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Abstract Summary:  

Correspondence questions asked by Ryan Rivera about the vacuum system controls and my answers follow below.
Fermilab Engineering Manual Requirements:
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The ‘reviewed by’ signature on the cover page of this document addresses Chapter 5 of engineering manual.  
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No materials were purchased as part of the preparation of this document.

Chapter 7:  
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Unless there are lessons learned from this effort, this engineering note and the other material posted in PPD docdb will be considered the final written Project Report as described in Chapter 9.  This note will be placed in the PPD and NOvA document data bases as a means of Archiving and Control.

Assumptions: 

- The Vacuum System has many pumps and motors that must be monitored and controlled for Mu2e.
Yes, there will be several vacuum pumps.  I would assume six (6) motor driven mechanical vacuum pumps and four (4) diffusion pumps (these use a heater to drive them, not a motor).  I would also assume two vacuum valves per diffusion pump (one on the inlet, one on the outlet) and one vacuum valve per motor driven mechanical vacuum pump (on the inlet).  Each diffusion pump will have one LN2 cold trap between it and the vacuum vessel.

Controls for each vacuum pump (both the mechanical pumps and the diffusion pumps) will have the following I/O:

Start

Stop

Contactor status (this is an auxiliary contact to indicate that the motor starter relay is pulled in or not)

Current switch (this indicates that the motor or heater is drawing current)

Energize signal for a cooling water solenoid valve (to start the flow of cooling water when the pump is operating)

Cooling water flow switch (to read back that the cooling water is flowing)

Cooling water temperature output (a 4-20 ma signal to read back the cooling water outlet temperature)

Oil temperature output (a 4-20 ma signal to read back the oil temperature)

Oil level output (a 4-20 ma signal to read back the oil level)

Each diffusion pump will also have:

Oil fill valve (this is a very small remotely operated valve used to allow the diffusion pump working fluid (oil) to be added to the pump when needed without manual access to the high radiation and high magnetic field regions.

Each cold trap for the diffusion pump will have:

Energize signal for a LN2 solenoid valve (to start the flow of LN2 when the pump is operating)

GN2 flow switch (to read back that the LN2 is flowing in by measuring the GN2 output from the cold trap)

Cold trap temperature output (a 4-20 ma signal to read back the cold trap temperature) used to confirm the cold trap is cold and therefore working.

Valves: 
Assume 14 vacuum valves.  Each valve will have:

One Open limit switch (to indicate the valve is open)

One Closed limit switch (to indicate the valve is closed)

Standard magnetic limit switches may not work well with the large magnetic field around the detector solenoid magnets.

One Solenoid valve to control instrument air used to open or close a valve.  This may need to be located a good distance away from the valve to avoid magnetic field issues.

Pressure Gauging:

Each of the two major vacuum vessels will have several pressure gauges reading the vacuum and will connect to vacuum gauge controllers which will read the vacuum back to the control and DCS systems. This should be 4 analog I/O for the vessel vacuum levels.

Each mechanical vacuum pump has a vacuum gauge on its inlet (fore-line) and that gauge connects to a gauge controller and the gauge controller will read the vacuum back to the control and DCS systems.  This should be 6 analog I/O for the fore-line vacuum levels.

- The Vacuum System has a monitoring and control system independent of DCS.
Yes, there will be a control system independent of the DCS.  May be a PLC programmed by FNAL staff, or it may be a commercial control system provided by the equipment OEM (original equipment manufacturer).  Most likely is that it will include elements of both.
- The DCS will not control anything, per se. But can send true/false flags (e.g. indicating experiment status) to experiment components if desired.

Yes, the DCS will not control the equipment.  The DCS will receive status information (whether equipment is on or off, whether valves are open or closed, pressures, temperatures of LN2 cold traps, LN2 liquid levels, etc.) from the PLC and make this available to data logging and the experiment ‘slow controls’.
Questions:

- Can you tell me what components fall under the "Vacuum System" umbrella?

The above list of equipment should be all that is under the “Vacuum System” umbrella.

- What monitoring system is being used by the Vacuum System?

I don’t know.  It likely depends on who ends up doing the work.  We want to have a supported system that is consistent with other applications at the lab.  Since the lab has multiple entities that perform controls work, and since each group has its own preferences, it is hard to guess what we may have.

- What Vacuum System information should be monitored for Mu2e? How many channels? Approximate data rate?

If I had my wish, all of the I/O listed above would be data logged.  Most digital (on-off or open-closed) could be logged at the several second interval (perhaps 10 seconds).

Analog data (pressure levels, temperatures, oil levels) data logging intervals should depend on the data type:

Pressures (vacuum levels) should be data-logged at perhaps once per second. 
Oil levels should be data-logged at perhaps once per minute.

Temperatures should be data-logged at perhaps once per ten seconds.
- Are there any true/false flag inputs that are expected or "would be nice" from the DCS?

No.

- Is there anything else you are expecting from DCS?

No.

- Is there anything that would be nice to have in an ideal world, regarding DCS?

Yes, have it working early, before the vacuum system is needed.

A few closing thoughts:

Section 6.2.1 in the vacuum requirements document 1481 describes a pressure control mechanism implemented on a PLC and utilizing control valves to keep differential pressure across the proton stopping window below 50 torr.  Thoughts with the proposed design include:

· Vacuum equipment is nearly always on-off type control.  This applies to pump and valves.

· Since vacuum equipment uses on-off control, a PLC with proportional, integral, and derivative control (P-I-D) algorithm is not required.

· PLC’s used on a project should be selected to be compatible with PLC’s that the Fermilab group assigned responsibility for long term operation of the experiment is already using and prepared to maintain for the duration of the experiment.
· HMI (Human to Machine Interface) should use standard, commercial interface software with graphical capabilities to easily show a schematic picture of the system.
· Rather than using active control to attempt to maintain small differential pressure across the anti-proton window, select the roughing line lengths and diameters such that the pressure  differential across the window is minimized.  A system designed with the appropriate layout is less risky than a system using active control.

Choose the PLC’s and HMI’s carefully with  long term maintenance since software, laptops and communication hardware are required to edit and de-bug PLC programs.  PLC’s tend to become obsolete within ten years and it is possible that the parts or programming software for the PLC’s used at the beginning of the Mu2e installation will not be available at the end of the experiment. 
· However, prior to selecting hardware for implementing the control logic, a written interlock description must be prepared to correctly identify the I/O and logic complexity.  This exercise has not been completed.
