1.4.2  Extended Barrel Optics

Definition:

Installing the optical components consist of inserting the scintillator into the module, installing the profiles containing the WLS fiber, sorting the fiber into readout cells and routing it to the collector tubes, potting the fiber into these tubes with epoxy and polishing the fiber ends.

Deliverables, Plan and Schedule:

Our plan assumes that two sites, ANL and MSU, will be used for the installation of the optical components into the 64 extended barrel modules.  This choice is made primarily to optimize the production schedule and distribution of work rather than to minimize costs.  Each site is scheduled to instrument and test 32 modules, lagging the module assembly by approximately one month.  Production would start in FY99 and end in FY02 with 8, 22, 22, and 12 modules instrumented and shipped to CERN in those 4 years.

Labor time estimates for the optics production are based on the prototype construction, as tabulated on the following page, with the following adjustments.  We assume that times can be reduced by about 10% by improvements in techniques and experience.  This would imply 3.0 FTE to install the optics in 64 modules in three years.  We have added 1/2 FTE technician at each installation site as schedule supervisor, QA, supplies manager, and other edia duties which have not been counted in the prototype construction.  To allow for the inefficiencies associated with the use of student labor at MSU (part time, irregular schedules, shorter duration employment) we have assumed a ratio of 3 FTE student = 2 FTE technician.   The labor model for the production phase of the optics installation is therefore as follows:

Labor Category	ANL (FTE)		MSU (FTE)

EDIA	0.5 Mech. Tech.		0.5  Mech. Tech.	

Manufacture	1.5 Mech. Tech.	-	3.0  Student



Dependencies:

We assume that, except for the tile wrappers, the optical component parts are being supplied by European collaborators.  The components are identical to the ones used for the construction of barrel modules at CERN and the extended barrel modules being produced in Barcelona.  These components include: scintillating tiles in wrappers, inspected and distributed to the production sites after being received from Protvino; WLS fibers cut to final lengths, mirrored and assembled into the ‘profiles’ which hold the fibers against the tiles; plastic collector tubes and collars into which the fibers are potted; the source tubes and retaining rods which are inserted through the tiles.  In addition, the specialized machines which are used to polish the fiber ends inside of the girder are assumed to be supplied by our European collaborators.



� EB Module 0 Experience (3/24-4/16/97)



TASK					TIME(PERSON-HR.)	

MODULE PREP (Remove glue, 		30

	clean surfaces, file edges,

	retract rings)		

INSTALL SCINTILLATOR			20

INSTALL SOURCE TUBES			6

ROUTING PREP (fiber separators,

	routing constraints) 			6

INSTALL  PROFILES/FIBERS		40

CHECK PROFILES				12

TAPE PROFILES					16

RE-TAPE						10

BUNDLE FIBERS					10

ROUTE FIBERS					20

VERIFY ROUTING				6

INSTALL LASER & ITC FIBERS		16

GLUING PREP (register fibers,

insert dummy fibers, clamp fibers)		48

GLUE FIBERS					12

POLISH FIBERS (estimate)			20

							____

TOTAL						272



 (.9) * 272 mhrs/module * 64 modules  =>    3.0  persons

1757 mhrs/year/person * 3 years

�1.4.2.1.3.1	Scintillator Wrappers

Definition:

The wrappers for the scintillating tiles are in the form of sleeves made of Tyvek material.  Black bands (masks) are printed on the inside surface of the sleeve to improve the uniformity of the light yield over the tile area.  MSU will be responsible for production of the wrappers for the entire Tilecal.

Procurement Plan:

The production plan is similar to the one used for the construction of the prototype modules.  The Tyvek will be bought from Dupont, slit into convenient width rolls.  Approximately 6700 lb. of material will be required for the entire Tilecal.  This material will be shipped to a printer where it will be slit to the (4) final sizes and printed with the (11) required masking patterns.  The printed rolls will be shipped to MSU for inspection, then shipped to the sleeve fabricator.  

Two possible fabrication techniques have been investigated.  One technique is used by a standard envelope company to cut and fold the material into an envelope, then die cut the envelope into the desired shape.  The second technique is used by a tube making company which forms the material into a tube which is then sliced into the desired lengths.  Estimated costs are similar for both methods but the second method was preferred and used for the prototype construction because the tubing company produces a welded seam which was considered to be stronger and more reliable that a glued seam.

Completed sleeves will be shipped to MSU for inspection, then shipped to Protvino in Russia where the tiles will inserted into the sleeves immediately after being trimmed and inspected as they come from the molding operation.

�

1.4.2.1.3.1	Scintillating Tile Sleeve Material Cost



Item�Quantity�Unit Cost

($)�BOE�Cost ($K)��Tyvek 1055B�6750 lb.�10.00�Phone Quote�67.5��Printing�530,000�.019�Quote�10.0��Sleeve Formation�440,000�.4016�E-mail quote�176.7������254.2���1.4.2.3	Optical Installation Fixtures

Definition:

The optical installation stations will consist of a stand to support the module at a convenient work height and leave clearance from the floor for the WLS fiber during installation.  The module will be bolted to the stand which is bolted to the floor.  Movable work platforms, steps or scaffolds will be needed to give access to the entire surface on both sides of the module.  Light tight covers or tents will be needed for checking the fiber routing.

Production Plan:

The installation of the optics will require 2-3 stations at each assembly site.  At ANL these stations will be in addition to the module assembly station.  This will allow the optical components to be installed at one station while testing is being done at another station.  An additional station may be desirable at MSU to allow the delivery of modules 2 at a time from ANL.  

At ANL an overhead crane in the assembly building will be used to move the modules between stations.  The assembly area at MSU does not have a crane capable of lifting the 10 ton modules.  Our plan is to use an air pad system for moving the modules.  Four air pads, each of approximately 440 sq. in will be used to make a transporter with a lifting capacity of approximately 17 tons.  The module will be bolted to the transporter and an electric or air drive motor will be incorporated to control the movement of the transporter.    

�1.4.2.3.3.2.5	 	Rigging Equipment at MSU

Definition:

Two customized inter modal containers (designed and used by ANL for shipping ZEUS calorimeter modules) will be modified for shipping the Extended Barrel modules.  The top of container is removed for access to the module(s).  At MSU, a professional rigging company will be hired to load and unload the 10 ton modules from the shipping container. 

Production Plan:

 We will plan to ship modules from ANL on a regular schedule, matching the schedule for installing and testing the optical components at MSU, so that the unloading and loading operations can be completed in one rental period. Cost is estimated to be about $1200 for a 6 hr. rental period.

The module will be lifted from the shipping container to the air pad transporter on the loading pad.  The module can be moved on this transporter into the assembly area through existing rollup door and transferred onto an assembly stand.  Some modifications will have to be made to the loading pad and driveway at the Physics and Astronomy Building to accommodate the crane and transporter.

�1.4.2.3.3.2.5		MSU Rigging  Equipment Cost Summary



Item�Quantity�Unit Cost

($)�BOE�Cost ($K)��Loading Pad/Drive Modification���Physicist Estimate    ( Actual estimate Pending) �25

��Crane Rental & Crew (6 hr.)�32 �1200�Catalog�38������63���1.4.2.3.3.2.2		MSU Transport Fixture Costs



Item�Quantity�Unit Cost

($)�BOE�Cost ($K)��Air Pad Rig Set�1�5784�Phone Quote�5.8��Air Compressor�1�10000�Phone Quote�10.0��Air Motor Drive�1�5000�Phone Estimate�5.0��Transporter Structure�1�5000�Physicist Estimate�5.0������25.8��

�1.4.2.4	Supplies



Item�Quantity�Unit Cost

($)�BOE�Cost ($K)��Fiber guide loops�10000�1.00�Physicist Estimate�10.0��Optical Epoxy�24 (l)�256�Previous Purchase�6.0��Syringes & Tips�640�2.00�Physicist Estimate�1.3��Cover Panels�128�100.00�Physicist Estimate�12.8��Cleaning Supplies���Physicist Estimate�4.0��3 in. Alum. Tape�128 

(100 ft. roll) �50.00�Previous Purchase�6.4��Misc. (gloves, lamps, glue, ...)���Physicist Estimate�10.0������50.5��
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