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 OVERVIEW


This MAG Integration and Test (I&T) Plan contains a description of each test to be performed on the MAG instrument upon delivery to the project, and while it is mounted on the spacecraft before launch. Each individual test plan comprises a separate section of this document. The following test plans are included: 


Instrument Handling Plan


Bench Acceptance Test Plan; 


Aliveness Test Plan; 


Limited/Comprehensive Performance Test Plan; 


Inter-Instrument Harness Test Plan.


Test objectives, duration, configuration, equipment, personnel, and hazardous conditions are discussed within each section. The individual test plans also reference their associated test procedure documents.


In addition, procedures will be provided for


GSE Set-Up Procedures


Power-Up/Power-Down Procedures


Emergency Turn-Off Procedures





 Reference Documents


MAG Specific instrument Interface Specification (SIIS)


ACE General Instrument Interface Specification (GIIS), �JHU/APL 73459005 Rev. A or latest version.


ACE MAG Bench Acceptance Test Procedure BRI-ACE-101


ACE MAG Aliveness Test Procedure BRI-ACE-102


ACE MAG Limited/Comprehensive Performance Test Procedure BRI-ACE-103


ACE MAG Instrument Handling Procedures BRI-ACE-104


ACE MAG GSE Set-Up Procedures BRI-ACE-105


ACE-MAG Power-Up/Power-Down Procedures BRI-ACE-106


ACE MAG Emergency Turn-Off Procedures BRI-ACE-107


ACE Observatory Level Static Magnetic Field Test Procedure BRI-ACE-108


ACE MAG Magnetic Compatibility Test Procedure BRI-ACE-TBD


Organization/Responsibility


Norman F Ness, BRI, MAG Experiment Manager.


Jacques L’Heureux, BRI, MAG Instrument Manager.


Charles W. Smith, BRI, MAG Data Manager.


Mario H. Acuna, GSFC Code 695, MAG Instrument Scientist.


INSTRUMENT HANDLING PLAN


Introduction


Proper instrument handling is crucial to ensure both personnel safety and the integrity of the instrument, from delivery to GE through launch. The following sections provide the guidance for avoiding prohibited activities at the system and subsystem level, protecting connectors, and shipping and handling.


Instrument Description


All the MAG assemblies can be safely hand-carried within a clean environment by suitably garbed personnel who follow the approved grounding procedures. The subassembly weights are approximately:


Electronics		2.9 Kg		6.4 lb.


Each Sensor	0.3 Kg		0.6 lb.


Prohibited Activities


Prohibited activities are defined for the system, or instrument level, and for the subsystem level.


System (Instrument) Level


The magnetometer will draw excessive power and can be permanently damaged if the electronics package is energized without each of the boom sensors connected. The instrument handling procedure must make special provisions to ensure that this does not happen, particularly during spacecraft system tests when the boom and sensors may be removed. A calibration/test cable, identical in design and manufacture to the boom cable can be used during the test phase.


Subsystem Level


Since the magnetometer triaxial fluxgate sensors are constructed of highly permeable cores, it is imperative that they be kept away from all magnetic materials and all DC and AC fields greater than 1.0 Gauss (except during special tests approved by the PI). The magnetic materials of concern are primarily iron, nickel and cobalt compounds, ferrites, and other permanent magnet materials.


Protecting Connectors


Connector protection provisions are given in terms of general concerns, special connectors, and connecting stimulators.


General


All connectors on sensors, boom cables, and electronic packages must be fitted with shorting plugs or plastic covers, as appropriate to preserve electrostatic and cleanliness protection. These shall be on whenever the connectors are not mated to their counterparts.


Special


All connectors must be fitted with the appropriate shorting plugs to prevent damage to exposed CMOS interfaces.


Connecting Stimulators


The MAG dynamic field simulator connects to either sensor at a special tee connector on the boom cable. Electrical connections are made in accordance with approved flight hardware procedures. 


Note that there are currently no plans to use a stimulator on the ACE program.


Shipping And Handling


The MAG instrument will be delivered in specially designed carrying cases. When not connected to or mounted on the spacecraft, the experiment shall be stored in these cases. Polyurethane foam is used as padding material, which means special precautions must be taken with regard to contamination control to keep the foam bagged or otherwise isolated form controlled clean areas.


Handling


This section addresses provisions for packing, unpacking, and carrying; handling fixtures (including proof loading); special handling, purge requirements, and hazardous materials.


Packing, Unpacking, Carrying


During packing, unpacking, and carrying, suitable precautions shall be arranged to minimize the likelihood of static charge generation and electrostatic discharge. Any items being connected to the hardware shall be electrically connected to ground. Anyone handling the hardware shall be connected directly to ground (usually the building ground). All personnel shall be instructed to discharge themselves by touching a grounding bar before handling any part of the instrument.


Handling Fixtures


MAG requires no handling fixtures.


Special Handling


There are no items on MAG which require special handling to prevent damage or injury (e.g. critical parts, critical single failure parts) except for exposed CMOS interfaces at connectors which must be fitted with the appropriate shorting plugs.


Purge Requirements


MAG has no purge requirements.


Hazardous Materials


MAG contains no hazardous materials.


BENCH ACCEPTANCE TEST PLAN


Test Objective


The Bench Acceptance Test is performed to verify that the instrument is functioning properly with the experiment bench checkout equipment (BCE). This includes verification of the following:


Instrument operational modes.


Instrument command operations.


Instrument power levels.


Instrument sensitivities (internal calibration).


 Test Duration


This test can be completed in about 30 minutes.


 Reference Documents


ACE MAG Bench Acceptance Test Procedure BRI-ACE-102


 Test Configuration


The MAG instrument is operating on BCE power and control signals, and is connected via non-flight cables. The sensors are shielded from the Earth's magnetic field by the use of (-metal cans. The telemetry output is verified by use of an IBM compatible personal computer display.


 Test Equipment


IBM PC AT 286/386 with keyboard, monitor, and hard drive; or equivalent; 


Standard Issue Spacecraft Telemetry Simulator.


Instrument-to-BCE harnesses.


MAG Electronics - Sensor harnesses.


(-metal shield cans (2).


MAG Sensors stimuli and associated cables.


Appropriate electrostatic discharge (ESD) protection.


 Test Personnel


GSFC Code 695 MAG Instrument Representative.


BRI MAG Instrument Representative


ACE Project Representative (optional).


R&QA Representative.


JHU/APL I&T Representative.


 Hazardous Conditions


The MAG instrument can be damaged if the sensors are not connected to the MAG electronics while power is applied. Personnel must ensure that the sensor cables are connected properly to the MAG electronics box before the instrument is powered on. Also, the MAG instrument should not be powered with breakout boxes installed in the sensor harness.


ALIVENESS TEST PLAN


 Test Objective


The Aliveness Test is performed to verify that the instrument is functioning properly on the spacecraft. This includes verification of the following:


Instrument functions in its default operational mode.


Instrument command operations.


Instrument power levels.


Instrument sensitivities (internal calibration).


 Test Duration


This test can be completed in about 10 minutes.


 Reference Documents


ACE MAG Aliveness Test Procedure BRI-ACE-103


 Test Configuration


The MAG instrument is operating on spacecraft power and control signals, and is connected with flight harnesses. The telemetry output is verified via MAG Ground Support Equipment (GSE).


 Test Equipment


MAG GSE (486 or Pentium with keyboard, monitor, serial port, and hard drive; or equivalent).


Serial cable from MAG GSE to ACE GSE


MAG Sensors stimuli and associated cables (optional).


 Test Personnel


1. GSFC Code 695 MAG Instrument Representative(s), when necessary.


2. JHU/APL I&T Representative(s).


 Hazardous Conditions


The MAG instrument can be damaged if the MAG sensors are not connected to the MAG electronics while power is applied. Personnel must ensure that the sensor cables are connected properly to the MAG electronics box before the instrument is powered on. Also, the MAG instrument should not be powered with breakout boxes installed in the sensor harness.


LIMITED/COMPREHENSIVE PERFORMANCE TEST PLAN


Test Objective


The Limited Performance Test is performed to verify that the instrument is functioning on the spacecraft and in the spacecraft environment, with no performance degradation. In the case of MAG. It is not different from the Comprehensive Performance Test. The test includes verification of the following:


Instrument functions in all of its operational modes.


Instrument command operations.


Instrument power levels.


Instrument sensitivities and linearity.


 Test Duration


This test can be completed in about 45 minutes.


 Reference Documents


ACE MAG Limited Performance Test Procedure BRI-ACE-103


 Test Configuration


The MAG instrument is operating on spacecraft power and control signals, and is connected with flight harnesses. The telemetry output is verified via MAG Ground Support Equipment (GSE).


 Test Equipment


MAG GSE (486 or Pentium with keyboard, monitor, serial port, and hard drive; or equivalent).


Serial cable from MAG GSE to ACE GSE


MAG Sensors stimuli and associated cables (OPTIONAL).


 Test Personnel


1. Code 695 MAG Instrument Representative(s), when necessary.


2. JHU/APL I&T Representative(s).


 Hazardous Conditions


The MAG instrument can be damaged if the MAG sensors are not connected to the MAG electronics while power is applied. Personnel must ensure that the sensor cables are connected properly to the MAG electronics box before the instrument is powered on. Also, the MAG instrument should not be powered with breakout boxes installed in the sensor harness.


MAGNETICS TESTING DURING S/C INTEGRATION PLAN


Overview


Our goal is to establish the cleanest magnetic environment that can be obtained using reasonable, convenient, low-cost- and non-schedule-driving techniques. We propose to conduct a program that works in cooperation with APL and others supplying instruments to:


minimize magnetization of soft magnetic material during subsystem construction and testing, 


degauss those subsystems upon delivery which can be degaussed, and 


monitor spacecraft integration, and final testing of the integrated spacecraft. This document applies to spacecraft subsystem and scientific instruments alike.


To accomplish this goal, we are requesting a series of ongoing tests throughout the assembly process that we can perform without adversely impacting the ACE assembly schedule. We also request the scheduling of a night or weekend shift for each of the following tests:


AC magnetics testing of the fully integrated spacecraft. 


DC magnetics testing of the fully integrated spacecraft.


In anticipation of the magnetics testing, we have worked with APL to conduct a general review of current paths in the spacecraft. In so doing, an attempt has been made to identify and eliminate all large, uncompensated current loops by use of well-known and proven techniques. Efforts have also been taken to reduce EMF interference generally. APL personnel have been extremely helpful in this latter effort. While not formally part of the test procedure, it is hoped that this effort has been successful at minimizing fields associated with spacecraft currents.


It is inescapable that these tests are an interactive process between the MAG team and the subsystem and instrument scientists and engineers. We have attempted to develop procedures that will make every effort to minimize impact on the associated spacecraft tests. We do not believe that the integration schedule will be adversely impacted by these efforts.


General Recommendations From The MAG Team


Non-magnetic hand tools shall be used in the assembly of the ACE spacecraft.


Tools made from ferrous materials should be periodically degaussed. Monthly degaussing of tools should be sufficient. A tape degausser will be supplied by BRI for this purpose.


Deliberately magnetized tools including magnetic retrieving devices should be avoided at all costs.


Mounting bolts, springs, hinges, etc. made from ferrous materials should be avoided, rendering the above concern unnecessary.


At all times care must be taken to keep magnetized materials away from the MAG sensors.


TESTING OF SUBSYSTEMS DURING DEVELOPMENT PLAN


Parts list


A portable MAG sensor (commonly called a sniffer) that the MAG team can provide.


A 6 foot table or workbench isolated from strong sources of magnetic field (large magnets or current loops, heavy iron or steel cabinets, etc.).


Test Objective


AC noise levels above the stated goal will be detectable by the MAG instrument and may contaminate measurements of the interplanetary field. Static fields of the individual subsystems and instruments may combine to push the range of the MAG instrument, but it is more likely at this stage that soft magnetic material will produce a drifting spacecraft field that will significantly complicate the analysis of the MAG data. For these reasons, it is beneficial to test the magnetic properties of subsystems and instruments during development or shortly thereafter because:


static (DC) and AC fields and changes in DC fields due to operation modes can be detected early and 


possible shielding or self-compensating actions can be developed as needed in advance of integration and in cooperation with the system engineers.


These tests, when conducted early, are especially useful at detecting inadvertent parts substitutions (common steel bolts and springs) and current loops.


Test Duration


The full test should take approximately 1 hour and is dependent primarily upon the time needed to cycle the subsystem.


Test Configuration


Development tests consist firstly of passing the unpowered subsystem or instrument past the portable magnetometer to estimate its static field. (There may also be an induced field contribution.)


The subsystem or instrument is then powered as in the delivery test below and the operation of the unit is monitored. In particular, we look for magnetic fields in the normal operating range of the MAG experiment which is as follows:


The maximum total DC field goal at the ACE sensor is 0.1 nT [ACE SRD, section 4.3].


The AC noise goal at the ACE sensor is less than 0.001 nT in the range 0 to 10 Hz as well as at the primary and first harmonic of the magnetometer drive frequencies of 15 kHz (( 200 Hz), 30 kHz (( 400 Hz) and 60 kHz (( 800 Hz) [ACE SRD, section 4.3].


The ACE MAG sensors are a minimum of 3.3 meters from any spacecraft subsystem, except the solar arrays. Magnetic dipole scaling of 1/R3 allows scaling of test measurements at more convenient lesser distances.


MAGNETIC COMPENSATION DURING VIBRATION TESTS PLAN


For subsystem vibration tests conducted at APL no special equipment is needed except the magnetic compensation coils built into the vibration tables and the magnetometer that Dr. F. Mobley of APL has provided to conduct performance tests on the tables prior to the first shake test. We will rely on the test results of Dr. Mobley to determine whether the same magnetometer is needed to guide the compensation of the tables prior to each shake test, or whether a reliable compensation setting can be predetermined for the duration of the tests.


Instrument teams have been asked to conduct vibration tests following the procedures presented below and to shake test at the same level of compensation of the ambient and table-induced magnetic field as APL has agreed to do.


Discussions between APL, GSFC and BRI/UD achieved agreement that ACE subsystems would be vibration tested on the small shake table at low power whenever possible.


Magnetic compensation to 1 Gauss will be employed.


Some vibration tables, including a table at GSFC, experience drift of the magnetic compensation until the table has been running for a period of time. APL has determined that their vibration tables remain magnetically compensated over the period of time required to run a complete shake test. The instrument teams are asked to inquire regarding the stability of the magnetic compensation on the tables they use prior to the vibration test.


Continuous monitoring of the compensation during each test is not required.


To insure that components are not subjected to any magnetic field spikes the shake table and compensation coils shall be turned on before mounting the ACE component, and the ACE component shall be removed before turning the shake table and compensation coils off.


Instruments may find it easier to meet the magnetics goal of shaking in less than a 1 Gauss field by using an extender on their shake tables, thereby avoiding the need for magnetic compensation by placing the instrument at heights where the field is less.


Instruments and subsystems which cannot undergo degaussing and which cannot be shake tested at less than 1 Gauss due to schedule conflicts or failure of the shake table will need to undergo measurement of their static field before and after the vibration test to assess the level of magnetization that has resulted.


The purpose of these measurements is to determine the level of magnetization gained by the soft magnetic material in the unit. The magnetization of this material may not remain stable in flight and could, therefore, contribute to a drift of the spacecraft field. Understanding the level of soft magnetization in advance may assist in removing this contamination later. By definition, hard magnetic material will not be significantly affected by the vibration test and the field of this material will not change in flight.


It will be helpful, if possible, to perform the same before and after measurements of a unit's static field for any and all units vibrated without magnetic compensation since the intensity of the degaussing field has been determined based on a low-field shake. These measurements will determine whether the field acquired in the shake is adequately removed by the 25 Gauss field now determined for use in degaussing.


To insure that components are not subjected to any magnetic field spikes, the shake table and compensation coils shall be turned on before mounting the ACE component, and the ACE component shall be removed before turning the shake table and compensation coils off. This consideration is made more critical for subsystems and instruments that cannot withstand degaussing fields.


Shake tests at Observatory level will be conducted at APL on the large table with the extender and PAF in place. Magnetic compensation coils are not needed at this height. Tests by F. Mobley [APL memorandum S3G-95-081] show that the magnetic spike associated with turning on the table is only 3 Gauss and that subsequent field levels are lower. Therefore, no special turn-on procedures are needed and magnetic compensation is also not needed for this test.


TESTING OF SUBSYSTEMS PRIOR TO INTEGRATION PLAN


Testing can be done at APL in or near the assembly room after delivery or at the home institution prior to shipment. The MAG team is prepared to travel in order to facilitate this second option.


It will generally prove more convenient to all if the AC tests are performed at the home institution, but the static tests and degaussing of the unit is best performed at the APL assembly facility.


Parts List


Magnetic sniffers (portable magnetometers).


Degaussing coil 18 inches in diameter 


A 25 Gauss field has been agreed upon for degaussing of spacecraft subsystems. The MAG team will assist in verifying the properties and performance of the degaussing coil upon arrival at APL.


Power supply 


Two tables (approx. 6 x 3 feet) that will support 80 lb. without risk to hardware and remain stable and free of sway.


The tables should be located away from magnetic sources and within the clean room where subsystems and instruments are unpacked. Aside from the need to place the tables away from strong sources of magnetization and in an area where the instruments and subsystems can be taken, the location of the tables should be determined at APL's convenience. 


A magnetic registry badge will be needed to accompany the unit in shipment if the unit is degaussed in the laboratory of the home institution.


Magnetic registry badges will also be provided by the MAG team and temporarily attached to the spacecraft to monitor the magnetic environment during shipment and environmental testing.


SUBSYSTEM AND INSTRUMENT ACCEPTANCE TESTING PLAN


The MAG team wishes to monitor the acceptance testing for subsystems and instruments delivered for integration with the spacecraft. This is the last opportunity prior to integration when magnetic contamination (both DC and AC) can be detected and corrected.


Thorough magnetic tests of mature instruments and subsystems prior to delivery should reduce this test to a pro-forma verification of previous results and eliminate any likelihood of impacting the schedule.


Degaussing of subsystem and instrument static fields


The degaussing coil and power unit will be set up on one of the two tables assigned for delivery magnetics testing.


The degaussing coil provided by the MAG team will be measured upon delivery for field strength and uniformity. APL is welcome to participate in this effort.


The degaussing coil will be set to 25 Gauss maximum field within the coil for degaussing boxes small enough to pass through the 18 inch diameter coil of the degausser.


The subsystem requiring degaussing is passed slowly by hand through the coil, perhaps repeating if necessary. It is best if 2 people perform the function with each one standing on either side of the coil.


Units too large to pass through the 18 inch coil will be transported to GSFC for degaussing in the larger facility there where the same procedures will be followed. APL personnel and/or members of the relevant scientific teams are welcome to attend to verify that the proper degaussing procedures are followed. At GSFC, a nonmagnetic cart will probably be employed to pass the subsystem through the larger coil.


Since the potential shipment to GSFC is strictly dependent upon the size of the unit, it should not be difficult to determine which units are likely to require shipment to GSFC. Preliminary measurement of the static field in the laboratory will determine whether and when time in the GSFC facility needs to be reserved.


Shipping boxes may be needed, especially for APL-provided hardware. This can be predicted on the basis of the above.


Measuring of subsystem and instrument static fields


The magnetics sniffer will be set up on the second table.


It is necessary to turn the degaussing coil off when using the sniffer if the two are in the same general proximity.


The unpowered subsystem or instrument will be passed by a MAG team magnetics sniffer at a distance of approximately 0.5 meter to search for static magnetization of the unit. This process is best done by hand and an engineer from the subsystem team is welcome to hold the unit being tested.


Instrument and subsystem teams should make known any safety issues associated with the handling of the units. Members of the engineering or science team associated with the unit are welcome to involve themselves in handling the units.


The static field of each subsystem and instrument should be minimized, but the stated goal for static field spacecraft cleanliness is a good point of comparison. The magnetic cleanliness goal for the total static field is 0.1 nT at the MAG sensor.


A 0.1 nT dipole field at 3.3 meters (the location of the MAG sensors relative to the nearest spacecraft subsystem or instrument) has a strength of 30 nT at 0.5 meters. Therefore, a field strength of 30 nT or less at 0.5 meters is a good indication of the relative cleanliness of the static field for each subsystem or instrument. In addition, a 30 nT field is easily viewable by the magnetic sniffers the MAG team will provide.


Subsystems or instruments judged excessively magnetic following the degaussing procedure may be compensated or shielded if a scenario acceptable to all concerned can be devised.


It is hoped that testing prior to delivery for integration will identify those components requiring shielding or compensation thereby permitting development efforts well in advance of delivery.


Metglass has to date proven highly effective at shielding static fields with low to moderate intensities while incurring little mass penalty, i.e. the propulsion latch valve shields weigh ~ 1.5 ounces each.


Compensation is only viable for hard magnetic materials with fields that are expected to remain stable under the expected thermal variations.


MONITORING OF AC FIELDS DURING ACCEPTANCE TESTS OF SUBSYSTEMS COMPONENTS AND INSTRUMENTS


Test Objective


These tests are designed to take place upon delivery of the subsystem or instrument to APL for spacecraft delivery. Testing of a mature unit prior to delivery is an acceptable and welcome alternative. The MAG team is willing to travel to home institutions in order to conduct these tests in the days and weeks prior to delivery.


The goals of these tests are to detect AC magnetic fields in the frequency range of the MAG measurements and possible changing DC fields associated with uncanceled current loops.


The stated goal for AC noise at the ACE sensor is less than 0.001 nT in the range 0 to 10 Hz as well as at the primary and first harmonic of the magnetometer drive frequencies of 15 kHz (( 200 Hz), 30 kHz (( 400 Hz) and 60 kHz (( 800 Hz) [ACE SRD, section 4.3].


The MAG sniffers are incapable of directly measuring fluctuations at frequencies above 10 Hz, so we must rely on analysis of the subsystem or experiment in question to address the 15, 30, and 60 kHz intervals. The cooperation and assistance of the ACE team is requested in this effort.


Test Configuration


Activation of the unit under power with the fullest range of operation permissible given the unit's limitations under laboratory conditions is required for these tests to yield reliable information.


The longest possible power leads to the subsystem or instrument will greatly aid the diagnostic process. Six foot leads should suffice. Bi-filar twisting of the leads will assist in reducing stray fields from the power supply and GSE.


One or more portable MAG sniffers will be placed near the component during the routine delivery performance tests. The MAG team will monitor the magnetics of the instrument as it cycles through its operational modes.


Movement of magnetized tools during the tests will interfere with the measurements. This is sometimes difficult to avoid, but it is essential.


We request that the instrument or subsystem be fully exercised subject to the ability of the instrument to function in atmosphere and at room temperature.


Possible AC noise signals in the range of operation of the magnetometer will be recorded, addressed if possible, and documented for later in-flight recognition.


We may request that some test procedures be repeated for further diagnostics if noise is found. This fact further enhances the desirability of performing these tests at the home institution prior to delivery for integration.


These tests, if carried out prior to delivery for integration, will not slow the integration schedule.


TESTING AT SPACECRAFT INTEGRATION PLAN


Test Objective


It is beneficial if some of the subsystem and instrument integration tests can be monitored for magnetic signatures during spacecraft assembly. If the unit has been properly tested for magnetic contamination prior to integration, these tests can only be beneficial to the spacecraft integration effort as they directly address the integration process rather than the instrument itself.


Test Configuration


A magnetics sniffer will be placed at an appropriate location within several feet of the spacecraft and the AC magnetic noise associated with the operation of the subsystem will be monitored. In addition,


The normal integration tests will be monitored for possible noise signals.


Hand-held magnetometers will be used to localize the source when possible.


A repeat of some tests may be requested during the testing period.


AC MAGNETICS TESTING OF THE FULL SPACECRAFT AT OBSERVATORY-LEVEL PLAN


Test Objective


These tests are functionally equivalent to the above acceptance tests for AC fields, except that now all states and operation of the spacecraft will be tested a final time. They most likely should be performed in the assembly room at APL. They can be scheduled at any time following spacecraft integration, but preferably before blankets are installed.


Test Duration


We request one 8-hour evening or weekend shift when the spacecraft is fully operational and with the necessary technicians available to command the spacecraft.


Test Configuration


Multiple magnetic sniffers may also be placed about the spacecraft to monitor these tests. The MAG instrument will also be on and part of the MAG-GSE will be connected to the MAG via the MAG test connector as shown in Figure 13.3-1


We request that the spacecraft be fully exercised, to the degree that instrument safety permits.





�





Figure 13.3-1 GSE Setup during portions of the AC Testing of the Integrated Spacecraft


DC MAGNETICS TESTING OF THE FULL SPACECRAFT AT OBSERVATORY-LEVEL PLAN


Overview of Test 


These measurements are taken with an unpowered spacecraft under the assumption that any fields arising from currents will be detected by the observatory-level AC tests that exercise the spacecraft.


The spacecraft movement involves both rotation (about a single vertical axis) and translation. A nonmagnetic chain or webbing must be used to suspend the spacecraft from the crane hook. Nonmagnetic connectors between the webbing and spacecraft must also be used as must nonmagnetic bolts, etc. The crane hook should be as high above the spacecraft as is possible to prevent contamination of the measurements by the highly magnetic hook. The MAG team has been in discussion with APL regarding a possible design for this lifting harness and is prepared to cooperate fully in the design of the fixture.


Whatever is not part of the spacecraft in flight (mounting platforms, metal shields, etc.) should be detached for this test if they are even slightly magnetic. Approximately 4 sensors will be spaced at different locations about the spacecraft. Ideally, the sensors will be placed at equal locations about the spacecraft on nonmagnetic stands (cardboard boxes will suffice) at the height of the MAG booms, but closer to the spacecraft than the 3.3 meters of the fully-extended booms. Considerable latitude exists for the placement of the sensors so long as they are within a few feet of the spacecraft. The spacecraft will be raised off its stand in the high bay until approx. 1 foot above the floor to facilitate small movements of the spacecraft. A first set of measurements is taken while the spacecraft is manually rotated by 4 to 8 technicians standing at fixed intervals about the spacecraft. The technicians stand at fixed locations and only the spacecraft is allowed to rotate.


This permits 2 components of the spacecraft's dipole to be decoupled from the ambient field in the room and resolved.


 A second set of measurements are recorded when the spacecraft is translated about 1 meter across the floor while still suspended with the hook in a fixed position. This is essentially a ``translation test''.


This permits the third component of the spacecraft field to be decoupled from the ambient room field and resolved.


Not coincidentally, this third component is the same component which is most difficult to resolve in-flight.


Test Objective


These tests permit an approximate evaluation of the integrated spacecraft's total magnetic dipole without taking the spacecraft to a magnetics facility. They are the logical extension of the earlier component-level static tests now applied to the integrated spacecraft.


Members of the MAG team will conduct these tests with the cooperation and involvement of APL personnel.


Test Duration


We request one 8-hour evening or weekend shift.


Test Configuration


These tests require that the spacecraft be moved relative to the stationary sensors as local gradients of the ambient field will not permit movement of the sensors.


Mounting of solar panels is desirable, but not required.


Tests of the high bay adjacent to the ACE integration room indicate that this area will be satisfactory to perform the tests described here. A high bay at GSFC would however be preferable.


SOLAR PANEL TESTING PLAN


Following discussions with APL, the current baseline for the testing of the solar panel involves 3 stages.


Qualification panel testing:


Movement of the solar panel past the magnetic sniffer will reveal any static field associated with the panel. No significant field is expected.


The qualification panel will be tested for current-associated fields by running current through the panel.


The solar panel engineers may set the current level and pulse duration, but the current must be a sufficient fraction of the expected operational current to provide a measurable test of the panel.


The resulting field due to the pulsed current will be monitored by 1 or more magnetic sniffers.


The results of these tests will be compared with the models of Dr. Brian Anderson (APL) as a test for consistency.


Dr. Anderson's models of the flight panels were key considerations during the design phase and consistency with the qualification panel will provide a significant degree of confidence in the final product.


Wire board layout:


A wire board mockup of the solar panel will be fabricated at GSFC for testing there.


The above and following tests will be repeated on the mockup.


Flight panel acceptance testing:


If the previous tests have been successful, this test should function as a basic workmanship test. No surprises should be revealed at this stage.


A repeat of the qualification panel tests will be performed on all the flight panels, but the two panels to which the MAG booms are attached will receive the most critical attention since these present the greatest opportunity for contamination of the MAG data.


A test of the static field will be performed following the general prescription described previously for subsystem delivery and acceptance tests.


Current will be flowed through the panels at a level and for a duration judged as safe in light of the test results for the qualification panel and the resulting field will be measured with magnetic sniffers.


The results will be compared with Dr. Anderson's model.
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