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October 30, 2003

University of California, Berkeley

Space Systems Laboratory

Berkeley, CA 94720

Attention: 
Peter Harvey

Subject:

Engineering Peer Review Report for THEMIS Search Coil Magnetometer


An Engineering Peer Review (EPR) for the THEMIS Search Coil Magnetometer (SCM) was conducted on October 10, 2003 in Velizy, France.  The meeting was hosted by the Centre d'etudes des Environnements Terrestre et Planetaires (CETP).  The meeting was attended by the five members of the EPR team along with personnel from NASA GSFC and the University of California, Berkeley (UCB). 

This report is organized into three portions:  Summary; Findings; and Requests for Actions (RFAs).  The Summary section contains our overall thoughts regarding the status of the instrument program and its ability to support the technical and programmatic requirements imposed by the THEMIS project.  The Findings section contains our comments regarding issues that we think should be examined further by the team.  The RFA section contains recommendations and rationale regarding the most important issues.  These three sections represent a compilation of the thoughts from the five review team members.  To provide the most complete information to the THEMIS team, I have also attached the comments of the individual reviewers.  I encourage readers to review the comments from the individual reviewers because they contain the most detailed description of the issues.   Please feel free to contact me or any one of the reviewers if you have any questions or would like some issue clarified.   

Sincerely,

Original signed by

Jeffrey C. Preble

Review Team Leader         

Distribution to THEMIS Team:
Prof. Vassilis Angelopoulos, UCB

Distribution to 


Review Team:

David Everett, NASA GSFC




Henry-Claude Seran, Centre National de la Recherche Scientifique




Dr. Michael Sholl, UCB







Dr. James A. Slavin, NASA GSFC

Review Team Members:

	Name
	Organization
	Telephone
	Email

	David F. Everett
	NASA/GSFC
	301.286.1596
	David.F.Everett@nasa.gov

	Jeffrey C. Preble
	SpaceWorks, Inc.
	480.575.1676
	jpreble@spaceworksinc.com

	Henry-Claude Seran
	Centre National de la Recherche Scientifique
	33 02 38 25 53 05
	hcseran@cnrs-orleans.fr

	Dr. Michael Scholl
	UCB
	510.486.6340
	sholl@ssl.berkeley.edu

	Dr. James A. Slavin
	NASA/GSFC
	301.286.5839
	James.a.slavin@nasa.gov


Summary:

· THEMIS design is state-of-the-art for spaceborne search coil magnetometers.

· Although there are some new developments for THEMIS, the basis for the THEMIS SCM has strong space flight heritage (Galileo, Cassini, Cluster, ...).
· It appears that CETP has assembled an experienced, knowledgeable team for the SCM project.

· Assembly and testing of a breadboard model pre-amplifier provides an excellent basis for sensitivity claims and reduces technical risk.

· Development of the parts list is being accomplished by the SCM team at CETP, but procurement and EEE parts quality assurance is the responsibility of UCB.  This is a very good approach and decreases the possibility that the project will have to respond to avoidable parts issues late in the program.

· The presentation by 3D+ addressed all of the key issues associated with their component.  We were particularly pleased to see the materials list, status of specifications, and the EM/FM manufacturing, assembly, and test flow.   

· The schedule requirements for the SCM are severe.  Beyond the large problem identified by CETP for PA/FM1, it appears that the EM and at least FM2 are also at risk of missing the schedule requirements. 

Findings:

1. Grounding:  Berkeley should review grounding relationship between IDPU grounds and SCM grounds, including DC, signal, control, and chassis ground.  Berkeley should determine the best grounding strategy jointly with CETP.

2. Saturation:  Is the amplifier saturation point optimum from the science point of view?  Take a look at the saturation/sensitivity tradeoff.

3. Absolute Maximum Signal:  What is the largest signal allowed without damaging the amplifiers?  Make sure the ground test environment is well away from this level.

4. DC Magnetics:  Measure the DC magnetic properties of the 3D+ parts.  These parts are nickel plated.  Also make sure there are no other parts which could disrupt the DC magnetic measurements.

5. Electrostatic Shielding:  Is the electrostatic shield on the SCM necessary, since the device will be shielded by the thermal blankets?

6. It doesn't appear that UCB and CETP have coordinated the EEE parts program and procurement yet.  While it appears that schedule is being driven by the 3D+ part, we recommend that the parts list be finalized as soon as possible and that CETP begin interacting with UCB immediately on all EEE parts issues.

7. There was little evidence that mass and power for the SCM is being handled adequately.  For example:  1) the preamplifier CBE mass is precisely the NTE mass of 200 g; 2) the sensor CBE mass is only 30 g lower than the NTE mass which gives 5% margin (30g/570 g); 3)  CBE power is only 5 mW lower than the NTE power which gives 7% margin (5mW/75mW).  Since there is some new development here, I think we need higher margins than this.  We recommend that CETP and UCB adopt a clear mass and power management plan that includes frequency reporting (weekly, twice per month, monthly), goes down to fairly high level of detail, differentiates clearly between CBE and NTE values, and may assign reasonable expectations for mass and power growth based on heritage of individual elements.

8. Detailed alignment requirements and budget have not yet been established by UCB which makes it impossible to assess whether the approach being discussed by CETP will be acceptable.  We recommend that UCB establish a top-level alignment budget based on the science requirements and flow down an alignment requirement for the SCM to the mounting pattern at the boom interface.  Then, require CETP to show how they will meet their alignment requirement.  See RFA SCM-3.

9. There was some discussion regarding the trade-off between thermal vacuum and thermal cycle testing.  From the information presented, it appears that thermal cycle testing should be adequate.  However, we recommend that UCB and CETP follow the guidelines in GEVS (increase temperature test range and increase the number of cycles by 50%) or make similar modifications.

10. There needs to be some resolution to the schedule issues identified by CETP for FM1, but also for the EM and FM2.   See RFA SCM-2.

11. Magnetic cleanliness: as the SCM boom is short (1m), one should check as early as possible the magnetic cleanliness in the frequency range 1 Hz -10 kHz of equipment onboard the spacecraft.  Main source of AC magnetic noise are: power system, DC/DC converter, solar array, reaction wheels, motors.  The tests can be done on individual modules in a quiet room with a search coil similar to the one which will be used on THEMIS.  See RFA SCM-1
12. FEM thermal analysis recommendations:  Thermal mismatch between mounting bracket and boom (slippage and alignment); Possibly split aluminum interface?;  Clamp bolt preload for individual antennae mounts; Preload maintenance at low temperature; Stresses on coil due to clamp deformation (decircularization).

13. Rationale for FEM recommendations:  Flexibility of PEEK mount will allow for thermal expansion relative to its fasteners; Gap seems rather large, and if you torque the fasteners to full values, you can expect the clamp to go out of round;  Is margin against this being investigated in the FEM code?;  Want a spacer plate in the 3mm gap?

14. Need to consider differential expansion of PEEK baseplate relative to aluminum mounting plate.  Add slots, or some other feature which allows for the ~5.e-3in differential expansion between these plates.  Otherwise, you need to put pins in place to prevent rotation.  Fastener preload check after thermal cycling?

15. Confirm that the search coil and bracket will be covered with MLI.

16. Recommend reference edge against which to push instrument edge, integral to boom.  Calibration of the boom should be done relative to this edge, and mount tolerances computed relative to this edge on the Berkeley side of the interface.
17. CETP plans on using aluminum alloy 2618A.  MSFC-SPEC-522B identifies 2618-T6 as exhibiting high resistance to stress corrosion cracking.  We recommend that UCB or CETP verify the acceptability of the alloy/heat treatment for space flight.  
THEMIS Search Coil Magnetometer

Requests for Action (RFA)
RFA #:  SCM-1


Instrument:  SCM

RFA Title:  AC Magnetics Cleanliness

Review:  SCM EPR1


Date of Review:  10/10/2003




Reviewer:  Henry-Claude Seran
Organization:  CNRS

Recommended Action:

1.  UCB/Swales should identify an individual that will assume responsibility for AC magnetic cleanliness on the project. 

2.  The magnetics engineer should:  a) review the AC magnetic cleanliness requirements; b) develop an AC magnetic cleanliness plan to meet the requirements set by the project; c) obtain concurrence of the relevant flight hardware developers on the plan; d) review spacecraft systems level design for traditional sources of AC magnetic noise (power system, DC/DC converter, solar array, reaction wheels, motors); f) verify that AC magnetic cleanliness requirements are met.  The tests can be done on individual modules in a quiet room with a search coil similar to the one that will be used on THEMIS.
Rationale:

As the SCM boom is relatively short, one should check as early as possible the magnetic cleanliness in the frequency range 1 Hz -10 kHz of equipment onboard the spacecraft to ensure that the science objectives of the SCM will be met.  
THEMIS Search Coil Magnetometer

Requests for Action (RFA)
RFA #:  SCM-2


Instrument:  SCM

RFA Title:  Near-term Schedule

Review:  SCM EPR1


Date of Review:  10/10/2003




Reviewer:  Jeff Preble

Organization:  SpaceWorks

Recommended Action:

1.  CETP should work with UCB immediately and submit the EEE parts list for all components including those required by 3D+.

2.  UCB should review all parts, identify substitutes if necessary, start procurement action immediately, and provide expected delivery dates to CETP.

3.  CETP should identify a recovery plan to address the schedule issue associated with delay due to 3D+ deliveries. 

4.  CETP should modify their schedule to show projected deliveries of parts, define the critical path, and add ~ 3 days or more per month of schedule reserve to account for unanticipated events that could delay the schedule.

5.  CETP and UCB should work together to identify an approach for dealing with the actual anticipated delivery dates of the SCM units without affecting the overall program schedule.

Rationale:

CETP identified a significant schedule problem with FM1 and created some concern that the schedule for all of the units is not realistic.  

THEMIS Search Coil Magnetometer

Requests for Action (RFA)
RFA #:  SCM-3


Instrument:  SCM

RFA Title:  Alignment Budget

Review:  SCM EPR1


Date of Review:  10/10/2003




Reviewer:  Jeff Preble

Organization:  SpaceWorks

Recommended Action:

1.  UCB should establish an overall SCM alignment requirement based on the science requirements.

2.  In collaboration with the appropriate organizations, UCB should make alignment allocations to the spacecraft, boom, and SCM sensor.

3.  CETP should be required to complete a detailed assessment of how they plan to meet the alignment requirement that has been assigned to the SCM.  Included in this assessment should be a description of how the alignment of the magnetic core and winding will be maintained throughout the manufacturing (in particular during potting assembly) and how operation at temperature extremes will affect the alignment performance.
Rationale:

Detailed alignment requirements and budget have not yet been established by UCB which makes it impossible to assess whether the approach being discussed by CETP will be acceptable.  
 THEMIS Search Coil Magnetometer (SCM) 

Engineering Peer Review

October 10, 2003

Velizy, France
Engineering Peer Review 

Team Member Comments
SCM Engineering Peer Review Comments

David F. Everett
Summary:

·  In general, the SCM team appears well on the way to producing flight search-coil magnetometers for THEMIS.  The team is clearly experienced, knowledgeable, and capable.  

Findings:

Here are specific areas that the Berkeley team and/or the SCM team should consider:

· Grounding:  Berkeley should review grounding relationship between IDPU grounds and SCM grounds, including DC, signal, control, and chassis ground.  Berkeley should determine the best grounding strategy jointly with CETP.

· Saturation:  Is the amplifier saturation point optimum from the science point of view?  Take a look at the saturation/sensitivity tradeoff.

· Absolute Maximum Signal:  What is the largest signal allowed without damaging the amplifiers?  Make sure the ground test environment is well away from this level.

· Verification of Performance Before Launch:  Look carefully at what functions are not checked after environmental testing, such as the voltage regulator output.  Decide if the risk is reasonable.  If not, decide how to mitigate the risk (add telemetry, add special test, etc.).

· Current Monitor:  Can Berkeley put a current monitor on the power supply lines of the SCM to help with the pre-launch verification of performance?

· DC Magnetics:  Measure the DC magnetic properties of the 3D+ parts.  These parts are nickel plated.  Also make sure there are no other parts which could disrupt the DC magnetic measurements.

· AC Magnetics Testing:  Plan to use an engineering model unit of the SCM to test spacecraft components for radiated AC magnetic fields.

· Electrostatic Shielding:  Is the electrostatic shield on the SCM necessary, since the device will be shielded by the thermal blankets?

SCM Engineering Peer Review Comments

Jeffrey C. Preble

Summary:

· It appears that CETP has assembled an experienced, knowledgeable team for the SCM project.

· The SCM design for THEMIS appears to be closely related to designs for previous missions such as Cluster. 

· Assembly and testing of a breadboard model pre-amplifier provides an excellent basis for sensitivity claims and reduces technical risk.

· Development of the parts list is being accomplished by the SCM team at CETP, but procurement and EEE parts quality assurance is the responsibility of UCB.  This is a very good approach and decreases the possibility that the project will have to respond to avoidable parts issues late in the program.

· The presentation by 3D+  addressed all of the key issues associated with their component.  I was particularly pleased to see the materials list, status of specifications, and the EM/FM manufacturing, assembly, and test flow.   

· The schedule requirements for the SCM are severe.  Beyond the large problem identified by CETP for PA/FM1, it appears that the EM and at least FM2 are also at risk of missing the schedule requirements. 

Findings:

· It doesn't appear that UCB and CETP have coordinated the EEE parts program and procurement yet.  While it appears that schedule is being driven by the 3D+ part, I recommend that the parts list be finalized as soon as possible and that CETP begin interacting with UCB immediately on all EEE parts issues.

· There was little evidence that mass and power for the SCM is being handled adequately.  For example:  1) the preamplifier CBE mass is precisely the NTE mass of 200 g; 2) the sensor CBE mass is only 30 g lower than the NTE mass which gives 5% margin (30g/570 g); 3)  CBE power is only 5 mW lower than the NTE power which gives 7% margin (5mW/75mW).  Since there is some new development here, I think we need higher margins than this.  I recommend that CETP and UCB adopt a clear mass and power management plan that includes frequency reporting (weekly, twice per month, monthly), goes down to fairly high level of detail, differentiates clearly between CBE and NTE values, and may assign reasonable expectations for mass and power growth based on heritage of individual elements.

· Sensor bracketry is a new design and there is a potential for CTE mismatch between various materials.  I recommend that development unit or EM go through thermal cycle testing to verify design.

· Detailed alignment requirements and budget have not yet been established by UCB which makes it impossible to assess whether the approach being discussed by CETP will be acceptable.  I recommend that UCB establish a top-level alignment budget based on the science requirements and flow down an alignment requirement of the SCM to the mounting pattern at the boom interface.  Then, require CETP to show how they will meet their alignment requirement.

· There was some discussion regarding the trade-off between thermal vacuum and thermal cycle testing.  From the information presented, it appears that thermal cycle testing should be adequate.  However, I would recommend that UCB and CETP follow the guidelines in GEVS (increase temperature test range and increase the number of cycles by 50%)

· We recommend that UCB develop an AC magnetics cleanliness requirements document and implementation plan.

· There needs to be some resolution to the schedule issues identified by CETP for FM1, but also for the EM and FM2. 

SCM Engineering Peer Review Comments

Henry-Claude Seran

Summary:

· None

Findings:
· Magnetic cleanliness: as the SCM boom is short (1m), one should check as early as possible the magnetic cleanliness in the frequency range 1 Hz -10 kHz of equipment onboard the spacecraft.  Main source of AC magnetic noise are: power system, DC/DC converter, solar array, reaction wheels, motors.  The tests can be done on individual modules in a quiet room with a search coil similar to the one which will be used on THEMIS.

· Alignment: The design of the search coil should show more clearly how the alignment of the magnetic core and winding is maintained throughout the manufacturing (in particular during potting assembly phase n°2).

· Electrostatic shielding of the search coil: connection of the electrostatic shielding with the cable (analog ground) is not well defined (brazing, conductive glue?). Electrical grounding should be shown more clearly: electrostatic shield is connected to analog ground, whereas thermal blanket is connected to chassis ground.

SCM Engineering Peer Review Comments

Dr. Michael Sholl
Summary:

· None.

Findings:

· I understood there are no blind holes.  This should be verified.  Venting through helicoils is not a standard method for venting blind holes.  In general, need clarification from the project level for both box venting and blind hole virtual leak requirements.

· FEM thermal analysis recommendations:  Thermal mismatch between mounting bracket and boom (slippage and alignment); Possibly split aluminum interface?;  Clamp bolt preload for individual antennae mounts; Preload maintenance at low temperature; Stresses on coil due to clamp deformation (decircularization).

· Rationale for FEM recommendations:  Flexibility of PEEK mount will allow for thermal expansion relative to its fasteners; Gap seems rather large, and if you torque the fasteners to full values, you can expect the clamp to go out of round;  Is margin against this being investigated in the FEM code?;  Want a spacer plate in the 3mm gap?

· Need to consider differential expansion of PEEK baseplate relative to aluminum mounting plate.  Add slots, or some other feature which allows for the ~5.e-3in differential expansion between these plates.  Otherwise, you need to put pins in place to prevent rotation.  Fastener preload check after thermal cycling?

· Recommend you do not use locking helicoil in tapped PEEK hole, use thru-hole and locking nut instead.

· Confirm that the search coil and bracket will be covered with MLI.

· Question electrolytic nickel deposited on 3D.  What is the residual dipole requirement on the electronics?  Project should provide residual dipole measurement.

· 3D modules are large, and one may expect gradients between the junction and the case.  Junctions will be higher still when natural convection from the case is removed (vacuum testing).  I would like to see computations of the maximum junction temperatures in the active parts.

· Call out English-compatible (soft-metric) thru-holes on PEEK instrument mount bracket.

· Recommend reference edge against which to push instrument edge, integral to boom.  Calibration of the boom should be done relative to this edge, and mount tolerances computed relative to this edge on the Berkeley side of the interface.

· Check on resistance to ground on differential amplifier input on DFB.

· Believe it is okay to replace thermal vacuum testing with thermal ambient testing.  Temperature ranges need to be increased per GEVS, and number and slew rates per GEVS.
Check alloy 2618A, NASA materials list( action for R. Jackson

· SCM Engineering Peer Review Comments

Dr. James A. Slavin

Summary:

· Experienced team and very well equipped facilities for the in-house production of search coil magnetometers for space science missions.

· THEMIS design is state-of-the-art for spaceborne search coil magnetometers.

· CETP seach coil magnetometers have strong space flight heritage (Galileo, Cassini, Cluster, ...).

Findings:

· THEMIS does not yet have an AC magnetics control plan. An AC Magnetics Plan should be developed (RFA to be prepared by another member of review panel).
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