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�
Purpose and Scope


The objective of this document is to define the specific environment parameters that the ACE/MAG hardware shall be subjected to, prior to delivery to the spacecraft at APL/JHU. These environmental tests will demonstrate that the hardware will meet the mission performance requirements. This document directly supports the “Environmental Design & Test Requirements for the ACE payload”, ACE-CT-100-22 Rev. B, September 1994 for the ACE payload hardware. For any levels/specification not listed in this document, those levels/specifications given in the above document shall apply.


In a few instances, tests will not be performed. Results from similar tests on the WIND /MAG components will be supplied instead since, except for minor modifications, they are identical in design to the ACE/MAG components.





Vibration and Acoustic


Sine Survey Test


A Full Sine Survey Test for the MAG components is unnecessary since this is a heritage instrument. We will however do the following:


Electronics Box: We will do a low level survey before and after the random vibration test.


Sensors: We will provide an analysis which shows the resonant frequencies of the sensor assemblies. We will in addition provide a dummy sensor and standoff feet to APL so that APL could run a resonant frequency test to confirm the analysis performed by the MAG team.


Sinusoidal Vibration Test


This test will not be performed. Results from a similar test performed on the WIND electronics box and on its sensors will be provided.


Random Vibration Test


A test is to be performed on the electronics box and on each of the sensor assemblies in each of three orthogonal axes, one of which is parallel to the thrust axis. The electronics box is to be mounted with #8 SS bolts torqued at 18 in-lb. The sensors, on the other hand, are to be mounted on their flight posts with #8 Titanium bolts torqued at 9 in-lb.


We plan to use the GSFC facility The tests will use the spectra and duration as given in tables 2.3.1-2. which is 3 db below the “Protoflight Level” proposed in Tables 3.2.3 to 3.2.5 of ACE-CT-100-22. From discussions with APL, notching and/or force-limiting is unnecessary.


Acoustic Test


None of the ACE/MAG components are sensitive to acoustics and testing is deemed not necessary.


Instrument Cavity Pressure Changes


The ACE/MAG components are pressure relieved with ports that exceed 0.0005 in2 area per in3 of volume. No further analysis are required to meet the pressure change compatibility requirement.


�
Table 2.3.1 Random Vibration Test Spectra for the MAG Electronics Box� Duration = 1 minute.


Normal to Base of Box�
Parallel to Base of box�
�
Frequency (Hz)�
PSD (g2/Hz)�
Frequency (Hz)�
PSD (g2/Hz)�
�
20-40�
0.005�
20-40�
0.005�
�
40-140�
+6.0 dB/Oct�
40-160�
+3.0 dB/Oct�
�
140-300�
0.06�
160-300�
0.02�
�
300-400�
+3.0 dB/Oct�
300-400�
+11.5 dB/Oct�
�
400-830�
0.08�
400-600�
0.06�
�
830-2000�
-6.0 dB/Oct�
600-700�
+5.6 dB/Oct�
�
2000�
0.014�
700-830�
0.08�
�
�
�
830-2000�
-6.0 dB/Oct�
�
�
�
2000�
0.014�
�
Overall Amplitude = 9.6 g RMS�
Overall Amplitude = 8.8 g RMS�
�



Table 2.3.2 Random Vibration Test Spectrum for the MAG Sensors�Duration = 1 minute.


Frequency (Hz)�
PSD (g2/Hz)�
�
20�
0.03�
�
20-40�
+3.0 dB/Oct�
�
40-285�
0.06�
�
285-400�
+6.0 dB/Oct�
�
400-800�
0.12�
�
800-2000�
-6.0 dB/Oct�
�
2000�
0.019�
�
Overall Amplitude = 11.5 g RMS�
�



Thermal Verification


Voltage Margin Test


The new I/O board in the electronics box shall be subjected to a voltage margin test as follows:


the test shall be carried out at + 70(C and at �25(C in a non-vacuum environment;


each element under test shall be powered from a regulated supply that has the ability to vary the voltage (~ 1% accuracy desired);


the element shall be tested at both temperature extremes at the nominal and plus and minus 7% of nominal supply voltage.


In spec operation shall be verified in all cases.


The above described test will not be performed. It will instead be done by analysis and the results provided to the PO.


Non-Vacuum Thermal Cycle Test


The reassembled electronics box with its flight sensors attached shall be tested at temperatures from �25(C and at +50(C for a minimum of 2 cycles. The instrument shall be monitored continuously during the test and selected parameters recorded automatically at regular intervals.


Instrument Level Thermal Vacuum Test


As the final step in the thermal testing process, the reassembled electronics box with its flight sensors attached shall be thermally cycled as shown in Figure 3.4.1. Note that the last cycle shall be adjusted for a total time to be greater than 96 hours.


These test constraints should also apply:


fixturing shall be such that all components operate at its required temperature simultaneously;


components shall be instrumented to assure that critical assemblies are within their designated limits prior to application of power;


monitoring thermocouples need to be attached to the components in sufficient number and at such locations as required to determine critical temperatures;


location of thermocouples shall be recorded;


critical temperatures shall be monitored at all times and linked to an alarm system if necessary;


a comprehensive functional test shall be performed during at least one low and one high temperature soak. The comprehensive functional test shall exercise all primary modes and all redundant assemblies and interfaces;


during hot and cold starts, temperatures must be stable (rate of change ( 2(C/hr) prior to application of power;


transitions may begin after the completion of the functional or temperature stabilization plus at least 6 hours, whichever is greater;


a comprehensive functional test shall be performed prior to TV testing to establish a baseline and again at the conclusion of testing.


The test facility will be at GSFC and will have the following minimum standards;


the chamber should be able to reach 10 -6 torr after initial outgassing;


contamination is to be prevented using;


an active cryo panel;


a TOCM shall be used to monitor contamination;


Figure 3.4.1 Thermal Vacuum Cycle Profile


�


Thermal Balance


No thermal balance test will be done at the instrument level. Since MAG is an inherited instrument, the thermal balance test to be done at the observatory level will be sufficient. Note that only the sensors are thermally isolated from the Spacecraft.


Electromagnetic Compatibility


Conducted Emissions Test


The following tests are to be applied to power cables only. Both differential and common mode tests (which include both primary and secondary return when applicable) are performed on the S/C to instrument power interface.


Narrowband CE-01 Test


Narrowband Conducted Emissions from 30 Hz to 15 kHz: Tests to be performed according to procedures described in Mil-Std 462 and the differential and common mode emission levels shall not exceed those illustrated in Figure 4.1-1


Figure 4.1-1 Conducted Emissions Specification for DC Power Leads


�


The above test will not be performed for the ACE/MAG. We will instead provide the results of previous tests done on an instrument of essentially identical design at similar or higher levels.


Narrowband CE-03 Test


Narrowband Conducted Emissions from 15 kHz to 50 MHz: Tests to be performed on specified cables according to procedures described in Mil-Std 462 and differential and common mode emissions shall not exceed those illustrated in Figure 4.1-1


The above test will not be performed for the ACE/MAG. We will instead provide the results of previous tests done on an instrument of essentially identical design at similar or higher levels.


Time Domain Transients CE-07 Test


Using a LISN as shown in Figure 4.1-2 or 4.1-3 to simulate the S/C power bus, tests will be performed according to Mil-Std 462 to determine spikes and switching transients generated by the instrument. For CE07A, repetitive spikes should not exceed 0.5 volts PP with a duration less than 50 (sec. Ripple shall not exceed 350 mV PP in the 30 Hz to 100 MHz bandwidth. Time domain switching transients (CE07B) shall not exceed those levels indicated in Figure 4.1-4.





Figure 4.1-2 S/C Power Supply LISN for Use with CE07 Testing


�





Figure 4.1-3 Optional LISN Implementation


�


�
Figure 4.1-4 CE07B Modified Allowable Transients


�


The above test will not be performed for the ACE/MAG. We will instead provide the results of previous tests done on an instrument of essentially identical design at similar or higher levels.


Radiated Emissions Test


Not required for the ACE\MAG instrument.


Susceptibility Test


Susceptibility testing is limited to 28 volt power lines.


Conducted Susceptibility 


Test


The instrument should be capable of operation without degradation when subjected to the CS01/CS02 tests per levels of Fig. 4.3-1 and according to Mil-Std 462 procedures.


The above test will not be performed for the ACE/MAG. We will instead provide the results of previous tests done on an instrument of essentially identical design at similar or higher levels.


Spike Test


A breadboard version of the  instrument shall have its input power lines tested to CS06 modified (spikes) while operating continuously. MIL-STD-462 and according to Mil-Std 462 procedures. The CS06 spike to be used is 28 volt (on top of nominal 28 volt) for a duration of 15 µsec 


The flight instrument will be accepted by similarity.


�
Figure 4.3-1 Conducted Susceptibility Specifications for Input Power Lines


�
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