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Summary of Control System Performance of the Midlength Dorado (388 cm) Vehicle in December 2000

Revision 1

This report summarizes vehicle control system performance, and also mentions some problems and questions that become evident when reviewing the data. Individual mission summaries follow.

The full data set for each mission is on Seastar, under /altex/homes/altex/DecLogs.  A few illustrative plots have been included here.

SUMMARY:

1. The steady-state vehicle turning rate is approximately 7-8 degrees/sec. at 10 degrees fixed rudder, at a speed of 1.5 meters/second.  The vehicle banks 14 degrees into the turn.   See Run 347.09, which contains the complete data set. Figure 1 below shows heading and rudder versus time.

The vehicle has a closed-loop turn diameter of about 25 meters at 1.5 m/s.  This is the amount of cross-track space required for the vehicle to reverse its course.  See runs 347.09 & 346.05.  In the closed-loop case the vehicle turn rate is also about 7 degrees/sec.

2. The vehicle almost always nose-dives when launching from the surface at 1.0 to 1.5 m/s. It typically pitches to approximately –50 degrees.  This attitude persists for 10-20 seconds.  The vehicle achieves stable pitch control in about 1 minute. The remaining depth control transients die out in about 5-6 minutes. 

3. The depth control exhibits a linear underdamped response for small depth steps, such as 5 meters.  For large steps, the underdamped response persists, but does not scale up in amplitude, as would a totally linear system. The amplitude of the step response is 2 to 3 meters, and the natural frequency is about 1/150 Hz. The damping is .35.  See 346.06 & 346.02.  The depth response for 346.06 is below in Figure 2.

4. The elevator deflections that cause the slow 150 second underdamped response are extremely small.  In 346.06 Figure 2, bottom strip, the elevator excursions that are causing the underdamping are imperceptible.

5. The vehicle was able to dive at 25 meters/minute.  See Run 346.10.  This is not an upper limit. The vehicle can be made to dive faster by appropriate control parameter changes.

6. Pitch control has a small, lightly damped oscillation at 1/22 Hz, with damping of about .03.  This usually is below 2 degrees pp.

7. Once the vehicle has established straight-and-level flight, it consistently flies with its nose down about 2 degrees, and rolled 4.5 degrees to port, when travelling at the nominal speed of 1.5 meters/second.  See mission 346.04.  We estimate the vehicle to be about 2-3 pounds buoyant.

The elevator has a consistent 6-Degree nose-up trim.  That is, the steady-state elevator angle is -6 Degrees.  The rudder has a -2 Degree trim, which would try to turn the vehicle to starboard.  These values are probably due to constant offsets in the actuator mechanisms.

8. The vehicle typically has a steady-state heading limit-cycle during straight and level flight. At 1.5 meters/sec, the amplitude is 1-2 Degrees pp., with a period of 6.5 Seconds. See run 346.04. This is virtually the same as we found with the short (248 cm) vehicle in May.  Roll also limit-cycles with amplitude of approximately 1 Degree, pp., with a period of 4.7 Seconds.  The correlation between the heading and roll limit cycles is not as pronounced as it was with the 248 vehicle.  

9. The yoyo performance is very consistent between cycles.  It does have a significant lag of about 60 seconds between the commanded depth and the actual.  This can very likely be improved by: 1) changing the implementation of the depth-to-pitch integrator so that it doesn’t latch and hold its last value during dives and ascents, and; 2) increasing the integrator limit to more than its current value of 5 degrees of pitch.  

The effect of this incorrect latching can be seen in Run 346.10.  Plots of depth and elevator angles for this run are below in Figure 3.  The integrator ends up latched with the wrong sign during ascents and descents.  The fix to this is straightforward.

10. We performed several fairly simple waypoint runs, which behaved as expected.  The vehicle surfaced and successfully got a GPS update at each waypoint.  See runs 346.13 and 347.05, and Figure 4 below.

11. The timing jitter on the main control loop is generally within +/- 5%.

12. The timing jitter on the tailcone serial communications appears to reach 100%.  This may be due to delays in the STP100 controllers.  See 346.04, and 348.02 for an example of a worse case.

13. The measured tailcone position lags the commanded by .75 to 1 second consistently, independently of frequency or amplitude. 

14. The GPS signal is available only during calm conditions.  Even moderate swells ( I estimate 5 ft.) prevent GPS updates.

15. The power consumption is about 180 Watts during straight-and-level flight. 

***********  Day 1  **********

346.02 - 6 minute setpoint, 10 m, bearing 270.  Shows underdamped depth control response.  The actuating elevator motion is extremely small; can't see it by eye in the plots.  There appears to be .5-1 second delay in the tailcone actuator, independant of amplitude or frequency.

The elevator has a consistant 6 Degree nose-up trim.  That is, the steady-state elevator angle is -6 Degrees.  The rudder has a -2 Degree trim, which would try to turn the vehicle to starboard.

346.03 - 10 m to 15 m depth step.  The depth control response is underdamped as before.  The step initiates a .04 Hz (25 sec) oscillation; 2 degrees p-p in elevator, 3-4 degrees p-p, in pitch.  The vehicle roll does not appear to be coupled, nor does yaw.  The x axis accel picks up this signal, strangely.  One would think it should be in z.

Again, the elevator motion that dives the vehicle is imperceptibly small, looking at the plots

04: Same as 03.  The .04 Hz oscillation is much reduced in amplitude.

05: Out & back at 10m.  Turns at 7 Deg/sec. The vehicle rolls 14 Deg. (additionally) into the turn, which causes a significant depth excursion.  It has a SS roll angle of 4.5 Deg.

06: Another depth step like 04 & 03. Now, heading is showing a fairly nasty limit cycle, reaching 3.5 Deg. p-p.  The Pitch/Depth response is similar to the previous runs.  Also, the .04 Hz mode in pitch appears, very lightly damped.  

07: Another depth step.  Similar.

08: Didn't Run

09: Yo-yos, 3-20m.  Vehicle behaves very repeatably on each yoyo.  There is a large phase lag between commanded and actual depth, but this is because the yoyos aren't very deep.  Another possible cause is that the depth integrator latches and holds for commanded depth rates > .01 m/sec, which essentially shuts it off during ascent and descent.  Note - move this parameter into vehicle.cfg and experiment on the next outing.

There is a 2 meter overshoot on the top of the yoyo, and .5 meter at the bottom. Again, the actuating elevator motion is imperceptibly small, however the .04 Hz mode is apparent both in the elevator and in pitch.

There is a 1-2 Deg pp. limit cycle in heading, which varies from .1 to .2 Hz. Roll has a 1-2 Deg pp. limit cycle that varies from .23-.25 Hz.

The vehicle achieves a maximum dive rate of 13 m/min with a pitch of –17 Deg.  This is not a steady-state value.

10: Similar to the above, but the yoyos are from 3 to 30 m.  The vehicle achieves an instantaneous dive rate of 25 m/min at a pitch of -20 Degrees.

The vehicle maintains heading to with approximately +/- 1 Degree.  The standard deviation is .62 Degrees.

11: Didn't run.

12: Waypoint run.  Heading limit cycle .12 Hz, 1.5 Deg. pp.  At times the pitch integrator appears to be opposite the proportional term.

13: Waypoint run with surfacing to get a GPS fix.  Everything is basically working, including the plot of the waypoint track.

***********  Day 2  **********

347.02 Long straight run at 40 meters.  Sonardyne USBL available? The underdamped depth response occurs as before, but it doesn't scale up in amplitude as would a truly linear system.

03: 30m to 50m depth step, behavior nominal.  The mission is prematurely terminated by a bad Parosci hit.

04: 30-50-30 depth steps, 30 min mission.  Underdamped response slightly more pronounced on the up-step.

05: Triangle waypoint run at 40 meters.  Heading smoother overshoots.

06: This is a waypoint run to the East. The waypoint behavior is deliberately set to time out before the waypoint is reached.  This was done to get the mission going quickly and avoid laborious UTM calculations.

07, 08 Didn't run

09: Out & back at 70 m.

10: Yoyo to 70m.  It really looks like we should remove the .01 limit and up the depth integrator limit to more than 5 degrees of vehicle pitch.

***********  Day 3  **********

348.00 Straight and level at 30 m.  Heading shows a marked limit cycle at .1 Hz, 2 Deg. pp.  There is also motion in roll, but it's noiser and not necessarily related to the heading motion.

01: Didn't run.

02: Open-loop heading test.  5 Degree rudder to port, than to starboard.  The vehicle turns at about 5 Deg/sec in each case.  Rudder feedback is showing a steady-state error of a degree or more during the rudder-fixed portions.

03, 04: Tailcone time-out errors occurred.  Hans modified the code and recompiled. 

05: On the surface; 60 sec at 90 Deg.  Swell motion dominant.  The tailcone serial communications now have occasional delays of .4 to .5 seconds.

06: Appeared not to obtain GPS fixes, so the getgps behavior was removed.

07: 70m, 20 min, Out & back.  Tailcone data shows significant excursions of the measured data beyond the commanded limits.

08 & 09 Didn't run.

10: Long run. Aborted after 10 min due to bad parosci hit.

11: 3 hr long run.

12: 30m to 50m depth steps, than 3 90 Deg heading steps, followed by yoyos. The vehicle had a constant rudder angle during the yoyos due to a .cfg programming error.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
The red lines in Figure 4 show the commanded ground tracks.  The blue is the vehicle’s estimated position, determined by the on-board navigation, which consists of dead-reckoning, corrected by GPS fixes when the vehicle surfaces.  Purple dots are the GPS fixes.  The error accrued by the dead-reckoning is evident from the difference between the end of the blue line, and the purple dots.
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