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1.  Z-direction motion

a.
Passive guidance in X-direction while in motion is provided by the X-


guide brackets.   The guide brackets are designed for this purpose.  The 


alternative of active control of the X-position by controlling the Traction 


cylinder lengths does not currently seem to be a possibility.  It remains to 


determine if active control can be accomplished by controlling the traction 

cylinders if desired.


b.
Pressure/ force sensing on the traction cylinders will be necessary to 


ensure that motion is not binding and that guide roller loading is kept to a 


minimum.


c.
Z-motion should be semi-automated.  The position should be controlled 


through a closed loop system where cylinder position feedback is 



incorporated.  The operator would input desired intermediate and final 


positions into the control system. The control system would then follow a 


planned velocity profile to arrive at the desired  position.  Operator 


intervention in the form of controlled and emergency stops should be 


available as well as manual jogging control. 

2.  Speed.


a.
The maximum safe speed of each detector component needs to be 



determined based on a worst case emergency or breakdown case and the 


resulting acceleration that is created on the detector component.


b.
A ramped velocity profile should be implemented for all controlled starts 


and stops.

3.  Z-position determination


a.
Final Z-position tolerance for each component must be determined.  


b.
Sensing choices are partially dependent on level of Z-motion control. 


c.
Based on position accuracy, a position sensing strategy must be 



developed.  Keeping in mind that there is generally a trade off in sensing 


between range and resolution, a few scenarios can be considered.




i.   A single long range (low precision) sensing mechanism that 



    determines the Z-position absolutely at all times. (wire 




     transducer/encoder, ultrasound) 




ii.  Combined use of a low resolution sensing mechanism as 



     described in (i) above with a higher resolution short length 



     positioning device near the final location.  This would require 



     some method of calibrating the short range sensor at the hand 



     off point.




iii. Human operators observing position until the detector is close 



      enough for some medium or short range sensing device to take 



      over.




iv.  Limit type switches (mechanical or proximity) that signal 



      various position zones. 


d.
What is the point of reference for absolute position?
4.  Y-position


a.  Current plans are for Y position to be determined from rail.  It needs to be 
  
     evaluated whether relative position to the beam pipe must be measured and 
  
     corrected for dynamically.  

b.  Limit type sensors need to be in place to limit extreme beam pipe deflections.  

     this information must be integrated into the control system.


c.  The speed (bandwidth) of the airpad control system needs to be fast enough 

     such that the hydraulic jacks can compensate for the airpad motions.  


d.  The speed of a drop in the case of a worst case airpad failure must be 

    
     determined and the control system designed to respond this if reasonably 

     possible.

5.  Safety


a.  A complete list of realistic emergency stop scenarios must be developed.  A 
  
    method for detecting these scenarios must exist in either operator procedure or 
  
    through automatic detection with the control system.  For each scenario, a 

    failsafe emergency stop sequence/procedure should be Where possible, these 
    
    should monitored through the control system.

b. Items that should be monitored automatically (through sensors) and integrated 

    into the emergency stop scenario.


a.
Hydraulic pressure



b.
Air pressure



c.
Actual Y distance during movement



d.
Contact with other detector component



e.
Traction force


f.
HF truck is properly connected

c.  Human observers will be used to monitor movement of services and shall have 
 
     easy access to an emergency stop button.



d.  Either sensors, the operator , or human observers need to ensure that no people 
     are trapped during movement scenarios.

e.  A full understanding of the catastrophic failure scenarios, such as hydraulic 
  
     line breaking, dramatic air pad failure, should be analyzed to determine what 

      additional safeties should be in place.


f.  A control system lockout must provided to prevent un authorized movement.


g.  A list of services that must be disconnected for each component must be 
  
     established as well as a procedure for ensuring that these are in fact 
    
  
     disconnected prior to movement.


h.  Are magnetic sensors needed to detect remnant magnetic fields?

6.  DCS


a.  What information must be relayed between DCS and the control system?

b.  What communication protocol needs to be supported?


c.  

7.  Control system hardware

a.  The actual movement control system should be PLC based.  A supervisory PC 

     would be used in conjunction as the means for communicating with DCS and 

     for monitoring other systems.



b.  The operator interface should include:



i.   X, Y, and Z position readout.



ii.  Start and stop controls.



iii. Emergency stop control (hardwired).



iv. Manual jogging control



v.  Air-valve controls



vi. Alarms for critically monitored items
 




1.  Hydraulic pressure




2.  Traction cylinder force




3.  Air pressure




4.  Beam pipe limit warnings




5.  Y-position error limits



c.  Need identified space for control system hardware


d.  Interface should be portable and should be able to connect in at various 


     locations along rail similar to air and hydraulic connections.

e.  Systems to be tied to network for remote troubleshooting/monitoring but not 

     control.

8. General Control Movement Procedures


a. Where is operator located during movements?


b. What other human assistance is needed and where?

