PWRI 469D Controller Check-Out
June 7, 2013

Before the 469D Controller can be used to run the shaking table, the control loops and digital inputs/outputs have to be tested for proper operation. Every control loop feedback must be tested even if the Degree-of-Freedom control does not explicitly use all of the feedbacks. A missing feedback can cause a very serious system error if the controller is operated too far from the zero null table position. This error can result in total loss of control due to the iterative Jacobian computations blowing up and producing values for feedbacks that are essentially infinite. All displacement and force feedbacks should be tested. The initial Three-Variable Controller settings usually do not use Acceleration or Velocity feedback gains. Acceleration feedback testing is not mandatory before hydraulics start-up.

469D Digital Inputs/Outputs Check

1. The digital inputs/outputs are the first items to test. Of most importance are the E-Stop buttons and 469D’s ability to force an E-Stop condition. In order to test these inputs, it is necessary to “cheat” the 469D into thinking that the hydraulics are on and the interlocks are enabled.

2. Simulation mode for the hardware is required for the first E-Stop test. If the 469D software does not pass this first test, running with the actual hardware is moot. To get the 469D to start in Simulation mode, first rename the file: Super.dll in the bin folder to Superx.dll. The 469D cannot find Super.dll on start-up and will automatically not use the 498 hardware. To disable the use of the 497 hardware, change the text and save the 2nd line of the Settings.set file:

condHardware TRUE

to

condHardware NIL

3. Now, using Simulation mode, start the 469D Software WITHOUT 497 or 498 hardware. This makes it easier to cheat some of the digital inputs for E-Stop testing. Push the Reset button on the 469D MainPanel to make sure that interlocks are reset. The Reset Indicator to the right of the Reset button should be GREEN = Interlocks OK.

4. Open the Service Tab menu on the 469D MainPanel. Select the Digital Inputs & Outputs Panel and select the General purpose inputs. Set the following inputs in the order shown by pushing the Set button to the right of the Digital Input name:
Digital Input #1:
Pumps on

Digital Input #8:
Hydraulics on

Digital Input #3:
Hydraulics high

Note: You should see the Grant lamp go GREEN on the 469D MainPanel when Pumps on Digital Input #1 is turned on.
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5. The indicators to the right of the Digital Input name should turn BLUE when they are set.

6. The Hydraulics indicator lights on the 469D MainPanel should now show that the pumps are on, hydraulic grant is on, and hydraulics are in high pressure. This means that the 469D has enabled the interlocks automatically when the system went to high pressure.

7. Push the Set button for the Digital Input #6 = Estop chain trip. This should fire the software interlock chain. The message log will appear with the messages:

Program abort

Emergency hydraulics shutdown

E-Stop chain has been interrupted

NOTE: If the interlock chain does NOT fire and open the message log to show these messages, the 469D is malfunctioning. No hydraulics should be used until the E-Stop chain operation is verified.
8. To clear the E-Stop chain, turn OFF the Digital Input #6 by pushing the Clear button. The blue indicator light for #6 should turn off. Then, push the Reset button on the 469D MainPanel. The Reset Indicator should turn from RED to GREEN, showing the interlocks are reset.
9. The only other digital input that can be tested in Simulation mode is the Program PLC stop. Push the 469D MainPanel Run button to start function generation. No individual function generator needs to be operating. After the MainPanel current span window shows 100%, set the Digital Input #7 = Program PLC Stop. The MainPanel Run button should go to Stop and the current span should go to zero.

10. The digital inputs for PLC warning and PLC stop cannot be simulated. These inputs must be tested on the actual hardware.

11. Now, the 469D can be run with the real 498/497 hardware to test the E-Stop buttons on the system and to check the actual feedbacks. No feedbacks can be simulated on the 469D unless the AC/DC conditioners are used to produce offsets. Rename the file: Superx.dll in the bin folder back to Super.dll. Edit the Settings.set file 2nd line from condHardware NIL back to condHardware TRUE and save the file.

12. Start the 469D application on the PWRI console. Push the Reset button on the 469D MainPanel to reset the interlocks.
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13. Because the actual inputs to the 469D come from the PLC, it is impossible to use the Set/Clear buttons to change the state of any digital input. Fortunately, the 469D has the capability to flip the “observed” state of any digital input. This means that any digital input can be “observed” to be true when in fact it is false. This change of state is accomplished by using Alltalk commands entered into the Listener window that is found under the 469D Service Tab. Open the Listener window and type the following commands to “turn on” the hydraulics:
vm.pumpsOnDI.setPolarity[low];

vm.hydOnDI.setPolarity[low];

vm.hydHiDI.setPolarity[low];

NOTE: Do not forget the semicolon on the end of the Alltalk statement.

14. Make sure that the Reset Indicator is indicating that the interlocks are reset. Push the Table-Top E-Stop button next to the 469D GUI PC. The message log should indicate the E-Stop condition.

15. Reset the Table-Top E-Stop button. Push Reset button on the 469D MainPanel. This should reset the E-Stop chain. Push other E-Stop buttons available to check their proper operation.

16. Test the PLC warning input by typing the following Listener window command:

vm.PLCWarnDI.setPolarity[high];

17. Digital Input #4 = PLC warning should have the blue indicator shown. The PLC Warning message, “PLC Warning - Check Hydraulics Status”, should appear over the 469D MainPanel. To reset this message, type the following command in the Listener window:

vm.PLCWarnDI.setPolarity[low];
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18. Test the PLC fault input by typing the following Listener window command:
vm.PLCFaultDI.setPolarity[high];
19. Digital Input #5 = PLC fault should have the blue indicator shown. The PLC Fault message, “PLC Fault - E-Stop in 10 seconds”, should appear over the 469D MainPanel. To reset this message, type the following command in the Listener window:

vm.PLCFaultDI.setPolarity[low];
20. After testing the PLC Fault input, there are only 3 Digital Outputs left to test. Select the General purpose outputs on the Digital Inputs & Outputs Panel. Outputs # 1 and 2 already work because #1 is used by the E-Stop chain to determine if the 469D software is working and #2 is the Grant output to the PLC that worked in Step 4 before when the pumps were simulated as on.
21. Digital Output #3 = Ready is set when the hydraulics is at High Pressure and the Shaking Table is at the Normal Position. Since we are now at a High Pressure state, move the 469D MainPanel Parking setpoint to a 0.0 value. This zero position is the Normal Position. The Ready Digital Output should have turned on when the Parking setpoint gets to zero. The Not at park Digital Output #4 should have turned on as well. Move the Parking setpoint back to -100% and the Ready output will go away and the Not at Park will go away as well when the Parking setpoint gets to -100%.
22. Push the 469D MainPanel Run button to check the Digital Output #5 = Program running signal. When the Run button is in Run, the output will turn on and then turn off when the Run button is in Stop.

23. Digital Inputs & Outputs tests are complete.
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469D Control Loop Commands Check

The 469D Three-Variable Controller and the 469D Force Balance Controllers are next to be tested. Each of the 6 Degree-of-Freedom controllers must be tested. Just testing the translational axes is not sufficient. Roll, Pitch, and Yaw controls need to work as well or else the Shaking Table will not control.
1. Turn off the 469D application. Put the application in Simulation mode again by renaming the bin folder file: Super.dll to Superx.dll and editing the Settings.set file to change condHardware TRUE to condHardware NIL. Now, starting the 469D application will not use the 498/497 hardware. This makes checking the command portions of the displacement control loops easier. The hardware will be used later to confirm feedback polarities.

2.  Select the Control variable label on the 469D MainPanel. The 469D Three-Variable Controllers Panel should appear. Select the Long (X) channel on the TVC Panel. Make sure the Control Variable at the top of the TVC panel has Displacement selected.
3. Make sure that Displacement Error gain on the TVC panel is set to 1.0.

4. Move the Parking setpoint on the 469D MainPanel to 0.0. In the 469D MainPanel Service Tab menu selection of the Listener window, type the following:

vm.zero;

5. This Alltalk command zeroes all of the TVC control loops. Open the 469D standard 2-channel oscilloscope from the 469D MainPanel Display Tab under menu item, Oscilloscope. Select Long Reference for Channel A and Long Output for Channel B.  Un-check the Auto scale and Same scale boxes. Set the vertical scales to +/-60 cm for Channel A and +/-10 volts for Channel B. Both traces should show zero because the control loop has been zeroed.
6. Select the Function Generator to be the program source on the 469D MainPanel. Select the Long axis on the Function Generators Panel. Set the Function Generators Panel Setpoint slider to 30 cm. The Long Reference should show 30 cm on the oscilloscope and the Long Output should show +5.0 Volts. PLUS displacement is actuator EXTENSION. Type in -30 cm in the Setpoint and see that the Long Output goes to -5.0 Volts. Return the Setpoint control to +30 cm to get Long Output = +5.0 Volts.
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7. Figure 1 below shows the actuator numbering system for the PWRI Shaking Table. The figure also shows the positive polarities for each of the 6 Degrees-of-Freedom:
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8. Now, check all 6 of the Long (X) axis actuators servovalve drive to make sure that the polarities are correct. Remember that extend is plus and retract is minus. The Shaking Table is oriented such that the Long axis goes Left to Right outside the control room. X1 is located on the far-left corner of the table and the Long axis is plus to the Right. Therefore, the Servovalve commands should be:
X1 Valve cmd = +5.0 Volts
(extend)
X2 Valve cmd = +5.0 Volts

X3 Valve cmd = +5.0 Volts

X7 Valve cmd = -5.0 Volts
(retract)
X8 Valve cmd = -5.0 Volts

X9 Valve cmd = -5.0 Volts
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9. Next, set the Long Function Generator Setpoint to -30 cm. The Long Output should go to -5.0 Volts. The 6 Long (X) actuators should have valve commands:
X1 Valve cmd = -5.0 Volts
(retract)
X2 Valve cmd = -5.0 Volts

X3 Valve cmd = -5.0 Volts

X7 Valve cmd = +5.0 Volts
(extend)
X8 Valve cmd = +5.0 Volts

X9 Valve cmd = +5.0 Volts

10. Set the Long (X) axis Function Generator Setpoint back to 0.0 cm. Then, set the Lat (Y) axis Function Generator to +30 cm. The Lat Reference should go to +30 cm. and the Lat Output should read +5.0 Volts. Verify that the 6 Lateral (Y) Valve commands read:
Y1 Valve cmd = -5.0 Volts
(retract)

Y4 Valve cmd = -5.0 Volts

Y7 Valve cmd = -5.0 Volts

Y3 Valve cmd = +5.0 Volts
(extend)

Y6 Valve cmd = +5.0 Volts

Y9 Valve cmd = +5.0 Volts

11. Set the Lat (Y) Function Generator Setpoint to -30 cm. The Lat Reference should go to -30 cm. and the Lat Output should read -5.0 Volts. Verify that the 6 Lateral (Y) Valve commands read:

Y1 Valve cmd = +5.0 Volts
(extend)

Y4 Valve cmd = +5.0 Volts

Y7 Valve cmd = +5.0 Volts

Y3 Valve cmd = -5.0 Volts
(retract)

Y6 Valve cmd = -5.0 Volts

Y9 Valve cmd = -5.0 Volts
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12. Set the Lat (Y) Function Generator Setpoint back to 0.0 cm. Now, set the Vert (Z) Function Generator Setpoint to +15 cm. The Vert Reference should go to +15 cm. and the Vert Output should read +5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:
Z1 Valve cmd = +4.76 Volts
(extend)

Z3 Valve cmd = +4.76 Volts

Z7 Valve cmd = +4.76 Volts


Z9 Valve cmd = +4.76 Volts

13. Set the Vert (Z) Function Generator Setpoint to -15 cm. The Vert Reference should be -15 cm. and the Vert Output should read -5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:

Z1 Valve cmd = -4.76 Volts
(retract)

Z3 Valve cmd = -4.76 Volts

Z7 Valve cmd = -4.76 Volts


Z9 Valve cmd = -4.76 Volts

14. Set Vert (Z) Function Generator Setpoint to 0.0 cm. Next, set the Roll Function Generator Setpoint to +2.78 Degrees. The Roll Reference should read +2.78 Degrees and the Roll Output should read +5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:

Z1 Valve cmd = +4.62 Volts
(extend)

Z3 Valve cmd = -4.62  Volts
(retract)

Z7 Valve cmd = +4.62 Volts


Z9 Valve cmd = -4.62  Volts

15. Set the Roll Function Generator Setpoint to -2.78 Degrees. The Roll Reference should read -2.78 Degrees and the Roll Output should read -5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:

Z1 Valve cmd = -4.62  Volts
(retract)

Z3 Valve cmd = +4.62 Volts
(extend)

Z7 Valve cmd = -4.62  Volts


Z9 Valve cmd = +4.62 Volts
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16. Set the Roll Function Generator Setpoint 0.0 Degrees. Then set the Pitch Function Generator Setpoint to +2.78 Degrees. The Pitch Reference should read +2.78 Degrees and the Pitch Output should read +5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:
Z1 Valve cmd = +4.62 Volts
(extend)

Z3 Valve cmd = +4.62 Volts

Z7 Valve cmd = -4.62 Volts
(retract)


Z9 Valve cmd = -4.62 Volts

17. Set the Pitch Function Generator Setpoint to -2.78 Degrees. The Pitch Reference should read -2.78 Degrees and the Pitch Output should read -5.0 Volts. Verify that the 4 Vert (Z) Valve commands read:

Z1 Valve cmd = -4.62 Volts
(retract)

Z3 Valve cmd = -4.62 Volts

Z7 Valve cmd = +4.62 Volts
(extend)


Z9 Valve cmd = +4.62 Volts

18. Set the Pitch Function Generator Setpoint to 0.0 Degrees. Now, set the Yaw Function Generator Setpoint to +4.97 Degrees. The Yaw Reference should read +4.97 Degrees and the Yaw Output should read +5.0 Volts. Verify that the 6 Long (X) Valve commands and the 6 Lat (Y) Valve commands read:
X1 Valve cmd = -4.34 Volts
(retract)

X2 Valve cmd = 0.0 Volts
(no motion)

X3 Valve cmd = +4.34 Volts
(extend)

X7 Valve cmd = +4.34 Volts
(extend)

X8 Valve cmd = 0.0 Volts
(no motion)

X9 Valve cmd = -4.34 Volts
(retract)

Y1 Valve cmd = +4.34 Volts
(extend)

Y4 Valve cmd = 0.0 Volts
(no motion)

Y7 Valve cmd = -4.34 Volts
(retract)

Y3 Valve cmd = -4.34 Volts
(retract)

Y6 Valve cmd = 0.0 Volts
(no motion)

Y9 Valve cmd = +4.34 Volts
(extend)

PWRI 469D Controller Check-Out

June 7, 2013

469D Control Loop Commands Check, Cont’d.

19. Set the Yaw Function Generator Setpoint to -4.97 Degrees. The Yaw Reference should show -4.97 Degrees and the Yaw Output should read -5.0 Volts. Verify that the 6 Long (X) Valve commands and the 6 Lat (Y) Valve commands read:

X1 Valve cmd = +4.34 Volts
(extend)

X2 Valve cmd = 0.0 Volts
(no motion)

X3 Valve cmd = -4.34 Volts
(retract)

X7 Valve cmd = -4.34 Volts
(retract)

X8 Valve cmd = 0.0 Volts
(no motion)

X9 Valve cmd = +4.34 Volts
(extend)

Y1 Valve cmd = -4.34 Volts
(retract)

Y4 Valve cmd = 0.0 Volts
(no motion)

Y7 Valve cmd = +4.34 Volts
(extend)

Y3 Valve cmd = +4.34 Volts
(extend)

Y6 Valve cmd = 0.0 Volts
(no motion)

Y9 Valve cmd = -4.34 Volts
(retract)

20. The command side of the TVC DOF Controllers has now been tested. Shut off the 469D application and rename the bin file: Superx.dll back to Super.dll and edit the Settings.set file to change condHardware NIL to condHardware TRUE and save the new file.
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469D Control Loop Feedbacks Check


Now that the command side of the 469D Controller has been checked, the feedback side of both the TVC and Force Balance Controllers must be checked as well. If the feedbacks are not summed properly, the Controllers will not work properly. First, we will check the displacement feedbacks.
, acceleration 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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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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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)
                                                           2
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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






2
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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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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