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Damage protection and position control system for the new undulator beam at the storage ring PETRA II





�
Introduction


From spring 1993 to spring 1995 the first undulator beam line at PETRA II was prepared and built up. The successful commissioning took place in March, 1995. During the last 1½ years normal operation took place with increasing beam currents (now up to 40 mA).





Damage protection


The power density of the photon beam generated in the undulator is very high so that parts of the beamline could be damaged within a few milliseconds if they are hit by the beam. A special carbon foil monitor at the end of the photon beam acts as a beam detector. If the beam reaches the foil, it cannot damage parts of the beamline. Otherwise, the protection system dumps the beam very fast by switching off the RF power of PETRA if the beam intensity is in the dangerous range (undulator gap < 29 mm and beam current > 5 mA). As the carbon foil gets also light from the bending magnets at both sides of the undulator and the system must work for a rather wide range of beam currents (from 5 to 60 mA), the threshold for the undulator beam recognition must be tracked with the beam current. Additional photo emission elements and thermal switches provide additional protection. For safety and speed reasons the system has been realized in hardware with an interface to an IBM PC. The hardware itself provides enough safety. Additionally the PC can do an independent check based on the pickup beam position system. Also it looks at different values like supply voltages and thresholds, and it enables access by the PETRA control system.








Beam position control  


To stabilize position and angle of the photon beam for the experiment, an automatic beam control was implemented for the horizontal and vertical direction. The position information can be derived from 2 pickup monitors at both ends of the undulator or from 2 photoemission beam position monitors on the photon beam line. The position and angle correction at the undulator point is then calculated for each plane and the corresponding currents of the correction coils are set. This control cycle is executed every 3 seconds.





Implementation


A dedicated IBM PC controls the damage protection hardware and reads the data from it. This PC is not directly connected to the control system network to prevent failure due to network problems, but it is connected to a standard PETRA control system server PC by a special link. On this server PC also the beam position control is running, and this PC distributes the status of both systems via the PETRA control system network to give access to the operator.





Special features


Big effort has been made to make the system fail safe and transparent. All important flags and values inside the hardware (e.g. supply voltages, thresholds, intermediate logical results) are accessible by the computer interface and used for self checks. If the system dumps the beam, the dump reason is recognized. The complete system status history of the last 23 hours is always available with a resolution of 1 second, the history of the last 30 days is available with a resolution of 1 minute. 


�
Poster guide





The System overview (1) shows the complete undulator protection and position control system in its environment.





A detail of the implementation, the net separated PC for maximum reliability, is shown on page (2).





Pages (3) to (5) show different operator console screens. Common to all of them is the main window, displaying the most important information (e.g. state of chamber, undulator, damage protection, position control) and offering the basic operation (switching between 1)injection to HERA and 2)HASYLAB beam). Normally the switching process is executed fully automatic and the main window is sufficient. In case of difficulties or for special operation the sub-windows give extended access to the components:


on page (3) you find (from left to right): the chamber and undulator panel, the position control status and magnet current display, the electrostatic pickup panel and the photo monitor panel.


on page (4) the history control (to display past events) and the dump module panel (with the detailed hardware state) are shown.


on page (5) finally you see the beamline status and the error display.





Leaving the console server (which is only running if human interaction is desired), page (6) shows the principle of the beam position control, running on the device server (which is running continuously).





Page (7) and (8) are devoted to the hardware of the system: page (7) shows the structure of the remote controlled hardware modules (electrostatic pickups, photo monitors and damage protection hardware), while on page (8) you find a scetch of the signal flow inside the most important damage protection hardware module.
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�
System overview
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�
Maximum reliability by „net separated“ PC
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A PC connected to the Ethernet (LAN) can behave in unforeseeable ways: it can slow down due to heavy broadcast activity on the net, it can break down due to heavy file server problems, it can be blocked for a rather long time trying to send messages to the LAN while the LAN is heavily loaded. That’s why a PC connected to the Ethernet should not take over critical tasks like interlocks where a slowed down or even crashed PC could result in severe damage.





The solution to this problem is a two-PC-configuration connected by a Dualport memory, realized by a special two-channel-SEDAC controller (CC4) developed in the MKI group earlier. So the PC with the critical task can never be disturbed by LAN activities - for communication it just reads from and writes to the Dualport memory with guaranteed short access times (SEDAC speed - approx. 4 to 8 kByte / sec.).





This configuration is being used for the Technical Interlock of the PETRA undulator although in this case the interlock hardware provides enough safety.





Experience:


�The „net separated“ PC was running stable without a single crash and without any strange events during the last year.


�


�
Console screen example (a)


Main window with 4 sub-windows: 1) undulator and chamber, 2) position control, 3) Pickups, 4) photo monitors
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Console screen example (b)


Main window with 2 sub-windows: 1) history plot / logging, 2) hardware dump module readout and control
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Console screen example (c)


Main window with 2 sub-windows: 1) beamline state display, 2) error / warning display
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The beam stabilisation for the PETRA undulator (software)





One of the 4 channels (hor. / vert. plane, angle and position) is shown
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SEDAC remote control overview
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�
Signal flow for a Dump from the carbon foil


(implemented as hardware)
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A Dump from the carbon foil is triggered if


the PETRA beam current is > 5 mA		AND


the undulator gap is < 29 mm			AND


the photo current at the carbon foil is below the threshold derived from the beam current.








�The lowpass filters are needed for noise suppression; the condition (1 < (2 prevents triggering in the case of a beam loss to distinguish between dump and beam loss.


�


The PETRA energy is always 12 GeV.


�
Experiences





The system works fine! The PETRA storage ring behaves quite well, so that the beam position deviations are approx. 20(m in the horizontal and 10(m in the vertical plane at the end of the beamline which is 100m long.





In case of problems the logging was very helpful as it was possible to find the problem source by viewing the state a short time before the problem occurred.





The system was always available and no crashes were observed after the debugging phase.





Using simulation techniques during program development, most debugging could be done without a live beam and without accessing the chamber and undulator. So the program worked correctly almost from the beginning. Part of the simulation was done by modeling the chamber and undulator behaviour in software and accessing this software instead of the real hardware. 
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�The undulator control at PETRA
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Standard con-trol system PC





PC with critical task





LAN





Dualport memory (CC4)
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pos. / angle hor. / vert.  at undulator





Pickups





A





photo-emission monitors





step limiter: ( 0.5 mm or ( 0.03 mrad





sum limiter: Stop if devi-ation from start value is too big





Add up





source selection





PETRA energy;   + for e+, -  for e-





magnet currents





bump    set value





check if magnet currents are within limits





Send magnet currents to correction coil server via Ethernet
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A
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„5 mA“





Comparator to detect dangerous beam currents     ( > 5 mA )





PETRA beam current (0..60 mA)





Lowpass filter ((1 ( 1 ms)





Full wave recti-fier (for e+/e- operation)





Dump threshold (beam current dependent)





Dump only if beam current is dangerous





Latch dump condition





Dump only if gap is dangerous





Flipflop





Comparator to detect missing undulator beam





carbon foil (beam detector)





Reset





Lowpass filter ((2 ( 2 ms)





undulator gap < 29 mm -> dangerous !





Dump!





gap switch (29 mm)
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