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Prior to starting any actuator installation to the shaking table, make sure that the following technical and safety checks are accomplished:

1. Make sure that appropriate E-Stop hardware is available in the Control Room and in the shaking table pit area.

2. Verify that the entire Servovalve Calibration and Balancing processes have been done on the actuator(s) to be connected to the shaking table.

3. Verify that the actuator LVDT calibration has been completed.

4. Verify that the actuator delta-P calibration has been completed.

5. Verify that all calibration data for the servovalves and actuators have been properly entered in the 469D Panels from the respective values in the PWRI-Default-Values-Table file. Also, verify that the 469D Calibration file contains the IDENTICAL values for all these parameters.

6. Verify that the 469D AllAxial Controller has ALL of the actuators that are to be connected to the shaking table are in Group B of the Force Balance Controller (used for PID control during AllAxial control) and have the integrators turned OFF. They were turned ON for actuator LVDT calibration, but should now be turned off. With the integrators turned off, there will be no movement occurring after initial commanded motion.

7. Definition of operating communications procedures for actuator movement between the Control Room 469D operator and the personnel attaching the actuator to the shaking table in the pit.

8. 469D Procedure to limit actuator motion due to accidental control activation.

9. Procedure to monitor hydraulic power system operation and method of warning pit installation personnel of imminent hydraulic pressure loss that may harm those same personnel.
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The following discussion shall set out a basic set of procedures that should address the safety issues of actuator installation to the shaking table:

Actuator Connection to Shaking Table
1. Prior to starting the hydraulic power system, test EVERY E-Stop button through the 469D to make sure that each button triggers the appropriate hydraulic off action. Because of the large number of people involved in installation tasks on this project, it is imperative that these tests are performed EVERY DAY.

2. IF not started, start the 469D application and load the AllAxial controller. Make sure that the proportional gains are set right for the 2 operating groups, A and B. Group A is for the untested actuators and Group B is for actuators that have completed control calibration. There should be NO actuators in Group C (actuator under calibration) at this time.
3. Verify that the two-way radios to be used for most of the Control Room-Pit communications are working and have the batteries charged.

4. Push the Zero servo errors button on the AllAxial Controller Panel. This will prevent large motions from any of the actuators as hydraulic pressure is applied.

5. Verify with the mechanical installers which actuators fall in each of the following groups:

a. Actuators ALREADY CONNECTED to the shaking table

b. Un-connected actuators

6. Verify that the PWRI-Actuator-Connect-Table file reflects the current actuator connection situation. Update any Servovalve Calibration or LVDT Calibration dates that have been completed on any actuators.
NOTE: NO actuator connection should be attempted if the Servovalve and LVDT Calibrations are incomplete for that actuator.
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Actuator Connection to Shaking Table, Cont’d.
7. Now, if servovalve warm-up is considered to be necessary, the 469D application must be re-started to remove the AllAxial Controller and allow the DOF function generators in the 469D to run the servovalves. Turn on the system Pilot Pressure and select DOF displacement control. Start the DOF function generators at zero amplitude and carefully increase the amplitude to run the servovalves at about +/-9 volts peak-peak response at 1 Hz for about 15 minutes. After completing the warm-up period, shut off all hydraulics and allow Pilot Pressure to go to near zero psi and then start the AllAxial Controller again. Push the Zero servo errors button again.

8. Start Pilot Pressure and verify that all 32 servovalves are in control (zero command = zero feedback).
9. Enable 469D Limit Detectors on ALL actuator displacements. The tolerances should be set to +/-0.75 cm from current actuator displacement values. The INTERLOCK action should be selected. IF any actuator moves 0.75 cm on start-up, E-Stop occurs.

10. Set all of the AllAxial Controller setpoints end limits to +/-0.5 cm from the current actuator position. This prevents the 469D operator from inadvertent large actuator motions.
11. Turn on Main Low Pressure. No actuator should move any appreciable distance. Verify that any un-connected actuators that are touching the shaking table are not producing any pushing forces. If that is the case, move the displacement setpoint more negative to get the actuator to retract from the table. Remember that limits are set on actuator displacement. These limits will E-Stop the system. Do NOT start Main High Pressure unless most line accumulators can be isolated from the system. It is not safe to have large amounts of oil available for rapid motion.

12. Open up the 469D Limit Detector limits for the actuator to be connected to the table. Set the setpoint limits for this same actuator to only allow the actuator to extend in small increments. Never allow more than a few millimeters of extension beyond the requested move. As the actuator moves forward, re-set the retract setpoint limit to less than 10 cm maximum from current position. It can be just as dangerous to installation personnel to inadvertently move the actuator a large distance in the retract direction.
PWRI Actuator Installation

June 5, 2013

Actuator Connection to Shaking Table, Cont’d.
13. To command the actuator extension, NEVER use the mouse to click on the slider bar itself. This is HIGHLY DANGEROUS and can easily produce larger than desired motions. ALWAYS type in the new desired value, look at it to verify the number, and THEN push the ENTER key on the keyboard. The 469D will NOT accept the new setpoint UNTIL the ENTER key is pushed. NEVER leave the mouse ANYWHERE near the displacement sliders or value windows.

14. After the installation personnel have installed and torqued the mounting bolts, the PWRI-Actuator-Installation-Table file can be updated.

15. Move to install the next actuator or shut down the hydraulics for the end of this work session.

The following sequence is presented as a model for the Control Room-Pit communications and what the operator does at each step. Variations are allowed to accommodate mechanical requirements and/or safety considerations:
A. Pit crew requests 2 mm extension.

B. Operator sets setpoint limit for extension to 3-4 mm from current value. Then, operator echoes the 2mm extension command to the Pit crew. NO motion is yet commanded.

C. Operator then says “MOVING 2 mm” and enters the new displacement command in the setpoint window using the keyboard and pushes ENTER key. The Operator watches actuator feedback and then says “MOVE DONE”.

D. Pit crew evaluates next move.
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