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The following persons prepared this document: 

Todd Nebel,  Ewa Skup, Dan Ruggiero, Janina Gielata, Phyllis Deering, Irena Sirotenko, Agnes Sanocka, Sasha Dyshkant, Eileen Hahn, Mark Reichanadter, Howard Budd and Pawel de Barbaro
Technician/Operator: person trained to perform the work and/or qualified to operate particular machinery.

QA Technician: person performing  Quality Assurance check and signing off on the Traveler.

QA Chief: person who has the knowledge to identify all aspects of the assembly and is able to check the assembly process to assure that the work is correctly done so that the next major step can be performed.

Presently, the CMS HCAL Optics project has five QA Chiefs, responsible for different areas of megatile production:

Machining of scintillator and plastic sheets:        Phyllis Deering,      X4737,                                              deering@fnal.gov
Ice Polishing and Mirroring of fibers:                  Eileen Hahn            X4164,

Ehahn@fnal.gov

Pre-assembly  of megatiles:                                  Daniel  Ruggiero,    X4737,   simba@fnal.gov 

Assembly and QC of fiber connectors:                Ewa Skup,               X3124,   eskup@fnal.gov
Assembly and QC of megatiles:                          Todd Nebel,             X3837,   tnebel@fnal.gov, long range pager: (630)  266-0653

Physicist-in-Charge: Presently, Pawel de Barbaro is responsible (Level 3 Manager) for the overall production of the megatiles and optical cables for the HCAL Barrel calorimeter. In his absence Howard Budd assumes his duties.  
US CMS Office: Within US CMS Office, Jim Freeman is responsible (Level 2 Manager) for construction of CMS HCAL detector.  Mark Reichanadter is Project Engineer for US CMS HCAL project. Mark Reichanadter and George Ginther are responsible for QC/QA programs for HCAL project.

Below is a call list of US CMS representatives at FNAL that should be informed of difficulties and can assist in clearing up problems that arise during the fabrication and assembly of the HB megatiles.  If instructed to consult or inform a US CMS representative in this document, you should contact one of the following people for clarification and/or signatures.

US CMS Representative              Phone Extension       E-mail Address

Pawel de Barbaro             X5639  (Lab5,voice mail       barbaro@fnal.gov

                                         X2112 (cdf  trailer)

                                         (630) 905-0295 long  range pager

                                         (630) 840-6485  (fax machine)

Howard Budd                  X4596 (Lab5)                        hbudd@fnal.gov

                                         X8616 (cdf trailer) 

                                         (630) 905-2451 long  range pager

Jim Freeman                    X3435                                   freeman@fnal.gov
Mark Reichanadter         X8205                                    reich@fnal.gov
George Ginther               X2263                                   ginther@fnal.gov

US CMS Office (6th floor in Hirise) secretaries: 

 Terry Read                    X6408                                  tread@fnal.gov
  Terry Grozis                X3854                                   tgrozis@fnal.gov

Fax number (6th floor) : (630) 840-2194
QC/QA Program Overview

In order to make sure that all optical system components fabricated, assembled and delivered to CERN for the CMS Detector will meet the necessary requirements, a number of tests and quality checks are performed on megatile assembly components prior to, during, and after the production phase. 

Documentation of the QC/QA program will be recorded in the following form:

a) Scintillator QC Logbook

Quality Control of incoming scintillator sheets, including scintillator visual inspection, thickness of scintillator sheets, measurements of scintillator light yield tests, attenuation length tests will be documented in the Scintillator QC logbook. Batch production number will identify scintillator sheets.

b) Fiber QC Logbook

Quality Control of incoming fibers, including fiber visual inspection, fiber diameter measurements, light yield and attenuation length of fibers will be documented in the Fiber QC logbook. The Fiber QC logbook will also contain information of QC/QA steps performed on batch fibers, that is before individual fibers are inserted into connectors.  Such production steps are fiber polishing, fiber mirroring, fiber splicing, and fiber mirror protection (UV curing).  Such batch fiber QC steps will therefore document therefore document production conditions for large number (500-2000) of individual, but not tagged fibers.  Fiber batch production number and processing number will identify fibers.

c) Pre-assembly Logbooks

Preparation of glue mixtures will be documented in this logbook. We will use a separate binder to document production of Tyvek and Tedlar sheets. 

d)  Inventory Logbook

This logbook will be used to keep track of the inventory of materials orders for the megatile production  It  will be also used to document Quality Control of miscellaneous materials, such as 2mm and 1mm plastic covers, source tube couplers, stainless steel wire source tubes, rivets, bronze springs will be kept in the Inventory Logbook..

e) Fiber/connector (‘pigtail’) QC/QA sheets

Production of fiber/connectors (‘pigtails’) will be documented on Pigtail QC/QA Sheets.  These sheets will contain information on  connector production number,  fiber production and processing numbers used build particular connector,  and  pigtails QC results based on the test performed using fiber scanner.

f) Megatile Traveler

Megatile Assembly Procedures document (this document) contains detailed descriptions of megatile production procedures. A separate document, called Megatile Traveler  contains QC/QA sign-off points to be filled out during production process.  Megatile Traveler will contain links to the scintillator batch production numbers and fiber batch production and processing numbers used to create each individual megatile   Following the insertion of fibers into scintillator tile grooves, appropriate Pigtail QC/QA sheets will be attached to the specific Megatile Traveler.

Megatile Traveler is intended as not only a check off list of instructions for the creation of hadron scintillator megatiles, but also as a means to track what materials were used to build the megatiles and/or any strange occurrences during manufacture and assembly.  As such, this document has been assigned a megatile serial number (upper right hand corner of every page), and SHOULD BE KEPT WITH THE ASSOCIATED MEGATILE.  Travelers are meant to travel. If the scintillator and megatile assembly travel from one building to another, so should this document.

Megatile Overview

Generic diagram of the optical readout system for HCAL Barrel Calorimeter is shown on Fig 1.2.  The scintillation light is collected using wavelength shifting (WLS) fibers embedded in the tile. One end of WLS fiber is mirrored. The other end is connected (spliced) to clear fiber, which carries light to the outer (high eta, 53 degree crack) edge of the Barrel calorimeter. Clear fibers are  attached to optical cables using mass terminated connectors.

Optical cables carry light to the hybrid photomultiplier tubes (HPDs), located in the readout boxes. 

A tile tray (megatile), shown on Figure 1.3 is a mechanical package that contains a number of scintillating tiles placed between two plastic covers. The scintillating tiles are cut from a single sheet of scintillating plastic, and are optically isolated from each other by grooves and white epoxy. Details of the boundry between two tiles in shown on Fig. 1.4.  Lower part of separation groove is marked with black line in order to reduce light cross-talk between neighboring tiles.

 Each megatile package consists of 3.7mm thick scintillator (9.0mm for  L00 and L16). Scintillator is wrapped with Tyvek reflective material and Tedlar light tightening material.  Top and bottom plastic covers give mechanical strength to the package.  Top cover is 2mm thick and has groves machined in it to house clear fibers and stainless source tubes for wire sourcing. Entire package is held together using rivets.

 Fiber grooves are cut into each tile in the form of the Greek letter sigma, thus denoting tiles as tiles, see Fig 1.5.  Diameter of fibers in 0.94mm. Fibers are trapped inside scintillator sheet using a ‘ball groove’ technique.  Fiber groove consists of a narrow, 0.86mm ‘neck’ and  1.35mm ‘ball’.

Numbering Conventions

Throughout this traveler, layer and megatile serial numbers are used to identify the Thermwood machining files, sheets of scintillator material and plastic covers, optical fiber/connector assemblies, and the CMS hadron scintillator assemblies as a whole.  The standard nomenclature is as follows:

L# #
denotes a specific layer of scintillator in a wedge absorber (L00       through L16) for a total of 17 layers. L00 is the inner most layer, L16 is the outer most layer. 

T  
denotes the type of megatile in the layer. Each sampling layer of Barrel HCAL (20 degree wedges) consists of one middle megatile and two side megatiles.  Middle megatile covers 10 degrees in phi. It is subdivided optically into individual tiles, two raws in phi and up to 17 tiles in eta.  Middle megatiles  will be labeled  M. Middle megatiles use two optical connectors.  Connectors for middle megatile will be labeled M2 and M3. The side trays  cover 5 degrees in phi. Side trays are subdivided optically into up to 17 tiles in eta. Each side megatile requires one optical connector. Side megatiles and connectors used in them will be labeled S1 and S4. 

##     denotes serial number of particular type of megatile, goes from 1 to 36 (2 half-barrels, each consisting of 18 wedges). The Megatile number located at the top of each page carries the layer-tray and serial number (01 through 36) in the following form: L##T-##.  For example, L09M-07 is label for the Layer 9 Middle megatile, production number 7. L11S1-35 and L11S4-35 are labels for the Layer 11 Side S1 and S4 megatiles, production numbers 35. The total number of megatiles necessary for the hadron barrel of the CMS detector is 1836, 612 middle tile trays, and 1224 side tile trays. Table 1.1 lists number of towers in for each layer.  Each 20 degree wedge has therefore 68 towers (17 in  x 4 in phi).  Tower segmentation of a wedge is shown on Figure 1.1

Layer
L00
L01-L02
L03-L08
L09-L14
L15, side
L15, middle
L16

# of  towers
15
17
16
15
15
14
14

Table 1.1: Number of eta towers in each HCAL Barrel layer.

Dimensional Tolerances

a) thickness of scintillator packages for inner HB layers , which use 3.7mm scintillator. This calculation applies to layers L01 thru L15.

material                           nominal          tolarance (may be 

                                       thickness          larger or smaller

                                                                by this ammount

bronze springs (6mils)   0.15 mm 

tape                                 0.15 mm

top plastic                       2.00 mm  0.1 mm ( 5% tolerance)

tedlar (1.5mils)
        0.04 mm

tyvek                               0.15 mm

scintillator                       3.70 mm  0.4 mm (10% tolerance)

tyvek                               0.15 mm

tedlar                               0.04 mm

bottom plastic                 1.00 mm  0.05 mm (5%  tolerance)

tape                                 0.15 mm

total scint.  package:       7.53 mm  +/- 0.55 mm

absorber gaps:                9.50 mm  +/- 0.15 mm

b) thickness of scintillator packages for outer HB megatiles, which use 9.0mm scintillator. This calculation applies to layers L00 and L16.

 material                           nominal          tolarance (may be 

                                       thickness          larger or smaller

                                                                by this ammount

bronze springs (6mils)    0.15 mm 

tape                                 0.15 mm

top plastic                       2.00 mm  0.10 mm ( 5% tolerance)

tedlar (1.5mils)
        0.04 mm

tyvek                               0.15 mm

scintillator                       9.00 mm 0.90 mm (10%tolerance)

tyvek                               0.15 mm

tedlar                               0.04 mm

bottom plastic                 1.00 mm  0.05 mm (5%  tolerance)

tape                                 0.15 mm

total scint.  package:     12.83 mm  +/- 1.05 mm

 minimum  clearance requested between HB and HE for the first readout layer, L00: 15.5 mm
c) width  scintillator packages (megatiles)

1) width of plastic sheet                                           0.2 mm

2) tape thickness (sum of both sides)                       0.2 mm

3) tedlar thickness (sum of both sides)                     0.1 mm

4) paint width (sum of both sides)                            0.5 mm

5) clearance (extra space when others max out)       0.7 mm

                                                                              ----------------

                                                                                   1.7 mm

d)   tolerance of  width of middle absorber gaps

1) accuracy of slot cut into copper plates : 0.15 mm on each edge

====(   total middle gap tolerance= 2* 0.15 mm = 0.3 mm

e)   tolerance of  width of  side  absorber gaps

1) accuracy of slot cut into copper plates :                 0.15 mm 

2) edge of  stainless steel backplate from ideal :        0.20 mm

3) edge to face of copper:                                           0.20 mm

4) accuracy of centering plate onto ideal centerline: 0.30  mm

====(   total side  gap tolerance= 0.15+0.20+0.20+0.30 = 0.85 mm
Based on points c) and d), we undersize scintillator width for M (middle) megatiles by 3 mm, see table 1.2.
Based on points c) and e), we undersize scintillator width for S (side)  megatiles by 2.6 mm, see table 1.3.
Note that machined scintillator may not be perfectly straight. In earlier studies, we observed up to 0.5 mm ‘wiggle’, caused by stress deviation of plastic after cutting it out of large plate. 

Plate
Megatile
Width
Width
Length

#
Layer #
nom. gap [mm]
nom scintillator [mm]
nom. scintillator [mm]


0M

160.0
3162.1

29
1M
333.6
330.6
3730.3

27
2M
344.1
341.1
3775.5

25
3M
354.6
351.6
3820.7

23
4M
365.1
362.1
3865.9

21
5M
375.6
372.6
3911.1

19
6M
386.1
383.1
3956.3

17
7M
396.6
393.6
4001.5

15
8M
407.1
404.1
4046.7

13
9M
417.6
414.6
4092.0

11
10M
429.2
426.2
4141.7

9
11M
440.7
437.7
4191.4

7
12M
452.3
449.3
4241.2

5
13M
463.8
460.8
4290.9

3
14M
475.4
472.4
4331.0

1
15M
486.9
483.9
4016.0


16 M


4331.0

Table 1.2:  Nominal widths of absorber gap, nominal widths and lengths of scintillator  packages for M (middle)  megatiles. Note that for the M megatiles, nominal width  of scintillator is 3.0 mm narrower than nominal width of absorber gap. 

Plate
Megatile
Width
Width
Length

#
Layer #
nom. gap [mm]
nom scintillator [mm] 
nom. scintillator [mm]


0S

154.0
3071.9


1S
164.4
161.8
3707.6

28
2S
169.7
167.1
3752.9

26
3S
175.0
172.4
3798.1

24
4S
180.4
177.8
3843.3

22
5S
185.7
183.1
3888.5

20
6S
191.0
188.4
3933.7

18
7S
196.4
193.8
3978.9

16
8S
201.7
199.1
4024.1

14
9S
207.0
204.4
4069.4

12
10S
212.6
210.0
4116.8

10
11S
218.5
215.9
4166.6

8
12S
224.4
221.7
4216.3

6
13S
230.2
227.6
4266.0

4
14S
236.1
233.5
4315.8

2
15S
242.0
239.3
4331.0


16 S


4331.0

Table 1.3:  Nominal widths of absorber gap, nominal widths and lengths of scintillator  packages for S (side)  megatiles. Note that for the S megatiles, nominal width  of scintillator is 2.6 mm narrower than nominal width of absorber gap. Nominal width

of absorber gap refers to its narrowest point (inner most radius).
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Figure 1.1 : Tower segmantation of a 20 degree HCAL Barrel wedge.
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Figure 1.2 : Generic view of  HCAL Barrel optical readout system
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Figure 1.3: ACAD drawing of Layer 11 megatile (S1, M and S4).
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Figure 1.4: Transverse cross-section of a megatile. Drawing indicates location of fibers in the ball groove and separation groove between two tiles.

It also shows Tedlar and Tyvek wrappings and the  top and bottom plastic covers  around the scintillator. Note that L0 and L16 will have 9.0mm thick

scintillator instead of 3.7mm scintillator.
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Figure 1.5:  Layout of fiber groove of a single tile (Layer 9S, tower 8).

Section 2     Machining of Scintillator and Plastic Covers 

Expert Person: Phyllis Deering

A)   LAB 8 STANDARD THERMWOOD PROCEDURES

Step 1 - Load files onto Thermwood PC

We get the files on a PC floppy disk from Jon Blomquist and load them on the Thermwood PC.  If there are  any problems loading the files at this point, we contact Jon and he fixes them if it's a floppy/program problem.  A Thermwood/Axxiom job request, list of the files, drawings of the scintillator or covers, and a detailed description of the specifics of the files (depth of cut, bit size, etc.) accompanies the floppy when we receive it.  (See accompanying examples.) 

Step 2 - Load Files onto Controller, Enter Into Thermwood Logbook

Load the files onto the appropriate Thermwood controller.  Compare the file names on the controller to the file names on the list provided with the job request.  Make sure the correct files were loaded on to the controller.  Especially check that all of the same Layer were loaded.  Enter the file names in the Thermwood logbook (following standard Thermwood procedures), including the depths and bit sizes.  Also note in logbook any specific instructions or variations for that Layer that are written on the job request.

Step 3 - Put Substrate Material On Thermwood Table
Put the 1/32" G-10 substrate material on the table, turn on the vacuum and tape it down.

Step 4 - Quick Check Files On Controller

Quick Check the files, note any errors found in the logbook and contact Jon so they can be corrected.  If there aren't any, continue to the next step.  

Step 5 - Pen Draw The Files On The G-10 Substrate

Draw all the files on the substrate for that Layer of Scintillator or top and bottom black plastic.  (The scintillator uses one substrate the covers are both together on a different substrate.)  Watch the pen drawing to see if it does anything strange.  Look at the drawn files and check for errors.  Note any in logbook and contact Jon for any corrections needed.  If none are noted, proceed to next step.

Step 6 - Mark Thermwood Vacuum Grooves On Substrate

Mark the location of the vacuum grooves onto the substrate with a marker.  (We can see where the table vacuum grooves are located through the G-10 material.)

Step 7 - Drill Location Holes In Substrate and Rout The Substrate

Rout the substrate using the substrate files that were just checked.  Remove files from controller that aren't needed for Step 9.

Step 8 - Punch Vacuum Holes In Substrate Using The Rotex Punch

B)  MACHINING SCINTILLATOR

Follow Initial Steps 1 Through 8.

Scintillator - Machining - Phase I

Step 9 - Setup For Routing Engraving, Glue Pockets, and Separation Grooves

Load files on controller if they're not there already.  Check controller that correct files are loaded, especially correct Layer number for all files.  Blow off table to make sure it's clean.  Put scintillator directly on table (no substrate is used for  Phase I.  Check that appropriate scintillator plate size is used as specified on job request for that layer and sheet number (i.e. L15X1, X2). Table 2.1 lists the sizes of scintillator sheets for each layer. Remove protective paper from top of scintillator.  Note any imperfections in logbook and on traveler.  Check if imperfection/s will be in active scintillator or will be cut off later. If imperfections are bad, contact a CMS QA Chief to see if sheet should be used.  If no imperfections are noted, continue with next step.

Step 10 - Drill Location Holes In Scintillator With 1/8" Router 

Step 11 - Rout Engraving, Glue Pockets,  Separation Grooves With .035" Modified Router
Change to .035 solid carbide modified end mill router. Enter appropriate offsets in controller.  Rout a small section of the engraving file and check the depth, adjusting if necessary.   Rout engraving.  Switch to glue pocket file, change Z offset in controller to appropriate offset for either 3.7 or 9mm scintillator, rout glue pockets and separation grooves.  (The same offset is used for the glue pockets and separation grooves for all scintillator of the same thickness once the initial offset is calculated.   There's supposed to be .010 left in the bottom.) 

Step 12 - Blow off scintillator after machining and remove from table to gluing facility.

Scintillator - Machining - Phase II (After gluing)

Step 13 - Setting Up For Routing and Cutting Out

Load files on controller.  Verify that the correct files were loaded on the controller. Put scintillator substrate on table for appropriate layer.    Put scintillator on table.  Enter file names, offsets, bits, feed rates, rpms in logbook.  (There's about 26 files for each scintillator layer.)  

Step 14 - Rout and Cut Out Megatiles
Rout and cut out scintillator, verifying the z offset and bit to be used as each file is run.  Check the depth as each file is started, comparing depth routed to required depth noted in "Naming Conventions" sheet accompanying  job request. 

Step 15 - Tag and Remove Cut Out Megatile

Tape correct name tag on each megatile, blow off megatile and remove it.  Clean up mess.

                        Table 2.1  Scintillator Plate sizes for HB megatiles.

Plate number
Plate size
Layers

I, SCSN-81
2300mm x 960mm x 3.7mm
L11, L12

II, SCSN-81
2200mm x 920mm x 3.7mm
L09, L10

III, SCSN-81
2100mm x 880mm x 3.7mm
L07, L08

IV, SCSN-81
2100mm x 840mm x 3.7mm
L05, L06

V, SCSN-81
2100mm x 800mm x 3.7mm
L03, L04

VI, SCSN-81
2350mm x 1020mm x 3.7mm
L13, L14, L15

VII, SCSN-81
2000mm x 1020mm x 3.7mm
L01(t1-t15), L02(t1-t16)

IX, SCSN-81
2250mm x 1040mm x 9.0mm
L16

VIII, BC-408
720mm x 920mm x 9.0mm
L00

X, BC-408
1000mm x 1000mm x 3.7mm
L01(t16-t17)

L02(t17)

C)   MACHINING TOP & BOTTOM BLACK PLASTIC COVERS

PROCEDURE USING METHOD ON THERMWOOD MACHINE

Step 1 - Load files onto Thermwood PC

We will get the files on a PC floppy disk from Jon Blomquist and load them on the Thermwood PC.  If there's any problems loading the files at this point, we contact Jon and he fixes them if it's a floppy/program problem.  A Thermwood/Axxiom job request, list of the files, drawings of the covers, and a detailed description of the specifics of the files (depth of cut, bit size, etc.) accompanies the floppy when we receive it.  (See accompanying examples.) 

Step 2 - Load Files onto Controller, Enter Into Thermwood Logbook

Load the files onto the Thermwood controller.  Compare the file names on the controller to the file names on the list provided with the job request.  Make sure the correct files were loaded on to the controller.  Especially check that all of the same Layer were loaded.  Enter the file names in the Thermwood logbook (following standard Thermwood procedures), including the depths and bit sizes.  Also note in logbook any specific instructions or variations for that Layer that are written on the job request.

Step 3 - Put Substrate Material On Thermwood Table
Put the 1/32" G-10 substrate material on the table, turn on the vacuum and tape it down.

Step 4 - Quick Check Files On Controller

Quick Check the files, note any errors found in the logbook and contact Jon so they can be corrected.  If there aren't any, continue to the next step.  

Step 5 - Pen Draw The Files On The G-10 Substrate

Draw all the files on the substrate for that Layer of top and bottom black plastic. Watch the pen drawing to see if it does anything strange.  Look at the drawn files and check for errors.  Note any in logbook and contact Jon for any corrections needed.  If none are noted, proceed to next step. 

Step 6 - Mark Thermwood Vacuum Grooves On Substrate

Mark the location of the vacuum grooves onto the substrate with a marker.  (We can see where the table vacuum grooves are located through the G-10 material.)

Step 7 - Drill Location Holes In Substrate and Rout The Substrate

Rout the substrate using the substrate files that were just checked.  Remove files from controller that aren't needed for Step 9.

Step 8 - Punch Vacuum Holes In Substrate Using The Rotex Punch
Step 9 - Setup For Routing and Cutting

Load files on controller if they're not there already. (There's about 43 files for each black plastic layer.  Each black plastic cover has to be routed half at a time on the Thermwood.  The left side is routed and cut and the material and table blown off and vacuumed, then the sheet is moved to the right position, and retape and the second half machined.)    Check controller that correct files are loaded, especially correct Layer number for all files and Left or Right. Enter file names, offsets, bits, feed rates, rpms in logbook.  Blow off table to make sure it's clean.  Put punched substrate on the table and tape it down. Put black plastic on top of the substrate on the table.  Check that the appropriate thickness of black plastic is used as specified on job request (2mm for top covers and 1 mm for bottom covers). Note any imperfections in logbook and on traveler.  Check if imperfection/s will be in active area or will be cut off later. If imperfections are bad, contact a CMS QA Chief to see if sheet should be used.  If no imperfections are noted, continue with next step.

Step 10 - Drill Location Holes In Black Plastic.

This is necessary on the Thermwood so that the material can be moved to machine the second half after the first half is machined.

Step 11 - Rout Engraving, And Rest Of Files For Left Half of Sheet
Change to designated router. Enter appropriate offsets in controller.  Rout a small section of the engraving file and check the depth, adjusting if necessary.   Rout engraving.  Rout the rest of the files, checking their depths at the beginning of each file so they're at the designated depth stated in job request.  Run the files in the order designated in the logbook to avoid machining problems.

Step 12 - Blow off/Vacuum Black Plastic After Machining 1st Half, Reposition, Rout Right 

The left side is routed and cut and the material and table blown off and vacuumed, then the sheet is moved to the right position, and retape and the second half machined using same procedures as first half using the files designated for the Right Half.  

Step 13 - Remove Cut Out Black Plastic Cover

Blow off/Vacuum the cover pieces and remove them.  Clean up mess.

 PROCEDURE USING  AXXIOM MACHINE (PRODUCTION)

Step 1 - Load files onto Axxiom PC

We will get the files on a PC floppy disk from Jon Blomquist and load them on the Axxiom PC.  If there's any problems loading the files at this point, we contact Jon and he fixes them if it's a floppy/program problem.  A Thermwood/Axxiom job request, list of the files, drawings of the covers, and a detailed description of the specifics of the files (depth of cut, bit size, etc.) accompanies the floppy when we receive it.  (See accompanying examples.) 

Step 2 - Load Files onto Controller, Enter Into Axxiom Logbook

Load the files onto the Axxiom controller.  Compare the file names on the controller to the file names on the list provided with the job request.  Make sure the correct files were loaded on to the controller.  Especially check that all of the same Layer were loaded.  Enter the file names in the Axxiom logbook (following standard Axxiom procedures), including the depths and bit sizes.  Also note in logbook any specific instructions or variations for that Layer that are written on the job request.

Step 3 - Put On Substrate Material On Axxiom Table
Put the 1/32" G-10 substrate material on the table, turn on the vacuum and tape it down.

Step 4 - Quick Check Files On Controller

Quick Check the files, note any errors found in the logbook and contact Jon so they can be corrected.  If there aren't any, continue to the next step.  

Step 5 - Pen Draw The Files On The G-10 Substrate

Draw all the files on the substrate for that Layer of top and bottom black plastic. Watch the pen drawing to see if it does anything strange.  Look at the drawn files and check for errors.  Note any in logbook and contact Jon for any corrections needed.  If none are noted, proceed to next step.  Remove G-10 drawing substrate.

Step 9 - Setup For Routing and Cutting

Load files on controller if they're not there already. (There will be about 22 files for each black plastic layer.  Check controller that correct files are loaded, especially correct Layer number for all files. Enter file names, offsets, bits, feed rates, rpms in logbook.  Blow off table to make sure it's clean. Put black plastic on top of the particle board substrate on the table.  Check that the appropriate thickness of black plastic is used as specified on job request (2mm for top covers and 1 mm for bottom covers). Note any imperfections in logbook and on traveler.  Check if imperfection/s will be in active area or will be cut off later. If imperfections are bad, contact a CMS QA Chief to see if sheet should be used.  If no imperfections are noted, continue with next step.

Step 11 - Rout Engraving, And Rest Of Files
Change to designated router. Enter appropriate offsets in controller.  Rout a small section of the engraving file and check the depth, adjusting if necessary.   Rout engraving.  Rout the rest of the files, checking their depths at the beginning of each file so they're at the designated depth stated in job request.  Run the files in the order designated in the logbook to avoid machining problems.  The Axxiom will do the complete top or bottom cover at one time, using one set of files, not in two halves like the Thermwood. 

Step 12 - Blow off/Vacuum Black Plastic After Machining and Remove From Table.

Blow off/Vacuum the cover pieces and remove them.  Clean up mess.  

Section 3     Epoxy Gluing in Lab 8

Expert Person : Dan Ruggiero

A)  EPOXY PREPARATION

1. Raw DER-332 Preparation

   - warm DER-332 to 62'C, until viscous

   - remove epoxy crock from oven

2. Mixing of DER-332 with TiO2

   (repeat this step as necessary to fill crock to 1/3 its volume)

   - measure out 100 g. of DER-332

   - add to epoxy crock

   - measure out 50 g. of Ti02

   - add to epoxy crock

3. Rollering of epoxy

   (these steps should be repeated through out the course of the day to 

    ensure a smooth mixing of epoxy..)

   - after mixing up required amount of epoxy, place crock on 

     rollers.

   - watch crock for at least 10 minutes to make sure no leaks

     are visible from mouth of crock.

   - roll epoxy crock for at least 3 hours

   - place in oven at 62'C for 3 hours

 
WARNINGS-


Glue will scald bare skin at 62'C.  Use care when handling.


Wipe up all spills


Keep crock mouth as clean as possible


Wear necessary protective clothing- gloves, safety goggles.

B)   GLUING 

 1. Glue preparation.

- remove epoxy from oven (temperature = 62'C)

- place on rollers

- measure out approximately 40 grams of epoxy (epoxy will be hot!)

- measure out D-230 in the mass quantity of: Mass D-332 (grams) = 

  Mass Epoxy (grams) *32/150

- when epoxy is not in use for more than 40 minutes, return epoxy to oven


2. Inspection for separation grooves:

- check for cut-thru's

- blow grooves clean with dry nitrogen

- check plastic debris in grooves


3. Taping of separation grooves:

- use 2" wide 2.5 mil blue tape

- tape the "spine" of the tile

- press down with Teflon tool

- tape the "ribs " of the tile

- press down with Teflon tool

- poke holes at glue pockets and dam

- put ready-to-cover tape at holes 

- place long piece of tape across injection hole

- press the tongue depressor along separation grooves


4. Inject glue :

- place glue holder over injection hole

- prepare glue for injection 

- stir

- pour into syringe

- bleed off air in syringe

- inject glue (set pressure on syringe in the range of 25-35 psi)

- fill glue pockets until 1/2 filled  

- seal glue pockets 

- complete gluing

- cover injection point with tape


5. If oven is turned on, wait 1hr before placing megatile  in oven.

   6. Keep megatile in oven  for 16 hours or until hard 


7. Apply corrections

- remove tape on the ribs

- remove tape on the spine

- check for shrinkage of glue 

- if shrinkage occurs on side tile rib or anywhere on middle tile and is greater than 1 cm. then seal area off with tape and inject with hand syringe


8. Return to Thermwood. 


9. Quality assurance:

- check fiber grooves for ball groove

- check "cut-thru's" 

- check for rivets holes

- check for dam-cut-thru's

WARNINGS:
- always wear gloves if you work with scintillator

- double-check if holes are poked

dispose needles safely  to the regular trash can.

C)  MEGATILE PACKING AND CRATING

 
SAFETY PRECAUTIONS-


Clear an obstacle free route to/from packing crate and megatile stor-


 age area.  


Wear latex gloves when handling megatiles.


All moving of megatiles MUST be done with 2 people.


Pack megatiles into crate with longest lengths on bottom, shorter


 lengths on top.

1) Remove frame from scintillator cut-out.

2) Using a megatile stretcher, gently and slowly lift scintillator from its 

  
LONG side and slide onto the stretcher.  

3) Lift stretcher up, supporting the megatile such that it does not bend or


flex.

4) Carry tile over to crate.  Install it in the proper section inside crate.


(See drawing)

5) Remove scintillator from stretcher by gently and slowly sliding it off, and


into crate.  

6) After an entire sheet of scintillator (2 side pieces, and 1 middle) has 


been moved, cover material with non-abrasive styrofoam sheeting.

7) Repeat steps 1-6 as necessary until crate has been filled.  DO NOT OVERPACK


CRATE!

8) When completed, contact Transport at x4225 to arrange delivery to Lab 5.    


Section 4     Fiber Preparation

Expert contact: Ewa Skup

A)  Fiber Shipment Acceptance  Inspection
The fibers to be procured for the CMS central calorimeters

must be of high quality. The requirements are as follows:

1. Diameter

Diameter of clear and WLS fibers should be 0.94 mm +/- 0.02 mm.

- Measure 3% of fibers  from  each set. Write diameters in the Fiber QC Logbook

2. Visual Appearance

Fibers should display no scratches along their length. The cladding should be continuous around the core of the fiber throughout its entire length.

-Visually  check 10%. Put damaged fibers  aside. Write down in the Fiber QC Logbook

3.  Flexibility

There should  be no cracks or crazes induced on the surface of the fibers, when wrapped on a dowel of 2 inch (5 cm.) diameter.- For every set of incoming fibers wrap 2 fibers on  2 inch dia. dowel, mark number of batch and date. Check for cladding damage after  1 hour, 1 day, 1 week. Write down in the Fiber QC Logbook

4. WLS Fiber Light Yield

The absorption spectrum  of the WLS should be such to match emission spectrum of Kuraray SCSN-81 and Bicron BC408 scintillators. Absorption spectrum of  polystyrene WLS fibers doped with K-27 dye is acceptable. We request the level of dye to be 250ppm (part per million). The WLS fiber light output should be such  that a 27 cm. x 20 cm., 3.7 mm thick SCSN-81 tile read out  with a  WLS fiber  has light yield of  at least 2.5 photoelectrons/minimum ionizing particle (PE/mip). As a part of shipment acceptance test, we will compare light yield of shipped fibers with the light yield of the reference fibers. Setup used to perform this relative light yiled measurement is shown on Figure 4.1. Relative light yield of tested

Fibers should b e within 10% of light yield of the reference fibers.

 -Use 3 fibers from each batch to do testing.

5.   WLS Fiber Attenuation length

The attenuation length of WLS fiber should be such that  light yield  from source located at 50 cm. distance from PMT should not be reduced by more than 35% relative to light yield for  source located at the PMT face. The setup  used to perform this measurement is shown on Figure 4.2. 

-Use 3 fibers from each batch to do testing. 

6.  Clear Fiber Attenuation length

The attenuation length in clear fiber plates should be 700cm or better (lambda > 700cm). The setup  used to perform this measurement is shown on Figure 4.3.

- Use 3 fibers from each batch to do testing.

7.   Batch-to-batch consistency

The stability of three above described parameters (light yield of WLS fibers, attenuation of WLS and clear fibers) should be maintained at a level to guarantee that variation between production batches (preform drawings) is less than 10%.

Compare results of all measurements with data sent with shipment from fiber manufacturing company.
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Figure 4.1: Setup to measure relative light yield of WLS fibers.
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Figure 4.2: Setup to measure attenuation length of WLS fibers. This setup can be also used as an alternative to measure relative light yield of WLS fibers.
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Figure 4.3:  Setup to measure attenuation length (transmission) of clear fibers.

B)   FIBER CUTTING PROCEDURE

1.Table setup for fiber cutting.

    -On the long edge of the table put tape measure and tape it down,using the

     blue tape to prevent it from moving.

    -On the short end of the table put the straight metal piece ,it should make    90 deg angle with tape measure,tape it down.

2. Cutting clear fiber.

   -Use precut CLEAR, Kururay S-35, 0.94mm fiber.

   -Select fiber length from data base.  

   -Lay out 10 fibers on the table against the metal piece and  tape them down , smooth the fibers making sure that they form one layer and  cut to proper length. Details of the setup are shown on Figure 4.4.

   -Mark fibers and set aside in the appropriate tubes.

   -QC 5% fiber length inspection.

3.Cutting green fiber.

   -Use precut GREEN, Kururay S-35 0.94mm fiber.

   -Select fibers length from data base.

   -Lay out 10 fibers on the table against the ruler, tape the end close to the

     rule down , smooth the fibers making sure that they form one layer and                    cut to proper length.

   -Mark fibers and set aside in the appropriate tubes.

   -QC , 5% fibers length inspection.
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Figure 4.4: Setup to cut clear and green (WLS) fibers.

Section  5: Fiber Ice Polishing and Mirroring

Expert Person: Eileen Hahn
VACUUM DEPOSITION / THIN FILM COATING FACILITY Procedures

1. Work Request filled out specifying the following:


a) Job description-polish one or both ends and mirror coating request and requirements.


b) Description of fibers-type and manufacturer, length, diameter and any special handing requests (spread sheet for large production jobs).


c) Budget code 


d) Contact person on experiment for completion of job and/or quality control questions.

2. General check of work request and fibers submitted for work.

---ICE POLISH---

(Gloves are worn when handling fibers for polish and set-up. They can be either latex non-powdered CR100 gloves or nitrile gloves lightly powered but the nitrile gloves must be cleaned with ethanol after placing on hands.)

3. Review of spread sheet for best division of lengths and diameters to be packed for “ice” polishing tubes (PVC).  i.e.: 0.94mm diameters use ~355 fibers per tube; 0.83mm fibers use ~450 fibers per tube

4. Fibers installed into tubes and hex fixtures, hex filled with distilled water and placed into freezer overnight .

5. “P3” diamond cutter machine is checked for quality of polish every morning before work proceeds.

6. Each fixture is placed into liquid nitrogen for 30 minutes, then immediately mounted to the P3 polisher and the program is run (approximate time 15 minutes) at 0.01” feed and 3000 RPMs.

7. The hex/pipe mechanism is then placed and supported at an angle to defrost with the water to run out the polished end.

8. Hex fixture is removed and the fibers, still in the PVC pipe, are transferred to the coating area .

---SPUTTER COATING---

(Only CR100 latex gloves are worn when preparing fibers for coating. Tables are assigned for the different processes and cleaned accordingly. Also fibers are covered during lunch breaks and overnight.) 

9. The fibers are removed from the pipes on a clean table, separated and actually counted at this point and any discrepancies against the work request noted. The polished end is checked under seven magnifications in groups looking for cladding damage, angles and uniformity of polish. Fibers (which pass the qualification) being polished only are packaged and placed back in the transportation box.

10. The fibers to be sputtered (which pass the polish qualification) are then divided into groups of “x” count (we have done groups of 50 count previously for CMS PPP2). Each group is then individually cleaned with 100% ethanol dampened cotton texwipes, laid in pre-grooved trays, captured with kapton tape 3mm from end to be sputtered.  Then these groups are mounted in the aluminum holding structure separated by aluminum plates.  Usually around 500 fibers are sputtered per batch. (~10 levels of 50 count).

11. Just before installation into the tube sputtering system, the fiber ends are recleaned with 100% ethanol dampened texwipes and blown off with anti-static nitrogen gun.

12. The fibers are pumped overnight  to achieve a vacuum of 2.0 X 10-6 Torr or better. Sputtering grade argon gas is backfilled into the system and using DC power to a magnetron sputtering source, aluminum is sputtered on to the fiber ends.  Monitoring with a quartz crystal to achieve 2500 angstroms, the process usually takes 13 minutes to actually sputter. 

The process is stopped, the system is brought up to atmosphere with nitrogen and the fibers are removed from the sputtering system and dismounted from the holding fixture. The sputtered ends are checked for brightness of aluminization and coverage.  Any problem fibers are removed and noted.  Then the fiber groups are packed in mylar bags on the end to protect the coating in transit.

13. The work request is signed by the person picking up the fibers and dated.

Section 6: Connector Preparation and Assembly

Expert Person: Ewa Skup

A)  MIRROR UV PROTECTION.

1. In appropriate tubes bring from lab 7 mirrored green fibers.

-QC mirror inspection.

2. Set up table for UV protection:

-0n the end of the table put the long piece of tape (20 cm.), sticky side up and tape it down on the ends.

-Prepare small pieces of "Kaydry" delicate task wipers.
      MAKE SURE THERE IS PROPER VENTILATION, USE FAN,

     IF YOU PREFERE USE MASK.

 3. Dip 1mm of each mirrored fiber end in READ SPOT UV COATING,

          make sure that the mirror will not touch bottom of container,

 -Wiped excess of the glue from sides of the fiber leaving little drop of   UV coating on the end  of mirror.

-Place the fibers on the tape 5 cm of the edge of the mirror,

mirror should stick out of the table and fibers shouldn’t touch

each other. Details of the setup are shown on Figure 6.1.

 4. Place UV coated fibers in UV Light Box and close latch.

-Start the UV light cycle.

-After red light comes out open the box and check if fibers are dry,

 if not wait for 1hour and check them again,if they are still

not dry close the box and start the cycle again.  Set fibers aside collecting them by length.
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Figure 6.1:  Setup to prepare UV mirror protection.

B)  FIBER SPLICING PROCEDURE

1. Turn power ON and lamp ON.

2. Check that the horizontal pressure is set at approximately 15 psi.

     (left pressure regulator)

3. Check that vertical clamp down pressure is set to approximately 90 psi.

     (right regulator)

4. Check that  heat time is set to 15 seconds.

5. Make sure that there are enough FEP tubing pieces if not, cut them to the  right length (45 degrees on the ends)     

6. Obtain the right length clear fiber.

7. Obtain the right length green fiber.

8. Visually confirm that the ends of the fibers has been polished.

9. Clean fiber with alcohol / water (50:50) mixture dust off each fiber end,

 and the inside of the Teflon tube using technical dust.

10. Insert the fibers into FEP  tube such the two fibers meet in the middle of it.

11. Align fibers in the groove in the splicer, make sure that splicing point is in the middle of the glass half tube.

12. Using the foot pedal turn vacuum ON.

13. Press BOTH start buttons to begin splicing.

14. After top glass half tube  comes down take QUICK look if splicing point  is in the right place and lower light shield BEFORE LIGHT COMES ON.

-DO NOT LOOK AT LIGHT DURING SPLICING - DO NOT MOVE LAMP

15. If anything goes wrong hit  either STOP BUTTON to stop the splicing      process.

16. After top glass half tube come up remove fiber ,visually inspect splice and set aside in the  appropriate tube.

17. QC

-After group of 50 fibers is spliced inspect all splices.

-Take 5 fibers at the time and by turning splices around look for light coming out of the splicing point and the ends of FEP tube. 

-When there is too much light coming out, fiber needs to be respliced. .ONLY ONE resplice for each fiber is allowed.

18. Resplice Procedure

-Lay on the table fiber which needs to be respliced. 

-Using sharp razor blade cut out the spliced region. Details of the setup are shown on Figure 6.2.

-Use single fiber polisher to prepare ends of fibers.

   Take the right diameter polishing tube, polish it and check, turn the dial button on 10  and  insert tube into polisher then insert fiber, to protect the fiber from moving inside of the tube, tape the outside end of the tube and fiber together.

  Press START.

DO NOT MOVE FIBER DURING PROCEDURE.

-Change to 5 and press START.

-Change to 2 and press START.

-Take the fiber out of the tube and inspect under microscope.

-If fibers do not look good repolish them again.

-If polishing looks good make splice, following splicing procedure.
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Figure 6.2:  Setup indicating where to apply fiber cut in order to remove bad splice  (preparation for resplicing).

C)  PIGTAIL ASSEMBLY

1. Setup  area for pigtail assembly:

· put spliced fibers into the half-tubes with right tower number 

· on each connector engrave layer number and put sticker on the correct side.  Details of the setup are shown on Figure 6.3.

· put the right template on the table and fasten with white plastic joiner.

· put two rivets under the template on the connector side

· clean the template with alcohol and house air

2. Building the pigtail:

· hold the connector  (with  sticker up)  

· read from the drawing where fiber  from each tower should be put

· insert all fibers into right holes and small pieces of fibers into the empty holes in connector  
· verify the fiber holes with drawing

· carefully lay fibers on the template 

· screw connector to the template

· insert single fiber in the proper groove; make sure that the mirrored end of the fiber is exactly in the end of the groove and compare fiber splice with template’s splice mark 

· put small piece of the blue tape no further than 1 cm. from the mirrored end and on the splicing joint to protect  pigtail from moving

· tape connector and fibers together using two pieces of tape;   for M type pigtails (Dog Leg Shape) cut special shape of the tape so the fibers will  be kept together, even after removing them from the template 
· tape fibers together along the length using small pieces of tape so they won’t be moving while transported

· remove tape from mirrored ends and splicing joints

· unscrew connector from the template, trim the extra fiber length on the connector side to the length of 2 cm. (no shorter)

· using the tube  lift pigtail and move to the  area  where the connector will be glued

3. Gluing the pigtails:

· lay fibers safely in half-tubes ,then clamp connectors in vertical position

· prepare glue (Bicron-600 ,5g optical cement mix with 1.4g hardener, stir well)

· USE  GLOVES WHEN MIXING  GLUE

· apply glue to the glue pockets in the connector

· CAUTION do not put glue into the alignment holes

· carefully  move fibers forth and back to smear glue over them

· leave connector clamped in the fixture over night or until glue hardens 

3. WARNINGS:

· always put the right fiber from the shelf to the right tower on the template

· before taking pigtail from the template always check if fibers fill out grooves completely

· be sure to tape connector and fibers together so there won’t be any movement between them.  be very careful while transporting the pigtail
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Figure 6.3a:  Setup indicating configuration of connectors for inserting fibers into M connectors.
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Figure 6.3b:  Setup indicating configuration of connectors for installation of M connectors into megatiles.
[image: image14.png]Building "Side” Connectors

Fibers side

‘ / Tower number
17

Sticker up
ingraving down

N

“NUWIsOONROSS

Small alignment hole
empty or inj.fiber

Sticker up
ingraving up

Small alignment hole

mpty or inj.fiber




Figure 6.3c:  Setup indicating configuration of connectors for inserting fibers into S connectors.
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Figure 6.3d:  Setup indicating configuration of connectors for installation of connectors into S megatiles
D) Pigtail Connector Polishing

SAFETY  PROCEDURES:

A) WEAR EYE PROTECTION GOGGLES

B) NO LOOSE CLOTHING OR LONG HAIR

C) DO NOT TOUCH THE POLISHER WHEN IN MOTION

1. Connector Polisher Inspection

· Verify air pressure is sufficient for polishing by  blowing off air through air chuck

· -verify proper polishing block is set up.—review polisher logbook (i.e. changes in alignment, polish quality). 

·  sign out connector polisher key.

2. Pigtail Polishing

· carefully transport pigtail from gluing station using transfer tube.

· trim off excess fiber from connector face

· insert connector into polishing block by placing connector in front of pins and pulling connector against pins.  DO NOT PULL ON FIBERS!  

· tighten connector to block.

· turn indicator dial to first mark and start polish cycle. 

· turn indicator dial to second mark.  Start polish cycle. 

· turn indicator dial to third mark  Start polish cycle 

· 3. Connector inspection

· remove pigtail from polisher and inspect quality under microscope

· if poor polish quality exists, reinsert pigtail into polishing block and turn indicator dial to fourth mark.  Start polish cycle.

· if poor polish quality exists after third polish, contact expert for further instructions.

· remove pigtail from polisher and transport to proper area.

· insert connector alignment pins.

· sign off on the pigtail traveler form

4. Polisher clean-up

· clean off polisher with house air

· return connector polisher key

· update polisher logbook 

E)  Pigtail Testing
Before pigtails will be inserted into the scintillator megatiles they

must pass UV scan to ensure consistent quality. We will use linear

scanner and shine an ultraviolet light directly on the fibers. This

method is safe and will provide measurements of position versus

light output.

1.  Turn on UV lamp 30min before starting measurement.

2.  Put right template into the box, use alignment pins and holes

to correctly position it.

3.  Bring pigtail you want to test. ALWAYS  use box to move fibers.

4.  Lay fibers on the template with connector on the right side and sticker up,use screws to position connector.

5.  Turn on vacuum and make sure that every fiber is in the proper groove.

6.  Make connection with normalization fibers.

7.  Turn motor on, electronics on .

8.  Close box.

9.  Run program.

10.  Write name of the file and date in Log-Book.

. 

Section 7     Source Tube Preparation

Expert contact: Todd Nebel

SOURCE TUBE PROCEDURES

Procedure for prepping Source Tubes to be coated with the dry moly coating.

#1 Incoming Inspection- Refuse any tube that is bent or kinked Note: Through out handling use care as not to damage them

#2 Deburr both ends- Use the small dremo with a grinding wheel on it for the outside edges and use a .038 drill bit to clear the inside then a .065 bit to chamfer the end for removal of burrs

#3 Use a .035 probe to probe the entire length of tube to assure the tube is clear of any debris or clogs

#4 Clean- Blow the inside clear with clean compressed air and wipe the outside down with alcohol.

#5 Mark the end that is to be coated with a marker 

#6 Package for shipping per packing requirements

#7 Package up in reusable container and protect tubes and ship to company for 20” of the

I D Coating with the dry moly on one end

Procedure or prepping Source Tubes once coated with the dry moly coating 

#1 Incoming inspection- Refuse any tube that is bent or kinked 

Note: Through out handling use care as not to damage them

#2 Use a .035 probe to probe the entire length of tube to assure the tube is clear of any 

debris or clogs and be sure that the end that is coated is marked and identified

#3 Store in PCV cut tubes till ready for use on tile

Section 8   Tedlar & Tyvek Preparation

Expert contact: Dan Ruggiero

TYVEK AND TEDLAR CUTTING PROCEDURES

The scintillator is covered by white Tyvek sheets, which reflect and trap as much light as possible in the tiles. To prevent outside straight light from entering the tiles, black Tedlar sheets are wrapped around the assembly.

Procedure for cutting Top and Bottom sheet of Tyvek and Top sheets of Tedlar:(almost all steps are the same)

· Use the cotton gloves for cutting Tyvek sheets.

· Get proper Tyvek (Tedlar) template. Attach the label corresponding to the label on the template (layer X), to the Tyvek (Tedlar) sheet.

· Put down piece of white plastic which is at least as large as the Tyvek template.

· Put down Tyvek sheet and cut it slightly larger than the size of the template.

· For top and bottom sheets of Tyvek sheets should be positioned  in such a way that  inner part of roll is down. For Tedlar is the same.

· Check that all  Tyvek pieces are covered by the template.

· Clamp the template onto the table and put some lead bricks on it.

· Using a transfer punch transfer the holes from the template to the Tyvek (Tedlar) sheet.

· For alignments holes use a 3/16 transfer punch. The alignment holes are the holes in the center, connector side and other side.

· For all other holes use a 1/4 punch

· Using 3/16 inch  punch holes in the Tyvek , where the outer radius is marked. 

· Only for the top sheet of Tyvek and Tedlar, mark the ovals for the fiber. Using a knife (scalpel) , cut the outer edge of the Tyvek (Tedlar) by following the template. * Check all holes on Tyvek (Tedlar): count the number of holes made and number of slotted holes on the template. It must be the same.

· Recount the holes and slots and check it agrees with the what you originally counted.

· Carefully remove  lead bricks from the sheet.

· Put on a label so we know which layer it is from 

Section 9         Megatile Assembly

Expert Person : Todd Nebel

Safety Issues

A- Moving scintillator parts.

  •All steps involving the handling of scintillator will require two people wearing approved gloves. Blue Nitril, Latex or Nylon gloves approved.

  •When transporting a tile keep it supported from underneath or carry it in a vertical position

  •When rotating a tile over, keep one edge supported on the table at all times

  •Do not slide scintillator across from one table to the next.

B- When scanning tiles.

  •Technician must be trained in the radiation worker training as well as the radiation source training.

Assembly Procedure
1   -Acquire the two mating pieces of scintillator for this layer form the tile storage area.

2   -Record tile ID numbers that are attached to each part by the operator in lab 8.

3   -Clean top side of scintillator pieces with pressurized dry nitrogen.

4   -White paint edges of scintillator. 

Get a jar of BC-620 paint and mix it well by shaking the jar until the paint is seen to be uniform in consistency. Place a painting stand on the painting Table. Move the megatile onto the painting stand. Make sure that all edges of the megatile extend beyond the painting stand so that all edges of the megatile can be painted at once.  

Paint all the edges of the megatile with a paint spindle applying two coats of paint. Wait about 15 minutes between the two coat applications. Using the fine brush, paint the dam slots in the separation grooves (locations where the epoxy dams were removed from after the gluing and epoxying step).

Allow time till dry.

5   -Remove paper backing from scintillator.

Move the megatile off the painting stands and place it on a clean table and rotate it carefully so that the paper side is up. Starting at a corner and pulling it away from the surface gently remove all the paper backing, being careful not to scratch scintillator. Remove any caked on paint. Clean the surface of the tile with compressed dry nitrogen.

6   -Mark separation grooves.

Using a silk lined strait edge placed silk side down on the separation grooves of the scintillator. Center the tabs on the straight edge with the separation groove. Avoid scraping the strait edge on the scintillator while positioning it. Using the finer end of a black Doubleshot marker, carefully mark a 1mm thick line over the center of the separation groove. Make the mark the width of the separation groove 1mm to 1.5mm. (You may need to practice on a scrap piece of plastic to get the thickness correct). Repeat until all of the separation grooves have been marked in this manner. If the maker starts sticking to the edge of the strait edge, the strait edge should be cleaned with ethyl alcohol.

7 -QUALITY ASSURANCE INSPECTION  STEP
_Measure the black lines using a lupe in ten random places and record the thickness locations on the sheet provided for this layer, then attach sheet to this traveler. Note: Lines should be 1mm to 1.5mm thick.

_Check the white paint on the edges of tile to assure that no blue light is visible, and check that there is no spillage onto the top or bottom of scintillator and no paper is left behind.

8   -Install rivets into bottom cover

Clean the plastic bottom cover. Install the panel nut rivets in the holes provided in the cover. Make sure that they are orientated properly to the cut-outs.

9   -Clean and install the Tedlar sheet on bottom cover.

Blow clean and position the precut Tedlar over the bottom cover, assuring that the orientation is correct with the connector end.

10 -Clean and install the bottom Tyvek on bottom cover.

Blow clean and position the bottom precut Tyvek sheet on the cover assembly. Be sure to position it so that the connector end is at the right end and side

11 -Clean the scintillator pieces.

Using compressed dry nitrogen, blow clean any debris from scintillator surface.

12 -Place cleaned scintillator pieces on cover assembly.

Position and flip over the scintillator pieces (fiber grooves up) onto the cover assembly using the rivets to guide it into position. Be sure that it is clear of any foreign particles. 

_13-QUALITY ASSURANCE INSPECTION  STEP

_Check for the correct orientation of the Tedlar and Tyvek to assure the proper placement and the fiber grooves are clear and lined up correctly.

_Use a spare piece of fiber and insert it into the groove to assure that it will indeed fit. Check and clean fiber grooves making sure that there is no debris in the groove.

14 -Install alignment pins.

Install the alignment pins to the rivets for alignment of the rest of the assembly. Place them at each end and in the center sections in order to catch both pieces of scintillator.

15 -Place and position top Tyvek on assembly.

Blow clean and position top precut Tyvek onto the tile assembly making sure that the connector end is at the correct end and right side is up.

16 -Wrap Tedlar over and tape in place.

Wrap the ends of the Tedlar over the assembly and attach with a piece of the blue tape. As you continue down the sides with the tape pull tight the opposite side to assure a snug fit. Be careful that the punched out hole line up in their proper location. Fold over the ends of the Tedlar and tape into position.

17-QUALITY ASSURANCE INSPECTION  STEP

_Check for the correct orientation of the Tedlar and Tyvek to assure the proper placement and the fiber grooves are clear and lined up correctly.

18 -Place and position top cover.

Place the top cover sheet onto the assemble using the alignment pins to guide it into position.

19 -Position the connector spacer(s).

Acquire the correct connector spacers and install them in position.

20 -Install the source tube coupler(s).

Install a source coupler(s) to the connector end of tile. Loosely install the 4/40 screw to the coupler.

21 -Remove alignment pins and install screws

Remove the alignment pins and install the 4/40 screws. Be sure that all the screws are tight enough so that they don’t back out, the use of the torque wrench may be needed to get the feel of 1 inch lbs.

22 -Install source tube(s).

Place a source tube into the back side of the coupler assuring that it is seated fully into the coupler. Insert a piece of probe wire in the coupler/tube and install the plastic tipped set screw into the side of the coupler to secure the tube in place making sure that you do not crush the tube in any fashion. Mark the other end of the source tube approximately 1mm shorter then the groove cut in the top cover. Using the crimping tool, crimp shut the tube on the connector side of the mark. Break off the remaining tube before releasing the crimper and discard it. Remove crimping tool and place tube back into the groove.

23-QUALITY ASSURANCE INSPECTION STEP
_Assure that all the screws and the cover assembly are installed correctly.

_Using the .035 probe tube, probe the length of the source tube to insure that there are no debris in the tube.

_Assure the length of the source tube is approximately 1mm shorter then the groove it’s in.

24 -Tape source tube(s).

Starting at the connector end, use the clear CHR M57 clear tape to the tile over the top of the source tube down the entire length of the tube. Rub out the tape with a piece of the Teflon used for taping.

25 -Acquire the pigtail for this tile with its data sheet and attach the sheet to the end of this traveler.  

CAUTION:  Make sure that connector label (engraving)  is facing up and the label agrees with the tile number.  For example L09S1 on connector has to match L09S1 on the megatile.  Serial numbers do not have to agree.  

26 -Record the pigtail(s) ID numbers that are assigned to them by the fiber group.

27 -Install pigtail(s).

Clean the fiber grooves with clean air, do not blow dirt into the scintillator grooves. Lay pigtail out on tile. Connect the connector loosely to the connector rivets. Clean each fiber off using alcohol and a soft non scratching towel. Insert the shorter fibers first taking care that the fibers don’t cross. Gently insert each fiber until it bottoms out. Don’t push to hard as to bend the fiber. Once all fibers are inserted, be sure no fibers are crossed.

28-QUALITY ASSURANCE INSPECTION STEP
_Inspect the insertion of the pigtail assembly for correct layout of the orientation. 

_Make sure the tightness of the fibers are OK per standards. 

_Assure that the connector pins are indeed in their proper locals.

29 -Tape pigtail with 2 inch blue tape.

Using the 2 inch 3M 8902 blue tape, tape the entire length of the pigtail to the tile cover. Be sure that the fibers are laying down flat so that they don't cross over each other or stick up too high.

CAUTION:  Make sure that tape edge is aligned with megatile edge. 

30-QUALITY ASSURANCE INSPECTION STEP
_Install tile assembly in scanner box. Line up the connector end with the second cross bar from the left end of the scanner table. Align the near edge to be 238mm from the near edge of the scanner table. Push the scanner table back in gently till it bottoms out against the trip switch. Connect the connector cables to the correct connectors (cable 2 to tile side 1 or 2 and cable 3 to tile side 3 or 4). Insert the source tube tubing #C to the source tube coupler of the side #1, 2 or 4 tile. Use tubing #D for side #3. Place the protector sheet of plastic sheet over the connector end of tile assuring that the edges are not over hanging the scanner table.

Scan both collimated source and wire source tests per the proper procedure. Record in the Scanner Logbook the file names and any notes needed.

_Use the ‘tbreduce’ command to reduce the wire scan file, then run the monpc file to find out if wire scanning was ok. Attach an output of this to this traveler.

_Run the collimated source test file to check if scan was ok, then attach the output to this traveler.

_Once scanned apply sticker to the tile with file names on it.

31 -Light tight tile with the black Spartan tape.

Using the 3.5 inch black Spartan tape, cover the entire length of the fibers wrapping the edge approximately 1 inch over the and under the side of the tile. Apply the 1.5 inch black Spartan tape to the remaining sides and end same manner.

32 -Apply spring adhesive tape.

Using the source tube as a guide, apply the double-sided adhesive tape down the length of the tile over the top of the source tubes clear tape.

33 -Install spring.

Lay out the spring material on the tile. Cut the length approximately 1 inch shorter then the tile length. Cut the corners off round to approximately a 1 inch radius. Starting approximately 1/2 inch from the end, apply the spring to the adhesive keeping it centered over the source tube.

34-QUALITY ASSURANCE INSPECTION STEP
_Measure the thickness of the tile per the thickness measurement sheet provided with a set of 
calipers. Record the thickness on the sheet attached to the end of this traveler.

_Measure the width of the tile using the calipers and record on the same sheet attached to the end of this traveler.

_Install the pins in the Go-No-Go fixture for this tile.

_Insert tile into the Go-No-Go fixture. Place the tile onto the lift table. Using a helper, rotate the tile over to its top. Raise the lift table to the desired height of the go-no-go fixture. Slid the tile into the fixture to assure that the straightness of tile is within limits as well as to assure that it is pushed up by the springs.  Remove tile from fixture and rotate it back to bottom side down.

35-QUALITY ASSURANCE QA CHIEF INSPECTION STEP
_Review the entire traveler to assure all steps have been completed and all the measurements are within tolerances.

_Inspect tile assembly for any discrepancies. Record any discrepancies at the end of this traveler.

36-FINAL QUALITY ASSURANCE PROJECT PHYSICIST INSPECTION
_Check all data taken for entire tile to assure they meet the CMS Production Acceptance Standards.

   Check list:                                      

• Pigtail QC data sheets

• Collimated scanning

• Wire scanning

• Tile width & thickness

• Black line widths

_Apply a ‘ready-to-ship’ tag to the assemblies once all acceptances are completed.

37-QUALITY ASSURANCE INSPECTION STEP
-Package for shipping and store in shipping crate. Layer the tiles in the crate using double layers of foam sheeting and wedge each tiles side with foam blocks to prevent them from slipping. Verify the megatile is well secured so that no damage can occur during shipping.
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