�




















Spallation Neutron Source





Interface Requirements Document


For Machine Protection System and Front End Equipment














August 2001


�
� TOC \o "1-3" \h \z �


MPS Inputs to Front End	� PAGEREF _Toc523207738 \h ��2�


HQA System Interface	� PAGEREF _Toc523207739 \h ��3�


Fast Protect Systems	� PAGEREF _Toc523207740 \h ��3�


Plasma RF Gate Veto circuit	� PAGEREF _Toc523207741 \h ��4�


LEBT Chopper Interface	� PAGEREF _Toc523207742 \h ��4�


Front End Inputs to MPS	� PAGEREF _Toc523207743 \h ��5�


LEBT Valve	� PAGEREF _Toc523207744 \h ��7�


�





MPS Inputs to Front End





There are three MPS systems that interface to the front end, the High QA MPS, the Fast Protect Latched System (FPLS), and the Fast Protect; auto reset system (FPARS).  The High QA system consists of a PLC interface, operations key bank, sensor fault inputs, and interlocks to the 65 kV power supply and the RFQ Power supply.  The FPLS latches a fault and shuts down the 65 kV high voltage switch and the RFQ power supply.  The FPAR system uses the LEBT chopper and the RF drive to the RFQ to inhibit beam for the duration of the pulse.  These are re-enabled for the next pulse if the fault clears.


There are a number of devices that can shut off the beam.  The devices have different shut off times and different consequences after getting shut down.  The following table lists the devices, MPS system input and the consequence.





Device�
System�
Response time�
Comments�
�
LEBT Chopper�
FPARS�
20 nsec.�
Not fail-safe so RFQ RF is primary fast shutdown device.�
�
65 kV power supply�
HQA�
100 msec�
High Voltage trips off.�
�
65 kV switch�
FPLS�
10 �symbol 109 \f "Symbol" \s 12�m�sec�
Switch opens, High voltage stay’s on�
�
RFQ RF drive�
FPARS�
3 �symbol 109 \f "Symbol" \s 12�m�sec�
RF gate can be moved to keep most of the RF power going to the cavity for thermal stability reasons.�
�
RFQ Power Supply�
HQA


FPLS�
50 usec�
Latched system will allow supply to be turned on after verification the 65 kV supply is off.  HQA system will not satisfy interlocks until it’s inputs are satisfied.�
�
PPS�
HQA


�
�
The status of the power supplies used for the HQA system is compared to the requested status.  If a supply does not shut down, the PPS is used as a backup.�
�
Table 1. Front end shut down devices





HQA System Interface


The HQA system delivers two sets of contacts wired in series in the PLC wiring to the 65 kV power supply and to the RFQ power supply.  The contacts should be used in the interlock chain that will shut off high voltage and disable the power supply. Both power supplies should provide a set of contacts indicating the state of the power supply.  The connector on the power supply is TBD.  The pin out of the cable is as follows:





1.	MPS contact


2.	MPS contact


3.	shield


4.	Power supply status +


5.	Power supply status –





	The HQA system consists of an Allen Bradley PLC and Flex IO remote inputs and outputs.  There will be a flex IO block located in the Ion Source control area.  The layout of the HQA system is shown in figure 1.





�EMBED Visio.Drawing.6���Figure 1. HQA system layout





Fast Protect Systems


The configuration of the fast protect systems are shown in figure 2.  The hardware for each system is identical. The carrier frequency for the FPAR is 8 MHz (8 * Ring Frequency) and the frequency of the FPL system is 3 MHz. When a loss of the carrier is detected or an input goes into the fault condition, the TTL output goes high. The output signals from the MPS master are TTL level, active low, drive 50 �symbol 87 \f "Symbol" \s 12�W�, and originate from a dual output LEMO connector on the MPS chassis. The buffer is an open collector, 74ALS1035.  The receiver circuit should have a 470 ( pull up resistor to VCC. The printed circuit board in the MPS interface chassis has a split ground plane. The ground of the LEMO connector is tied to the chassis ground.  The printed circuit board derives its power from the VME backplane. The VME power is tied to chassis ground at one point in the control rack.


The fast protect latched system shuts off the 65 kV high voltage switch and inhibits the RFQ power supply. A circuit (TBD) will allow the high voltage to be enabled after the off indication from the 65 kV supply is received.  This allows a quick reset without thermal disturbances.


The fast protect auto reset system shuts off the RF drive to the RFQ and sends a signal to the LEBT Chopper to abort beam. The signal is reenabled upon receipt of the CYCLE_START event.








�EMBED Visio.Drawing.6���Figure 2. System layout for the FPAR and FPLS





Plasma RF Gate Veto circuit


	The gate to the RF drive for the antenna can be vetoed with a pulse width limit, rep rate limit circuit.  The turn on time of between 20 – 40 usec will be added to the gate width.  This provides a hardware limit of the current out of the ion source.  The same circuit can be used for the RFQ RF drive as redundancy.  The thermal stability of the source should be regulated before this circuit is implemented.


	


LEBT Chopper Interface





The LEBT programs waveforms in one of two ways, using data from the RTDL link, or reading waveforms from EPICS.  The EPICS waveforms are arbitrary waveforms.  The following parameters are used to create the “nominal” waveforms and are sent over the RTDL:





Phase Delay�
Start Width�
Stop Width�
�
Macro Delay�
Macro Full Width�
Macro Width�
�
End Width�
Divide by N�
Blank Nth�
�
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In Pulse Width Limit Modes, the LEBT hardware digitally integrates the beam on time and enforces the pulse width limit.  The pulse width limits are 10 (sec, 50 (sec, 100 (sec, and 1 msec. (less the duty factor).





EPICS records required for arbitrary waveforms;





AO	start_delay;		Ring RF counts from CYCLE_START event.


AO	phase_delay;		Ring RF * 64 counts from end of start delay.


AO	beam_gate_time;	Total RF * 64 counts (ON + OFF counts)


WF	ON_pulses;		Ring RF * 64 counts to turn on beam.


WF	OFF_pulses; 		Ring RF * 64 counts to turn on beam.





After a delay of start_delay + phase_delay, the beam would be on for ON_PULSES, then off for OFF_pulses, and so on until BEAM_gate_time has elapsed.





Front End Inputs to MPS


	There are two machine modes specific to front end commissioning, ion source and D-plate.  In the Ion Source mode, the 65 kV supply or the plasma RF can be run, but not at the same time.  The PPS locks out one device or the other. This allows the MPS to mask the 65 kV supply and RFQ supply shut down mechanisms.  All other supplies in the Source may be turned on / off as desired without shutting off MPS shut down devices.





There are several machine power modes requested for the D-Plate machine mode. 


50 �symbol 109 \f "Symbol" \s 12�m�sec	Emittance measurements


100 �symbol 109 \f "Symbol" \s 12�m�sec	6 Hz (Wire scans)


1 msec		60 Hz (Full Power)





At least two beam current monitors in the MEBT will be used to monitor the beam current. The beam current monitor’s should have four outputs each, detecting integrated beam currents of greater than 10 �symbol 109 \f "Symbol" \s 12�m�sec, 50 �symbol 109 \f "Symbol" \s 12�m�sec, 100 �symbol 109 \f "Symbol" \s 12�m�sec, and 1 msec.  These inputs are used as inputs to MPS to shut of the front end devices if a pulse width limit is exceeded.  The details of the current monitor circuit are TBD.


The 65 kV power supply has an average current monitor and a fast current monitor.  The fast current monitor can be used to detect long pulse faults.  The average current monitor will not be used due to other conditions (electron arcs) being detected.





Inputs to the fast protect system are as follows:





System input�
Qty�
MPS System�
Comments�
�
Vacuum�
1�
FPL�
Includes vacuum levels and valve status�
�
Antenna Current�
1�
FPL�
Peak current limit (Comparator output)�
�
Cs Cooling �
1�
FPL�
?�
�
LEBT Valve�
1�
FPL�
Two sets of NO/NC contacts, Open indication and closed indication�
�
65 kV over current�
1�
FPL�
Arcing condition�
�
65 kV Average current�
1�
FPL�
?�
�
LEBT Lens PS�
2�
FPL�
�
�
LEBT Fault detect�
1�
FPL�
High speed comparator circuit�
�
LEBT Chopper PS�
1�
FPL�
HV PS status�
�
RFQ Power supply�
1�
FPL�
PS Status�
�
RFQ RF�
1�
FPL / FPAR�
LLRF input to MPS�
�
MEBT Chopper PS�
1�
FPL�
Status�
�
MEBT Fault detect�
1�
FPL�
Same type of circuit as LEBT?�
�
MEBT PS�
14�
FPL�
MEBT Quad supplies (status)�
�
Wire Scanner�
5�
FPL�
“Home” contacts  PW limit 50 usec�
�
Emittance Slit�
1�
FPL�
“Home” contacts PW Limit 10 usec�
�
Emittance Collector�
1�
FPL�
“Home” contacts PW limit 10 usec�
�
�
�
�
�
�



	The input circuit to the MPS systems is an HCPL2612 optocoupler driven with 10 ma. The circuit also monitors the cable connection status by a short circuit in the remote device.  The termination at the MPS chasis is through a WAGO 50 pin terminal block, part number 289-459.  The connector is mounted on a DIN rail, near the input chassis. The connections are shown below:
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50 pin WAGO - Dtype pinout�
�
FPS1+�
1�
FPS3+�
14�
FPS5+�
27�
FPS7+�
39�
�
FPS1-�
2�
FPS3-�
15�
FPS5-�
28�
FPS7-�
40�
�
FPSC1�
3�
FPSC3�
16�
FPSC5�
29�
FPSC7�
41�
�
GND�
4�
GND�
17�
GND�
30�
GND�
42�
�
FPSC1�
5�
FPSC3�
18�
FPSC5�
31�
FPSC7�
43�
�
�
�
�
�
�
�
�
�
�
FPS2+�
8�
FPS4+�
22�
FPS6+�
34�
FPS8+�
46�
�
FPS2-�
9�
FPS4-�
23�
FPS6-�
35�
FPS8-�
47�
�
FPSC2�
10�
FPSC4�
24�
FPSC6�
36�
FPSC8�
48�
�
GND�
11�
GND�
25�
GND�
37�
GND�
49�
�
FPSC2�
12�
FPSC4�
26�
FPSC6�
38�
FPSC8�
50�
�
50 Pin Dsub connector (Both 50 pin inputs have the same pinout)





FPSn+		Positive input to optocoupler


FPSn- 		Return


FPSCn 	Cable connection check, shorted inside signal source chassis


FPSCn 	


GND 		Shield input





The MPS interface connector on the power supply is an Amphenol C 091 B 4 (four) pin connector, with IEC contact arrangement 130�9 with female gold plated crimp contacts.





LEBT Valve


Two sets of contacts from the LEBT valve are required for the MPS, one for the open state and one for closed. In all operating modes except ION SOURCE mode, this valve has to be open.  This input cannot be bypassed through software.





