1 Preliminary Stuff

1.1 Definitions

Cover - manifold cover; comes in top and bottom flavors

Light Case - skin of module; comes in top and bottom flavors

Extrusion - scintillator before it is cut

Strip - scintillator after it is cut

Factory - aka module lab; where the modules are made

LIMa - light injection manifolds (not to be confused with the light injection module which sends light to the LIMa)

VWS - variable width seal

1.2 A Note on Timing

The times listed here have been padded slightly in order to include some time for rack/cart transit and tray motion. These were not timed in the prototyping and will, to a certain extent, depend on the factory layout.

2 Assembly Prep

At this stage the parts for the modules are prepared for assembly. This involves applying the reflective coating to the light injection pockets in the LIMa and the manifolds and installing the double stick tape in the manifolds. This should also include an inspection of the manifolds and covers to ensure that they are not damaged. Particular attention should be paid to flanges on the manifold covers and the tabs around the connector pocket in the manifolds.

All of this should be done well in advance of the actual construction of the module.

2.1 Supplies and Tools

· Reflective paint (Bicron)

· Paint brushes

· Scissors

· Double stick tape

· Thin tape (thin here refers to thickness not width)

2.2 Procedures

The pockets in the Light Injection Manifolds (LIMa's) should be painted with 2 coats of reflective paint. Care must be taken so that the surface is well coated but there are no cracks in the paint. The top of the divider should be left black.
Pockets in the manifolds for light the injection system were covered with aluminized mylar tape in the prototyping. The plan is to paint them with the Bicron paint for the real production. The top of the divider should be left black. If the manifold is white the top of the divider should be made black with a black marker.
Tape over threaded holes on back of connector. The tape must be thin so that the connector still fits into the pocket in the manifold. This is needed to prevent epoxy plugging the screw holes.
Double stick tape in tape pockets. Loosen corner so easy to remove at glue machine.

2.3 Suggestions/warnings

These are not things that can be rushed. I would estimate it takes about10 minutes to paint each LIMa's. Probably the same amount of time to paint the manifolds. This does not include drying time.

The tape over the threaded holes in the connectors is important to prevent DP-125 from getting into the holes and making it impossible to connect a cable to the module.

Putting the tape in the manifolds is probably a 5-10 minute job per manifold.

If the first manifolds are to be white, a decision needs to be made about how the pockets in the light injection region will be treated, paint, aluminized mylar tape, or nothing.

2.4 Timing

Painting the LIMa's should take about 10 minutes per LIMa. This includes doing two coats of the paint. This does not include drying time. The same time is true for the manifolds themselves.

Putting tape over the tapped holes in the connectors is maybe a minute per connector.

The time it takes to put the double stick tape in the manifolds can be reduced if the tape is the correct width. A template of the lengths needed makes cutting the strips faster. The estimate for now is 5 to 10 minutes per manifold.

3 Cutting

The top figure below shows the layout for the cutting table at ANL. The bottom figure is the longer but simpler layout proposed for the other factories. The main difference is that, at ANL, the strips for the short 45 degree modules were shifted to the right on the table in order to be cut. For the proposed table they will not have to be moved laterally. The alignment edge for all but the short 45 (A type) modules are at the top of the drawings. For the A-type modules the alignment edge is at the bottom of the drawing. This slight complication cannot be eliminated.  

For perpendicular modules the cuts are at 2 and 9. For the long 45's (B-type) the cuts are at 3 and 8. At ANL the cuts for the A-type modules are at 1 and 6. For other factories the cuts are at 1 and 3. Cuts are to the left of the lines. Larger diagrams can be found at the end of this document.





3.1 Supplies and Tools

· Extrusions

· Shop vac

· Saw

· Safety glasses

· Cutting table fixturing

· Isopropyl

· Gloves

· Wipes

· Bypass cutting jig

3.2 Procedures

The first step is to load the cutting table. This will take 2-3 people depending on the length of the extrusions.

Align the extrusions to the appropriate place for the type of module to be built. Make sure that the bar codes will remain on at least one end of the strips. The bar codes should already be inset enough that this is not a problem. If not, please contact the person in charge of extrusion QC.

Clamp the extrusions in place.

Measure the width of the extrusions are several points (about every meter). Communicate largest measurement to the crew making the bottom light case so they can start making it. Record the measurements on the QC sheet.
Cut the extrusions to length.

· Attach vacuum hose

· Turn on vacuum to collect chips

· Slowly trim extrusions to prevent chipping

· After strips for a B-type have been cut, the remaining extrusions need to be pushed to the front of the table before the strips for the A-type strips are cut. If the cutting station is set up like the ANL one they extrusions also need to be shifted down to position 6.

If a bypass module is to be made cut the strips in the bypass region..

Check the cut ends for burs in the groove. These are not likely to occur, but will damage the fiber if they do.

Clean the strips with isopropyl to ensure good adhesion in the module.

3.3 Suggestions/warnings

Every bottom cover is made to fit the scintillator. The width measurements are important. It is also important that the largest measurement is communicated to the crew making the covers so that the strips will fit into the case.

Need 2 people to load 8 meter long extrusions.

Need 3 people to load 11+ meter extrusions.

The saw is set up to cut on only one side of the cutting guide. As the fixturing stands now this means the for cuts at 6, 8, and 9 the strip ends are free to move as they are cut. The recommendation has been made to add fixturing at these cut lines to hold the strips as they are cut.

Cuts at 6 and 8 remove at least 41 mm from the length of the strips. Cuts at 9 remove at least 31 mm. The other cut lines can be arranged to only remove a few mm.

For all but the A-type strips the extrusions should be pushed against the stops at the back of the table (top of the table in the diagrams above). For the A-type strips , the extrusions should be pushed/pulled against the stops at the front of the table (bottom of the table in the diagrams).

Since the strips must be moved to be cut for an A-type module, it is suggested that the already cut end be recut so that the operator does not have to worry about getting the strips lined up exactly.

A jig is needed to aid in cutting the bypass strips.

3.4 Timing

10-15 minutes to load table

5-10 minutes to align

5-7 minutes for 2 cuts

4 Bottom Light Case Forming

4.1 Supplies and Tools

· Light case slitter

· Light case former

· Isopropyl

· Kevlar gloves

· Kevlar apron

· Kevlar gauntlets

· Punch for fixturing holes

· wipes

4.2 Procedures

Cut aluminum to proper length.

Slit to width.

Cut 45 degree angles if needed. Cut bypass notch if needed.

Form case.

Punch fixturing holes.

Clean bottom light case with isopropyl.

4.3 Suggestions/warnings

2 people to form light case

Marks on table to denote correct lengths for different module types.

Fixturing to make cutting 45 degree angles easy.

It would be nice if the slitting did not require the operator to do any calculating. If calculations are needed they should be done on the QC sheet.
A simple device that will locate and punch the holes for the fixturing is a very desirable tool.

4.4 Timing

All times try to include some setup and transport time.

Roll out and cut to length - ?

Slit to width - 3 minutes to calculate; 5 minute to slit

Cut 45 degree angle (if needed) - 7 minutes

Forming light case - 10 minutes (2 people)

Punch fixture holes - 2 minutes (~10 minutes if a quick and easy tool/fixture is not developed)
Transfer light case to assembly tray - 3 minutes

5 Bottom Assembly

5.1 Supplies and Tools

· DP-190 (or bulk equivalent)

· DP-125

· RTV (and/or black caulk)

· Manifolds

· Manifold Covers

· Connectors (2)

· Alignment pins (2)

· Fixture pins (6)

· Shoulder washers (6)

· Vacuum tape

· Plastic sheet

5.2 Procedures

Place a narrow piece of plastic sheet over fixture pins to prevent module from sticking to the assembly tray. This strip should be wide enough to cover both the area of the fixture pins and the joint between the bottom manifold cover and the bottom light case.

Put RTV in corner of shoulder washers. Slide shoulder washers over fixture pins.

Put bottom manifold covers over fixture pins/shoulder washers.

Apply RTV around shoulder washers and 2 mm below bend of light case flange.

Apply thin bead of DP-190 between Alner bar holes. (Smear slightly if practical.)

Lay bottom light case over fixture pins and press into epoxy and RTV.

Apply RTV:

· 1/4" from all inside corners of bottom manifold cover

· 1/4" form all outside edges of bottom manifold cover

· along seam between bottom cover and bottom light case

· around shoulder washers

Apply DP-190 in lines parallel to strip direction from top of bottom manifold cover to below Alner bar holes.

Install manifold and press firmly into RTV

Start spreading epoxy in bottom light case.(~3 DP-190 packs were used in the prototyping)

Spread the epoxy evenly over the entire cover.

Insert strips. Start with strip 1 which is closest to the alignment pins.

Apply connector:

· put RTV in corners of connector pocket in manifold

· thin bead of DP-125 in connector pocket (smear if possible)

· RTV in corner of bottom of connector

· Press connector firmly into pocket, being careful to install it from back to front to help prevent DP-125 from getting into the fiber channels.

Apply vacuum tape to perimeter of tray. At least 3 dog-ears at each end and one along each side. The ones on the sides should be at the same point along the length.

Cover snout to protect plastic from sharp aluminum edges.

Put caps on pins to protect plastic

Spread spiral tubing over module. Ensure that it extends to vacuum ports and is held over them.

Cover with plastic and seal to vacuum tape.

Turn on vacuum pump and check for leaks. As the vacuum increases pull the slack in the plastic toward the edges to relieve the strain on the flanges and on the vacuum tape. This will help prevent leaks.

5.3 Suggestions/warnings

Spreading the epoxy evenly over the surfaces to which it is applied helps to prevent it from coming up to the top surface and filling the grooves in the strips and the manifolds.

5.4 Timing

Manifolds - 15-20

Epoxy - 10-15

Strip placement - 10

Vacuum - 15-20

6 Fiber Gluing

6.1 Supplies and Tools

· Aluminized mylar tape

· Shell Epon

· Teta

· WLS fiber

· Scissors

· Hot melt glue gun

· Glue sticks

· Butyl gloves

· Isopropyl

· Wipes

6.2 Procedures

Pull out fiber length for the F2 end.

Apply hot melt glue.

Press fiber into hot melt glue and cover with aluminized mylar tape.

Run machine. Route fiber at F1 end.

Cut fiber at appropriate spot for F1 end.

Return machine to F2 end and route F1 fiber.

After all fibers, in pot connectors with Epon/Teta. Only fill glue well 1/2 to 3/4 full.

6.3 Suggestions/warnings

Don't let the hot melt glue get too hot. It can and will melt the fibers.

The Epon/Teta combination is pretty nasty. Remember to wear proper gloves.

To cut the fibers long enough with out excessive wastage, a template is needed at the F2 end to gauge how much fiber is to be pulled out. At the F1 and a guide on the glue machine is needed. If the glue machine can be run out before the fiber is cut then a template will be needed to gauge the fiber lengths on the F1 end as well.

It would be helpful to ba able to work from both sides of the machine.

There has been a request for an adjustable speed on the return trip of the machine.

Machine needs a panic button.

6.4 Timing

7 Top Light Case Forming

See bottom light case forming.

7.1 Procedures

See bottom light case forming.

Turn cover over

Clean glue surface with isopropyl

8 Top Assembly

8.1 Supplies and Tools

· Top washers

· Top manifold covers

· RTV

· Black silicon

· DP-270

· DP-190

· Trowels

· Vacuum tape

· Spiral tubing

· Plastic sheet

· Isopropyl

· Wipes

8.2 Procedures

Spread DP-190 evently.

Place rigid bars across module to hold top cover up while it is positioned.

RTV around shoulder washers.

Place top light case on bars, position and push down onto module.

RTV 1/4" below edge of top light case for width of top manifold cover.

DP-190 along line of Alner bar holes for width of top manifold cover.

DP-190 between edge of manifold and glue pocket for width of top cover.

DP-190 on ribs between fibers. Small amount to minimize overflow onto fibers.

Apply top manifold cover and press firmly onto manifold.

RTV around shoulder washers. Apply thick black washers. Press firmly into place.

Fill glue pocket in connector with DP-270

Protect fiber ends (also protects plastic from sharp aluminum edges.

Spread spiral tubing over module.

Apply vacuum tape as for bottom.

Seal plastic as for bottom.

8.3 Suggestions/warnings

Rounded caps to put over the fixture pins are needed to protect the plastic and to press down on the top washers, to prevent epoxy from pooling up under the washers.

8.4 Timing

Manifolds - 10 minutes

Epoxy - 10-15 minutes

Vacuum - 15-20 minutes

9 Fly Cutting

9.1 Supplies and Tools

· Hot knife

· Fly cutter

· Small mirror

· Small magnifier

· Safety glasses

9.2 Procedures

Check diamond cutters for chips.

Inspections of the cut should be in two phases. The `bright' phase without covering fibers will help find large cracks in the fibers. The `dark' phase will help find smaller cracks. The 'dark' phase is done by covering all exposed fiber with a dark cloth. This way only the light coming in at the end being flycut is exciting the fiber.

The surface of the flycut connector should be inspected using a magnifying glass.

9.3 Suggestions/warnings

9.4 Timing

30 minutes per connector for setup, cut and inspection.

10 Detailing/Crimping

10.1 Supplies and Tools

· LIMa

· VWS

· H-clips

· Loctite 430

· RTV

· Black tape

· Aluminum tape

· DP-810
10.2 Procedures

Crimp

Apply LIMa

Apply VWS
Apply H-clips (still unclear when they go on)
10.3 Suggestions/warnings

If this is not done well, checking for light leaks will take a LONG time.

RTV should be used as much as possible inside and as little as possible on the outside. Since the RTV is not dry by the time the module is moved to the mapper, light leaks can reappear during the transfer. It has been suggested that black tape be put over those places which are found to have recurrent light leaks. 

10.4 Timing

Crimp - 15 minutes (setup, alignment, crimping both sides)

30 minutes/manifold

11 Light Leak Checking

11.1 Supplies and Tools

· Black tape

· Patience

· PMT with fiber cable

· High voltage supply

· Ammeter

11.2 Procedures

Cover holes in LIMa. These are supposed to let light in when they are open.

Record location of initial light leaks.

Record final current and voltage

11.3 Suggestions/warnings

If the detailing is not done carefully this will be a VERY LONG process.

11.4 Timing

5 minute setup

15 minute - ( for checking
12 Mapping

12.1 Procedures

Align F2 end

Start program

12.2 Suggestions/warnings

Remember this machine uses a radioactive source. Use all necessary precautions.

12.3 Timing

??

13 Miscellaneous

Every day there are 8 trays (assuming 4/day production rate) which will need the vacuum bags removed. It is possible to save the plastic and reuse it, provided there were no holes put in it during its previous use. This could well take up 0.5-1 FTE. It is possible to remove the vacuum tape from the trays while they are in the racks, provided access to all sides of the rack is available.

13.1 Procedures

Remove vacuum tape from tray and plastic

Fold plastic

Remove caps from fixture pins.

Remove fiber protectors

Remove spiral tubing.

13.2 Timing

Vacuum tape removal - 20 minutes/tray

Fold plastic - 5 minutes

Remove bits and pieces - 7-10 minutes.

Put away bits and pieces - 5 minutes

Worker and Time Summary

Task
People
Time/Module

Prep
1-3
30 minutes

Cutting
1(2 or 3 for loading)
30 -35 minutes

Light case forming
2
45*2 minutes

Bottom Assembly
3
65(?) minutes

Gluing
2
60 minutes

Top Assembly
3
45 minutes

Flycutting
1
60 minutes

Detailing
1-2
45-75 minutes

Light tighting
1-2
(20 min. (no leaks)

Mapping
1
40-60 minutes

Miscellaneous
1
40 minutes
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Figure � STYLEREF 1 \s �3��� SEQ Figure \* ARABIC \s 1 �1�: Layout of the Argonne cutting table.





Figure � STYLEREF 1 \s �3��� SEQ Figure \* ARABIC \s 1 �2�: Layout of proposed cutting tables for other module factories.
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