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After Servovalve Calibration is completed, the Dynamic Tuning of the Servovalves can be done. 
IF the AllAxial Controller is running on the 469D application, the 469D MUST be shut off and re-started WITHOUT the AllAxial Controller being active. The AllAxial Controller does NOT have any function generation capability to drive the servovalves with a flat random signal. The standard 469D DOF application is required for this task.
 The desired result is 32 servovalves that have the same phase angle from 1 Hz to 100 Hz within +/-3 degrees of match. Because the slowest valve is not known at the start of this process, all 32 valves will be quickly tuned and then examined for which valve has the largest phase angle for a reasonable 100 Hz frequency response. Note that magnitude is not as important as phase. In a multiple actuator system, the servovalve phase angle is far more important to good acceleration fidelity than small variations in servovalve magnitude.

The following steps show the Servovalve Dynamic Tuning process including the analysis required for the tuning and phase match results documents.

Servovalve Warm-Up
1. Select the Three-Variable Controllers Panel from the MainPanel Controllers Tab->Controllers->Three-Variable. Select any axis. Select the Control Variable at the top center of the Panel to be Displacement. Displacement control should be used to tune the servovalves.
2. Turn on the system Pilot Pressure to warm up the servovalves.

3. Open the Listener window under the MainPanel Service tab. The password is haena to open the Service Tab Menu. Type the following command into the Listener window and hit the Enter key:

vm.zero;
4. This command will zero all of the DOF control loops in the 469D. Now the function generators can make the servovalves go +/- equal magnitudes.

5. Select the 469D Valve Drivers Panel from the MainPanel Calibration Tab menu. Select each of the 32 3-stage servovalves and make sure that the Readout shows Spool Position. This is the signal that is shown on the Valve mon A or B display channel. Note that the Pilot A1, A2, B1, or B2 valves have no Readout possible.
NOTE: It is important that each servovalve’s Readout has selected Spool Position or else the scope channel (mon A or mon B) will not show the correct valve feedback signal.
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Servovalve Warm-Up, Cont’d.
6. Select the 469D Function Generator for the Long (X) axis. Set the Peak Amplitude to 0.0. Select a Frequency of 1.0 Hz. Select a Shape of Sine. Push the Run button on the Function Generator Panel. Note on the MainPanel that the X indicator below the MainPanel Run button has turned Green.
7. Do Step 6 for each of the Lat (Y) and Vert (Z) axes as well.

8. Now that the 3 function generators are set up, push the MainPanel Run Button. No function generator provides any signal yet because all 3 have the Peak Amplitude set to zero.

9. Select X1-A Output on one channel of either oscilloscopes. Select X1 Valve mon A on the next scope channel. Set the vertical scaling for +/-10 Volts and the sweep period for 3-5 seconds.
10. Because it is not known how much displacement amplitude is required to get the +/-9 volt servovalve response, slowly increase the Peak Amplitude on the Long (X) axis function generator panel until the X1-A Output is +/-9 volts. The feedback on the 2nd channel (X1 Valve mon A) should be closely following the command (X1-A Output).
11. Change the scope inputs to go through the other 11 X axis servovalves to verify that each of the servovalves is cycling at nearly +/-9 volts.

12. Repeat Steps 9 and 10 for Y1-A Output and Y1 Valve mon A response.

13. Change the scope inputs to go through the other 11 Y axis servovalves to verify that each of the servovalves is cycling at nearly +/-9 volts.

14. Repeat Steps 9 and 10 for Z1-A Output and Z1 Valve mon A response.

15. Now all 32 3-starge servovalves are running at 1 Hz warming up. Perform this for at least 20 minutes or until the oil temperature reaches 30 degrees Centigrade.
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Servovalve Tuning

Now that the servovalve warm-up is complete, the valve tuning can proceed. Leave the other 2 axis that are NOT being tuned running the 1 Hz sine wave. That will continue to keep those servovalves warm while the axis being tuned is running random waveforms.
1. Turn off the Function Generator for the Long (X) axis. Leave Lat (Y) and Vert (Z) axis running the 1 Hz warm-up sine wave.

2. Select the Spectrum Analyzer from the MainPanel Operation Tab. For the Input, select X1-A Output and for the Output, select the X1 Valve mon A signal. Check the Remove mean box and push the Enable button. Set the Sample rate to 500 Hz and the FFT size to 256. Adjust the Decay time constant slider to 500 avgs. Now the spectrum analyzer is set up to measure the transfer function for the X1-A servovalve.
3. Select the FRF (Frequency Response Function) Plotter from the MainPanel Display Tab. For the FRF A and FRF B windows, select Spec Analyzer xfer func. UN-check Auto Scale UN-check Log Scale and type in 400 in the horizontal Points window. The Points window will show 384 as that is the maximum resolution of the horizontal axis of the transfer function plot. Make sure that the Same Scale box is checked. For the linear plot (Log un-checked), type in a maximum value of 2.0 and a minimum of 0.0 on the vertical plot scale windows. Also, make sure that the plot is for Magnitude on both FRF-A and FRF-B.
4. Next, select Random as the Program for the Long (X) axis and set the RMS Amplitude to 0.0. Set the Minimum frequency to 0.0 Hz and the Maximum frequency to 100.0 Hz.
NOTE: For un-sleeved valves, it is NOT a good idea to run those servovalves over 50 Hz for any length of time. These valves without sleeves can wear down the valve lands very rapidly at high frequencies. The valves used in most Seismic applications are sleeved valves that can run 100 Hz all day.
5. Select X1-A Output on one channel of either oscilloscopes. Select X1 Valve mon A on the next scope channel. Set the vertical scaling for +/-10 Volts and the sweep period for 3-5 seconds.

6. The desired command level is about 1.0 volts peak of the random signal. Push the Run button on the Long (X) function generator panel and slowly increase the RMS amplitude until the scope shows the X1-A Output reaching about 1.0+ volts. This should be the desired amplitude for all further tuning.
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Servovalve Tuning, Cont’d.
7. Push the Reset button on either FRF-A or FRF-B controls to reset the transfer function measurement. Any time that a new control setting is made, this Reset button should be pushed as the transfer function has changed and the averages should be reset to zero.
8. Push the Update both button to update both the FRF-A and FRF-B plots. To update only one of the plots, push the Update button just to the right of the Reset button on each plot sub-panel.

9. Open the Valve Drivers Panel for the X1 Valve A Servovalve under the MainPanel Calibration Tab. The Proportional gain and Rate gain adjustments are located in the upper-right corner of the panel. Make sure that the Rate input is selected for Spool position.

10. Now, look at the transfer function that is being computed for X1-A servovalve and update every few seconds to get a better averaged plot. Because the Same box is checked, there will be a black line across the center of the plot that shows the unity gain (1.0) magnitude line. If the plot does not go above the line by about 5-10% (1.05 to 1.1), then increase the Proportional gain. It the plot goes above 10% (1.1), then reduce the Proportional gain. Measure the peak response by clicking on the frequency line you want to measure and the middle window at the left or right of the plot will show the values of FRF-A or FRF-B plots.

11. Likewise, the Rate input can be changed to increase or decrease the response overshoot. Increasing rate will dampen or lower the response, thus allowing a higher gain to be used. A Rate input of greater than 2.0-3.0 is not usually a good idea – it might result in valve singing (high frequency oscillation). Using Rate input along with higher Proportional gain will produce a wider good response bandwidth with only 10% over-response for the servovalve.

12. After getting a decent frequency response for the X1-A servovalve, record the frequency where the response has a 90 degree phase angle. Select the Phase plot instead of the Magnitude plot to see the phase response. Then repeat Steps 9-12 for the other 11 valves on the X axis. Remember to change the channels for the Spectrum Analyzer and the Frequency Response Plotter to match the servovalve being tuned.
13. Shut off the Long (X) function generator and set it back to 1.0 Hz Sine wave. Re-start the function generator at zero Peak amplitude and increase until the valve response is about +/-9 volts.

14. Repeat Steps 4-12 for the Lat (Y) axis, starting with Y1-A Servovalve. Then, repeat Steps 9-12 for the other 11 servovalves on the Y axis.
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Servovalve Tuning, Cont’d.
15. Shut off the Lat (Y) function generator and set it back to 1.0 Hz Sine wave. Re-start the function generator at zero Peak amplitude and increase until the valve response is about +/-9 volts.

16. Repeat Steps 4-12 for the Vert (Z) axis, starting with Z1-A Servovalve. Then, repeat Steps 9-12 for the other 7 servovalves on the Z axis.

17. Shut off the Vert (Z) function generator and set it back to 1.0 Hz Sine wave. Re-start the function generator at zero Peak amplitude and increase until the valve response is about +/-9 volts.

18. The first pass magnitude tuning of the servovalves is now complete.
Next, the phase angles of each of the servovalves will be matched. Since all of the servovalves are alike, all of the valves will be matched to the same phase response. The following process shows how to match the 32 servovalves.

Servovalve Phase Match
1. First, review the list of the 32 90-degree point frequencies that were recorded in Step 12 of the magnitude tuning process above. Find the servovalve that had the LOWEST Frequency for the 90-degree phase angle. This servovalve is the MASTER valve that will be used to match phase of all the other valves. The lowest frequency valve is difficult to push to higher frequencies. It is always best to de-tune the other valves a small amount to match the slowest valve. The slowest valve may be on any of the 3 main axes.
2. Select the Spectrum Analyzer for the SLOWEST servovalve and put this same servovalve on both channels of the FRF Plotter. Select the same axes function generator and select the random program. The 469D should remember the random setup for the magnitude tuning. If not, use the magnitude tuning process to lead you through setting up the random waveform.
3. Once the random function generator is running, measure the transfer function and select the Phase plot instead of the Magnitude plot. Average the plot until a fairly smooth plot is obtained. A minimum of about 50 averages is usually required. It is not possible to get a good phase match with a ragged phase plot.
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Servovalve Phase Match, Cont’d.
4. This phase plot is now the MASTER phase plot against which all other servovalves should be matched. Select Magnitude for the FRF-A plot and then click on the small floppy disk icon on the FRF. This will open a file name dialog of where to save this transfer function. Note that this feature saves what is currently shown in FRF-A and FRF-B. Therefore, it does no good to have the same plot in A and B when data is saved in a file as the data saved is 2 copies of the same data. Save the Master Servovalve gains in the 469D Calibration file by selecting the MainPanel Calibration Tab and then selecting Save calibration.
5. Put the FRF-A plot to Phase again. Select another servovalve on the Master Valve axis and change the Spectrum Analyzer and the FRF Plotter to that new servovalve. Compute the Phase transfer function for this new valve.
6. Push Update on the FRF-A plot controls ONLY. This will leave the FRF-B plot as the Master Phase. If the new Phase plot is to the right of the Master, then the Proportional gain of the new valve must be decreased. Lower gain = larger phase angle. If the Master is to the right of the new Phase plot, then the Proportional gain must be increased.

7. If the new Phase plot matches the Master at low frequency, then the Proportional gain is very close to the right value. The new Phase plot may bend lower or higher than the Master Phase plot at higher frequency, starting at about 50 Hz. To correct this error, the Rate input has to be changed. If the new Phase plot bends lower than the Master, then the Rate input must be lowered. There is too much damping in the new valve control. If the new Phase plot bends higher than the Master Phase plot, the Rate input must be increased to increase damping.
8. Once a good phase match is obtained, save the new servovalve gains in the 469D Calibration file by selecting the MainPanel Calibration Tab and then selecting Save calibration. Select the Save Plots Icon and save the new servovalve phase on FRF-A and the Master Phase on FRF-B. After all phase matches are completed, the total servovalve transfer functions shall be computed and saved in separate magnitude/phase files.
9. Next, proceed to adjust the next servovalve until all 32 servovalves have been completed.
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Servovalve Phase Match, Cont’d.
10. Using Microsoft Excel, MatLab, or some other analysis plotting package, plot the 31 plots of the Master Phase plot vs. the other servovalve plot. This data can be obtained from the 31 ASCII text files of the phase data of the servovalves and the Master Phase servovalve. Locate the maximum error between the phase angles in degrees and document this error and the frequency at which it occurs in the PWRI-Servovalve-Dynamic-Tuning-Table file.

11. After completion of the phase match, re-compute the 31 servovalve transfer functions and save the magnitude and phase data in text files and plot all of the servovalve transfer functions for historical purposes.
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