Dorado Sea Trials November 2000

Monday 30 October 2000

Mobilization of R/V Shana Rae.  LRS loaded and installed.  Deployed vehicle from forklift and tested ballasting and tracking. Performed several practice recoveries in the Western Flyer slip. Added wire cable passed through block on top of A frame to restrain vehicle in forward direction. This line is also used to pull vehicle aft during deployment. Slip line, led from bitt, through nose, back to bitt, used to restrain vehicle in fore/aft direction. Deployment can be done completely with hydraulics. The vehicle is pulled onto the articulated section of the ramp by the restraining line, then the ramp can be lowered until the vehicle is held by the bow line. The bow line is led to a hydraulic capstan which can be used to deploy and recover the vehicle.
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Tuesday 31 October 2000

Summary

Vehicle deck checkout was OK. Comms problems with tailcone when vehicle in water. No missions run.

Missions Run:

None

Testing

Vehicle deployed at sea.  Failure of tailcone communications upon immersion in seawater.  Vehicle was recovered and ship returned to dock for vehicle repair. Initial diagnosis was a ground fault in the tail section of the vehicle. This was confirmed by dunkings of the vehicle off the Shana Rae. Ground fault initially thought to be due to flooded connector. All connectors in aft section opened. Several damaged  O rings located in HD Impulse connectors on J Box, and on 9 pin Impulse connectors on IBC can; damaged O rings replaced. Wet testing of vehicle with rudder and elevator motors dummied out still showed a ground fault. Thruster motor housing removed from vehicle and taken to lab for inspection. Opened and RS485 ground wire removed from sv203 connector. A ground fault was noticed between power ground and case, but this was later determined to be from boards unseated during disassembly. Tests with ohmmeter after reassembly showed no ground fault between case and negative power.

Wednesday 01 November 2000

Summary

We departed the dock at approximately 1400 local and were able to run 3 missions. Spent most of day chasing tailcone/MVC ground fault.

Missions Run:

2000.306.00

2000.306.01

2000.306.02

Testing:

Vehicle deployed in morning in R/V Western Flyer slip. Continued serial comms problems with tailcone motor controllers. Dips  of vehicle showed comms problems appeared when waterline intersected J box and top of sphere. More O ring inspection and replacement. Empirical tests with shorting wire determined that corruption of communications between MVC and tailcone occurred when a conducting path was present between tailcone frame and the paroscientific pressure sensor penetrator on the control sphere.  Tests with Voltmeter and ammeter showed .3 mA ground fault current between tailcone structure and penetrator. In order to allow operations we removed the shield connections from the IBC can to the elevator actuator, rudder actuator and thruster housing, thus leaving the tailcone structure floating. Shield connections were cut on the cable side of the bulkhead connectors between these housings and the IBC can.  

Recovery of the vehicle with the new LRS proved problematic in relatively mild surface conditions (10-12 knots NW wind; 3-5 foot swell).  The vehicle was observed to surge substantially with respect to the ship as the vessel moved downswell and also proved quite difficult to control via the towline in the horizontal plane.

Dynamic control of the vehicle was extremely poor and we determined that evening that the .profile was pointing to the wrong vehicle.cfg file in which are contained the coefficients for dynamic control.

Spikes in pressure sensor calculated depth were noted.

Thursday 02 November 2000

Summary

Departed dock 0700 hours, uneventful launch of vehicle on site.  Confirmed .profile pointing to correct vehicle.cfg file and that vehicle.cfg contained the proper dynamic control coefficients. Main goals of days tests were to gather pitch control and depth control data.

Missions Run:

2000.307.00 – pitchcontrol.cfg – constant pitch of 0 degrees for 3 minutes

2000.307.01 – depthcontrol_nov.cfg – constant depth of 10 m for 3 minutes

2000.307.02 – depthcontrol_nov_newlaunch.cfg – same as above with extended launch

2000.307.03 – depthcontrol_nov.cfg – constant depth of 10 m for 3 minutes

2000.307.04 – depthcontrol_nov.cfg – constant depth of 10 m for 3 minutes (rerun)

2000.307.05 – depthcontrol.cfg – constant depth of 10 m, increased KpDepth

2000.307.06 – pitchcontrol.cfg – constant pitch of 0 degrees for 3 minutes

2000.307.07 – pitchcontrol.cfg – constant pitch of 0 degrees – test replaced elevator

2000.307.08 – pitchcontrol.cfg – same as above w/ extended abort depth of 65m

2000.307.09 – pitchcontrol.cfg – multi-pitch pitch control mission (0 & 2 degrees)

2000.307.10 – pitchcontrol.cfg – same as above with no 0 pitch setpoint

2000.307.11 – pitchcontrol.cfg – multi-pitch mission to see if control stable for long time

2000.307.12 – depthcontrol_nov.cfg – 6 minute run at 10m depth

Test:   Pitch control at a commanded pitch of zero for 180 seconds.  After an initial pitch down excursion the measured pitch converged to within 1.0 degree of commanded (mission data in 2000.307.00 – see seconds 150-200).

Test:  Depth control at commanded depth of 10 meters.  Initial attempt vehicle failed to clear surface (2000.307.01).  Added launch behavior before descend  behavior (2000.307.02) – bad parosci hit during setpoint caused abort.  

Reset abort depth in depth_envelope behavior and reran mission (2000.307.03).  From 50-200 seconds measured pitch matches command +/- 1.0 degrees.  KpDepth appears to be a candidate for a more agressive value.  Depth sensor spike at t = 204 s causes corresponding spike in commanded pitch.  Pitch oscillates 20 degrees (T = 20 seconds) thereafter and vehicle loses depth control.  Mission ends at 20 meters depth. See Error! Reference source not found..

See data set 2000.307.04 (Error! Reference source not found. and  Figure 3), which was a rerun of 2000.307.03 with less time on initial descend behavior.  Slightly different results.   Successive pressure sensor spikes after t = 156 seconds cause elevator integrator term (shown as cyan in the lowest plot) to counteract proportional term and vehicle goes nose high for much of the remainder of mission.  There is an unexplained pitch down excursion at t = 98 seconds.  In addition there is a significant difference between commanded and measured elevator angle at this time; this is shown as the large spike in timestamp differences in figure 3. This may be correlated with the impending failure of the elevator acuator.

Mission 2000.307.05 -- changed KpDepth from 0.015 to 0.030.  Commanded and measured pitch never converge.  Suspect mechanical ballast failure and try to rerun simple pitch control mission (see data set 2000.307.06).  Pitch control appears nominal at commanded pitch = 0 but after mission discover have lost communications to elevator.

Return to dock and replace elevator, discover feedback pot in linear actuator has failed short.  Repeat pitch control mission of 2000.307.06 vehicle maintains commanded pitch within 1.0 degrees (see data set 2000.307.08).

Ran several pitch control missions 2000.307.09-11.  Nominal results when pitch to depth control loop removed via setpoints under pitch control alone. See Figure 4.  

Depth control mission 2000.307.12.  Six minute mission at commanded depth = 10 m.  For the portion of the mission with good pressure sensor data the depth control was nominal (+/- 1.5 meters).  Pitch and depth control deteriorate after pressure spike at t = 327 seconds.

Figure 1 – 2000.307.03 depth performance

Figure 2 – 2000.307.04 depth performance
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Figure 1 – 2000.307.04 time performance


Friday 03 November 2000

Summary

Analysis of Thursday’s runs showed that elevator was on the order of 4 degrees trailing edge high during level flight. The elevator was reindexed in an attempt to increase elevator command  authority.  Left dock ~0700; main goal was to perform extended runs and determine if depth and pitch control were stable for long periods of time.

Missions Run

2000.308.00 – depthcontrol_nov.cfg – 10 minute run at 10m with reindexed tail; aborted

2000.308.01 – depthcontrol_nov.cfg – same as before; vehicle broached

2000.308.02 – depthcontrol_nov.cfg – 10 min. run at 10m; elevator index changed back

2000.308.03 – depthcontrol_nov.cfg – same as above, but changed KiPitch to 0.00

2000.308.04 – depthcontrol_nov.cfg – same as before; good results!

2000.308.05 – depthstep.cfg – 6 min run at 10m, 6 min run at 15, 6 min run at 10m

2000.308.06 – depthstep.cfg – same as above, but changed KpPitch from 0.75 to 0.70

2000.308.07 – depthstep.cfg – same as above, but changed KpPitch to 0.60

2000.308.08 – depthlong.cfg – 25 min run with depth and heading change

2000.308.09 – depthlong.cfg – same as above; MVC reset

2000.308.10 – depthshort.cfg – short run at depth to measure controller oscillation

2000.308.11 – depthshort.cfg – same as above; didn’t set previous gains properly; MVC

reset

Tests

Data set 2000.308.01 shows that the vehicle was never able to achieve commanded pitch, but there are also pressure sensor spikes approximately every 20 seconds for the first half of the run.  We indexed the elevator to its original position and re ran the same mission (see data in 2000.308.02).   Depth control is somewhat better than 2000.308.01 but there is a pitch down excursion at t = 173 seconds immediately following a pressure sensor spike and change of sign of KiPitch term.

Change KiPitch from 0.025 to 0.000 for mission 2000.308.03.  Pitch down excursion at t = 233 seconds following three pressure sensor spikes.  Repeat mission with no changes (mission data in 2000.308.04).  Depth control for this mission is +/- 0.5 m, and the vehicle maintains pitch control through 4 pressure sensor spikes at 330 < t < 380. This mission illustrates a nominal run, with good depth and heading performance. See figure 3 and figure 4.

 Attempt to extend mission of 2000.308.04 with two additional setpoints at the same heading but depths which step from 10 m to 15 m and back to 10m, each for 6 minutes (see mission data in 2000.308.05).  Vehicle unable to maintain pitch control throuhg pressure sensor spike at t = 342 seconds combined with step in commanded depth at t = 399 seconds.  Oscillations +/- 30 degrees with period 25 seconds persist through the remainder of the mission.  Depth control is lost.

2000.308.06 rerun of depth step mission change KpPitch from 0.75 to 0.70.  Performance very similar, for mission 2000.308.07 change KpPitch from 0.70 to 0.60.  Vehicle maintains depth control +/- 1.0 m through mission and 10 pressure sensor spikes.  Approximately 200 seconds to transition from 10 to 15 m.  See figure 5.

Try to extend this mission with a reverse of course halfway through (see mission data in 2000.308.08).  Pitch control shows approximately oscillation with magnitude 10 
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Figure 4 - 2000.308.04 yaw performance

and period of about 25 seconds through second 6 minute setpoint despite the lack of pressure sensor spikes.  The oscillation grows in magnitude after the change in heading at t = 740 seconds.  Oscillations in pitch appear to be coupled to oscillations in heading with magnitude +/- 5 degrees period 25 seconds. See figure 6 and figure 7. Note that while depth control is rather poor, heading control is still quite good.
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Figure 5 - 2000.308.07 depth performance

Mission 2000.308.09  attempts to determine whether degradation in pitch control is linked to heading change or to the elapsed mission time.  After 15 minutes elapsed the vehicle was found floating on the surface, with the MVC rebooted but functional.  Navigation and dynamic control logs had not been written to disk.

Set KdPitch = 0.000 (along with KiPitch) and attempt to determine period of pitch oscillation for calculation of optimal Kd, Ki via Ziegler-Nichols method.  Probably should have used a setpoint that fixes pitch instead of depth.  Data in 2000.308.10.

Attempted to continue operations but cancelled after a second reset of the MVC while underway. 
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Figure 6 - 2000.308.08 depth performance
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Figure 7 - 2000.308.08 yaw performance

Action Items:

1. Define conducting path between pressure sensor transducer and digital ground, power ground, and raw power ground.  (Drew/Hans)

2. Determine cause of spikes in calculated depth. (Drew/Hans)

3. Determine cause of MVC reset during mission. (Hans/Drew)

4.  Examine possible LRS modification options. (Drew/Greise)

5. Evaluate methods of managing vehicle configurations. (Hans/Oreilly)

6. Investigate poor GPS performance. 

7. Evaluate altimeter performance.

8. Confirm LXT tracking SW up to date w/  ORE

9. Add voltage and temperature telemetry for MVC power converters

10. Change navigation and dynamic control logs so they get written frequently.

11. Set up centrally mounted disk > 9 GB for shoreside data storage

12. Set up ship side file server disk >9 GB w/ CD-RW or other mass storage

13. Set up script to copy directores over and convert logs to matlab

14. Port logToMatlab to other unix/windows platforms so we don’t have to convert on the qnx target

15. Investigate use of slip/ppp for ship-vehicle comm protocol (possibly more robust than zmodem)

16. Add software deadman to tailcone driver to detect dead parent processes

17. Fix tailcone driver destructor not getting called

18. Add optical or capacitive isolation to tailcone serial line

19. Determine cause for transient diode in tail dying

20. Build up spares of tailcone actuators

21. Have Knut and Rob analyse data from runs to suggest new gains and determine if longer vehicle will be controllable (Rob/Knut)

22. Add in LBL boardset server to do altimetry
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