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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 Diagrams

This document does not contain diagrams of the modules or the parts. These are available on the web at http://www.hep.anl.gov/joffem/CONSTRUCTION as well as Tom Chase's parts page at http://www.menet.umn.edu/~trchase/minos/index.html. They have not been included here because I got tired of fighting with them to get them where they belong. Diagrams of the cutting tables have been removed because each factory's cutting table looks different.

1.3 Module Labeling

The naming convention agreed to at the Aug. 2000 Caltech meeting is this, FAC####Ty. FAC is the factory location, CIT, UMN, or ANL. #### is the sequential number coming out of that factory. "Ty" is the module type. This includes the general type A-N, whether the far bypass module has H-clips on one or both sides, and the view of the Near detector modules.

When modules are completed the module ID should be legibly written in permanent marker at each end of the module. This should then be covered with clear tape to protect from smearing it.

ID
Factory
Sequence
Type
Bypass/View

CIT0014Da
Caltech
14
D
H-clip on 1 side

CIT0283C
Caltech
283
C


CIT1092Fb
Caltech
1092
F
H-clip on 2 sides

UMN0092A
Minnesota
92
A


UMN1378B
Minnesota
1378
B


ANL0013Gu
Argonne
13
G
u

ANL0693Nv
Argonne
693
N
v

For calibration modules a letter has not been assigned. Anything after 'N' is available. To prevent any confusion, one suggestion would be to use 'Z'.

1.3.1 Reference Edge and Manifold ends

The strip at the reference edge is strip 1. In most modules this is easily recognized, it is the side of the modules closest to the snouts. For far detector bypass modules strip 1 is the outside strip of the bypass. For all near detector modules strip 1 is the strip on the same side as the snout.

For the calibration modules there is no way to easily tell which side is the reference edge. I suggest that strip 1 be labeled before the module is removed from the tray, keeping in mind how far the crimp comes in.

The manifold ends are labeled F1 and F2. When looking down on a module from the reference edge (strip 1) the F1 manifold is on the right and the F2 manifold is on the left. These should be labeled when the module ID is written on the module. The trays themselves should be labeled to make the labeling of the modules easier. Then the top cover is installed on the module, the end label should be written on the top manifold cover.

1.4 Changes to Procedures

Once the procedures have been agreed to they should be followed by all factories. Suggestions for changes should be communicated to the other factory managers as well as the Level 3 Managers for Factories, Factory Equipment and Modules, as well as the Level 2 Manager. Any changes to procedures should be agreed to by all of the above before being implemented. Changes should then be adopted by the other factories unless everyone agrees that it does not impact the product.

1.5 Quality Control and Assurance

While it is not necessary that each factory use the same tracking sheets, specific information should be recorded for each module at each stage. A generic set of tracking sheets has been provided which can be downloaded from the web at http://gate.hep.anl.gov/joffem/CONSTRUCTION/. 

Throughout this document, information which should be recorded at each stage is indicated.

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)

· DP-810?

· White Teflon coated vinyl tape

2.2 Procedures

The pockets in the Light Injection Manifolds (LIMa's) should be painted with at least 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. Only those pockets which have a hole for the light injection fiber should be painted. The problem here is that you need enough coverage to get good reflectivity, but applying the Bicron paint in thick coats causes it to crack. It may be time to look into a primer which would cut down on the number of coats of the Bicron paint so that cracking is not a problem.

Pockets in the manifolds for the light injection system were covered with aluminized mylar tape in the prototyping. We are now covering the light injection pockets in the manifolds with white Teflon coated vinyl tape. This provides good reflectivity, will not oxidize and is easy to apply.
Double stick tape in tape pockets. Loosen corner of the tape backing so it is easy to remove at the glue machine. Do not completely uncover the tape until at the glue machine, otherwise the tape will act as a dirt magnet.

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.

Install connector (it is more efficient if more than just one days worth is done at a tine):
· Apply thin bead of DP-810 along the entire length of the front portion of the manifold connector pocket

· Press connector firmly into pocket, being careful to install it from back to front to help prevent the DP-810 from getting into the fiber channels.

2.3 Suggestions/warnings

The tape over the threaded holes in the connectors is important to prevent DP-810 from getting into the holes and making it impossible to connect a cable to the module.

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. This is currently taking much longer due to needing more coats.

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 (depending on factory)

3.2 Procedures

QC should include:

· Crew

· Date

· Several width measurements

· Module ID and module type

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 at 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. A template or fixture would make this job easier.

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.

3.2.1 Type A/Type B

The 28 extrusions are set on the table at approximately a 45 degree angle. The strips for either and A or a B are then cut. The remaining part of the extrusions are then repositioned to be cut for the other module. For a more detailed description see below.

3.2.2 Type C/E

This is the most straight forward module to cut. It is simply 20 strips cut with perpendicular ends.

3.2.3 Type D/F

The cutting of these 20 strips starts out the same as for Types C/E. Once the ends are trimmed, 5 of the strips need to be cut in two to fit around the bypass. A 6th strip needs to have a notch cut out to fit around the bypass.

3.3 Cutting for 45 degree modules (Types A and B)

If it becomes necessary to cut the ends of the strips for the 45 degree modules perpendicular, figure 3-3 shows a possible layout. The cutting sequence would go something like this:

· Align extrusion at right end of table as if for a perpendicular module. Trim the right ends to be perpendicular.

· Place a stop on the table at an angle of 26.56 degrees (tan()=0.5) at the right end of the table. Slide the extrusion up against it. Fixture extrusions as for any other cut.

· Make one perpendicular 8 meters from the point where the line of the alignment edge of the extrusions meets the line of the stop. This will cut the strips for the B type modules.

· Slide the rest of the extrusions to the front of the table. Now install the stop in the middle of the table and push the extrusions up to it.

· Fixture the strips and make one perpendicular cut at the left end of  strips. These are the strips for the A-type modules. 

· If this method is adopted, better drawing will need to be produced.

3.4 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.

The saw is set up to cut on only one side of the cutting guide. 

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).

A jig is needed to aid in cutting the bypass strips. The Caltech factory has developed a method for cutting the bypass strips which makes sense. The 6 bypass strips are cut in half, a bypass template is inserted and the strips are then cut to length at the ends.

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. (8098-8099 mm for perpendicular and the long 45 degree modules. 5830 for the short 45 degree modules)

Slit to width. (strip width plus 90 mm; determined by experience; depends on bend radius and experience with the tool)

Cut 45 degree angles if needed.

· A description of this should come from the Minnesota factory.

Cut bypass notch if needed.

· A description of this should come from the Caltech factory.

Form case.

Punch fixturing holes.

Clean bottom light case with isopropyl.

Width of aluminum should be recorded on the QC sheet, along with the forming crew.
4.2.1 Type A/B

1. cut to length (8098 mm for B-type, 5830 mm for A-type)

2. slit to width (S+90 mm)

3. cut ends at 45 degrees

4. form edges

5. punch fixture holes

6. Note: The fixturing at the Minnesota factory has changed the order of these steps.

4.2.2 Type C/E

1. cut to length (8098 mm)

2. slit to width

3. form edges

4. punch fixture holes

4.2.3 Type D/F

1. cut to length (8098 mm)

2. slit to width

3. cut bypass notch

4. form edges

5. punch fixture holes

4.3 Suggestions/warnings

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

Fixturing to make cutting 45 degree angles easy.

It would be good if the slitting did not require the operator to do any calculating. If calculations are needed they should be done on the QC sheet.
5 Bottom Assembly

5.1 Supplies and Tools

· DP-190 (or bulk equivalent 2216)

· RTV 

· Manifolds

· Manifold Covers

· Connectors (2)

· Alignment pins (2)

· Fixture pins (6)

· Shoulder washers (6)

· Vacuum tape

· Plastic sheet

5.2 Procedures

QC: record crew, date and time vacuum turned on
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.

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. Some experimentation with the number, placement and size of the dog-ears is probably warranted at each factory.

For diagrams of where the epoxy and RTV go, see: http://gate.hep.anl.gov/joffem/CONSTRUCTION/Bottom_assembly.doc. 

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" from all outside edges of bottom manifold cover

· along seam between bottom cover and bottom light case

· around shoulder washers

· in corners of connector/manifold interface (remember the connector is already installed)
Apply DP-190 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)

Caltech usage:

A-type: 1 cartridge

B-type: 2 cartridges

C, D, E, F-type: 1.5 cartridges

Epoxy amounts will need to re-quantified after the use of the bulk epoxy starts.

Spread the epoxy evenly over the entire cover.

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

Connector application moved to prep.

Cover snout to protect plastic from sharp corners.

Put caps on pins to protect plastic.

Place a wide piece of 1/4 inch or thicker aluminum stock over the strip-manifold interface to keep tops of strips at same height as manifold (Caltech note).

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. Caltech has been setting the vacuum at 10-11 inches Hg for the DP-190 and ~7 inches for the translucent epoxy. The trick here is to maximize the vacuum without causing squeeze out.

Clean trowels.

5.2.1 Type A/B

1. RH 45  manifold

2. LH 45 manifold

5.2.2 Type C

1. RH perpendicular straight out manifold

2. LH perpendicular side out manifold

5.2.3 Type D

1. LH perpendicular straight out manifold

2. LH perpendicular side out manifold

3. Bypass manifold

5.2.4 Type E

1. LH perpendicular straight out manifold

2. RH perpendicular side out manifold

5.2.5 Type F

1. RH perpendicular straight out manifold

2. RH perpendicular side out manifold

3. Bypass manifold

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. The most important factors are not getting too much epoxy and not having the vacuum too high.

6 Fiber Gluing

Detailed instructions can be found at the end of this document.

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

During morning setup check the level of the epoxy parts to ensure there is enough for the days production.

Quickly clean manifolds and grooves of strips.

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.

To save on use of the syringes all connectors can be potted at the end of the day. 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.

6.4 Timing

Morning set up - ?

Per strip - 4 minutes

Evening tear down - ?

7 Top Light Case Forming

See bottom light case forming.

7.1 Procedures

Length is the same as for bottom light case.

Width is strip width plus 30 mm. (see bottom light case) Caltech has been using width plus 29 mm which gives a better crimp.

See bottom light case forming.

Check fit with bottom light case.

Punch Alner bar holes.

Turn cover over

Clean glue surface with isopropyl

7.1.1 Type A/B

1. cut to length (8098 mm for B-type, 5830 mm for A-type)

2. slit to width (S+30 mm)

3. cut ends at 45 degrees 

4. form edges

5. punch fixture holes

7.1.2 Type C/E

1. cut to length (8098 mm)

2. slit to width

3. form edges

4. punch fixture holes

7.1.3 Type D/F

1. cut to length (8098 mm)

2. slit to width

3. cut bypass notch

4. form edges

5. punch fixture holes

8 Top Assembly

8.1 Supplies and Tools

· Top washers

· Top manifold covers

· RTV

· DP-270

· DP-190 (or 2216)

· Trowels

· Vacuum tape

· Spiral tubing

· Plastic sheet

· Isopropyl

· Wipes

8.2 Procedures

Before any tops are installed, fill glue pocket in all connectors with DP-270 at one time - saves on EPX nozzle and saves time. Caltech has started trimming the fibers at this stage with a hot knife to prevent breaking the fibers.

Apply vacuum tape as for bottom.

Spread DP-190 evenly on top light case.

RTV around shoulder washers.

Place rigid bars across module to hold top cover up while it is positioned. Place top light case on bars, position and push down onto module. Each factory may determine its own method for doing this.

Diagrams are available at http://gate.hep.anl.gov/joffem/CONSTRUCTION/Top_assembly.doc. 

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.

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

Put protective covers on fixture pins (can use an extra washer in this case).

Spread spiral tubing over module.

Seal plastic as for bottom.

Clean trowels.

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. Doubling the washers also works to protect the plastic.

9 Fly Cutting

9.1 Supplies and Tools

· Hot knife

· Fly cutter

· Small mirror

· Small magnifier

· Safety glasses

9.2 Procedures

Need complete instructions from expert.

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 for even cutting using a magnifying glass.

Cover the end of the connector with a strip of kapton tape to protect the fibes.

10 Detailing/Crimping

Still waiting for information from the experts.

10.1 Supplies and Tools

· LIMa

· VWS

· H-clips

· RTV

· Black tape

· Aluminum tape

· DP-810

10.2 Procedures

Crimp

· Align one edge of module with the line on the table.

· Bring crimping truck up to module slowly and start the crimp; making sure everything is aligned well.

· Crimp the edge.

· Repeat for the other edge.

Apply LIMa

· Check handedness of the LIMa before attaching it to be sure it matches the light injection pockets on the manifold.

· DP-810 should be applied to all surfaces which will contact the manifold. Care must be taken to ensure that no epoxy gets on the fibers.

· RTV should be applied as much as possible inside the light injection manifold, especially at the connector pocket. Care must be taken to be sure the RTV does not go into the light injection pockets.

Apply VWS 

· For perpendicular modules the VWS is a two part clam shell. Super glue and RTV should be applied similar to the LIMa.

· 45 degree modules will use the same extruded gasket as the bypass light seal. Cut to length and apply with DP-810, using RTV inside where appropriate.

Apply bypass light seal

· This is an extruded gasket which can be cut to length and attached with super glue. One continuous piece should be used and RTV used inside where appropriate. Possible light leaks at corners should be sealed with tape (aluminum or black electrical or both?). 

Light seal all seams, in particular around the connector.

Apply H-clips (still unclear when they go on)

· H-clip positions were determined for the 4 Plane Prototype

· All distances are from the center of the module to the closest edge of the clip unless otherwise noted.

· Type A (on strip 28)
· ± 550 mm

· ± 150 mm (from end of strip to outside edge of clip)

· Type B (on strip 28)

· ± 550 mm

· ± 1300 mm

· ± 2550 mm (or the far edge is 100 mm from the end of the strips)

· Type C/E (on strip 20)
· ± 550 mm

· ± 1300 mm

· ± 2500 mm

· ± 3750 mm  (or the far edge is 100 mm from the end of the strip)

· Type D/F (on strip 20; one per plane also needs H-clips on strip 1)

· ± 550 mm

· ± 1300 mm

· ± 2500 mm

· ± 3750 mm (or the far edge is 100 mm from the end of the strip)

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. 

11 Light Leak Checking

Need complete instructions. This will most likely be done at the mapper. If the detailing is well done there is almost nothing to do here.

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 on QC sheet.

Record final current and voltage on QC sheet.

When complete, cover connector ends with a strip of kapton tape to protect fibers.

12 Mapping

This still needs instructions from Danny and/or Hwi.

12.1 Procedures

Align F2 end

Start program

When complete cover connector ends with kapton tape.

12.2 Suggestions/warnings

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

12.3 QC Decision

At this point a decision must be made about the quality of the module. The average performance criteria are:

· >4.7 pe's/mip on average

· <1% broken/badly damaged fibers

· local attenuation-corrected response within 30% of the "average response"

An individual far detector module will be considered bad if:

· average light output < 4.0 pe's/mip

· > 3 severely damaged fibers (fiber damaged at both ends counts as only one fiber)

· local attenuation-corrected response less than 70% of the "average response"

Near detector criteria are being discussed, but have not been finalized.

13 Packing

As the modules are packed into the shipping crates a list should be kept of which modules are in that crate. A copy of this list should be attached to the crate or placed inside it so that the installation crew knows what is within the crate without having to take out each module.

14 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.

14.1 Procedures

Remove vacuum tape from tray and plastic

Fold plastic

Remove caps from fixture pins.

Remove fiber protectors

Remove spiral tubing.

Staffing 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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FUCTIONAL OVERVIEW OF ZONES

Note that these instructions assume that gluing is done starting at the F2 manifold and proceeding to the F1 manifold.

Zone 1 advances machine approx. 18” from the beginning of the scintillator strip on the F2 side of the module in order to place glue in the first part of the strip and advance the tape pressure roller to the beginning of the strip.

Zone 2 Advances the machine down the strip laying fiber and tape for the remainder of the strip, stopping when the pushstick advances to the end of the strip, so that the tape and fiber can be cut.

Zone 3 Advances the machine past the F1 manifold to allow pulling out of the extra fiber needed to run through the manifold.  The Nozzle and tape roller are in the up position  and the cross-slide brake is on.

Zone 4 Returns the machine the machine back toward the F2 manifold stopping at the home position and returning the machine back to zone 1.

STEP BY STEP INSTRUCTIONS FOR STANDARD GLUING

STEP 1

Machine at beginning of zone 1 
Stylus is in down position, tape/pushstick held up, Fiber is not threaded.

· Place stylus in groove of the scintillator to be glued.

· Thread fiber through guide rolls and secure on rear sensor bracket

· Check to see that machine path is clear and all operator hands are free of machine.

· Press start button.

· Observe proper glue operation and machine travel while machine is running

Pressing the start button will cause the carriage to advance approximately 18 inches.  During this time, the glue dispenser will run filling the groove with epoxy.  A timer [TIMER 1] controls the machine during zone 1.  The timer is started at the pressing of the start button and the machine carriage and glue dispenser will run until the timer reaches a preset value.  Upon reaching the preset value, the carriage and glue dispenser stop and the machine is set to Zone 2.  

Note that pressing the stop button while in zone 1 prior to the timer completing will stop the machine and reset the timer accumulator to zero and the full cycle of Zone 1 will be repeated with the pressing of the start button.  

STEP 2

Machine at beginning of Zone 2

Stylus is in down position, tape/pushstick is free to lower,  fiber is secured.

· Place bead of hot melt glue at beginning of scintillator.  The hot melt must be kept below 80 (C in order to prevent damage to the fibers.

· Unsecure fiber and pull amount of fiber need for run through manifold to connector

· Place fiber into hot melt glue bead before hot melt cools and hardens (about 15-30 seconds after application depending on temperature)

· Thread mylar tape over tape roller and press tape onto scintillator over the fiber groove.  The bead of hot melt glue that is holding the fiber in place will help hold the tape as well.

· Release and lower tape system to the down position.  The tape system is held in the down position by means of a ball détente.  Care must be taken during this procedure to hold the pushstick away from the fiber until the system us down and to then gently bring the pushstick into contact with the fiber. 

· Verify that the tape roller is providing pressure to the tape and that the pushstick is properly seated on the fiber.

· Check to see that machine path is clear and all operator hands are free of machine.

· Press start-button 

· Operator 1 carefully threads the fiber through the manifold and connector. (See section on fiber threading)

· Operator 2 must walk along with machine ensuring the following: 

· Fiber is constrained by the hot melt glue.

· Stylus is staying in the groove

· Glue is being dispensed properly into groove and not hitting the side of groove

· Glue flow is appropriate for groove conditions (fiber is being covered completely)

· Fiber is remaining contained by the concave tip of the pushstick and is staying low in the groove

· Tape is tracking down the center of groove and completely covering the groove.

· Tape surface is being evenly pressed down and making contact with the epoxy without excessive wrinkles.

· The machine path does not become blocked.

· The fiber is not jerking or under excessive tension from tangles in the roll or binding in the guides rolls

· The stylus retracts at the proper instant before encountering the F1 manifold.

· The carriage stops before the pushstick passes the end of the scintillator strip.

Pressing the start button will start the carriage forward and cause the glue dispenser to continue dispensing epoxy into the groove.  In addition, fiber is being placed in the groove behind the glue nozzle, the pushstick is pressing the fiber into the bottom of the groove, and mylar tape is being pressed over the top of the groove.

While in Zone 2, the machine continues in this state until the signal is received from the forward sensor .  This sensor is located so that it is triggered when the stylus is  within inches of the F1 manifold.  When the forward sensor is triggered, the glue stops being dispensed, the nozzle is automatically pulled into the up position, and a timer is started [TIMER 2].  The carriage continues moving forward until the timer reaches a preset value.  This preset value is adjusted so the carriage moves forward until the pushstick comes near the end of the scintillator.  After the timer completes,  the carriage will stop and the machine will advance to Zone 3.  While the carriage is moving forward with the stylus out of the groove, a brake is applied to prevent lateral movement along the cross-slide.

Note that pressing the stop button in zone 2 prior to the triggering of the forward sensor simply stops the machine holding the machine in zone 2.  The machine can be restarted and normal operation will resume.  However, Pressing the stop button after the sensor is triggered but prior to the machine stopping may cause the timer to reset.  This will cause the machine to run slightly further upon restart before completing zone 2.

STEP 3

Machine at the beginning of zone 3.

Stylus is held in the up position, tape roller/pushstick are held down with ball détente, cross-slide brake is on, fiber and tape are still connected to spools.

· Cut mylar tape below tracking roller and let hang
· Cut fiber at appropriate point between guide rollers so that there is enough to run fiber through manifold and connector.
· Check to see that machine path is clear and all operator hands are free of machine.
· Press start button
Pressing start button will start the carriage moving forward again, this time without dispensing glue.  Also at the start, the tape system will be moved automatically into the up position so that the pushstick and tape roller clear the manifold.  The purpose of this zone is to advance the machine far enough to allow the extra fiber lengths needed for the manifold to be removed safely from the guide rollers and out of the way of the carriage. A timer [Timer 3] is used to determine the distance the carriage runs.  After the timer reaches the preset value, the carriage stops and the machine is set to zone 4.   Pressing the stop button in zone 3 will reset the timer to the beginning of zone 3.

STEP 4

Machine at the beginning of zone 4

Stylus is held in the up position, tape roller/pushstick are held in up position, brake is on, tape and fiber are loose. 

· Make certain that fiber is completely out of machine and safely laid under the carriage.

· Check to see that machine path is clear and all operator hands are free of machine.
· Press start button
· Thread fiber through manifold and connector of F1 end.

Pressing the start button in zone 4 causes the machine to reverse direction and return to the starting point for Zone 1.  The carriage continues moving with the stylus and nozzle retracted and the brake on to prevent contact with the module.  The carriage continues until the rear sensor  is triggered twice.  Upon seeing the second input on the rear sensor, the carriage stops, the brake releases, and the stylus is released allowing it to fall to the surface of the scintillator.  The machine is set to zone 1 and the process is repeated.   The stop button can be pressed at any time during zone 4 with no adverse effects.

OTHER FEATURES 

JOG 

The jog button can be used to advance or reverse the machine. There is a jog button on each side of the machine.  Additionally, each side of the machine has a direction button that is specific to the jog button located on that side.  Pressing  the jog button will move the carriage in the direction that the adjacent direction button has selected.  The jog button causes the tape and stylus to be brought into the up position to prevent accidental contact.  Glue is not dispensed in jog mode.  Jog mode does not work with the stop button pressed.

TEST GLUE

The test glue button located only on the operator side of the machine causes the glue dispenser to run.  This is used to test the dispensing, verify the ratio, or clear out the nozzle.  The stop button being depressed will prevent the test glue feature from working.

PERPENDICULAR/ 45 DEGREE

This is a selector switch which is used to differentiate between gluing perpendicular and 45 degree modules.  The switch simply changes which set of sensors the machine uses for the zone change and logic decisions.  The 45 degree program uses the sensors mounted to the nozzle and tape system brackets.  The perpendicular program uses sensors mounted to the frame.

RESET

This button places the machine into Zone 1. This is used for resetting the machine after unexpected behavior or during bypass gluing. 

PROCESS MODIFICATION FOR BYPASS GLUING

Overview

Bypass gluing is accomplished essentially in the same manner as above with slight modification to accommodate strips one through five which are actually made up of two strips with the bypass manifold separating them.  The two parts of the strip will be referred to here as the F2 (first half) and F1 (second half) strips respectively

Bypass gluing utilizes an adjustable sensor stop located at the middle of the table.  This adjustable stop has 5 locations corresponding to the strips 1-5.  The positions are set such that the machine nozzle is retracted inches prior to the bypass manifold and the carriage comes to a stop before the pushstick hits the bypass manifold.

After properly securing the fiber, the carriage is advanced using the jog button so that the stylus can be placed in the start of the F1 strip.  The machine is then manually reset to zone 1 and the process is repeated for the F1 strip.  After completing gluing of the F1 strip, and prior to returning the machine to the home position at the F2 manifold, the adjustable stop must be removed so that the machine stops in the correct spot.

ADDITIONAL STEP BY STEP INSTRUCTIONS FOR BYPASS GLUING

Follow Step 1 of standard gluing with addition of the following step inserted prior to pressing start button

· Place adjustable sensor stop at appropriate position corresponding to current strip (1 thru 5)

Follow step  2 and follow completely .

At the completion of this step, the machine will be stopped over the bypass manifold with the pushstick  in the scintillator groove a small distance in front of the bypass manifold.

Proceed to step 2A

STEP 2A

Stylus is held in the up position, tape roller/pushstick are held down with ball détente, cross-slide brake is on, fiber and tape are still connected to spools.  Note that the machine is currently set to zone 3.

· Place hot melt in groove at end of F2 strip and press fiber into glue bead using same precautions as in step 1.

· Remove adjustable sensor stop
· Cut mylar tape
· Manually push the tape system in up position
· Jog machine forward over bypass manifold until nozzle is at appropriate point over F1 strip to begin gluing.  This must be done carefully paying close attention to the fiber that is still connected to the spool.  This also cannot be done until the hot melt glue is properly set-up.
· Route the fiber through the bypass manifold
· Press the rest button drop the stylus and begin gluing of the F1 strip.

The machine is now back in zone 1 and ready to repeat the the standard gluing process for the F1 strip following steps 1-4 precisely

At the conclusion of Step 4, the machine should now be back at the home position ready for gluing the next strip.
























































































Page 19 of 1
10/13/00, 10/17/00, 11/14/00



