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Overview

The purpose of the APS Machine Protection System is to protect APS components from damage caused by the stored beam in the case of loss of cooling, loss of vacuum, mis-steering of the beam, or other potentially hazardous situations. Dozens of systems are continually monitored during stored beam operation and in the event that any system detects a malfunction, the stored beam is immediately dumped to prevent any additional damage. The stored beam is removed by an interruption of the RF power which causes the beam to quickly lose energy and spiral toward the inside of the vacuum chamber (within 400 microseconds of the reported fault). Should this beam dump attempt fail, the RF High Voltage Power Supplies are tripped off to ensure loss of beam. Since dumping the beam causes some subsystems to detect a fault (e.g. the Beam Position Limit Detectors), time stamps are attached to faults to assist in determining the originating cause of the trip. All faults and timestamps are archived for later dump analysis. 

Implementation

The MPS can be logically divided into the following three parts: 

Fault Summation:
responsible for summing dozens of subsystem faults and passing the result to the Main MPS.

Subsystem Fault Detection: 
responsible for determining a fault condition within a subsystem.

The Main MPS:
responsible for collecting all faults, interfacing with the SR RF systems, confirming loss of beam, determining “first fault”.

· Fault Summation – Local MPS Module

At 20 locations around the storage ring, a Local MPS (LMPS) module is provided that takes up to 12 inputs from Subsystem Fault Detection systems. The LMPS expects fiber pulse train inputs (@1 MHz) to indicate that a subsystem is ready. The LMPS redundantly monitors its inputs and if all configured inputs are ok, it passes a 1 MHz fiber pulse train to the Main MPS. The LMPS time stamps any input fault (resolution of 1 microsecond) to allow for sequence of fault analysis. 

· Subsystem Fault Detection

Subsystems that provide an input to the MPS will have unique mechanisms for detecting a “fault”, depending on the subsystem’s purpose and implementation. Some subsystems provide the required 1 MHz heartbeat directly to the Local MPS module, whereas other subsystem faults go through an additional level of summation (to reduce the number of Local MPS inputs required). The following subsystems are currently part of the APS MPS:

Storage Ring Vacuum: monitors for loss of vacuum

Water Systems: monitors critical water flow circuits

Gate Valves: monitors for a closed gate valve

Diagnostic Flags: monitors for an inserted diagnostic flag

Beamline Front-End Equipment Protection System (EPS): monitors beamline front end equipment

Beam Position Limit Detectors  (BPLDs): monitors for mis-steering of beam

The EPS and the BPLD systems provide a 1 MHz pulse train (fiber) directly to the Local MPS to indicate the permissive. The storage ring facility systems (water, vacuum, flags, etc) provide 24 volt signals to an additional Latch Card which sums up to 40 inputs and provides the required 1 MHz pulse train to the LMPS.

· Main MPS

The Main MPS receives the heartbeats from the 20 Local MPS modules and determines when it is necessary to initiate a fast beam abort. The MPS also has a reading of the stored beam current. If the current is less than .5 mA, the MPS will not abort the beam if a fault occurs (it has been determined that this amount of current is inherently safe as far as the subsystems are concerned). If there is more than .5 mA of stored beam, the Main MPS will interrupt the low-level RF source for 100 milliseconds when an input fault occurs. If there is still a current reading after 100 ms (due to a failure of the beam abort system), the Main MPS will trip the RF High Voltage Supplies as a backup attempt to dump beam.

