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The test was performed in the Marshall Space Flight Center Six Degree-of-Freedom (6-DOF) 
Table Facility in building 4663.  The facility consists of a control room, 6-DOF table room and 
hydraulics room.  The facility includes: 

Table 1. Test Facility Equipment 

1. A six degree-of-freedom table with associated hydraulics system 

2. A table control cabinet that allows interfacing for control of the 6-DOF table, 
reading of its motion measurements, and monitoring of its safety discrete 

3. A monitoring system for the status of the table hydraulics 

4. Cameras, camera controllers, and displays for viewing in the control room of 
the test article on the 6-DOF table from the control room 

5. Uninterruptible power supplies for test equipment 

 

A generalized concept of operation for a given test case is as follows: 

Table 2. Test Operational Flow 

1. HWIL software, table control/hydraulics, data recorder and monitoring devices 
are powered on and confirmed to be operating normally. 

2. The RINU is powered on (and allowed to come to thermal equilibrium). 

3. The RINU is initialized. 

4. Table dynamics are initiated. 

5. The RINU is moded to GCA and allowed to gyrocompass for 60 minutes. 

6. The RINU is moded to navigation mode. 

7. Table dynamics end, the table is lowered and powered off. 

8. The RINU attitude is measured via theodolite. 

9. The RINU is powered off, the test ends. 

 

Test cases were developed to address the aforementioned objectives of the test.  These are de-
tailed in Table 3 below. 
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Table 4. Model-Hardware GCA Comparisons 

Run ID Azimuth Error (Model vs. Hardware), 
radians 

TC3R2A -0.000123 

TC3R3A 0.000128 

TC3R4B -0.000054 

TC3R5A 0.000162 

TC3R6A 0.000048 

TC4R1A 0.000026 

TC4R2A -0.000078 

TC4R3A -0.000199 

TC4R4A -0.000316 

TC4R5A -0.000339 

 

GCA Robustness Analysis 

The runs in test cases 3 and 4 consisted of various dynamic pad environments.  In order to 
�H�Y�D�O�X�D�W�H���W�K�H���5�,�1�8�¶�V���S�H�U�I�R�U�P�D�Q�F�H�����0�R�Q�W�H���&�D�U�O�R���V�L�P�X�O�D�W�L�R�Q�V���Z�H�U�H���U�X�Q���W�R���S�U�R�Y�L�G�H���D�Q���H�Q�Y�H�O�R�S�H���I�R�U��
comparison purposes.  Test case 3 consisted of runs with the SLS DAC2 and VAC1 twist & sway 
environments and the RINU vendor-heritage software testing profile�² �O�D�E�H�O�H�G�� �E�H�O�R�Z�� �D�V�� �³�+�H�U�L�W��
�D�J�H�´�� 

The Monte Carlo simulations were run using the RINU performance model, simulating the 
exact case run for each test run.  Since the start of GCA mode was not fixe�G���U�H�O�D�W�L�Y�H���W�R���W�K�H���W�D�E�O�H�¶�V��
dynamic profile during testing, the start time of GCA was randomized for this Monte Carlo.  The 
baseline error budget for the Monte Carlo simulations was that given by the �Y�H�Q�G�R�U�¶�V���F�D�S�D�E�L�O�L�W�\��
�H�V�W�L�P�D�W�H�����O�D�E�H�O�H�G���³�1�(�%�´��.  Additionally, an attempt was made to reduce the comparison envelope 
somewhat by using a reduced error budget derived from the Acceptance Test Procedure (ATP) 
for the specific test article RINU, which documents the thresholds on various error characteris-
tics.  Both the NEB and ATP error budgets were run, with 500 Monte Carlo simulations each, for 
each pad environment model. 

The resulting comparison for test case 3 can be seen in Figure 7. 
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Figure 8. Monte Carlo Simulation Results vs Test Data, Test Case 4 

As shown in the test case 4 comparisons in Figure 8, the GCA solutions recorded during the 
test fall neatly within the simulated envelopes.  Note that the distributions start to become bimod-
al at around the 8X scaling level.  This could indicate that the GCA algorithm as simulated by the 
RINU performance model is starting to lose effectiveness.  Unfortunately, insufficient hardware 
test data was available to definitively confirm the simulated result. 

Overall, the model performance in test case 3 and test case 4 comparison runs demonstrated 
that the simulated performance bounds the actual performance in all cases.  Further, the simula-
tion of each test case with both the NEB and ATP error budgets showed that the choice of instru-
ment error budget had a near-negligible effect on attitude error resulting from GCA.  This demon-
strates that the dynamic environment is by far the dominant contributor to GCA error. 

Additional Analysis 

In addition to the analysis discussed above, Allan Deviation and spectral analyses were con-
ducted using data collected during the 24-hour test (test case 5 in Table 3).  Spectrograms pro-
duced of the test data have identified unexpected phenomena which are currently being investi-
gated with the RINU vendor, as well as influencing future test actions.  Allan Deviation analysis 
uncovered some differences between the hardware performance and the RINU performance mod-
el, specifically in the area of bias instability; these are currently being addressed in the model val-
idation process. 











