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	Because the tests were complete on the shaking table for acceptance, the work direction quickly changes to the BATS machine. The big $2 million contract penalty date was coming and we had to get this machine running by hook or crook. There was no doubt that the machine would have to do some tests without the actual fully operating software being in place. This was going to be a grand kluge for sure. During the shaking table acceptance tests, the four BATS system X-Axis actuators were installed in the pit and were connected to the platen. The pressure transducers used for force measurement and delta-P compensation were all calibrated, except for the Y-Axis pancake actuators. The Y-Axis pressure transducers were different from the rest of the pressure transducers in the BATS system. They had been originally calibrated to 5000 psi full scale. After initial operation of the BATS system, it was discovered that these pressure cells needed to be calibrated for 10,000 psi. The calibration was changed at that time. The Y-Axis Temposonic displacement transducers were different as well. The Y actuators have very short stroke = +/-10 mm. After actual installation, the available Y-Axis stroke is really +12.3 mm and -5.6 mm. The change is totally due to the actual dimensions of the BTS foundation and reaction plates. For some reason, the customer did not want to have the full +/- 100 mm of Y-Axis displacement that the NCREE North MATS system has. The reason given was cost of both the BATS foundation and reaction frame would go way up. The short Y-Axis Temposonic transducer has an unfortunate choice for connector. It is not the standard MTS Temposonic connector. This was missed during the system build and the parts ordering phase of the project. The Y-Axis console system displacement cables all have the mating MTS standard connector on them. New connectors had to be shipped from MTS-Minneapolis and put on the Tempos on-site. Unfortunately, one of the Tempos (Y1) did not seem to work with the new connector installed. The Y1 transducer just would not operate. The power light on the Y1 Tempo head would light, but no readings were possible even with a magnet moving. It should be noted that without the proper connector, the Y Tempos were not checked out in the factory either. To temporarily fix the problem, I removed the Y1 transducer from the 469D software DOF computations for displacement and we proceeded with checkout. This is an easy thing to do on the 469D as the process is part of the ASCII Table.dat file definitions. This allows us to run the Y-Axis in DOF control without the bad Y1 Tempo feedback messing up the average displacement or yaw displacement measured on the Y-Axis. Next, I had to get the Vertical actuators in displacement control. It was decided to disable the Static actuator at this time to make the Vertical startup easier. Hydraulic power was cut off from the Static actuator. No unwanted Static actuator motions could occur.

	In looking through the BATS machine, I noticed that there were some discrepancies with the NCREE North MATS machine:

1) The Holddown force was defined to be negative. The MATS and all previous bearing test machines had the Holddown force as positive. The control loop was verified by looking at the Holddown servo-valve command for a negative setpoint. The polarity agreed with the mechanical engineer’s knowledge of the servo-valve manifold. It took a negative setpoint to get positive Holddown force feedback. This was quite curious indeed and I vowed to flip this when I would have the time to do so. I had already noticed that the Holddown force was being added wrong to the compression force as well. To be able to readout the actual force that is being applied to the specimen, the MATS and BATS had this compression force computed from all major contributors to the specimen compression force. The formula is:

Compression = Dynamic Z Force + Static Actuator Lift Force + Static Actuator Force – Holddown Force
      -Tare Weight
       
       The Tare Weight is measured when the platen is lifted to get the total weight of the platen + specimen. The Static Actuator Lift Force comes from the oil pressure required to seat the Static Actuator against the platen. The lift forces required to seat the 6 dynamic actuators are not accounted for in the compression equation for the MATS or the BATS machines.
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2) The BATS Vertical Temposonic transducers had their polarities set for inverted. I found this quite strange because the Vertical displacement has always been positive because the actuators have only one direction – up. The servo-valves are ported 3-way. The servo-valves only port oil into or out of the one cavity of the actuator. The piston can only be forced upward by oil pressure. To lower the piston, the weight of the platen plus the Holddown force has to push the oil out the return port opened by the servo-valve. I knew that at one point that the polarity was non-inverted. I asked why this was different now and got no coherent response. No one seemed to know why. I looked at the system backups that were made on the system and at my own backups and found that sometime between April 1 and April 12, the polarity was changed. I did not believe that the control loop was negative, but perhaps I was wrong because of the negative Holddown that was already different from the MATS as well.

Because I did not trust the controls for the Vertical DOF, I decided to be extra careful in starting the Verticals. I set the limit detectors to fire an E-Stop if the Vertical displacement went up or down more than 10 mm. I expected these limits to be active in high pressure. The BATS system uses a completely different arrangement for hydraulic power control from the MATS system that makes things quite difficult. There is one main pressure system for the X-Axis and there is a completely separate main pressure system for the Y and Z Axes and the Holddowns. On the MATS system, the Holddowns were powered by the system Pilot Pressure. On the BATS, I could not count on the Holddowns to hold down the platen on startup because it takes some time to get Holddown pressure because of small servo-valves. I decided that I would transition quickly from low pressure to high pressure and set the high pressure to just above low pressure to make that happen quickly and get my limit detectors armed. It has been standard practice in all digital systems for over 20 years, including bearing test systems, to arm the fault actions like E-Stops and limit detectors in high pressure. I made this assumption again under false conditions. The standard shaking table software had been changed (God only knows when) and I was not in the loop on that change for sure. The limit detector software for the BATS started as 469D software as I later discovered. I also started the controls such that the Vertical controller had zero dc error; therefore, it should not move until some Vertical setpoint change is introduced. Also, the Vertical feedback Temposonics were zeroed so that the Vertical feedback was also zero. I was hoping that if the polarity is wrong, then the velocity won’t be so high. Again, I was wrong. I should have trusted my instincts and changed the polarities back to normal. In the ensuing test, I almost dropped 3 of the Vertical actuators out of their cylinders. This would have at least damaged 3 seal sets. We had no spares and these seals are hard to get – weeks of delay. But, I am quick when I expect trouble….

	On hydraulic startup, nothing happened. Nothing seemed to be moving. I made a small upward setpoint change, thinking that if it is like a normal bi-directional actuator then the actuator would retract or try to retract if out-of-control. Nothing happened. I was puzzled. I stupidly did not realize that the Verticals could NOT back up. They were already bottomed out. I tried the opposite polarity. I was standing up and watching the platen. I noticed immediately that the motion was quite fast because of the large servo-valves on the BATS Verticals. It was going up and to my surprise, no limit detector had fired. Next, the platen suddenly tipped and the left-side Holddowns blew out their piston seals. The platen was continuing to tip while I pushed the E-Stop. The platen stopped and slowly returned to normal position. I had to apologize to Mike Nemeth for harming his machine. It is quite rare that such an event occurs for me. The polarity was correct to be normal and non-inverted. Replacement Holddown seals were available at NCREE North and were on-site the next day. Mike had the Holddowns repaired in a couple of days and we were able to proceed with the correct Vertical polarity.

Post-analysis of the event showed that the limit detector did NOT fire because of another software change that was never communicated widely. It should be noted that most of the software that was loaded on the BATS machine came straight from the shaking table system. Then, some of the individual BATS axis controllers replaced the TVC controls and that is about where I got the system. What I did not know was that some time before this project, the shaking table system changed its approach to enabling limit detectors. Unfortunately, this process causes some serious problems with a bearing tester. I shall explain in detail.
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	The 469D Table Controller software has for a long time had a problem with starting the table from the Park position after starting hydraulics. In the standard 469D, all of the limit detectors were activated in main high pressure. This caused some problems if displacement limits were set to normal stroke values. The Park position was often beyond the normal stroke value of some of the actuators. Therefore, the limit detector would immediately fire and could have been set to fire an E-Stop or at least a function generator abort. This, then, required the startup to be in main low pressure or to turn off the interlocks during the move from the Park position to the Normal position = zero displacement on X, Y, and Z axes. It was possible to then forget to go to high pressure or turn on interlocks before running the table. This situation, of course, was never considered optimal, but we had lived with it for about 20 years.

	Another problem exists with the use of blowdown on systems with limited hydraulic pumping capacity. It is wise to use limit detectors to sense when the system pressure or blowdown pressure drop too far during the running of a dynamic program. This could happen for a number of reasons and could be disastrous for the specimen for sure if such an event occurred. I, personally, have no problem with making sure that these events don’t happen.

	To allow for certain limit detectors to be enabled at certain times, a multi-level limit detector enable in the 469D was implemented. This new system had 3 levels: a) 469D startup, b) hydraulics on, and c) normal. I take it that the original intent of the normal state would be the Normal table position. But, I could only find the normal limit detector level being used for the dynamic program RUN/STOP events. Yes, it did enable the pressure limit detectors that would work for the blowdown situation AND it also was used for enabling the displacement command and feedback limit detectors. Therefore, displacement limits were only available during dynamic program running. This is the reason why the limit detector did not E-Stop when the displacement limit was reached during the first BATS Vertical control test.

	For the BATS system, the displacement limit detectors are now enabled with the hydraulics on level. The normal limit detector level is still used for the pressure limit detectors during blowdown operations. This is still quite effective with limited pumps even when the blowdown is not active. I do believe that the normal level state name is not correct. It should be re-named to the run level state. However, I did not and shall not change the name to remove any confusion with the similar operation in the 469D.

Now, with the ability to run the X-Axis by using digital input/output bits and the basic servo-controls in the BATS, the maximum performance of the X-Axis was verified. The maximum velocity test was done by running the actuators at oil column resonance where it does not take much oil to get the actuators to move large strokes. I cannot take credit for that idea. I was not on-site for this test - it was someone else that had that moment of brilliance. Maximum force and velocity is easily achieved near the oil column frequency. After the X-Axis tests, then the hard part of the BATS checkout began. It took me to late April to get enough additional software into the BATS machine to be able to automatically run the hydraulics in X, Y, and Z displacement control. Force control of X and Z and Static actuator force control would come later, finishing in May. More details on this entire process later.

	During getting the BATS system to automatically run the hydraulics and run a complete bearing test using direct controls instead of twiddling bits, we received the new Y-Axis Tempo head and another complete Tempo unit from MTS-Minneapolis. Some quick checks proved that the new Tempo head did not fix the problem. Therefore, the problem had to be actually with the Tempo tube. Fortunately, an extra complete Tempo assembly was also shipped. This was installed and found to work properly. The Y1 Tempo was zero calibrated and the software Table.dat file was changed to use the new displacement transducer. There were no problems in getting the Y-Axis displacement control to work just fine with the new Tempo.

Because of the very small stroke available to the Y-Axis, the mechanical engineer for the BATS (Mike Nemeth) and I agreed that Load control on the Y-Axis would not be a good idea. Most bearings have fairly low horizontal spring rates that would require far more displacement than available for adequate load control. The Y-Axis load control capability is not removed from the BATS controller, but the controls are “hidden” from the operator and cannot directly be used. The Y-Axis force control can be re-instated with very minimal software changes, if so required.
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	The biggest problems facing automatic running on the BATS in displacement control is: a) the differences in the MATS to BATS hydraulics operation and b) installation of the MATS Pause-Abort function. The differences in hydraulic operation are considerable. The following system definitions show the differences in hydraulic operation for the MATS and BATS systems.

				MATS Hydraulic Operation

The MATS system uses a standard pump that only has 2 states – Off and On at 3000 psi. The system pressure states are implemented with HSM capability. There is no direct pressure control on the MATS system. The X-Axis actuators are run by standard MTS HSMs. Pilot pressure is supplied directly from the pump while low and high main pressure is supplied to the X-Axis actuators by the standard two HSM control solenoids. Pilot pressure is available to the X-Axis servo-valves the entire time the pump is running. The Holddown actuators are supplied by a pilot pressure line from the pump through a separate enable solenoid. This same pilot pressure supplies the Vertical and Lateral servo-valves as well. This pit pilot pressure can be totally turned off when required. The Holddown actuators are mounted on the MATS frame and load against bearing plates on the platen itself. There is one HSM control solenoid for Vertical and Lateral main pressure. It has only 2 states instead of 3 for the standard HSM. The Vertical/Lateral main pressure is then only high pressure (3000 psi) or off. The Static actuator has a solenoid enable that has to be enabled BEFORE main pressure is applied to the Verticals. The Static actuator has its own accumulators that can be isolated from the pump and has its own slow dump to drain. In addition, there is a separate dump from the main pressure to Return and a slower dump direct to drain. When the Vertical Dynamic actuators are being retracted, the extra dump to the main Return can be enabled. When the Vertical (pit) main pressure is turned off, the dump to Drain is enabled. The Holddown actuators are always in control as long as the pit Pilot solenoid is on.

This hydraulic operating setup makes the MATS quite independent from other NCREE North systems. It is also quite safe to operate because the pilots can be used to warm up the servo-valves, then the X-Axis can be turned on in low pressure to provide horizontal stability while the Verticals and Laterals are turned on to high pressure. Then, the X-Axis is turned on to high pressure. Most of the time, the X-Axis can be turned on to high pressure before the pit pressure is turned on to high pressure.

			BATS Hydraulic Operation

The BATS system has a completely different hydraulic philosophy that makes it truly not like the MATS machine at all. Pilot pressure is turned on to the entire BATS system at the same time. All servo-valves are connected to Pilot pressure and all hydrostatic bearings on the X-Axis actuators turn on as well. There is one special pump (#6) in the facility that can operate at 3000 psi (3K) or at 4000 psi (4K). This 4K pump supplies the BATS 6 Vertical Dynamic and one Static actuators, the Y-Axis actuators, and the Holddown actuators. Having the Holddown actuators on this 4K pump is not like the MATS at all. There are new problems associated with this situation that are not present on the MATS system. The primary reason for the change is the fact that the Holddowns are now mounted on the platen and move with it. The Holddowns react against bearing plates on the foundation. It was deemed too difficult to get pilot pressure/return to these actuators through the hydraulic flexible link to the pit hardline. The MATS Holddowns suffer from a problem of dirt contamination because they load against the top of platen while the BATS Holddowns load the underside of a foundation bearing beam. The MATS Holddowns also suffer from a problem of oil drain back causing a partial vacuum that lifts the Holddown actuator off the platen surface. This usually causes the seal to drop out of the actuator and get damaged when the Holddown is pressurized again and slams down on the platen surface. To prevent this from occurring on the MATS, each Holddown (2 of them) had to be turned off via a hand valve to prevent the partial vacuum. This hand valve can then be inadvertently left closed when pressure is applied. The BATS Holddown is mounted upside down and therefore the seal cannot fall out of the actuator bearing face. The overriding fault of the BATS arrangement is the fact that the Holddown actuators lose effectiveness as the pit pressure drops during an E-Stop when the system needs them the most. This will certainly be the case when the Static actuator is developing a lot of force. The 6 Vertical Dynamic actuators have a maximum velocity of 0.15 meters/sec vs. the MATS capability of 0.033 meters/sec.
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			BATS Hydraulic Operation, Cont’d.

	The X-Axis of the BATS system is supplied by the regular 3000 psi (3K) side of the facility pumping system. Four main pumps can be assigned to the BATS system via hand valves. The X-Axis has high velocity capability. It is on the order of 1 meter/sec (0.75 m/sec nominal) vs. the 0.25 meters/sec capability of the MATS. The HPC control of the pumps uses pressure control to obtain the operating states of the BATS. This provides more flexibility than MATS, but presents other problems due to the method of pressure control. When turning on the main pumps (before low pressure), the main 3K and 4K lines will rise to around 400-500 psi for the 3K line and 250-300 psi for the 4K line. Since pilot pressure is already running, there does not seem to be any problems with this arrangement. However, it should be noted that it only takes 176 psi in the 6 dynamic actuators to lift the platen. The Static actuator has the same pressure required to lift the platen. This minimum pressure state is therefore to be avoided for long periods of time as it can be as dangerous as low or high main pressure. In the present configuration, both the 3K and 4K lines are brought up to low main pressure and then to main high pressure at the same time. The pressure command is ramped at about 120 psi/sec. The pressure levels of each of the 3K and 4K lines are programmable. The defaults are 1000 psi and 3000 psi for low and high pressure. Of course, the actual pressure does not keep up with the command ramp for high pressure because of line accumulators charging up. Because the pressure controls on the pumps are not directly calibrated 1-1, the pressure controls have to use integrators to get to the desired pressures. A proportional gain alone cannot achieve the correct pressure. But, there are problems with high integral gains on pressure control. On a single pump, like the Pilot pressure pump or the (#6) 4K pump, the proportional and integral gains have to be fairly low. The integral control has to have a decent authority to assist the proportional gain make the correct pressure. This allows a considerable integrator windup that causes overshoot in both the up and down pressure commands. The upper overshoot is limited by the pressure relief valves on the pump. Unfortunately, there is no lower pressure limit other than the minimum pump output. On the 3K pumps, there are a lot more accumulators than on the pilot or 4K pumps. This allows higher proportional and integral gains to be used on these pumps. I have found that the proportional gain can be 20x bigger and the integral gain can be about 5x bigger. This results in an undershoot of only about 100 psi (down to 900 psi) when lowering from 3000 psi to 1000 psi low main pressure. In contrast, the 4K pump (#6) undershoots to about 370 psi when lowering to a low main pressure of 1000 psi. To compensate, I have used a slightly higher low main pressure for the 4K pump. At 370 psi, we start to get considerable leakage from the X, Y, and Holddown actuators. At 1200 psi low main 4K pressure, there is considerably less leakage. The pressure falls to about 500 psi instead of 370 psi. 

I personally do not like integral pressure controls on a single pump. In the 4 HPC applications that I have done, I do not use integral controls for the single pilot pumps. I use an x-y linearization calibration of the pilot pump pressure vs. volts command. I then use this straight line approximation to run the pilot pumps. It works very well and does not suffer from overshoot. I do not even bother to ramp the command; I just step to the correct value. The pressure overshoot/undershoot is not a real problem at all. As you will see later, integral pilot pressure control with ramps is also not an ideal solution for blowdown controls. I feel that as an improvement over what I have already done before would be to turn on integral control ONLY when the command – feedback error is within a certain +/- value.

There are a few more items to cover before I explain the exact hydraulics on/off sequence for the BATS system. First, is the problem of the Vertical Dynamic and Static actuator valve hydraulic polarity. These servo-valves are mounted on the 7 actuators in such a way that when the pilot pressure is OFF, gravity drops the spool to one end of the spool travel. On the MATS system, this spool position ports oil in the Vertical actuators to Return. In the BATS system, this spool position ports oil to the actuator cylinder which will cause the actuator to extend (lift). As you can see, if one is not careful, just servo-valve spool leakage can eventually lift a Vertical actuator. Remember, it only takes 176 psi to lift the platen. This is a major problem for the BATS controller. The BATS Controller can NEVER be turned off during shaking table operation. The pilot pump would be on, but the BATS Vertical servo-valves will not be in control. There is no way to know where they will be. This is a very dangerous situation. Today, there is no answer except to leave the BATS Controller on at all times. Any take-down of the BATS Controller has to be very carefully done to avoid the pilot pressure from being turned on while the BATS Controller is down. An uncontrolled rise of the platen can be quite an expensive error. If it goes so far as a piston seal, then there is a major un-install of the entire platen from the system.
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			BATS Hydraulic Operation, Cont’d.

	A second problem is the air lift system for the 6 Vertical Dynamic actuators. The Vertical Dynamic actuators are lifted against the platen at all times possible by an air lift system. This, of course, relies on the facility air compressor to supply the necessary air pressure to accomplish the actuator lift. If the air pressure fails, there is no way for the BATS Controller to know that has happened. Therefore, we are obtaining an air pressure switch, an air bottle for accumulation and a check valve to provide some temporary pressure lift after the BATS Controller finds out about an air supply failure. Such a failure would be catastrophic for the BATS system in its present state. The 4K main pressure turning on would result in oil dumping in the pit and perhaps the loss of some Vertical face seals. Remember, that 3 points define a plane and we have 6 dynamic actuators. Yes, they are close to the same elevation, but it is not perfect. The loss of a Vertical face seal means a lot of time and money to fix the problem. If it goes so far as a piston seal, then there is a major un-install of the entire platen from the system. There is also the double risk because the shaking table floating foundation uses the same air compressor and could cause an operational problem during foundation lift.

	The final hydraulic on sequence for the BATS system then follows the new sequence:

1. On the BATS Controller Main Panel, push the Zero Encoder Conditioners button on the right side to zero the Vertical Dynamic actuator Temposonic transducers. It is imperative that these values are very close to zero on hydraulic startup. Otherwise, there is a risk of blowing out an actuator face seal. The X or Y actuator Temposonics Encoders are NOT zeroed by this button. I am thinking of changing the label to indicate this exclusion.

2. Then, right above the Zero Encoders button, push the Zero DC Conditioners button several times. This will zero the pressure transducers and accelerometers on the BATS system. This will help the Force Balance controls to work properly without unnecessary offsets.

3. On the HPC GUI screen sent to the control room via PC Anywhere, turn on the Pilot pump. The pump pressure will rise to 3000 psi and the HPC will send the Pilot On bit to the BATS Controller. The BATS controller responds by:
a) Turn on the Static actuator lift cylinder – this does not actually lift the Static actuator to contact the platen – it takes 4K main pressure to do so. This just makes sure that it is enabled when the 4K pressure is applied.
b) Turn on 3rd-stage servo-valve integrators to eliminate valve balance drift.
c) Turn on servo-valve integrator check for saturation due to valve problem – checks every 30 seconds.
d) Set the Static actuator setpoint to the minimum Static level defined in Table.dat which defaults to
-3000 kN. This keeps the Static servo-valve dumping to Return. Servo-valve leakage cannot lift the Static actuator. This value is chosen to NOT saturate the valve command. This would force the valve
3rd-stage integrator to saturate and would mask any other servo-valve saturation error.
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			BATS Hydraulic Operation, Cont’d.

4. On the HPC GUI screen, turn on the 4K pump (#6) and as many of the 3K pumps (#2-5) as desired. It is highly recommended that more than one 3K pump is turned on for redundancy. A single pump failure is not a good thing for the BATS when there are separate 3K and 4K pumps. This step just turns on the pumps but does not ramp the pressure control to low pressure. The 3K & 4K pressures will be < 500 psi. Later, I will describe a special manifold that is going to be added to the 4K line in the BATS pit to get pressure from the 3K system if the 4K pump fails. This is a way that we can make sure that the 3K and 4K lines always have some minimum pressure for control. The BATS Controller responds to the Main On digital input from the HPC by:
a) Set the Static actuator setpoint to the Table.dat minimum force again, in case the operator erroneously changed this setpoint. Now that 4K pressure is applied, it is imperative that this setpoint be negative.
b) Set the Holddown actuator force setpoint to the Table.dat minimum force = 2400 kN. This is the force that can be maintained by 4K  low main pressure. Of course, the Holddown actuators cannot get to this force at the minimum 4K pump pressure, but it is set for when the main low pressure is turned on.
c) Set the dynamic Vertical displacement setpoint to -1.0 mm. This makes sure that the platen is not going to rise when the main pumps are turned on.
d) Make sure that the Static actuator lift force is turned on – redundant with Pilot on, but safe.
e) Zero all of the control loops DC error  =  servo-valve commands should equal zero.
f) Activate all fault and warning actions and turn on limit detectors in the hydraulics on group.
g) Turn on Scavenge pump for hydrostatic bearings.

5. Because turning on the main pressure zeroes the DOF control loops, the displacement setpoints shall read the current feedback positions. These positions will be close to, but not equal to the desired positions. Because of mounting limitations for specimens, the X & Y axes may not have zero startup positions. The X and Y displacement setpoints should now be manually reset to the exact correct positions.

6. On the BATS Controller, turn on the Main Low button to tell the HPC to go to low main pressure on all pumps that are currently running. The BATS Controller blinks the low main pressure indicator with a magenta color until the HPC signals that the pumps are at low pressure. Then the indicator changes to solid yellow. Next, raise the Vertical displacement setpoint to +2.0 mm. This should lift the platen clear of the bottoms of the Vertical Dynamic actuators. Check the Vertical forces to see that they all should be > 100.0 kN. If not, then reduce the Vertical displacement setpoint to -1.0 mm again as quickly as possible. Then, check all of the transducers and servo-valves for proper operation before attempting to raise the platen again. For reference, the worst actuator should have about 300 kN force while most of them should be in the 500 kN range.

7. On the BATS Controller, turn on the Main High button to tell the HPC to go to main high pressure. The BATS Controller blinks the high main pressure indicator with a magenta color until the HPC signals that all pumps are at high pressure. Then the Main High indicator turns to a solid green and the Main Low indicator is turned off. The Force Balance controls turn on at this pressure level. The Vertical forces should all balance out with close to the same pressure in each Vertical actuator. Also, the Y-Axis actuators should all show about 800 kN force which is the compressive load requested in the Force Balance Panel as an offset. Raise the Holddown Force setpoint to at least 4000 kN to get above the Holddown accumulator precharge that is about 3500 kN. Then the Holddown actuators will be able to follow the Vertical displacement changes. The Holddown actuators have small servo-valves that cannot keep up with the Vertical actuators. Raise the platen to a minimum of +5.0 mm to make sure clear of the bottom of all actuators. The rotational axes (Roll, Pitch, and Yaw) will not be exactly at zero displacement because of the DC error loop zeroing that occurred when the main pumps were first turned on. The rotational axes setpoints can be zeroed with the button on the BATS Controller Main Panel.
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			BATS Hydraulic Operation, Cont’d.

8. The BATS system is now ready to use. Note that the Static On button is now activated as well as all of the blowdown controls. The Static actuator cannot be turned on before the BATS system is in high main pressure. Before you turn on the Static actuator, check that the following items are true:
a) Vertical displacement setpoint must be >= +2.0 mm.
b) Holddown Force setpoint must be >= 4000 kN.
[bookmark: _GoBack]If these items are not true, error messages shall appear to tell the operator to make the necessary adjustments.  If these items are ok, then the BATS Controller turns on the Static actuator accumulators and turns off the Static actuator dump to Drain. Next, the Static On indicator shall turn yellow to indicate that the Static Force setpoint is < 0.0 kN. As soon as this setpoint is raised above zero, the Static On indicator turns green to mean that you are now in control.
9. Blowdown controls have not yet been tested on the system. We are waiting until a government audit takes place next Tuesday. However, I have asked and gotten agreement from the author of the HPC application to allow separate blowdown arm controls for the 3K and 4K pressure lines. There are 2 blowdown control valves that are available to the BATS system. One for the 3K and one for the 4K pressure lines.  At the present time, the HPC and BATS Controller only supports one Arm button for both pressure lines at the same time. From experience with the NCREE North MATS system, it is known that the 4K pressure line will rarely require high flow volumes. Usually, the X-Axis uses a lot of flow to get large, high velocity cycles on bearing specimens while the vertical just follows the bearing height changes required to move horizontally with respect to its base. Therefore, I will be adding 2 Arm buttons to the BATS Controller for the separate arming of the 2 separate pressure lines. The software changes are now complete for both the HPC and the BATS Controller. I am just waiting until after the government audit to install on the BATS Controller. We are required to show the auditors a sample large deflection rubber bearing test as well as the maximum X-Axis velocity acceptance test one more time. The blowdown system is not required for either of these tests.

The BATS hydraulic off sequence mainly follows the inverse order of the hydraulics on sequence:

1. The first step in hydraulic shutdown is to move the actuators to a safe position to transition from high main pressure to low main pressure on both of the 3K and 4K pressure lines. If the Static actuator has been used for specimen tests, the Static Force setpoint must be lowered to a zero value to make the Static actuator have a minimum effect on lowering the platen. It is normal if the Static actuator shows a load of about 500 kN after the Static Force setpoint has been lowered to zero. A safe position for low pressure is with the X & Y axes at the correct interface position for the specimen, if a specimen is present. Due to mounting pattern limitations, a specimen may not be able to be placed at X= 0.0 mm and Y=0.0 mm. Therefore, it is important that the operator does not change these non-zero values during moving to force contact position for the specimen or for moving away from the specimen to the safe low pressure position. Only the Z Axis is moved up/down to make specimen contact or move to the safe position of +2.0 mm. The Z displacement setpoint is used to move the platen up/down to the proper position. A later discussion shows how to get the X and/or the Z axis into load control and back into displacement control after testing is complete before lowering the platen.

2. Once the platen is down to +2.0 mm position, then the operator should turn off the Static actuator if it has been used. Turning off of the Static On button shall automatically change the Static Force setpoint to a -3000 kN value. Later discussion during specimen testing shall discuss turning on the Static actuator after the platen is in contact with the specimen.
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3. Next, the Holddown Force setpoint is lowered to 2000 to 2400 kN before lowering the main pressure from high to low pressure. If this step is omitted, the BATS Controller shall display an error message about too high of a Holddown force if the Main High button is pushed off.

4. Turning off the Main High button on the BATS Controller results in the Main High indicator to turn from a solid green display to a flashing magenta color to indicate that the main pressure is changing (lowering). Once the main 3K and 4K pressures are within a pressure tolerance of their respective low pressure setpoints, the Main High indicator shall turn off and the Main Low button is activated with the Main Low indicator showing yellow for the on condition.

5. Turning off the Main Low button on the BATS Controller results in the Main Low indicator to turn from a solid yellow to a flashing magenta color to indicate that the main pressure is again lowering. Once the main pressures reach their respective off levels, the Main Low indicator is turned off.

6. Next, return to the HPC Main Panel screen on the HPC terminal next to the BATS Controller. Turn off the main pumps, starting with 4K pump (#6). Do not turn off the Pilot pressure pump until all of the main pumps individual pressures are below 100 psi.

7. Again, on the HPC screen, finally turn off the Pilot pressure pump. Do not move any controls on the BATS Controller until the Pilot pressure is below 100-200 psi.

The next document shall discuss how the Pause-Abort-FGSTOP panel controls work in conjunction with a discussion about X & Y axes in load control.
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