PWRI Servovalve Calibration

May 31, 2013

Prior to starting any servovalve calibration, make sure that the new controls can operate the pumps as needed with appropriate E-Stop equipment available in the Control Room and at the actuator as well. Only Pilot Pressure is required for the servovalve calibration; however, oil can leak from the servovalve into the actuator that can move the actuator unexpectedly. For this reason, it is best to set up the actuator and get it in proper control prior to starting any detailed work. This will then guarantee no unexpected motions during servovalve calibration or actuator calibration. The actuator setup procedure shall be done as follows:

Actuator Setup

1. Connect all cables from the 469D Controller to the actuator for displacement control. The Delta-P cable is not required at this time. The seven (7) cables required are:
a. Four (4) Moog Drive Cables for Valve A and Valve B Dual Pilots

b. Two (2) Valve LVDT Cables

c. One (1) Actuator LVDT Cable

2. Connect hoses to servovalves and actuator, including drain hoses.

3. Load the 469D Servovalve Driver Panels and Actuator LVDT Conditioner Panel with the default values listed in Default Panel Values Table. This shall select the proper polarities and stable values for displacement control. Save the 469D Calibration File using the 469D MainPanel Calibration Tab option for Save calibration.
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Actuator Setup, Cont’d.
4. Next, open the Force Balance Controllers Panel. These are the actual controllers “stolen” by the AllAxial Controller to run the 16 displacement channels. The parameters on this panel are the ones used by the AllAxial Controller to control the 16 actuator displacements. The first parameter is the Group. The Group applies the rest of this panel’s parameters to all actuators in that Group. In this way, we can have different parameters for each Group in the system. Group A is the default group and is reserved for actuators that have NOT been tested or hooked up to hydraulics yet. Group B will be the group that has the actuators that have been tested and Group C will include ONLY the current actuator to be tested. Select the current actuator to test and change the Group to C. Make sure the following values are in the rest of the parameters for THIS actuator:

· Offset = 0.0

· Gain   = 1.0

· Reset  = 0.0

· Reset Authority = 100.0

· Bandwidth = 1024.0
No integrators should be used at this time for this actuator. Save the Settings File for the Servovalve Calibration because we have to restore these values AFTER starting the AllAxial Controller.

5. Using the Browser from the MainPanel Service Menu (password = haena), use the File tab to select the AllAxialPanel.alt file from the AppGui folder for the 469D application (pwri469D). Once the file is loaded, compile the Controller by selecting Compile All under the Compile tab in the Browser. This automatically sets the displacement gain to 1.0 for all 16 actuators. On the AllAxial Controller Actuator Setpoints Panel, push the Zero servo errors button to make sure no actuators will move when hydraulic pressure is applied. Since the AllAxial Controller changes all of the Groups and sets default parameters, it is necessary to RESTORE the settings file that has the Servovalve Calibration settings for the Force Balance Panel.

NOTE: Do NOT forget to RESTORE the settings file, otherwise the A, B, and C Groups will NOT be set right and the integrators will not turn on for the actuators already tested.
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6. Apply Pilot Pressure and make sure that BOTH A and B Servovalves are in control by checking to make sure command = feedback for A and B Servovalves. If a polarity change is required, make sure that the Default Panel Values Table gets modified to indicate the required change for control. Verify that A and B Servovalves have the SAME polarities for both valve drive and conditioner output.
7. Load the actuator LVDT Conditioner Panel with the appropriate default values from the Default Panel Values Table. If possible, verify that extension is positive feedback and/or retraction is negative feedback. It is unlikely that the actuator is at mid-stroke, so this should be possible without moving the actuator.
8. On the AllAxial Controller Actuator Setpoints Panel, push the Zero servo errors button to make sure to zero the DC Error for this actuator. Monitor the Force Balance Controller Output for this actuator (e.g. X7 force out) to verify that the DC Error is ZERO. This should minimize the actuator movement during hydraulic pressure application.

9. Apply minimum pressure possible to the actuator. Verify that valve polarity is correct for actuator control. Then, verify that the actuator extends for positive command displacement values. Once this has been accomplished, the true servovalve calibration may start.
Now that the actuator is in control, shut off the main pressure, but leave the Pilot Pressure on. The process to follow for Servovalve Calibration is :

Servovalve Spool Calibration
1. Open the 469D 3-Stage Valve Driver Panel for this actuator, Valve A. Make sure it is the 3-stage Panel and not the Panel(s) for the Dual Moog Drivers. Only the 3-Stage Panel has any LVDT parameters.

2. Again, on the AllAxial Controller Actuator Setpoints Panel, push the Zero servo errors button to make sure to zero the DC Error for this actuator. Monitor the Force Balance Controller Output for this actuator (e.g. X7 force out) to verify that the DC Error is ZERO. This will help to get the valve to move both directions to the end-caps.
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3. Force the 3rd-Stage Spool to +/- maximum stroke by flipping the polarity of either Valve Phase or Conditioner Polarity. If the valve is close to balance, the spool will go out-of-control and stop at the end-cap. IF the spool will not go to BOTH ends this way, you will have to use Valve Balance to offset the valve drive enough to get the Moog valves to push the spool both ways.
4. Adjust the Conditioner Gain and Spool Zero to get about 9.8 Volts at each end-cap. Of course, the polarity changes from +9.8 to -9.8 at the other end-cap. The Conditioner Gain will get the double amplitude right (19.6 Volts) and Spool Zero adjusts the mean to get the absolute value the same at each end. When finished, the Spool Position should read +9.8 Volts at one end-cap and -9.8 Volts at the other end-cap. DO NOT USE VALVE BALANCE TO MOVE THE MEAN !!
5. Save the 469D Calibration File. Document the Conditioner Gain and Spool Zero calibration values in the PWRI-ValveSetup-Table AND the PWRI-Default-Values-Table. When all calibration is complete. The PWRI-Default-Values-Table will hold ALL of the correct calibration data for the actuators and servovalves.

Now that the Spool Calibration is complete, the valve balancing process can begin. The following steps shall be done to initially balance the servovalves. After this initial balance, there will be another pass to get a final valve balance. But, this final calibration will not take place until the actuators are installed and connected to the shaking table. Initial valve balancing steps are :
Moog Servovalve Balance Calibration
1. Turn Off ALL hydraulics, including Pilot Pressure. 

2. Remove one of the two Moog 2-Stage Servovalves from each of the actuator’s two 3-Stage Servovalves. Bolt on the MTS supplied blocking plates where these Moog valves were mounted. The result is that each 3-Stage Servovalve will have ONLY one (1) Moog pilot valve.
3. Turn On the Pilot Pressure and set the 3-Stage Servovalve command to ZERO by pushing the Zero servo errors button on the AllAxial Controller. This is identical to Step 2 in the Spool Calibration process above.

4. Select one of the 3-Stage Servovalve’s 469D Driver Panel. It will be designated as Valve A or Valve B for the given actuator, (e.g. X1 Valve B). Make sure that the Valve Balance = 0.0 Volts for the 3rd-Stage Valve.
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Moog Servovalve Balance Calibration, Cont’d.
5. Next, Select the Active Moog valve driver for this actuator’s 3-Stage Servovalve being balanced. Verify that you have the correct 469D 2-Stage Valve Driver Panel by moving the Valve Balance. The Spool Position value should change with changing Valve Balance.
6. Adjust this 2-Stage Moog valve’s Valve Balance until the 3-Stage Spool Position reads as near 0.0 Volts as possible. Now, the Moog valve is balanced.

7. Save the balance calibration in the 469D Calibration file and then document this value in the PWRI-ValveSetup-Table AND the PWRI-Default-Values-Table.

8. Perform Steps 4-7 for the other 3-Stage Servovalve’s Moog valve (If you did A, now do B).

9. Turn Off ALL hydraulics, including Pilot Pressure. Remove the Blocking Plates and Re-mount the missing Moog valves on the 3-Stage Servovalves. 

10. Remove the other Moog valves that were just balanced and mount the Blocking Plates on the 3-Stage Servovalve Pilot Manifold. Repeat Steps 3-9. Now, Moog Pilot valve balancing is complete.


The 3-Stage Servovalve Calibration is now complete. Next, the A/B main servovalve balancing shall be done.
3-Stage Servovalve Balance Calibration

The 3-Stage Servovalves have been precision ground to within 1% end-cap to end-cap stroke. Therefore, not much adjustment should be necessary for Valve A and Valve B Balance. IF there is a 3rd-Stage Valve Balance of greater than 0.1 Volt. The Project Engineer should be notified that this valve required more than 1% adjustment. This may indicate a possible mechanical problem with this servovalve.
1. Open the D/A Converters Panel under the MainPanel Calibration Tab. Select this actuator’s Servovalve Output A (e.g. X3 Output A). Set the Gain = 0.0 to turn OFF this 3-Stage Servovalve. Make sure that the B Valve has the Gain = 1.0 before zeroing the A valve’s Gain.
NOTE: If BOTH A and B Valves Gain = 0.0 then the actuator is OUT OF CONTROL !!!
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3-Stage Servovalve Balance Calibration, Cont’d.
2. Open the 3-Stage Valve Driver Panel for this actuator’s A Servovalve (e.g. X1 Valve A). Make sure that the 3-Stage Valve Balance = 0.0 Volts.

3. Turn On the Pilot Pressure and set the 3-Stage Servovalve command to ZERO by pushing the Zero servo errors button on the AllAxial Controller. Then, turn on the Main Low Pressure and set the Setpoint for this actuator = 0.0 on the AllAxial Controller Panel. Make sure that the integrator for this actuator is turned OFF on the Force Balance Panel.
4. Adjust the 3-Stage Valve Balance to get the actuator displacement to move ½ ways to zero displacement.

5. On the D/A Converters Panel, set the Valve A Gain back to 1.0. Then, turn the Valve B Gain to 0.0. MAKE SURE to NEVER have BOTH Gains = 0.0.

6. Select the Valve B 3-Stage Valve Driver Panel and adjust the Valve Balance to move the actuator towards ZERO displacement.

7. Return to the D/A Converters Panel and set the Valve B Gain back to 1.0.

8. Repeat Steps 1-7 until there is no significant movement of the actuator from zero by turning off one or the other of the 3-Stage servovalves. Don’t go the full distance to zero for each valve to ensure convergence of the process.

Now, the Servovalve Calibration is totally complete and the Calibration File should be saved and the 3-Stage Valve Balance values should be documented in the PWRI-ValveSetup-Table AND the PWRI-Default-Values-Table.

Do NOT save the settings file at this point. This will add the AllAxial Controller Panel location to the settings file and will cause an error when the 469D software is re-started. If this should accidentally happen, remove the lines from the end of the settings file shown on the next page.
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End of settings file:


(MainPanel



xLocation 10



yLocation 10


)


(AllAxialPanel



Remove these 4 lines


xLocation 10



Locations will not be


yLocation 10



10 if panel is moved

)

)
Then the setting file will load properly.


After completion of all the calibration steps, turn OFF all the hydraulics, including Pilot Pressure. Then, turn OFF the 469D Controller as well. Re-boot the 469D Controller. This removes the AllAxial Controller. Now open the Force Balance Panel. Note the values for gain and reset in Group B. Change the GROUP for the just tested actuator from Group C to GROUP B. Make sure that the gain and integration rate are set to the same values as the rest of Group B. NOW, save the settings file for Servovalve Calibration. Because the AllAxial Controller is NOT running, the settings file will NOT be corrupted.
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Change Log:

May 20, 2013

Initial Creation – RLL

May 31, 2013

Change from Uniaxial Controller to AllAxial Controller – RLL
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