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1. Introduction

This document describes the installation of the control system and the operating procedure for the SNS DTL and CCL vacuum systems.  The mechanical installation of vacuum system, i.e. installing the pumps, valves, ion gauges, etc. on the vacuum vessels will not be covered in this document.   

The installation of the vacuum control system will primarily focus on the correct configuration of the various pump and gauge controllers and the proper configuration of the PLC.  A thorough knowledge of the pump and gauge controller configuration will also be useful in troubleshooting the system.
The operations manual will cover all the necessary steps to pump the system down from atmosphere to high vacuum.  Also, the necessary steps to correctly vent the system with nitrogen will be covered. This document is not a substitute for experience with high vacuum systems, it is assumed that the operator has the proper training and is qualified to operate the system.  Improper operation of the vacuum system may cause serious damage to the DTL tanks and CCL modules or their pumps or instruments. 

A table outlining general faults for the vacuum system and their probable cause is included as section 4.0 as a guide to troubleshooting.

1.1.1 General Description

1.1.2  DTL Vacuum System

The DTL vacuum system consists 6 tanks, each tank having three 300 Liter/sec ion pumps, a cold cathode gauge, a convectron gauge and an eight inch gate valve.  The eight-inch gate valve will be the pump isolation valve where a turbo cart will be attached for pump down.  Each tank will have a sector gate valve that will isolate the tank during commissioning and maintenance.  Due to space limitations, DTL tanks 2 and 3 will not have sector gate valves.  

Each tank also has an RF window with its own Non-Evaporable Getter (NEG) pump.  A 70 Liter/sec turbo pump with a scroll pump backing it will be used during activation and regeneration of the NEG.  After the NEG has be activated or regenerated, the turbo can be valved out via a gate valve and then shut down.  

There will be a cold cathode gauge mounted in the RF window vacuum space.  It will serve two purposes, the first is to monitor and protect the NEG during activation and regeneration.  If the pressure during activation or regeneration becomes too high, the setpoint of the cold cathode gauge will be used by the PLC as an interlock to shut down the NEG heaters used to drive the activation or regeneration.  The second purpose of the RF window cold cathode gauge is to monitor and protect the RF window while the klystron is operating.  In case of an arc on the window, the burst of gas resulting from the arc will by used by the cold cathode gauge as an interlock by the PLC send a signal to the Low Level RF (LLRF) system to shut down the high power RF in the klystrons.  A convectron gauge will mounted on the foreline of the 70 Liter/sec turbo pump to monitor the status of the scroll pump. 

A Residual Gas Analyzer (RGA) will be installed on each tank.  This will be useful during commissioning and maintenance for monitoring the vacuum system.  It is also useful for diagnosing various problems with the vacuum system.  Finally there will be a series of manual valves where a gas pressurization cart can be attached to vent the system with pure nitrogen.

1.1.3 CCL Vacuum System

The CCL vacuum system consists of 4 modules, each module will have two manifolds (manifolds “A” and “B”) with five 300 Liter/sec ion pumps each for a total of ten ion pumps per module.  Each manifold will have a cold cathode gauge, a convectron gauge and an eight-inch gate valve.  The eight-inch gate valve will be the pump isolation valve where a turbo cart will be attached for pump down.  Each module will have a sector gate valve will isolate the module during commissioning and maintenance.  

Each module will have two RF windows, each with its own Non-Evaporable Getter (NEG).  Each NEG will have its own 70 Liter/sec turbo pump that will be used for activation and regeneration of the NEG.  The two turbos will share one scroll pump, which serves as the backing pump.  After the NEG has be activated or regenerated, the turbo can be valved out via a gate valve and then shut down.  There will be a cold cathode gauge on each of the RF windows that will serve the same purposes as the cold cathode gauge on each of the DTL RF windows. A convectron gauge will be mounted on the foreline of the 70 Liter/sec turbo pumps to monitor the status of the scroll pump.  There will be a total of four cold cathode gauges and three convectron gauges per module.

A Residual Gas Analyzer (RGA) will be installed on the first manifold in each module.  There will be will be a series of manual valves on each manifold where gas pressurization carts will be attached.  There will be two gas pressurization carts per module and they will perform the same function as the gas pressurization carts on the DTL.
1.1.4 Safety

Although the DTL and CCL vacuum systems generally do not pose any special hazards to personnel, some of the electrical equipment associated with the vacuum system such as the ion pumps and ion gauges use high voltages.  Other pumps and instruments use 120 VAC and pneumatic gate valves may have up to 120 psi of compressed air.  As with any electrical or pneumatic systems, proper lockout and tagout procedures must be used when working on the pumps, gauges or valves.  

1.1.5 NEG Pump Safety 

The NEG pump is constructed with a sintered getter alloy that has pyrophoric properties. The NEG pump must be activated at high temperatures.  While the NEG pump is being activated at temperatures above 100C, an accidental exposure to atmosphere will result in combustion. This can be characterized as a very fast oxidation, but is not explosive. Even at temperatures under 100C, damage to the pumps can occur in various degrees if exposed to atmosphere. By using proper vacuum interlocks, this risk is reduced to an unlikely occurrence. 

The other hazard is the pumping of hydrogen with the pyrophoric NEG material. Proper handling of the NEG is essential. It is critical that a NEG pump that has sorbed a substantial amount of hydrogen must not be removed from the vacuum system without first under going a complete regeneration cycle and passivation.

A NEG pump can sorb several standard liters of hydrogen. The regeneration of a NEG will release hydrogen. The regeneration process is similar to activation. Again, by using proper vacuum interlocks, the risk of combustion is reduced to an unlikely occurrence. 

The regeneration of a NEG pump takes place in a vacuum that is less that 1x10-4 Torr. Under these conditions the hydrogen is given off at a relatively slow rate and there are not enough oxygen molecules in the vacuum system to form a combustible mixture. 

The turbo and scroll pumps used to back the NEG during regeneration must be properly vented into a vacuum exhaust manifold. It is unlikely that a combustible mixture could form in the foreline of the turbo. The flow rate at the exhaust of the 70 l/s turbo operating at 1x10-4 Torr is only 7x10-3 Torr-Liters/sec. The foreline pressure is generally held below 20 milliTorr by the scroll pump. This is a small amount of hydrogen that is still under vacuum. A combustible mixture cannot form under these conditions.

It is also unlikely that a combustible mixture could form in the vacuum exhaust. The scroll pump has an automatic ballast that bleeds in air to help flush out particulates and gases. The ballast would in this case further dilute the small amount of hydrogen in the scroll pump exhaust.

1.1.6 Loss of Vacuum

A loss of vacuum accident (LOVA) is considered as one of the worst-case events for SNS linac system. The vacuum systems for DTL and CCL are designed to the specifications with all potential hazards taken into consideration. Sufficient protective measures such as interlocks on valves are provided to avoid events such as LOVA to occur.

2. Control System Installation

2.1 Hardware Installation

Each DTL tank and CCL module will have an entire rack dedicated to its vacuum system which will contain all the necessary pump and gauge controllers and PLC.  The installation of the pump and gauge controllers and PLC in these racks for the DTL is shown in drawings 155Y510658 to 155Y510663 in Appendix A. The installation of the pump and gauge controllers and PLC in the racks for the CCL is shown in drawings 155Y5xxxxx to 155Y5xxxxx in Appendix B.  The Piping and Instrumentation Diagrams (P&IDs) for the DTL are shown in drawings 155Y509502 through 155Y50907 in Appendix C and P&ID drawings for the CCL 155Y516702 to 155Y516705 in Appendix D.  

The DTL vacuum system wiring is shown in block diagram form in drawings 155Y5xxx.1 to 155Y5xxx.6 in Appendix E and the CCL is shown in drawings 155Y5yyy1 to 155Y5yyy4 in Appendix F.  The DTL wiring system is detailed in the Excel spreadsheet in Appendix G and the CCL wiring system is found in Appendix H.  The spreadsheets start with the global control system name and traces the signal path from the pump or gauge controller to the PLC and then on through the various junction boxes and chases out to the actual device in the tunnel.  This thorough documentation of the signal path in the spreadsheet provides the information equivalent to a schematic.  This document assumes that the DTL and CCL vacuum system wiring has been properly installed according to these drawings and spreadsheets. 

2.2 Controller Configuration

Each gauge and pump controller must be properly configured in order for the PLC to control the vacuum system.  Only configuration information will be provided in this document.  The operator should have a thorough knowledge of the gauge or pump controller and is referred to the manufacturer’s operating manual.

2.2.1  MKS Instruments, HPS Series 937A Cold Cathode and Convectron gauge controller.  

Basic Configuration for the DTL:  Review the HPS Series 937A High Vacuum Multi-Sensor System User’s Manual (Part # 100009273, Rev. 4.0).  The HPS 937 gauge controller has three slots for gauge modules.  Verify that the slot CC and slot A have cold cathode modules installed and slot B has a dual convectron gauge module installed.  Confirm that the pressure units are Torr.  Set the control sensor for the cold cathode gauges in slots CC and A to the Convectron gauge channel B1.  Set the control setpoint to 5x10-3 Torr.  

There will be one HPS 937 gauge controller for each of the six DTL tanks and each HPS 937 gauge controller has a serial communications module.  Confirm that the serial interface has been set to RS-485 multidrop protocol.  Set the baud rate to 9600 baud with even parity.  Confirm that the addresses of the HPS 937 controllers for each of the DTL tanks have been set as follows:

DTL1 HPS 937 controller:  30H
ASCII 0

DTL2 HPS 937 controller:  31H
ASCII 1

DTL3 HPS 937 controller:  32H
ASCII 2

DTL4 HPS 937 controller:  33H
ASCII 3

DTL5 HPS 937 controller:  34H
ASCII 4

DTL6 HPS 937 controller:  35H
ASCII 5

Each DTL tank will have one cold cathode gauge mounted on the pump tee (see drawings 155Y509502 through 155Y50907) on the tank and one cold cathode gauge mounted on the RF window.  The RF window cold cathode gauge must be connected to the CC module on the gauge controller.  The cold cathode on the pump tee must be connected to the slot A module in the gauge controller.  

There will be two convectron gauges on each DTL tank.  One convectron will be mounted on the pump tee.  This convectron will be connected to channel B1 on the dual convectron module in slot B.  The second convectron will be mounted on the foreline of the RF window turbo pump.  This convectron will be connected to channel B2 on the dual convectron module in slot B.

The setpoint for the RF window cold cathode gauge connected to the CC module will be programmed for 1x10-6 Torr.  The setpoint relay will be normally open above 1e-6 Torr and the contacts will close below 1x10-6 Torr.  See page 46 in the HPS 937 manual for programming the setpoints.

There are two independently programmable setpoints for the cold cathode module in slot A.  The first setpoint for the cold cathode gauge will be programmed for 1x10-4 Torr.  This setpoint will be used by the PLC as an interlock for the pump isolation valve (PIV) for the turbo cart.  If the PIV is closed and the setpoint indicates that the pressure is below 1x10-4 Torr in the DTL tank, then the PLC will require that the turbo pump on the turbo cart is operating at full RPMs before the PIV can be opened.  The second setpoint will be programmed for 1x10-6 Torr.

Basic Configuration for the CCL:  Verify that the slot CC and slot A have cold cathode modules installed and slot B has a dual convectron gauge module installed.  Confirm that the pressure units are Torr.  

There will be two HPS 937 gauge controllers per CCL module.  Controller A will the cold cathodes on RF window A and manifold A and controller B will control the cold cathodes on RF window B and manifold B.  See drawings 155Y516702 to 155Y5167025.  As with the DTL, the RF window cold cathode will be connected to the cold cathode module in slot CC ant the cold cathode mounted on the manifold will be connected to the module in slot A.  Set the control sensor for the cold cathode gauges in slots CC and A to the Convectron gauge channel B1.  Set the control setpoint to 5x10-3 Torr.

Confirm that the serial interface for the eight HPS 937 controllers in the CCL have been set to RS-485 multidrop protocol.  Set the baud rate to 9600 baud with even parity.  Confirm that the addresses of the HPS 937 controllers for each of the CCL modules have been set as follows:

CCL1, HPS 937 controller manifold A:  41H
ASCII A

CCL1, HPS 937 controller manifold B:  42H
ASCII B

CCL2, HPS 937 controller manifold A:  43H
ASCII C

CCL2, HPS 937 controller manifold B:  44H
ASCII D

CCL3, HPS 937 controller manifold A:  45H
ASCII E

CCL3, HPS 937 controller manifold B:  46H
ASCII F

CCL4, HPS 937 controller manifold A:  47H
ASCII G

CCL4, HPS 937 controller manifold B:  48H
ASCII H

There will be three convectron gauges on each CCL module.  One convectron will be mounted on the manifold A.  This convectron will be connected to controller A, channel B1 on the dual convectron module in slot B.  The second convectron will be mounted on the foreline of the RF window turbo pump.  This convectron will be connected to controller A, channel B2 on the dual convectron module in slot B.  The third convectron will mounted on manifold B and will be connected to controller B, channel B1 on the dual convectron module in slot B.  

The cold cathode gauges on RF window A and RF window B will have their setpoints programmed for 1x10-6 Torr.  The cold cathode gauges on the manifolds will use the two independently programmable setpoints in the module in slot A.  The first setpoint for the cold cathode gauge will be programmed for 1e-4 Torr.  This setpoint will be used by the PLC as an interlock for the pump isolation valve (PIV) for the turbo cart.  The second setpoint will be programmed for 1x10-6 Torr.

2.2.2 Varian Vacuum Technologies, Dual Controller for Ion Pumps 

Basic Configuration for the DTL:  Review the Varian Vacuum Technologies, Dual Controller for Ion Pumps User’s Manual (Part # 87-900-094-01).  There will be five dual controllers for the ten ion pumps on a CCL module for a total of 20 controllers.  Verify that the two high voltage coaxial cable’s connecters are properly attached to the controller at one end of the cable and the ion pump at the other end before turning on power to the dual controller.

Using the front panel buttons, verify that the pressure unit is Torr and the pump type has been set to 300 L/s diode.  Verify that the controllers are set to PROTECTED mode and STEP mode.  

Confirm that the serial interface for the 20 dual controllers in the CCL have been set to RS-485.  Set the baud rate to 9600 baud with even parity.  Confirm that the addresses of the dual controllers for each of the CCL modules have been set as follows:

CCL1,  dual controller A:  61H
ASCII a

CCL1,  dual controller B:  62H
ASCII b

CCL1,  dual controller C:  63H
ASCII c 

CCL1,  dual controller D:  64H
ASCII d

CCL1,  dual controller E:  65H
ASCII e

CCL2,  dual controller A:  66H
ASCII f

CCL2,  dual controller B:  67H
ASCII g

CCL2,  dual controller C:  68H
ASCII h

CCL2,  dual controller D:  69H
ASCII i

CCL2,  dual controller E:  6AH
ASCII j

CCL3,  dual controller A:  6BH
ASCII k

CCL3,  dual controller B:  6CH
ASCII l

CCL3,  dual controller C:  6DH
ASCII m

CCL3,  dual controller D:  6EH
ASCII n

CCL3,  dual controller E:  6FH
ASCII o

CCL4,  dual controller A:  70H
ASCII p

CCL4,  dual controller B:  71H
ASCII q

CCL4,  dual controller C:  72H
ASCII r

CCL4,  dual controller D:  73H
ASCII s

CCL4,  dual controller E:  74H
ASCII t

The last step is configuring the dual controller is to set the operating mode to serial.  At this point the dual controller will only accept commands from the serial communications port and all other front panel commands will be ignored.

2.2.3 SAES Getters S.p.A  NEG Pump Controller V1.1 RC1

The basic configuration is the same for the DTL and CCL.  Set the output regulation potentiometer to 10.0 and lock the knob.  This limits the total heater power to a safe operating level during activation or regeneration.  Set thermoregulation to the on position.  The NEG Pump Controller utilizes a Gefran 800 PID thermoregulator (controller).  Refer to the NEG Pump Controller V1.1 RC1 user’s manual or the Gefran 800 PID thermoregulator user’s manual for complete instructions on using the unit.
The initial outgassing rate of a new NEG during activation can be quite large and the temperature of the NEG and the vacuum pressure have to be closely monitored.  It is recommended for the initial activation of the NEG pump that the Gefran 800 is set to local setpoint mode.  Set the Alarm 1 function on the Gefran 800 to 500(C.  The Gefran 800 has a self-tuning function that should be enabled during the first activation.  See NEG pump operating procedure, in RF window section 3.1.3.  Controlling the initial activation in the local mode is a precautionary measure.  The cold cathode pressure interlock and NEG over-temperature interlock will still be active if the activation is done locally.  Subsequent regenerations will be done remotely.  The Gefran 800 will need to be set to the remote setpoint mode at that time.

2.2.4 Varian Vacuum Technologies, Turbo V70 Pump Controller

The 70 Liter /sec turbomolecular pump will be used during activation and regeneration of the NEG.  The turbo V70 pump controller default configuration is satisfactory for use with the DTL and CCL.  The only change required is from the local mode to the remote mode.  This enables the PLC to control the turbo.  During the initial activation of the NEG, the turbo controller may be used in the local mode. 

2.2.5 Allen-Bradley ControlLogix PLC

The PLC must have all the correct I/O modules in the correct slots in order for the control system to function properly.  The slot assignments are listed at the very end of the wire list spreadsheet.  The correct ladder logic program must be downloaded into the PLC and the PLC in the switched to the run mode for correct execution of the program.

3 Operating Procedures

3.1 Turbo Cart

The primary purpose of the turbo cart is to pump down the tanks and modules during installation and commissioning of the accelerator and to provide vacuum recovery for the tanks and modules during repair/maintenance operations. The turbo cart will be present in the accelerator tunnel only on a temporary basis.  The turbo cart will be physically stored outside of the tunnels or in a region protected from radiation.

The normal operation of the turbo cart is described below:

1. The turbo cart will be manually attached to the Pump Isolation Valve (PIV) on a DTL tank or CCL manifold.  A coupling spool will be employed between the PIV and the turbo cart. This coupling spool will contain a Cold Cathode Gauge (CCG).  The turbo cart must be attached using proper handling techniques for high vacuum components.  See LLNL document MEL95-001818-00, “Fabrication and Handling of Components for Ultra-High Vacuum Environments”.

2. Connect the interface, communications and power cables to the turbo cart.  
3. Manually start the turbo cart via the single switch on the cart.  If the tank or module that is being pumped down is at atmospheric pressure, use an EPICS remote terminal to open the PIV and begin roughing down the system.  Note that the PIV can only be opened at this pressure if the turbo pump is still in the start-up mode.  In this case it is necessary to open the PIV immediately after the turbo cart is started.  If the turbo has reached normal operating speed, the cart must be stopped and restarted in order to open the PIV.
4. If the tank or module is at a sub-atmospheric pressure, the DTL tank or CCL module’s PLC will evaluate the cold cathode gauge (CCG) located on the cart side of the PIV, compare it with the CCG located on the tank or module.  Interlocks will prevent the PIV from opening if the pressures are not compatible.  If the pressures are compatible the interlocks will allow the operator to open the PIV.

5. Note:  DTL tanks 2 and 3 do not have sector gate valves and their vacuum space will be directly connected to DTL tank 1.  If the turbo carts on DTL tank 2 or 3 are started after the turbo cart tank 1 has pumped all three tanks below 100 milliTorr, but not below 1x10-4 Torr then the PIVs on tanks 2 and 3 can be opened if the turbos are still in the start mode.  If the first turbo cart has pumped all three tanks below 1x10-4 Torr, then the other two turbos must be at normal operating speed before the PIVs can be opened.

6. The turbo cart will pump the tank or module until the vacuum reaches 1x10-6 Torr.  At any point below 1x10-6 Torr, the operator can start the ion pumps.  Based on the Final Design Review calculations, the turbo should pump down the tank to 6x10-7 Torr in 10 hours. The Final Design Review calculations show that the two turbo carts on a CCL module should pump down the module to 5x10-7 Torr in 18 hours.  

7. After all the affected ion pumps on the tank or module are confirmed as working and any associated startup pressure bumps have been stabilized, the operator will close the PIV using the remote EPICS terminal.

8. The operator will manually stop the turbo cart via single switch on the cart.  Once the turbo has completely stopped, the operator will manually vent the cart via the turbo pump vent valve.  The operator will attach a source of pure nitrogen to the vent valve.  Pressure from the nitrogen source shall be limited to 2 psig with the appropriate regulator.

9. Once the pressure in the turbo cart is at atmospheric pressure, the turbo cart will be manually disconnected from the PIV using proper handling techniques for high vacuum components.  Care must be used to protect the turbo cart from contamination before transport.  The open mouth of the turbo must be covered with two layers of high vacuum compatible aluminum foil and the protective plastic flange cover placed over the foil.

3.2  Ion Pump

Because the ion pumps on the DTL tanks or CCL module manifolds do not have pump isolation valves, their operating procedure is straightforward.  Once the turbo cart(s) have pumped the system below 1x10-6 Torr, the operator will first enable the high voltage interlock for each pump using the EPICS control screen.  Once the interlocks are enabled, the operator can turn on the high voltage to the ion pumps using the EPICS control screen.  These pressures are very conservative for the ion pumps.  There may be some internal discharges the very first time the pumps are started.  In subsequent start-ups, the pumps should start immediately and draw very little current.  

Based on the Final Design Review calculations, the three ion pumps should pump down the tank to 9x10-8 Torr in 89 hours. The Final Design Review calculations show that the ten ion pumps on a CCL module should pump down the module to 5x10-8 Torr in 82 hours.  

Under abnormal conditions such as a power loss where the vacuum will not be completely lost, the interlocks will allow the ion pumps to be re-started if the pressure is below 1x10-4 Torr.  Above that pressure, the turbo carts will have to be re-attached and the system pumped down with the turbo before the ion pumps can be re-started.

3.3  Sector Gate Valves

All ion pumps in a DTL tank or CCL module must be operating correctly with the tank or module below 1x10-6 Torr and the pressure interlock from the system upstream positive before the interlocks will allow the sector gate valve that isolates the two system can be opened.  The EPICS control screen will indicate when the interlocks are positive.  The operator will open the sector gate valve from the EPICS control screen.  Beam permit will be tied to the open position of the sector gate valve. 

3.4  RF Window
Each NEG must be activated before RF can be applied to the windows.  To activate a NEG, it must be heated to 450(C for approximately one hour under high vacuum.  Once activated, the NEG will pump continuously until passivated with a nitrogen vent.  Passivation occurs over time as the NEG chemically sorbs gas molecules on its surface causing its pumping speed to decline.  At a point where the NEG cannot provide sufficient vacuum, the NEG must be regenerated.  The time between regenerations is unknown since the gas load from the RF window is not exactly known.  Regeneration is similar to activation, the NEG is heated to 450(C for approximately one hour under high vacuum.  Regeneration drives the gas molecules that have been pumped by the surface of the NEG into the bulk of the NEG.  Only hydrogen can be reversibly pumped and the NEG will outgas hydrogen during regeneration.  The cleaned surface of the NEG will then be available again to pump gas molecules.

Manual activation of a NEG pump for the first time:

The procedure is the same for all DTL RF windows. This procedure will reference gauges and pumps on DTL1 as an example.  The procedure for the CCL varies only in that there are two turbo pumps backed by a single scroll pump.  For activation of the CCL RF windows, only one turbo pump is operated at a time and therefore only one NEG can be activated at a time on a CCL module. 

1. Start the RF window scroll pump.  (i.e. SP-101 for DTL tank 1or SP-103 for CCL module 1.)  Monitor the RF window foreline pressure with the foreline convectron gauge (i.e.TC-101 for DTL tank 1or TC-103 for CCL module 1.)

2. Once the foreline pressure has dropped below100 milliTorr, start the RF window turbo pump.  (i.e.TP-101 for DTL tank 1.  For the CCL modules, run only one turbo, such as TP-103 or TP-104 for module 1.)

3. Monitor the turbo operating speed setpoint.  Once the turbo has reached normal operating speed, the setpoint will be positive.  At this point, verify that the DTL tank or CCL module is below the 1x10-6 Torr setpoint.  If so, the interlock will be made up and the PLC will allow the operator to open the RF window gate (i.e. GV-101 for DTL tank 1or GV-103 for CCL module 1.)

4. Turn on the power to the NEG RC1 Pump Controller.

5. The Gefran 800 display will blink for 5 seconds and then will display the actual pump temperature.  The ON LINE LED will light up.

6. Select the ON position of the THERMOREGULATION switch.

The THERMOREGULATION ON LED will light up

7. Turn the OUTPUT REGULATION potentiometer to 10.0. (see appendix A of the NEG Pump Controller V1.1 RC1 manual).

8. Be sure that the local set point function is selected otherwise select it using the Gefran 800 keyboard (see chapter 4.3.3).

9. Set the Gefran 800 temperature setpoint to 150(C and alarm 1 to 500(C.  (see appendix A, chapter 4.3.3).   

10. Enable the Gefran 800 Self-tuning feature
 (see chapter 4.3.3).

11. Press the START/ RESET button.

· After 5 seconds the OUTPUT READY LED lights up and the unit starts to deliver the power necessary to reach the temperature set point. 

· The Gefran 800 display goes blank for 5 seconds, then blinks for 5 seconds and then displays the pump temperature.

· If the self-tuning feature has been enabled, the AUX LED of the Gefran 800 blinks while determining the PID parameters.

· After the PID parameters have been set up, the Gefran 800 AUX LED stops blinking.

12. Monitor the RF window pressure (CC-101).  If the pressure starts to climb rapidly, reduce the temperature until the pressure starts to drop.  If the pressure climbs above 1x10-6 Torr, the NEG regen enable interlock will drop out and you will have to reset it.

13. Once the pressure has reached a stable level, increase the temperature in 100(C steps, each time monitoring the pressure.
14. After the activation temperature has been reached and maintained for 60 minutes, press the STOP button to stop the activation process. The operator can choose longer or shorter activation times, as required.

15. After the NEG has cooled down to approximately room temperature, the NEG will be pumping and the vacuum in the RF window should be more than adequate for RF operations. 

Subsequent regenerations (set-up unchanged) using remote commands:

In this case the PID parameters of the Gefran 800 have been already determined during the first activation process and they are stored in the Gefran 800 memory. There is no need to enable the self-tuning feature and no need to change the PID parameters. The regeneration procedure can be performed as follows:

1. 1.Start the RF window scroll pump from the EPICS screen.  (i.e. SP-101 for DTL tank 1or SP-103 for CCL module 1.)  Monitor the RF window foreline pressure with the foreline convectron gauge (i.e.TC-101 for DTL tank 1or TC-103 for CCL module 1.)

2. Once the foreline pressure has dropped below100 milliTorr, start the RF window turbo pump from the EPICS screen.  (i.e.TP-101 for DTL tank 1.  For the CCL modules, run only one turbo, such as TP-103 or TP-104 for module 1.)

3. Monitor the turbo operating speed setpoint on the EPICS screen.  Once the turbo has reached normal operating speed, the setpoint will be positive.  At this point, verify that the DTL tank or CCL module is below the 1x10-6 Torr setpoint.  If so, the interlock will be made up and the PLC will allow the operator to open the RF window gate (i.e. GV-101 for DTL tank 1or GV-103 for CCL module 1.)

4. The POWER SWITCH/BREAKER (7) will need to be in the ON LINE position. 

5. The Gefran 800 display (12) blinks for 5 seconds then displays the actual pump temperature.

6. The ON LINE LED (13) lights up.

7. THERMOREGULATION ON LED (20) lights up

8.  Select the remote set point function on the Gefran 800 keyboard (see chapter 4.3.3).

9.  Because the controller is in the klystron gallery, steps 4 and 5 must be performed in advance.

10. Select the REGEN ENABLE button on the EPICS screen.  If the interlocks for the regen are all made up, the regen will be enabled.

11. Select a remote setpoint temperature for the regen on the EPICS screen.   

12.  Select the START/ STOP button on the EPICS screen.

13. Monitor the status of the remote start/stop contact closure on the EPICS screen. This contact indicates that the unit is carrying out the activation or regeneration.

14. Even though the pump has already been activated, the NEG may still give off large quantities of gas during a regen.  Monitor the RF window pressure (CC-101).  If the pressure starts to climb rapidly, reduce the temperature until the pressure starts to drop.  If the pressure climbs above 1x10-6 Torr, the NEG regen enable interlock will drop out and you will have to reset it.
15. In the klystron gallery, after 5 seconds the OUTPUT READY LED (14) lights up and the unit starts to deliver the power necessary to reach the temperature set point. 

16. The Gefran 800 display (12) goes blank for 5 seconds then blinks for 5 seconds and then displays the pump temperature.

17. The activation temperature can be monitored using the 4-20 mA analog output.

18. After the activation temperature has been reached and maintained for 60 minutes, push the START/ STOP remote command button on the EPICS to stop the regen. The user can choose longer or shorter activation times, as required.

19. After the NEG has cooled down to approximately room temperature, the NEG will be pumping and the vacuum in the RF window should be more than adequate for RF operations. 

3.5 Nitrogen Vent
Portable nitrogen carts will be used to vent the DTL tanks and CCL modules to atmospheric pressure.  Proper high-pressure training will be required to attach the regulator to the high-pressure nitrogen bottle.  A fixed orifice will limit the flow into the tank or module and a pressure relief valve will prevent overpressurization of the tank or module.

1. Close the sector gate valves to isolate the tank or module that has to be vented.

2. Turn off the high voltage to all the ion pumps on the tank or module.

3. Verify that the RF window gate valve (GV-101 for DTL1) is closed and that the RF window turbo and scroll pump are turned off.

4. Attach the nitrogen gas cart to the vent manifold on the tank or module.

5. Set the regulator pressure to x.x psi and bleed the air from the manifold by opening MV-103 (for DTL1) for 15 seconds.

6. Very slowly open MV-101 to begin to allow the nitrogen in the tank or module.  Monitor the pressure in the tank or module using the convectron gauge TC-103 (for DTL1).  

7. Once the pressure has reached 740 Torr, it will be safe to open the tank or module to perform the maintenance or repair.  Leave the valve MV-101 open to establish a continuous purge to help keep contamination from entering the open tank or module.  Use extreme care when looking into the tank or module because it is an oxygen deficient environment.  

4.  Troubleshooting

Table 4.1 shows a troubleshooting table for the DTL/CCL vacuum system.  Most common problems will first be noticeable in the instrumentation and controls of the vacuum system.  This table is a reference only and cannot cover all possible failure conditions.  

Table 4.1 Troubleshooting DTL/CCL Vacuum System.

	System
	Symptom
	Failure or Condition
	Response/Repair

	Ion Pump
	High pump current
	Insulator high leakage current or shorted by sputtered titanium
	Ion pump controller will shut down pump and indicate a fault.  PLC sends ion pump fault message to global control.  Single ion pump failure does not cause vacuum loss or immediate shutdown in beam.  Ion gauges monitor pressure.  If pressure rises too high, PLC interlock will send pressure fault message to global control.  Replace pump during next scheduled maintenance

	
	High pump current or short circuit
	Anode to cathode short
	Same as above



	
	No pump current
	High voltage feed through

Failure
	Same as above

	
	No pump current
	High voltage cable failure open circuit
	Same as above

	
	High pump current
	High voltage cable failure short circuit
	Same as above

	
	Cannot start ion pumps
	Pressure too high
	Ion gauges monitor pressure.  If pressure is too high, PLC interlock will prevent ion pumps from being turned on.  Beam permit interlock from PLC will not be set.  Turbo cart required to pump longer.

	
	Pressure initially good, then rises above setpoint
	Leak has developed
	Ion gauges monitor pressure.  If pressure climbs too high, PLC interlock will shutdown ion pumps. PLC interlock will send pressure fault message to global control.  Locate leak with leak cart and repair.

	
	Low base pressure

Pump instability
	Ion pump end-of-life
	Ion gauges monitor pressure.  If pressure climbs too high or pressure burst, PLC interlock will shutdown ion pumps. PLC interlock will send pressure fault message to global control.

	Vacuum Vessel - Manifolds, bellows, tanks, modules
	Cannot rough-down or takes a long time to rough-down

Low base pressure
	Vacuum system leak
	If extremely large leak during rough-down, scroll pump will overheat. Motor control circuit will shutdown the scroll pump and send fault signal to PLC.

If large leak during rough-down, turbo will not spin up to normal RPMs.  Turbo controller will shutdown and send fault signal to PLC.

If turbo cannot base system below 1x10-5 Torr, a programmable timeout in PLC will send warning message to global control.

If ion pumps do not reach expected base pressure, PLC will send high pump current/low vacuum warning message to global control.  Locate leak with leak cart and repair.


	System
	Symptom
	Failure or Condition
	Response/Repair 

	Turbo cart
	Low base pressure in foreline


	Scroll pump head failure
	Vacuum gauge monitoring foreline pressure, interlock will shutdown scroll pump and turbo.  Interlock will close turbo gate valve to protect DTL/CCL vacuum and PLC sends turbo cart fault message to global control.  Shut down scroll pump and replace pump head.

	
	High motor current or windings open or short in scroll pump
	Scroll pump motor failure
	Motor control circuit will shutdown the scroll pump.  Interlock will shutdown turbo and close turbo gate valve to protect DTL/CCL vacuum.  PLC sends turbo cart fault message to global control.  Replace scroll pump motor.

	
	High motor current in scroll pump
	Scroll pump gas load too high
	Scroll pump will overheat, motor control circuit will shutdown the scroll pump, interlock will shutdown turbo and close turbo gate valve to protect scroll pump.  PLC sends turbo cart fault message to global control.  Gross leak in system.  Locate leak with leak cart and repair.

	
	High motor temp or high motor current in turbo
	Turbo pump bearing failure
	Turbo controller will provide safe shutdown.  Interlock will close turbo gate valve to protect DTL/CCL vacuum.  PLC sends turbo cart fault message to global control.  Replace turbo pump

	
	Sudden drop in RPMs in turbo
	Turbo rotor crash
	Turbo controller will shutdown pump and interlock will close turbo gate valve to protect DTL/CCL vacuum.  PLC sends turbo cart fault message to global control.  Replace turbo pump

	
	High motor current in turbo
	Turbo gas load too high
	Turbo controller will provide safe shutdown and interlock will close turbo gate valve to protect turbo.  PLC sends turbo cart fault message to global control.  Leak in system, locate leak with leak cart and repair.


	System
	Symptom
	Failure or Condition
	Response/Repair

	RF Window
	RF arcs 

Pressure bursts
	High pressure or contamination causing RF breakdown
	Vacuum gauge monitoring RF window pressure will send signal directly to LLRF as interlock.  Extremely large pressure burst will cause interlocks to shutdown ion pumps. PLC will send pressure fault message to global control.  RF condition window at lower power.

	
	Low base pressure in RF window
	NEG Pump failure
	Vacuum gauge monitoring RF window pressure and interlock will send RF window pressure fault message to global control.  Regen NEG.  If regen fails to produce adequate vacuum, replace NEG. 

	
	NEG fails to reach correct regen temp
	NEG Pump regen - Heater failure
	Thermocouple monitors regen temperature.
Replace NEG heater.

	
	Low base pressure in RF window scroll pump
	NEG Pump regen - Scroll pump head failure
	Vacuum gauge monitoring foreline pressure, interlock will shutdown scroll pump and turbo.  Interlock will close turbo gate valve to protect RF window vacuum and PLC sends fault message to global control.  Shut down scroll pump and replace pump head.

	
	High motor current or windings open or short in RF window scroll pump
	NEG Pump regen - Scroll pump motor failure
	Motor control circuit will shutdown the scroll pump.  Interlock will shutdown turbo and close turbo gate valve to protect RF window vacuum.  PLC sends fault message to global control.  Replace scroll pump motor.

	
	High motor temp or high motor current in RF window turbo
	NEG Pump regen - Turbo bearing failure
	Turbo controller will provide safe shutdown.  Interlock will close turbo gate valve to protect RF window vacuum.  PLC sends turbo cart fault message to global control.  Replace turbo pump

	
	Sudden drop in RPMs in turbo
	NEG Pump regen - Turbo rotor crash
	Turbo controller will shutdown pump and interlock will close turbo gate valve to protect RF window vacuum.  PLC sends turbo cart fault message to global control.  Replace turbo pump

	
	High motor current in turbo
	NEG Pump regen - Turbo gas load too high
	Turbo controller will provide safe shutdown and interlock will close turbo gate valve to protect turbo.  PLC sends fault message to global control.  Leak in system, locate leak with leak cart and repair.


	System
	Symptom
	Failure or Condition
	Response/Repair

	Sector Gate Valves
	Cannot open Sector Gate Valves 
	Large difference in pressures
	Vacuum gauges monitoring the pressure in an upstream tank or module indicates low vacuum.  PLC interlock to downstream module or tank will not allow downstream PLC interlock to open valve.  Pump on low vacuum tank or module longer to equalize pressure

	
	Sector Gate Valve closes
	Isolation valve between tanks or modules is open, then a large pressure difference develops
	Vacuum gauges detect a rise in pressure to an unacceptable level in a module or tank.  Interlocks will close Sector Gate Valve and send valve-closed message to global control.  Pressure burst from RF window or other source.  Pump on system until pressures equalize.

	I&C
	No reading from convectron


	Low vacuum gauge failure
	Possible wiring problem or failed gauge.  Locate and repair.

	
	No reading from cold cathode
	High vacuum gauge failure
	Possible HV coax problem or failed gauge.  Locate and repair.

	
	Solenoid energized, but position indicator does not show valve open 
	Valve failure or loss of compressed air
	If PLC does not read valve position open within 5 seconds of energizing solenoid, the solenoid is de-energized and the valve reverts back to its normally closed position.  This condition may be caused either by a faulty solenoid, out of alignment position indicators or loss of compressed air.  Locate and repair.



	
	PLC does not respond to commands from global controls
	Communications link down or PLC offline or PLC software corrupted
	Verify status of communications link and status of PLC.  If PLC is still not responding, a laptop computer with RSLogix can be tied directly to the PLC and can interrogate the PLC.

	
	PLC appears to accept command, but nothing happens
	The output module may have a blown fuse or the input value may be offline
	The output lines have individual fuses.  Check diagnostic word for blown fuse.  The input may be trying to read the value of a gauge or pump controller that may be offline. 


Appendix A

DTL Vacuum Rack Layout

LANL Drawings 155Y510656 to 155Y510661

Appendix B

CCL Vacuum Rack Layout

LANL Drawings 155Y510xxx to 155Y510xxx

Appendix C

DTL Piping and Instrumentation Diagrams

LANL drawings 155Y509502 to 155Y50907

Appendix D

CCL Piping and Instrumentation Diagrams 

LANL drawings 155Y516702 to 155Y516705

Appendix E

DTL vacuum system wiring block diagram

LANL drawings 155Y5xxx.1 to 155Y5xxx.6

Appendix F

CCL vacuum system wiring block diagram 

LANL drawings 155Y5yyy1 to 155Y5yyy4

Appendix G

DTL wiring system Excel spreadsheet

Appendix H

CCL wiring system Excel spreadsheet

						 				 SNS-xxxxxxxx-xxx








SNS DTL and CCL Vacuum Systems 


Control System Installation and


Operations Manual





Keith Kishiyama


(Lawrence Livermore National Laboratory)


and


John Bernardin 


(SNS Division, Los Alamos National Laboratory)


�





                  April 30, 2002








       � EMBED Word.Picture.8  ���





�



































� Use the Self-tuning feature on the NEG Pump Controller when activating a pump for the first time, or if the same pump is used when the system has been modified and has substantially different heat dissipation characteristics. 
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