WBS			:	2.5.3

WBS Title		:	Readout Boxes

WBS Dict		:	Readout boxes are light-tight enclosures for the PMTs and other monitoring and calibration components.  These enclosures are mechanically  and electrically sound to house photodetectors and other peripheral components.  The front plate of the enclosure is machined  to allow for light transport via the air-core light guides. The front plate also aids in mechanical mounting of PMTs.  The sides of the readout boxes are metallic.  The feedthrough connectors for signals, high voltage, gas and other services are placed on the back plates of the enclosures.





WBS 			:	2.5.3.1

WBS Title		:	Design

WBS Dict		:	The engineering design of readout box mechanics  is required for mounting/dismounting mechanisms of PMTs, electrical connections and service part connections.  Design objective calls for a simple, robust and inexpensive design where components are off-the -shelf items where ever possible.





WBS			:	2.5.3.1.1

WBS Title		:	Engineering

WBS Dict		:	The engineering design of readout box will be carried out by a mechanical engineer based at the University of Iowa with physicist oversight.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	423 $/day

Number of Units	:	125 days

Total Cost		:	53 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on a fully loaded university engineer rate 					at the University of Iowa.



WBS			:	2.5.3.1.2

WBS Title		:	Production Management

WBS Dict		:	Oversight of production of readout boxes at the construction and assembly site by an engineer  --preferably by the same engineer as in 2.5.3.1.1.  This step is to ascertain that the product is manufactured to the design specifications.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	423 $/day

Number of Units	:	60 days

Total Cost		:	25 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on a fully loaded university engineer rate 					at the University of Iowa.



WBS 			:	2.5.3.2

WBS Title		:	Box Outer Enclosure

WBS Dict		:	The outside shell of the readout box is 1/8” thick aluminum and attached to the PMT front plate via bolts.  It is light-tight and sufficiently rigid to house the PMTs, monitoring/calibration  components and other devices.  It has a quick connect/disconnect set of screws for mounting onto the steel back plane shielding.



WBS			:	2.5.3.2.1

WBS Title		:	Box structure

WBS Dict		:	The box outer structure consists of 1/8” thick aluminum housing with back side for connections to the outer world and lips on the front side for mounting onto the PMT face-plate.  It is a custom manufactured enclosure to our dimensions by a company which specializes in production of electrical enclosures.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$150

Number of Units	:	70 

Total Cost		:	11 K$

Design Maturity	:	1.2

Judgement		:	1.2

Additional Comments	:	Estimate cost from D.A.D. Manufacturing, Inc.



WBS			:	2.5.3.2.2

WBS Title		:	Gas Fittings

WBS Dict		:	Nitrogen flow input and output fittings are mounted onto the back of the readout enclosure for nitrogen cycling.  There is one in and one out feedthrough and all the readout boxes in a quadrant are connected in series.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$15

Number of Units	:	140 

Total Cost		:	$2,100

Design Maturity	:	1.1

Judgement		:	1.0

Additional Comments	:	Estimate based on McMasters and Carr Catalogue.



WBS			:	2.5.3.2.3

WBS Title		:	Mounting bolts+brackets

WBS Dict		:	These hardware components are used to stiffen the box and enable the enclosure to be mounted with ease and reliability.  Exact  nature of these items will depend on the details of the design.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$80

Number of Units	:	140

Total Cost		:	11 K$

Design Maturity	:	1.1

Judgement		:	1.0

Additional Comments	:	Estimate.





WBS			:	2.5.3.2.4

WBS Title		:	Patch Panel

WBS Dict		:	Connector mounts for the signal, HV and gas connections are made at the back side of the readout box where a patch panel-like system is foreseen.  The exact nature of the connectors will depend on the development in electronics design.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$100

Number of Units	:	70

Total Cost		:	7 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on 4 $/each for a BNC connector from 					Newark Electronics Catalog (p196).  25 connectors per box 					gives 100 $/patch panel.



WBS			:	2.5.3.2.5

WBS Title		:	Technical support

WBS Dict		:	Technical support for the construction and modification of the readout boxes will be required at the time of assembly.  A technician will gather all the components and assemble the readout boxes.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	60 days

Total Cost		:	13 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rates 					at the University of Iowa.



WBS			:	2.5.3.2.6

WBS Title		:	Machining and Assembly

WBS Dict		:	Custom machining of a set of the support brackets and components will be necessary in the production of the readout boxes.  Part of machinist time is foreseen for this work.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	60 days

Total Cost		:	13  K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rates 					at the University of Iowa.



WBS 			:	2.5.3.3

WBS Title		:	Box Internal Structure

WBS Dict		:	Internal mechanical components in the readout boxes support the photomultipliers and the other service parts.  These components will allow easy mounting and dismounting of the PMTs, light distribution systems and monitoring devices for assembly and maintenance.



WBS			:	2.5.3.3.1

WBS Title		:	Cross bars

WBS Dict		:	In the preliminary design of the readout box, parallel cross bars running along inside the readout boxes will support PMTs and other components.  Future design modifications may improve on this option.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	20 $

Number of Units	:	70

Total Cost		:	1.4 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate.



WBS			:	2.5.3.3.2

WBS Title		:	Brackets and Support

WBS Dict		:	Hardware components for the internal enclosure structure for PMT mounts.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	20 $

Number of Units	:	70

Total Cost		:	1.4 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate.



WBS			:	2.5.3.3.3

WBS Title		:	Calibration  Components Support

WBS Dict		:	Hardware components are required for mounting of laser and  LED light distribution systems and PIN photodiode components in the readout enclosures.  These components will fix these devices onto the enclosure.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	20 $

Number of Units	:	70

Total Cost		:	1.4 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate.



WBS			:	2.5.3.3.4

WBS Title		:	Misc. Components

WBS Dict		:	Hardware components for the internal readout structure -- final list and characteristics of these components will be determined when the design is completed.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	10 K$

Number of Units	:	1

Total Cost		:	10 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Design of the internal structure is not yet compete and will 					evolve with time. 



WBS			:	2.5.3.3.5

WBS Title		:	Technical support

WBS Dict		:	Technical support for the construction and modification of the readout boxes will be required at the time of assembly.  A technician will collect all the components and assemble the readout boxes with the help of university physicists and students.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	125 days

Total Cost		:	27 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rates 					at the University of Iowa.





WBS			:	2.5.3.3.6

WBS Title		:	Machining and Assembly

WBS Dict		:	Machining  of the support brackets and components  is necessary for the construction of the internal structure of the readout boxes. Machinist  and technician labor are required for this work.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	125 days

Total Cost		:	27 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rates 					at the University of Iowa.



WBS 			:	2.5.3.4

WBS Title		:	Assembly and QC

WBS Dict		:	Assembly and QC labor for the installation of the photodetectors into the readout boxes.  PMTs will be installed by technician, physicist and university student labor.  The quality control procedure will be developed by engineering and technical support.







WBS			:	2.5.3.4.1

WBS Title		:	Install PMTs in Readout Boxes

WBS Dict		: 	Technical support will be used to mount the PMTs into the readout boxes.  A university technician along with students will accomplish this task.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	60 

Total Cost		:	13 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rate					at the University of Iowa.



WBS			:	2.5.3.4.2

WBS Title		:	Install Electronics in Readout Boxes

WBS Dict		: 	Technical support will be used to mount the PMTs into the readout boxes.  A university technician along with students will accomplish this task.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	30 

Total Cost		:	7 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rate					at the University of Iowa.



WBS			:	2.5.3.4.3

WBS Title		:	QC Engineering

WBS Disc		: 	Engineering support for QC hardware of readout boxes will ensure that the production of the readout boxes comply with specifications.  This task comprises of tooling and QC design for quality assurance.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	423 $/day

Number of Units	:	30 

Total Cost		:	13 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university engineering rate					at the University of Iowa.



WBS			:	2.5.3.4.4

WBS Title		:	QC Technical

WBS Disc		: 	Technical support for QC hardware of readout boxes will ensure that the production of the readout boxes comply with specifications.  This task comprises of labor for quality assurance.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	218 $/day

Number of Units	:	125 

Total Cost		:	27 K$

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	Estimate is based on fully loaded university technician rate					at the University of Iowa.



WBS 			:	2.5.3.5

WBS Title		:	Shipping of PMT Boxes

WBS Dict		:	Readout boxes will be shipped to CERN for final installation onto the HF quadrant back planes.  Shipping will originate from the University of Iowa to CERN, Assembly Building (Bat 186) where most of the installation will take place.



WBS			:	2.5.3.5.1

WBS Title		:	PMT Shipping Administration

WBS Dict		:	Administrative support for the preparation of shipping documents and customs declaration will be required.  This cost will be borne by the University of Iowa.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$0

Number of Units	:	

Total Cost		:	$0

Design Maturity	:	1.5

Judgement		:	1.0

Additional Comments	:	





WBS			:	2.5.3.5.2

WBS Title		:	PMT Shipping Crates

WBS Dict		:	The shipping crates will be made for the shipment of readout boxes (PMTs) from the University of Iowa to CERN.  These crates will be produced locally and will comply with the international shipping standards.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$1000

Number of Units	:	4

Total Cost		:	4 K$

Design Maturity	:	1.1

Judgement		:	1.0

Additional Comments	: 	Estimate by the Physics Department Machine Shop.



WBS			:	2.5.3.5.3

WBS Title		:	Ship 64 PMT Boxes to CERN

WBS Dict		:	Shipment of the readout boxes to CERN will originate from the University of Iowa to CERN when the readout box construction and assembly are complete.  A freight transport service will be used.

Responsible		:	Iowa/Akchurin

Funding Source	:	DOE

Unit Cost Estimate	:	$4000

Number of Units	:	2

Total Cost		:	8 K$

Design Maturity	:	1.3

Judgement		:	1.0

Additional Comments	:	Based on experience in shipping comparable equipment to 					CERN from the US.  8.5 $/kg estimated including all 	`			charges and weight is an estimate (see attached documents).








