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1. Primary Team and Responsibilities

Del Allspach is the project mechanical engineer (ME) and will be responsible for EVMS, producing reports and presentations, and interfacing with project management and the g-2 scientists.  Del was formerly the lead ME for the CDF Department.  Erik Voirin is the mechanical engineer responsible executing the tasks and to stay on schedule.  Kelly Hardin is the lead technician who will be responsible for executing the mechanical assembly tasks.  Hogan Nguyen is the Level 2 manager, and was formerly the PPD Technical Centers Department head.  Hogan will assist Del in prioritizing these tasks within the g-2 project. The team has extensive experience in vacuum systems.

2. Labor Estimates Guidelines

Currently, we are relying on engineering and technician expertise for educated guesses regarding the labor estimates.  Therefore they all have a 60% contingency. 

Our guesses are based on comparisons to previous experience of simpler or similar objects.  Following CD1, we will be improving the estimates by prototyping and relying on engineering analysis.

3. Material Purchases and Services (M&S) Guidelines

The machining of the chambers is estimated as though it were at the Boston University machine shop, where they were done for BNL-E821.  The rate is $40/hour.[footnoteRef:1] [1:  Communication from Lee Roberts, Boston University.] 


4. Table of Estimates.

	BOE Identifier
	Activity Number
	Activity Description
	[bookmark: _GoBack]Labor or M&S Estimate
	Description of Complexity and comparison to other systems

	476.03.04.02
	PD 100
	Generate FEA model of chamber
	10 Days (2 weeks) of ME
	The shape of the chamber is moderately complex and cannot be approximated by simple standard shapes such as spheres, cylinders, parallel-pipeds.  The walls have varying thicknesses.   Simple standard shapes typically take 5 days (1 week).

	
	PD 110 
	Perform FEA analysis
	10 Days (2 weeks) of ME
	This is to run the Ansys simulation code and to verify that the results are sensible.  Simple shapes can be easily verified against exact calculations.  Due to the moderately complex shape, we are allow a 2 week simulation time.

	
	FD 300
	Generate Mechanical  Drawings of Chambers 
	120 hours of Drafter 
(3 weeks of drafting)
	Chamber has standard interfaces such as vacuum flanges, O-ring grooves, bolt-hole patterns.  These can be easily drawn.  The only non-standard features are grooves for the NMR probes.

As a start, we will use the E821 drawings, available as hard copies or image files, done before the standardization of CAD.

	
	FD 310
	Certify Tools and Fixtures
	40 hours
(1 week) of ME analysis
	For lifting into place, there is a bracket (hanging from a crane) that attaches to a chamber.  This is a straight forward stress analysis.  

For comparison, the tool certification for the yoke lifting fixture was done in less than 1 week.  This object required more care, due to the vastly heavier load.

	
	FD 320
	M&S purchase of shipping chambers to Fermilab
	$15K base
	This covers miscellaneous costs for shipping the chambers from BNL to Fermilab, and to/from machining sites.  

Shipping from BNL is probably already covered by another WBS.  But we itemize the cost here just in case.

	
	FD 320
	M&S for machining 
	$15K base
	We don’t expect significant machining:
1. modifying top and bottom grooves for the NMR probes.
2. Implement changes to install 2 straw chambers.
For E821, the chambers were machined at Boston University.  The current cost is $40/hour.  This allows for about 375 hours of machining.


	
	IMP 500
	Install Probe into Chambers
	40 hours Students and Postdocs
	This is a simple task of using silicone adhesive (or similar) to attach the NMR probes to the chamber grooves.  There expect a very loose position requirement of order 5 mm (to be verified by simulations), and so can be done with non-specialist labor.

	
	IMP 510
	Install Vacuum Chambers
	120 Hours of
Mechanical Tech
	This is a task of moderate complexity.  A similar task to this is assembling part of the ECAL or HCAL of the CDF/DO detectors.  We are using a crane to maneuver 12 long chambers into a 50’ diameter circle.   However, these items are not delicate.  There is no stringent placement requirement since the connections are fully constrained. 

The mating connection between neighboring chambers only requires two bolt holes to line up.  In between the long chambers are shorter compressible bellows.  This will ease the assembly process.  The duration assumes at least 2 people.


	
	IMP 520
	Align Trolley Rails between vacuum sections for smooth travel.
	80 hours (2 weeks) of mechanical technician
	This task occurs after the beam vacuum chambers are in place, but rails access is still available via ports. 

In E821, this was of moderate complexity due to the cage design.   As part of the Quad WBS 476.03.06, we will be upgrading the rail design to make this much easier.

The adjustments are done by turning set screws, and measuring the rail discontinuity between vacuum sections. 

This task does not involve metrologists. The task of surveying the rails within the vacuum chamber is covered in WBS 476.03.06.   

	
	IMP 560
	Install All Remaining Devices
	64 hour of mechanical technician
	This is to install the 2 straw tracking chambers and the 4 fiber harp chambers (2 X-views and 2 Y-views).  These objects are relative light and plug into vacuum ports.  We expect this to be a very simple step.

	
	IMP 570
	Pump Down and Leak Check
	80 hours of mechanical technician
	This step is of moderate complexity due to the large volume and the many vacuum ports, but can be accomplished by an experienced vacuum technician.  This step is declared accomplished when the pressure reaches 1e-6 Torr. 

Quality can be assured by making sure that mating surfaces are smooth and free of scratches, interior surfaces are cleaned and free of oils, and minimizing virtual leaks from hidden air pockets.

Debugging leaks can be accomplished by isolating various sections.

	
	IMP 530
	Install Trolley
	80 Hours Mechanical Technician
	In this step, we assume that the  infrastructure for moving the trolley is already in place.  This is covered by 
WBS 476.03.08.02.01.

This should be a very simple step.  80 hours is probably very conservative.

	
	IMP 540
	Install Plunging Probe
	40 Hours Mechanical Technician
	This step is the installation of the 1-2 vacuum section that houses the motors and the plunge probe.

This is expected to be a very simple step. The vacuum section can be pre-leaked check prior to this installation.

	
	IMP 550
	Aligning the collimators
	24 hours of Mechanical Technician (could be done by students/postdocs as well)
	There are of order 10 collimators.  This is simply to calibrate the motion of the motors of the collimator.   This is a very trivial job.

	
	IMP 600
	Inventory and prepare for shipping of parts from BNL
	40 hours of BNL Mechanical Technician
	Besides the chambers, there are numerous specialized vacuum connections that need to be inventoried and shipped.  This step is to make sure we have what we need.  They can be remade if necessary, but should be avoided.


	
	IMP 610 
	M&S 
	$5K Base 
	Misc. M&S for rework for reassembling the cages into the vacuum chambers at Fermilab.

	
	IMP 620
	Clean the Chambers
	80 hours of Mechanical Technician
	This is a moderately simple but important task.  The chambers are cleaned after they’ve been re-machined to remove oils and particulates.  Afterwards, the interior components can be installed.  

We envision placing the chamber into a large volume of water/cleaning solvents, and clean by ultra-sonic cleaning.

The cleaning procedure will be determined by engineering with consultation from lab chemists and ES&H. 
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