Suggested modifications to SNS 109020000-SR0001-R00 “Spallation Neutron Source Systems Requirement Document for Timing System

R. Kent Crawford – 8/28/00

3.1  NEUTRON CHOPPER TO AC-LINE SYNCHRONIZATION


The neutron choppers are very high inertia mechanical rotors with collimators that chop the neutron beam, rotating at a high harmonic of the line frequency, probably (but not always) at 600 Hz. There are several such choppers, and in the past, one has been used as the reference for the others. However, modern motors and controls systems may now be good enough to track a master timing system with the highest required precision, making it unnecessary to single out one of the choppers as a master. The frequency and phase of the neutron choppers will be phase locked to a line reference (“line-sync”) signal, which in turn is phase locked through a  filter to the ac line zero crossing. Specifications for this filter and some of the other features of this “line-locked-clock” system will be covered in an ICD between WBS 1.7 and WBS 1.9. The desired timing accuracy for the synchronization of the neutron choppers to the line-sync signal is (0.5 (s or better.. The required accuracy is still to be determined, but is in the (0.5 (s range.


The ac-line synchronization requirement is to maintain a timing accuracy of about (500 (s or better between the zero crossing and the line-sync signal, even during line frequency transients and diurnal variations.


In order to synchronize the accelerator systems to the line-locked-clock system, a phase-stable timing signal is generated and distributed around the facility. This 600 Hz signal shall be used to generate several key timing signals (events) on the beam-sync timing system. The specific reason for this frequency choice will be discussed later.

3.2  SYNCHRONIZATION OF RING EXTRACTION TO THE MASTER CONTROLLER FOR NEUTRON CHOPPERS 

The beam occupies about 67% of the ring circumference, and the remainder of the ring (the beam gap) is free of beam (to about 1 part in 105) in order to accommodate “clean” extraction (without unnecessary beam loss). The extraction from the ring must be synchronized to the beam to about (5 ns (the beam gap is about 300 ns long). If the synchronization requirement for the ring extraction to the neutron chopper is longer than 1 ring revolution period, the phase of the beam in the ring does not need to be synchronized to the neutron chopper prior to extraction. A modern Fermi chopper system can be phased to a greater accuracy than this, so this design choice represents a conscious decision to limit the phasing accuracy to (0.5 (s. The Neutron Chopper Master Control system shall provide an 1000 ns gate signal during which the ring extraction kicker is triggered when the beam gap is at the correct azimuth. The Neutron Chopper Master Control system that generates this 1000 ns gate is the responsibility of WBS 1.7. However, appropriate synchronization between this Neutron Chopper Master Control system and the Accelerator Timing system is the joint responsibility of WBS 1.7 and WBS 1.9, and will be covered in an ICD between these two WBS elements.
3.3  SYNCHRONIZATION OF LINAC


In order to inject approximately 1060 turns into the ring, the beam injection into the linac must begin about 896 (s before extraction. For a super conducting linac, the klystron modulators must be pulsed about 400 (s earlier than the beam. The reason for this is to fill the rf cavities with field before the injection of beam. Thus the first required timing pulse for a complete beam pulse cycle is required about 1500 (s before the ring extraction time.


When the ring is full at the end of accumulation, the beam must be extracted as quickly as possible, within a narrow “window” that might be say <10 (s wide, after the last turn is injected to avoid beam growth. If the accelerator cycle timing start signal T0 is based on 60-Hz line-sync signal, which has a period of 16,667 ( 50 (s (due to line frequency variations), the variation in the delay between the cycle start signal T0 and the extraction time exceeds the allowed storage time in the ring. By using the 10th harmonic of the line frequency, 600 Hz (which has a period of 1667 ( 5 (s) as the source for T0, the critical systems in the linac (modulators, injector, etc) can be triggered with a timing error not exceeding the allowed window relative to the extraction time. This is shown in Fig. 2. This window will be adjustable over a range to be specified in the ICD between WBS 1.7 and WBS 1.9, with the ultimate setting for this window width to be based on operational experience, but expected to be ~ 10 (s.
3.4  VARIATION IN THE RING REVOLUTION PERIOD


For a 1 GeV proton circulating in a ring of circumference 248 meters, the revolution period is 945.4 ns. During normal operation, tuning the ring by changing the B field (which changes the orbit radius), or tuning the linac to change the injection energy, or a combination of both, can change the revolution period by up to (2 ns. During ring commissioning, the change can in principle be even larger. Although 2 ns is not a large number, the cumulative timing error over a normal accumulation cycle of 1060 turns exceeds 2 (s, more than one complete ring period. This is much larger than the desired cumulative synchronization accuracy of (5 ns for accumulating 1060 turns of beam in the ring. Any cumulative error exceeding 10 ns can begin to fill in the beam gap in the ring. Any beam in the gap will activate the extraction septum. A beam synchronous timing system tied to the rotation frequency of the ring will compensate for this variation in fill time and maintain (5 ns timing accuracy.


Figure 1 shows the overall 16.667 ms timing cycle for beam accumulation in the ring. Figure 2 shows a detail of the 1.667 ms period beginning with the cycle T0 pulse. The T0 pulse is every 10th tick of the 600-Hz line-sync signal. In both Fig. 1 and 2, Text (ring extraction time) is one 600-Hz period later. This should be synchronous with the 1000 ns gate from the Neutron Chopper Master Control system.

4.  SNS TIMING SYSTEM


Distribution area – 



Should include distribution to Instrument Systems master chopper control in the Target Building.

Block Diagram SNS Timing System

Part 2



Need to change Part 2 of Timing System diagram. I propose something like the diagram on the following page, where the 1.9 part is unchanged but the 1.7 part is as shown here.
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