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Prior to starting any actuator 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. Make sure that the entire Servovalve Calibration and Balancing processes have been done on this actuator. Hydraulic hoses and cables should already be connected and all control polarities set properly for normal actuator displacement control.

The actuator LVDT displacement calibration shall be the standard 21 point calibration normally done by MTS Systems Corporation. The calibration shall be done by using an independent, verifiable external standard of distance measurement. This measurement system shall be installed in-place before any hydraulic pressure is applied.

Before starting LVDT calibration, control of the actuator must be verified:
Actuator Configuration Check
1. Start the 469D Controller and open the Force Balance Panel. Verify that the actuator to be calibrated is already included in Group B with the reset parameter set to 0.1. A higher reset parameter setting can be used if it is found that the displacement control loop is not adversely affected. 
2. Open the AC Conditioner Panel under the MainPanel Calibration Tab. Select the actuator to be calibrated in the AC Conditioner Select Display. Make sure that the conditioner values are the same as the Default Panel Values Table indicates for this actuator.

3. Find the Actuator Static Stroke from the MTS plate on the actuator.

4. 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 Actuator 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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Actuator Configuration Check, Cont’d.
5. 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 this is NOT the case, STOP the calibration here and check why the Servovalve Calibration is NOT correct.

6. On the AllAxial Controller Actuator Setpoints Panel, push the Zero servo errors button again 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.

7. Apply Low Main Pressure to the actuator. Verify that valve polarity is correct for actuator control. Then, verify that the actuator extends for positive command displacement values and retracts for negative displacement values.
Now that the actuator is in control, the actuator LVDT Calibration can proceed:
Actuator LVDT Calibration
1. Open the PWRI-Actuator-LVDT-Calibration-Worksheet file and select the page for the actuator to be calibrated. Enter all the pertinent actuator data in the page header data area. Save the PWRI-Actuator-LVDT-Calibration-Worksheet file. This file contains the actual calibration test data, but is NOT the final calibration report submitted to the customer. It is intended to be a formal data entry of calibration measurements AT the actual time of calibration. Note that the header area requires a Date entry for calibration testing.
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 actuator up in control without much movement.
3. Turn on the Pilot Pressure and then Low Main Pressure. Verify again that the actuator is actually in control. Then turn on High Main Pressure. The reset integrator should now turn on and begin operating. If you wish to remain in Low Main Pressure, you can manually turn on the reset integrator by typing the following command in the MainPanel Service Tab Listener Window:

vm.resumeAction.doit;
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Actuator LVDT Calibration, Cont’d.
4. First, the LVDT may not have the same response slope on both sides of zero. This requires a delta-K adjustment to get different conditioner gain on either side of zero. To determine if the LVDT has this situation, it is necessary to get the conditioner gain and zero near the correct values and then find the true mechanical zero of the actuator displacement.

5. Now to get the conditioner gain right. On the AC Conditioner Panel for this actuator, set BOTH the Coarse Zero and the Fine Zero to 0.0 Volts. Move the setpoint to the full extended (plus) position for this actuator (60+ cm or 30+ cm). Allow the integrator to work by watching the feedback slowly converge to the command displacement value. Write down the displacement value indicated by the independent calibration displacement sensor. Call this value DMAX.

6. Next, retract the actuator to its fully negative displacement by moving the actuator setpoint to the fully retracted position (-60+ cm or -30+ cm). Wait for the integrator to get the feedback = command. Write down the displacement value indicated by the independent calibration displacement sensor. Call this value DMIN.
7. Now, we want (DMAX - DMIN) = Actuator Static Stroke (120+ cm or 60+ cm) found in Step 3 of the Actuator Configuration Check. Since this value is probably not attained, the conditioner gain will have to be changed. The new conditioner gain is computed using the formula:

New Gain =    (DMAX - DMIN)          *  Old Gain
                     (Actuator Static Stroke)
Remember, less gain means more actual motion, more gain means less actual motion.

8. Enter the New Gain from the equation into the Conditioner Gain value. Repeat Steps 4-5 until we get a total stroke within 2-3%. This is sufficient to check if delta-K is required.
9. Now we must get DMAX = - DMIN (remove zero offset). Compute the zero offset by the formula:
Zero Offset = (DMAX + DMIN)
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Actuator LVDT Calibration, Cont’d.
10. Next, subtract this Zero Offset from the total Offset currently in the Conditioner Panel = Coarse Zero + Fine Zero:

New Total Zero = (Old Coarse Zero + Old Fine Zero) – Zero Offset

11. Enter this New Total Zero into the Conditioner Panel. You may have to separate the New Total Zero into 2 values to get it to fit in the allowable range of the Fine Zero.

The repeated need to adjust zero is required for the analog amplifiers that can have a small coupling between conditioner gain change and zero offset. This is especially true for MTS 497 Conditioner Hardware.
12. Repeat Steps 5-11 until we get BOTH DMAX and DMIN within the desired tolerance of 2-3% for this first phase of calibration. If you cannot get the error less than 5%, then the LVDT should be checked for correct mechanical installation. A quality LVDT should not have this much error if properly installed.
13. Now that the LVDT calibration is close, the true mechanical zero of the actuator can be compared to the electrical zero from the 497AC Conditioner. Move the actuator to the fully extended end-of-stroke. Record the independent displacement sensor’s value as DMAX_Real. Move to the fully retracted position and record the independent displacement sensor’s value as DMIN_Real.
14. Find the independent displacement sensor reading for TRUE mechanical zero of the actuator:

True Zero Reading = (DMAX_Real – DMIN_Real)  + DMIN_Real
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15. Set the Setpoint on the AllAxial Controller for this actuator to ZERO. Move the AC Conditioner Fine Zero (and Coarse Zero, if necessary) to get the AllAxial Controller feedback = Zero AND the independent displacement sensor’s output = True Zero Reading.
16. Now, the Actuator Calibration is close to being right for Zero. Next, stroke the actuator to +/- maximum stroke and check for the DMAX and DMIN values to be within the maximum error allowed shown in the PWRI-Actuator-Calibration-Worksheet file. If within error, Skip to Step 20.
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Actuator LVDT Calibration, Cont’d.
17. Because the DMAX and DMIN values are not within allowable error, now adjust the AC Conditioner delta-K value to get both values nearly equal. Note that the delta-K only works on the Non-inverted PLUS side of the actuator output signal. If the signal is Inverted, then the delta-K works on the MINUS side of the actuator output signal. Do NOT change the AC Conditioner Gain or Zeroes at this step.

18. The DMAX and DMIN values are now nearly the same, but might not be close enough to the desired values. Adjust the AC Conditioner Gain to get these two values within the maximum error allowed shown in the PWRI-Actuator-Calibration-Worksheet file.

19. One final time, check that when the AC Conditioner shows Zero position that the independent calibration sensor is also within the maximum error allowed shown in the PWRI-Actuator-Calibration-Worksheet file. If this is not the case, adjust the AC Conditioner Zeroes to get an acceptable Conditioner output.

20. Once the AC Conditioner output is showing feedbacks within the desired error tolerance at each end-of-stroke, perform the 25-point calibration measurements and record the results in the PWRI-Actuator-Calibration-Worksheet file.
21. If all 21 measurements are within the desired error tolerance shown in the PWRI-Actuator-Calibration-Worksheet file, then the actuator calibration is complete and proceed to Step 23.

22. Since the out-of-tolerance measurement is not at the end-of-stroke, the AC Conditioner Gain and Zeroes will have to be adjusted to allow for more error at the end-of-stroke in an attempt to get the entire 21-point calibration within the desired error tolerance.

23. Save the 469D MainPanel Calibration file (under Calibration Tab – Save Calibration). Record the AC Conditioner Calibration Adjustments in the PWRI-Actuator-Calibration-Worksheet file. Record the AC Conditioner values as well in the Actuator Default Values Table in the PWRI-Default-Values-Table file.
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