Motor control and sensor testing
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Temporarily removed the hip motor control board from Ranger for current control testing.

For “normal PWM” operation (not the tricky PWM signal that reverses every iteration of the control loop), and using the 0.01 ohm sense resistor and AD8210 differential amplifier for motor current measurements, we get a 0.02 amp offset from zero at zero speed, with current controlled to zero. Power supply voltage is 25V. I.e., the onboard current sensor registers 0 amps at an actual (as measured by Fluke 87) current of 0.02 amps.

With rotation of the motor in one direction (negative PWM), the offset rises rapidly to about 0.07 amps, then levels off at a PWM of about 100. In the other direction (positive PWM), there is no apparent change in current offset.

Also, no such change was seen in earlier testing with the Hall effect current sensor on the spare motor board, though the noise levels seemed higher. Noise for the AD8210 + sense resistor is about +/- 2 mA. Note, though, that the ADC input filtering was reduced for the board with the Hall effect sensor,  from about 160 Hz to about 1000 Hz, which could account for the noise difference.
Negative PWM corresponds to driving PWM 6 (half-bridge A), with PWM 2 at zero. Positive PWM is reversed, with PWM 2 (half-bridge B) driven and PWM 6 set to zero. As expected, the offset error occurs when half-bridge A is driven, since it causes the sense amp to see a large high-frequency common-mode voltage. Apparently the common-mode rejection is not high enough to give a clean signal at these voltages and frequencies.

Now to test again with the “reversing” PWM drive signals. Here two different PWM drive signals are used. The first is as above, with one bridge putting out a PWM signal X and the other set to 0 volts. In the second, the original bridge PWM is set to 100%, while the second puts out a PWM signal of 100 – X. The idea is that both bridges see some high voltages and some low voltages for any motor speed, and so does the sensor amp. Hopefully offset errors are averaged out. Now to test this. First the reversing drive algorithm needs to be reinstated.

Results of “reversing” PWM test: Offset voltage at zero motor speed is now 0.015. With positive PWM, the offset increases in magnitude to 0.044, at a PWM value of about 150 and moderate motor speed. For negative PWM, the offset also increases with increased motor speed, plateauing at about -100 pwm and 0.044.

Conclusion: The speed-related zero offset problem has not been eliminated by the reversing PWM drive signals, but it has been made more symmetrical in the two directions.

Test: How much worse is the noise in the Hall effect sensor?

Result: approximately +/- 10 mV, significantly higher.

Test: How much improvement from restoring the filter cutoff frequency to 160 Hz, from 1000? Note: the original cutoff frequency was somewhat lower than 160 Hz, possibly as low as 80 Hz, because the single-ended filter capacitors and the differential filter capacitor were erroneously both installed at the same time.

Result: At a 160 Hz lowpass cutoff frequency, the noise levels from the Hall effect sensor were brought in line with those of the AD8210 and sense resistor - +/- 2 to 3 mA. This was with the prototype Hall effect sensor board, with relatively messy, long wires. Some improvement could also be expected through careful use of equal-length, twisted output wires, a voltage splitter, and some more bypass caps.
Next test: How well can the motor controller step performance be tuned to the slower input filter?

Test conditions and equipment:
Tektronix AM 503 Current Probe Amplifier and TDS 2024B oscilloscope for measurement of current rise time. Horizontal scale of 5 mS/division. Vertical scale of 0.5 amps/division. An input RC filter was added to the oscilloscope to reduce aliasing problems. Capacitance 0.01 uF, resistance 10K, for a cutoff frequency of 1600 Hz, and some corresponding delay in the readings. The motor controller was directed to apply 2 amps to the motor (or test resistor/inductor) at 4-second intervals with a duration of two seconds. The motor was either stalled, or connected to the large Maxon brake motor with a 1.5 ohm power resistor across its terminals. The Fluke 87, as above, was used to measure the motor current also.
Results: Good square wave response, with a rise time of a millisecond or two (see data) was obtained with the following parameters:

Command input filter. This applies only to the command signal going to the PI portion of the controller, not the open-loop controller. The idea is that the feedback control response to changes in the command should be about the same speed as the response from the sensors. Otherwise the integrator winds up and the proportion part overshoots too, as the sensor slowly responds to the new input. On the other hand, if the control response is slower than the sensor, the PI feedback control will work against the output change created by the open-loop control, creating an opposing undershoot.
A good value with the 1000-Hz filter cutoff was an alpha on the exponential smoothing of  0.5. With the 0.1 ohm differential capacitor reinstalled, that dropped to about 0.4. At 0.5 there was a small overshoot.

Kp was 0.5. The effects of Kp are minimal, but it seems to help smooth out the signal.

Ki was also 0.5. The integral term is the primary way the controller adjusts for the rapid current changes resulting from the brush contact resistance. Values of 1 or above seem to be unstable, though proper tuning of alpha, above, helps stabilize it.

The brush contact resistance, when too high, also results in an overshoot, and when too low gives an undershoot. Monitoring the maximum integral values reached helps when tuning this value. Generally it will be between 0.5 and 1 volts.

