List of Activities for WBS 476.03.04.02   Beam Vacuum Chambers

Version 2.0

V2.0: Joseph Grange, June 17th, 2015

V1.0: Hogan Nguyen, December 18th, 2012

This document lists the activities for this WBS.  Each item listed will need an entry in the Basis Of Estimate spreadsheet for this WBS.  It lists activities belonging to other WBS’s, but I include them to indicate the dependencies.  This should be considered as a working document.

We are NOT including the modifications to the flanges that plug into the vacuum chambers, such as the “90 degree high hats” for the Quads, and HV feed-throughs for the Kickers, and plunge probe flanges.  The work for these should be part of those WBS’s.

Completion of some of these tasks would be considered as milestones.  For now, we do not categorize these tasks as belonging to either the “Preliminary Design”, “Final Design”, or “Implementation”.  This will be done later.

1. Engineering Analysis and Documentation:

- Make an FEA model to indicate all the new possible changes.  We know of the following possible changes:

Enlarge existing grooves or make new grooves for fixed probes and Mid Plane Probes.  The field team needs to provide the desired location.

Make new vacuum ports for the straw trace back chambers.  This requires input from the Detector team.  Two vacuum chambers will be affected. One of these chambers contain the trolley garage and has no “scallop”.  The scallop has to be put back in. 

Upgrade the trolley position measurement technique.  An option is to add corner cubes to the trolley, and set of lasers and detectors to the vacuum chamber.  This reduces heat load on the trolley. 

Cut Radial slits in the vacuum chambers for the kicker station.  This is thought to reduce the eddy currents so that the kickers can reach high field strength.  The Kicker team needs to run Opera3D with eddy current modeling.  This is a MAJOR change to at least 1 vacuum chamber.  This also requires approval from the field team since it may also introduce field gradients since we are removing Aluminum material.

Thermally isolate the flanges plugging into the chamber, if it is determined that devices may be generating too much heat.

Install foam insulation on exposed surfaces of the vacuum chamber.  This will reduce sensitivity from temperature fluctuations.

- Perform FEA Analysis of deflections and show that we have a safety factor of 2x (check with Del).  Field team must approve that the deflections don’t compromise the fixed probe positions between atmosphere and vacuum pump down.

- Once FEA analysis shows good safety margin, generate drawings suitable for fabrication.

- Recertify the tools and procedures for craning the chambers.  These tools are already available at BNL.

2. Chamber re-machining

Presumably BNL sends the chambers to Boston U.  They re-machine the chambers, and then send back to BNL.

3. Chamber cleaning and baking

After re-machining, we will need to bake the chambers at BNL, since installing the quad plates is the next step. The vacuum bellows also need to be baked.

4. Install the new Quad HV Feed throughs and Quad Plates

BNL staff will install the new quad plates and the modified HV feed throughs.  The new design has the positive and negative electrodes 90 degrees from each other.  BNL also installs new low-mass supports for Q1, which sees the injected beam.  This work would be done at BNL and is part of the Quad WBS, not this WBS.

5. Install Kicker Plates and Faraday Rotator measurement

Cornell Staff travel to BNL and install the kicker plates and Faraday Rotator measurement apparatus at BNL.

6. Ship to Fermilab

BNL protects all the vacuum ports and ships all the chambers and vacuum bellows to Fermilab.  Others items to ship include the specialized connections between the vacuum bellows and vacuum chambers. Fermilab stores them in a clean and dry environment.

7. Inventory and Prep of Specialized Connections.

Connection between vacuum chambers and bellows require several specialized connectors.   These are non-magnetic “bullet” alignment pins, bronze bolts and nuts, picture frame aluminum guides and rubber gaskets for the flanges

There items must be inventoried for the proper amount and cleaned.  If we are short, we have to machine them at Fermilab. Actually, BNL can do this too since it is probably easier for Benante/Don to re-machine them there.

8. Install the Fixed NMR Probes onto the chambers 

We imagine that this work is part of the Field Team WBS.  It involves attaching the upper/lower fixed probes with silicone.  At this point, the field team also installs the mid plane probes (considered as part of the fixed probes).

9. Install Vacuum chambers into the Magnet Gap.

After shimming is done, the vacuum chambers are installed.  We need to review the procedure for installing the chambers.  The vacuum bellows need to be compressed to make things fit.  The chambers should not move during pump down due to balance of the forces.

Here, we need to have several things already in place:

- Quad Plates (already installed)

- Kicker Plates and the Faraday rotator

- Collimators

- Inflector and beam position monitor at inflector exit.  Recall that these items should already be in place during the shimming process.

10. Align the Trolley Rails

This step aligns the trolley rails between the vacuum chambers and bellows.

11. Install the Trolley Drive and Do test Trolley Runs.

This step is needed to ensure that the trolley moves smoothly, and that the position measurements are robust. The BOE of this is in the Field WBS.

12. Install the Plunging Probe and Commission the Fixed Probe System

The plunging probes sit on vacuum flanges, and can just be installed.  We didn’t install them until now, since the alignment of the trolley rails requires much access to the vacuum chamber interior.  The field team can do field measurements with using the fixed probes. The BOE for this is in the Field WBS.

13. Align the collimators

Collimators must be centered relative to the Quad centers.  We may need to ask the alignment crew to calibrate the vernier settings with the actual aperture position relative to the quad plates.  The BOE for this is probably in the Quad/collimator WBS.

14. Install all remaining devices

Here we install the trace-back system and the fiber harps.

15. Pump Down and Check for Leaks

This is the first time that the chamber is buttoned up and pumped down.
 Activities below have been added since V1.0 by Hogan and are listed along with their activity number.
03.04.02 Chambers

Final design 3422

3422.350  Survey of Vacuum Chamber Cages and Quadrupoles

We will understand the overall quality and health of the trolley rails and quadrupole plates.  Surveying their alignment before installation will allow time to intervene and take corrective action if necessary.

3422.370  Final design of regular chamber modifications

Engineering labor to produce final drawings for NMR groove extensions
3422.380  Final FEA analysis of regular chamber modifications

Final confirmation that the changes introduced by extending the NMR grooves do not introduce harmful side effects.
3422.560  Design drawings of VAC-S10 mods including plunging probe addition

The scallop shape on chamber S10 will be introduced.  On this new scallop piece a port optimized for the NMR plunging probe will be designed and machined.  This activity encompasses the engineering labor required to finalize the design.
3422.410  Final FEA analysis of VAC-S10 mods including plunging probe addition

Final confirmation the S10 modifications do not introduce unwanted side effects.
3422.360  Procure laser to measure quad positions

A special laser tool is required to measure the quadrupole plates.  This procurement is shared among a number of divisions at Fermilab.  $5k will be contributed from the g-2 project.
3422.390  Drawings delivered to machinist for regular chamber modifications 

A special laser tool is required to measure the quadrupole plates.  This procurement is shared among a number of divisions at Fermilab.  $5k will be contributed from the g-2 project.
Implementation 3423

3423.720 Install raised floor

An intricate grounding scheme will be implemented below a false floor where it can easily reach the grounded instruments while the critical cables will not be threatened by everyday traffic in and around the ring.
3423.710 Ring grounding infrastructure

Resources for supplying the grounding infrastructure to minimize ground loops.
3423.640 Repair scallop on VAC-S10


Resources for executing the plan to introduce the scallop shape onto VAC-S10.
3423.700 Electrical distribution


Material and labor to distribute power to the various detectors around the ring while minimizing the potential for ground loops.

3422.330 Chamber remachining


Resources to execute the various remachining activities at the Boston University machine shop.

3422.331 Chamber remachining - obligation


Obligation for the above activity

3423.680 Ship all chambers from BU to FNAL


Resources to return the newly modified chambers from BU to FNAL

3423.620 Clean the chambers


All chambers must be thoroughly cleaned to minimize the presence of outgassing materials before being ready for pump down.

3423.620 Leak check chambers


Since the chambers have not been in use for well over a decade, it is reasonable many leaks have developed.  The allocated resources reflect our experience with pumping down the superconducting cryostat cavities.

3423.650 Weld fiducial markers to chambers


These markers will be used to periodically monitor the absolute positions of the chambers.

3423.590 Install kicker plates cage assembly


The newly built kicker plates and trolley support rails will be installed.

3423.670 Assemble and install cages


Resources for installing the trolley support and quadrupole cages.

3423.730 Install and align calorimeter sleds


Resources for installing the “sleds” that support the 24 calorimeters.

3633.510 Align quadrupoles and trolley rails


Final surveying and subsequent alignment of the quadrupoles and trolley rails.

3423.500 Install probes onto chambers


Installation of the fixed NMR probes that will monitor the magnetic field during periods of muon storage

3423.600 Inventory and prep connections


Prepare the full electrical signals for the stationary NMR probes.

3423.510 Install vacuum chambers


First step in the final placement of the vacuum chambers

3423.520 Align vacuum chambers and cages


Final alignment of the vacuum chambers to form the full muon storage region.  Cages must be aligned well to allow smooth transitions of the NMR trolley between chambers.

3423.530 Install trolley


Installation of the NMR trolley

3423.540 Install plunge probe


Installation of the NMR plunging probe and associated moving mechanism

3423.550 Align the collimators


Final alignment of the collimators which define the muon storage volume

3423.560 Install remaining devices


Installation of all other devices such as the fiber harp beam monitors

3423.570 Pump down and leak check


Final leak check and pump down activities for all chambers and vacuum-tight volumes
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