assembly
· To Do – F4 – F6

· Testing on all units

· Flight MCP’s installed

HV Motherboard –

· Flight Assembly complete

· F1 – F3 complete

· To Do – 

· Testing with Sweep Interface and HVPS’s 

· Staking and Coating on F4 – F6

Sweep Interface –

1. F1 complete except Kluge circuit and HV section – Original Layout

· Testing of this unit

2. F2 – F6 Units are complete with Actels and in System Testing

3. F3 – F7 have HV section finished 

4. To Do -

· Install Actels on units F7 and solder connectors

· Testing of F5 – F7 Sweep Interface Boards

Units F5 – F7 still need to be thoroughly cleaned, staked and conformally coated. ESA FM 2 and FM 3 are complete analyzers. FM 2 has been calibrated and FM 3 is in calibration. FM 4 – FM 6 still need to be cleaned, staked and coated.

Mechanical Progress

Written by Bill Elliott

1. Supported Assembly and Test of ESA F1-F4

2. Vibe Test ESA + IDPU F1

3. Thermal-Vac Test ESA + IDPU F1

4. ESA Storage Boxes with Purge Completed
1.1.4 Solid State Telescope (SST).

No Report this month

1.1.5 Search Coil Magnetometer (SCM).
No report this month

All Flight Models and Spare delivered to UCB

1.1.6 Magnetometer Booms

Written by Alec Plauche

Design and Fabrication

The Frangibolt covers on the SCB and FGB were found to have marginal clearance for the expansion of the Frangibolt actuator during firing. The covers shall be relieved.

The Final Deployment angles of the FGB boom were found to be marginal (see PFR086). A parameterised analysis was performed to provide stability original specified. The angles shall be altered by small shims that shall be added or swap with existing ones to achieve desired angles.  The shims have been added and all modifications are completed.  Deployment and repeatability tests have also been completed.  The booms just need the modified covers to be added.

The ICD has been updated to include thermal blanket masses and deployment angle changes. 
The Torque Margin retest has been performed at -8°C, and was found to have adequate margin.  The worst case condition exists just before the full deployment configuration and a margin of 4.3, well above the required 3.0 is present in this configuration.

 

GSE

1. Boom shelves for the Instrument Suite were fabricated as there are only 2 CTE boom carrier fixtures. A Procedure was made for its installation and removal.

2. Mag Boom alignment jig is in shop and parts are ordered.

Testing

1. F5 & F6 have passed T-V testing. 

2. All booms have passed the Drop Test.

3. All booms are aligned to within 1.5° of design, and are repeatable to within 0.01°, except F6-FGB.

4. All booms have passed 3rd deployment testing.

5. The FGB elbow torque test was delayed due to deployment angle errors.

1.1.7 Testing Facilities

1.1.7.1 Calibration Chamber (Ion Gun Facility)

Operational.

1.1.7.2 Thermal Vacuum Facilities

Operational
2.2 Probe and Probe Carrier

See Reference: ftp://apollo.ssl.berkeley.edu/pub/THEMIS/1.1 Management/REPORTS/thm_monthlyreport_0507_ppc.pdf
3  Ground Segment Development

3.1 Mission Operations Development
Written by Manfred Bester

3.1.1. General

The THEMIS Mission Operations Review was held at GSFC on March 7/8, 2005. The THEMIS team was given 28 new RFAs which are worked at present. Responses to 14 of these RFAs were submitted to the IIRT. The remaining RFAs are currently worked.

3.1.2. Mission Design & Flight Dynamics

The flight dynamics team continued to further improve, automate and test the IDL and GTDS based THEMIS Mission Design Tool (MDT). New capabilities include automated de-conflicting of maneuver operations between all probes as well as procedures to recover from missed maneuvers. A considerable amount of work was devoted to improving 5-probe conjunctions. The TFA launch trajectory provided by KSC was used as the new baseline to refine the mission design and the early orbit operations scenarios. The THEMIS mission design has been frozen at this point.

The latest version of GTDS (Version 2003.01) was delivered by GSFC/FDF and ported to Solaris by UCB. AI Solutions provided five benchmark tests for orbit determination to verify the GTDS installation at UCB. These tests achieved excellent agreement with the reference output files. GTDS 2003.01 is now also used with the Mission Design Tool.

The UCB flight dynamics team wrote additional IDL tools to support GTDS based orbit determination functions for THEMIS. The GTDS data simulator will be used to generate artificial tracking data in order to develop a detailed post-launch orbit determination plan for THEMIS.

Integration of GMAN into the MDT, which will allow for finite targeting and therefore more accurate modeling of the cumulative delta V, is in progress. The UCB team has been working with GSFC/FDAB to generate and update GMAN configuration files for the probes with the current best knowledge of the probe mass properties and propulsion system parameters. Measured parameters of the already delivered propulsion systems were merged into the THEMIS flight dynamics database.

The latest version of MSASS (Version 2005.02R4) containing the Kalman filter for real-time attitude determination was delivered in June. UCB subsequently ported MSASS to Solaris. The new version of MSASS will be tested with FAST on-orbit. Attitude solutions will be compared against the solutions from the older operational MSASS version used with FAST. Configuration and testing of the new version with THEMIS FlatSat data will commence thereafter.

3.1.3. Ground System Development

The implementation of the multi-spacecraft THEMIS ground system is well on its way. Software tools to manage data flows are currently tested. A special tool was developed to allow for independent verification of the integrity of Absolute Time Sequence (ATS) loads that are generated by the Mission Planning Software (MPS, formerly known as CMS). This new tool was tested by verifying RHESSI ATS loads, and will also be used to verify and cross-check THEMIS ATS loads, once the THEMIS upgrade of MPS is completed. 

The first five Sun workstations were installed and configured in the MOC and will serve as the primary ITOS workstations for each probe. The workspace configuration for THEMIS mission operations and I&T has been further improved.

The FOT has been working closely with UCB Systems Engineering on generating command and telemetry databases for the IDPU which were merged with those for the BAU, provided by Hammers. A raw telemetry data file was generated by Hammers on the FlatSat and was delivered to UCB along with ITOS pages and command and telemetry databases for the probe bus. A secure network link between Swales and the MOC was established and will be used in the near future to flow telemetry data from the FlatSat and the probes at Swales to the ITOS workstations at the MOC.

3.1.4. Mission Operations Planning

Regular telecons between Swales, Hammers, GSFC and Berkeley team members were held to discuss operations related matters in the areas of telemetry and command processing, flight and ground software development and configuration, I&T related issues, development of operational procedures, flight rules and recovery from contingencies. A detailed timeline for early orbit and normal operations is under development in collaboration with systems engineering and instrument scientists.

3.1.5. Ground Station and TDRSS Support

The RF ICD covering all interfaces between the probes and the ground stations as well as TDRSS was approved by the Code 450 Configuration Control Board. Updates for the FY06 PSLA are currently developed. The Flight Operations Team is in the process of working out details and procedures for scheduling TDRSS passes via the Space Network Web Services Interface (SWSI). The Berkeley team participated in meetings with the GSFC/CTV group and with the Network Operations Manager to plan compatibility and end-to-end data flow tests.

3.1.6. Berkeley Ground Station

All items for BGS hardware upgrades have been delivered and are currently tested in the ground station. Hardware and software integration of the Apogee Labs Doppler tracking system was completed and on-orbit tests with FAST were performed successfully. UCB is currently working with GSFC/FDF to develop a certification plan for the Berkeley Ground Station, using FAST as a mission of opportunity.

3.1.7. NTIA License

The Berkeley team received the NTIA Stage 2 license, allowing pre-mission testing activities with the probe RF subsystem and the ground stations. The application process for the Stage 4 license was initiated. Out-of-band emissions of the first flight transponder are currently assessed.

3.1.8. Personnel

Four members of the THEMIS engineering team (C. Chen, S. Heavner, H. Richard and C. Smith) are gradually transitioning to become new members of the multi-mission Flight Operations Team (FOT). On-console and classroom training sessions have started at UCB. Beginning on July 18, FOT members started to participate in probe bus integration and testing at Swales on a rotating schedule.

3.2 Science Operations Center
No report this month

3.3 Ground Based Observations Developments
Written by Stu Harris


GBO Operating Status Summary:


GBO#1:  Prototype unit, being upgraded at UCalgary. 
GBO#2:  Deployed at Athabasca, operating normally. 
GBO#3:  Deployed at Prince George, operating normally. 
GBO#4:  Deployed at Ekati Diamond Mine, operating normally. 
GBO#5:  Deployed at UCB, software verification platform. 
GBO#6:  Deployed at The Pas.  Operating normally. 
GBO#7:  Deployed at Whitehorse.  Internet connection pending. 
GBO#8:  Deployed at Inuvik.  Operating normally. 
GBO#9:  Unit shipped and has arrived at Rankin Inlet. 
GBO#10: Construction completed.  Awaiting shipment. 
GBO#11: Unit shipped to McGrath, AK. 
GBO#12: Construction completed.  Check-out in progress 
GBO#13: Construction completed. 
GBO#14: Construction completed. 
GBO#15: Construction in progress.

Activities to report for July: 
 
1. Deployment activities. 
Deployments are continuing throughout the current Summer season.  As this is written, UCalgary has a deployment team at Inuvik, and that station is operating normally. 

The next sites in line for installation are Rankin Inlet, McGrath, Ft. Smith and Ft. Yukon. 


2. Construction activities. 
Construction and checkout of GBO systems is continued at UCB during July.

3. Other activities. 
Problems reports closed out: 

Iridium modem configuration, PFR016. Closed out 21 Jul 05. Stable and robust configuration and initialization scheme developed and tested. 

Detailed reports are available on the Themis ftp site, at this URL: 
ftp://apollo.ssl.berkeley.edu/pub/THEMIS/3 Ground Systems/3.3 Ground-Based Observations Development/PFR 


Planned activities for next period: 

1. Deployment activities will continue throughout the next period and into September and October, at which point weather in the Northern climes will make deployment difficult.  Construction activities will wind down some, as our backlog of built systems is enough for this season.  As technician time becomes available, assembly and checkout of systems will continue at a slower pace during the winter months. 

4 Education and Public Outreach

Respectfully Submitted,  

THEMIS E/PO scientists Nahide Craig, Laura Peticolas

Formal Education: 

Vic Trautman, GEONS teacher in Alaska, sent a potential lesson for teaching about vectors and the magnetic field.  L. Peticolas and N. Craig are working with him to work out some of the problems with the lesson and materials.

L. Peticolas, I. Ruderman, T. Quinn, and T. McGill worked to get the new data format that D. Pierce provided in June up on the web.  This new format shows the magnetometer data in 30 minute and 24 hour time spans both as xyz (geomagnetic coordinates) and HDB (horizontal, angle, and total field coordinates) as well as in spectrogram format with two different integration times. The realtime data is now accessible on the web at: 

http://ds9.ssl.berkeley.edu/themis/classroom_geons_data.html.  Currently only the Oregon magnetometer is gathering data.  Carson City has firewall problems that D. Pierce is working on.  The magnetometers in Alaska, South Dakota, and Montana are all turned off because the schools are closed and everything requiring electricity has been turned off for the summer.  The beta archived data webpage, though not yet linked to the THEMIS EPO page, can be found here: http://sprg.ssl.berkeley.edu/themis/EPO_GMAG/geons_data.php.

July 23rd - N. Craig, L. Peticolas and the group at the Center for Science Education at SSL at UCB hosted a one day Sun-Earth Connection teacher workshop teaching lessons and content about the Sun, magnetism, and auroras.  14 elementary and 14 middle school teachers attended the workshop.  This workshop was funded by several Sun-Earth connection missions, including THEMIS, as well as the Sun-Earth Connection Forum.  

N. Craig and L. Peticolas prepared for a workshop to take place August 9-13th.  This workshop was funded by NASA through a grant received at the Bay Mills Community College in Brimley, MI with Bob Dickinson as the PI.  This funded grant merged data analysis and science content from THEMIS and GLOBE to teach underserved students in Michigan and in Boys and Girls Clubs around the country.

Management:

A. Shutkin finished her final month with the THEMIS project keeping regular contact with the GEONS teachers and coordinating the logistics for the GEONS workshops.  Her very important role in maintaining contact with the THEMIS GEONS teachers will be taken over by Daniele Meilhan starting in August.

Cross Cutting:

July 13th: The EPO team-members updated one-another on their progress in the monthly EPO teleconference call.

5 Problems

Outstanding Problems
1. The Bus Avionics Unit development schedule is still troubling.
2. EGSE developments are behind schedule.
New Problems / Problem Avoidance

1. Probe 1 RCS Pressure Transducer has to be replaced by cutting it out, repairing it, and welding it back in. The cause and procedure will be determined in the next period. This won’t be good for the schedule.

Resolved Problems:

1. Bus Avionics Unit Printed Wiring Boards run #2 pass GSFC coupon inspection. 
2. The SST reacts to sun pulses with a large current spike. This spike has been determined to interfere with the SCM measurement. We have developed a circuit for nulling the current and intend to verify this in July.

3. The EFI has determined that the LVPS 151 KHz is leaking through to the AKR filter in the Digital Fields Board.  Efforts are underway to provide a damping circuit to the system in the most efficient place.
6 Performance Assurance

Written by Ron Jackson

Parts and Materials

 MEZZ boards/Valley Circuits 
- Cores/Allstar magnetics 
- Reviewed and revised purchase orders, to ensure charges indicated on the P.O. account were made in their appropriate categories: (1) Flight Fabrication (2)non-flight fabrication (3) Equipment or  (4) Supplies & Expendables 

Equipment Calibration 

- Calibration data base updated and revised.


Compliance to ESD Requirements 
All workbenches are fully functioning and are appropriately monitored. 

Assembly Instructions/BOM 
- LVPS FM5 started 
- All other Flight models complete 
- Produced new travelers for Mag_Boom harness FM2-FM6. 

Workmanship Procedures/Processes 
- Provided inspection, parts and configuration suppor for PCB_FGE, DCB, DFB, DFE, LVPS, ESA, IDPU, AXB and SPB assemblies. 
- Provided inspection support for IDPU harnesses. 
- Tested FM2 and FM3  PWB assemblies for contamination prior to stake and coating at Sanmina-SCI. 

Evaluate/Audit Contractors 
- Sanmina-SCI, Vendor passed inspection 

Clean Room Control 
- Humidity charts of room 125 tracked weekly. 

Material Handling and Shelf Life Storage 
- Continued to update material mix folder information, containing all original mixing documents. 

Non Conformance Reports and Problem Reports 

- Waiver THM_RFW01-1 was written and submitted to GSFC, Board contamination testing 
- PFR list ftp link:

ftp://apollo.ssl.berkeley.edu/pub/THEMIS/1%20Management/1.3%20Systems%20Engineering/8.%20PFRs/
7 IV&V

Reported by David King

1. Continue to support IV&V via weekly meetings and email inquiries.

2. BAU FSW TIMS are being addressed by priority.

8 Safety

Reported by David King
1. The Draft of the MSPSP as well as the Hazard Reports have been delivered to GSFC for distribution to KSC, Range, Boeing and Astrotech.

2. Submittal of the Final EWR127-1 Tailoring was submitted to GSFC for distribution to KSC, range, Boeing and Astrotech.  

3. A revision to the SSPP was completed and will be submitted in August to GSFC for distribution to KSC, Range, Boeing and Astrotech.

THEMIS Mechanical Monthly Progress Report (July 2005)

Submitted by Bill Elliott, ESA Senior Development Engineer, Mechanical

ESA Activity (30%)

5. Supported Assembly and Test of ESA F1-F4

6. Vibe Test ESA + IDPU F1

7. Thermal-Vac Test ESA + IDPU F1

8. ESA Storage Boxes with Purge Completed.

IDPU Activity (40%)

9. Supported IDPU Build, Modification and Testing.

Administrative Activities (10%)

10. Continued Work on Implementing Data Backup Plan for THEMIS Data Server to Provide Better Data Security.

11. Work to Implement Pro E Software to allow Probe Model manipulation and viewing.

12. PDM Works Administration.

MGSE Activity (20%)

13. Built Probe Stand 1 including Roller/Jack system. Checks out ok. Needs Proof Test.

14. Parts for Probe Stand 2-5 on hand except for additional Roll/Jack sets.

15. Delivered Purge System 1-6.

16. System documentation developed for Purge System in consultation with Safety Engineer.

17. Visited JPL to ascertain requirements and work flow for MGSE.

18. Began Design of Probe Level Themal-Vac Fixtures Including Probe Rollover Fixtures.

19. Purge Plan (THM-SYS-032 REV H) Revised to incorporate updated gas spec and address safety concerns.

20. Purge Connection Procedure (THM-ESA-PRC-010 REV D) updated to generalize for ESA and SST and to address safety concerns.

21.  Main MGSE Mechanical Activities This Coming  Month (August 2005): 

· Proof Test, Report & Certificate for Probe Stand 1

· Order 2nd Roller/Jack Set for Probe Stand 2-5

· Continue Design of Roll-Over Fixtures

· (Goal - MGSE Activities for THEMIS Integration, 70%)
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