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Hans Jostlein, August 4, 2004

ABSTRACT

A Totally Active Scintillating Detector (TASD) for electron neutrinos, consisting of scintillating oil-filled PVC extrusions, has been proposed by the NOVA collaboration.

There are several ways to assemble a  TASD .

Two main approaches are:

--assemble it in situ from individual extrusions

--assemble a “block” of several layers of extrusion in the horizontal position and “raise the block” when complete.

I am outlining here a scheme to “raise the block”.

Assembling a Totally Active Scintillation Detector 

We assume here that a TASD consists of  1845 planes of size 17.5 m x 17.5 m x 10 cm deep.  The planes are assembled from  14 lengths of multi- cell PVC extrusions, each 4.9 cm thick,   1.28 m wide,  and 17.5 m long.  Each extrusion weighs 149 kg.  Extrusions  are installed alternating in horizontal and vertical orientation.

To resist the internal fluid pressure, successive planes need to be glued together.

Glue beads need to be spaced no more that about 6 to 12 inches apart (to be determined). 

A single plane of empty extrusions weighs about 2 ton.

The Assembly Challenge

The detector consists of  1845 planes.

If one wishes to assemble the whole detector in 3 years (600 work days),  then one must assemble 3  planes a day.

It is possible that the glue will take several hours to cure sufficiently for handling. We don’t know that time yet. This may pace

 the achievable speed of assembly.

 The extrusions may also need to be clamped while the glue is curing, preventing us from adding more extrusions while the installed ones are curing.

While the positioning accuracy requirements for extrusions are probably not very stringent, some kind of fixturing will be needed to get them in the right place, more or less.    Installing extrusions individually means handling awkwardly large objects of significant weight (149 kg = 330 #) at various elevations between ground level and 57  ft off the ground. This will require fairly elaborate   lifting and fixturing equipment.

I don’t understand yet how the extrusions will be made  light tight.  Maybe the extrusions already come individually light tight and checked out.  If not, whatever the method,  light blocking materials  it will be installed, again, at awkward elevations.

Finally the readout electronics needs to be installed, from the snouts to the final readout fiber.  This involves gangways and installation and testing work at all elevations.

A Proposal for  Assembly

We propose to assemble  16 detector planes at a time, called a “block”.

The assembly is made on a horizontal table.

This offers several advantages:

--the work occurs near ground level

--extrusions can just be laid down, rather than having to fasten them

--glue doesn’t run

--gluing  pressure can be applied simply by weights

--electronics can be installed and tested near ground level. This makes the work efficient and safe, and obviated the need for gangways on the top and side of the detector

--the scheme has the potential of assembling planes at a much faster rate than the minimum of three per day mentioned above. This can cut costs and bring the detector on-line more quickly.

However—

One needs to have a way of raising each completed block into the vertical attitude and gluing it to the previously completed part of the detector.  Each block has 16 planes and weighs 34 tons.  This report describes  just such a device and related items and procedures.

The Block Raiser

The Block Raiser, see figures,  is, in essence, a  large assembly table that can be tilted to the vertical hydraulically.  It rides on railcar wheels on two standard railway rails that run for the full length of the detector hall.  Railcars of standard design can weigh up to 140 tons, riding on a total of 8 wheels.  We propose to use 8 wheels as well (see drawings), consistent with the estimated total weight of 34 tons for a block plus  61 tons for the Block Raiser itself.

The table is based on a rectangular frame made from a large box beam, to give it torsional stiffness.   The frame supports building-type trusses, fairly closely spaced, which, in turn, hold a decking made of  ¾ inch thick high density plywood such as is used for concrete forms.  The decking is shimmed rather carefully to provide a flat surface for construction of the planes.  The edge that becomes the bottom when the table is tilted has a series of forklift-type forks that prevent the block from sliding when the table is tilted up. The forks are located between the detector support rails (if there are any) or in appropriate shallow floor grooves that are left in the  concrete floor.
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The deck also has another special features:  it can hold  extrusions and completed blocks toward the decking by virtue of vacuum applied  through a number of pipe connections through the decking.   This is useful to make the first layer of extrusions lie flat and conform closely to the flat table.   The vacuum  is also capable of holding a completed block against the table when in the vertical position.  A  vacuum of just 0.14 psi will hold the weight of a completed 16-layer block.  Such a vacuum can be generated easily and inexpensively using a regenerative centrifugal blower.   The edges of the decking hold an inflatable seal that aids in maintaining the vacuum.

The tilting is driven by two telescoping hydraulic cylinders. Such cylinders are commonly used, e.g. in dump trucks, and are inexpensive and reliable. For a pressure of 1500 psi, it will take a piston area of just 44 square inches to lift the block, plus a similar amount to lift the deck structure. Each of the two cylinders needs to be only 8 inches in diameter.   When the center of gravity of the tilt table and block passes over the hinge point, a second pair of (smaller) cylinders is need to control the forward motion of the load.   


[image: image2.png]Block Raiser at 30 Degrees
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[image: image3.png]Block Raiser at 78 Degrees
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[image: image4.png]Block Raiser at fully vertical attitude
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The Simple  Table

In addition to the Block Raiser, the work flow is much enhanced by the presence of a second assembly table, the “Simple Table”. This table is of the same size, i.e. 17.5 m x 17.5 m, and of the same height as the Block Raiser table is when in the horizontal attitude.  It is also supported by railroad type wheels, probably only four due to the lesser weight.  The Simple Table is equipped with a vacuum pipe system and an inflatable edge seal,   just like the Block Raiser table.

The Simple Table, used in concert with the Block Raiser Table, enables production of 2 planes or more of detector each day.  

Here is how it works.

The technicians lay one plane of extrusion on one of the tables, using appropriate fixturing to locate the extrusions.  The extrusions are moved using a truss with a series of vacuum cups, suspended by a modest building crane of about 5 ton capacity.

 Then the technicians  turn on the vacuum to make the extrusions lie flat.  The next step is to apply glue beads (using multi-nozzle, air driven dispenser, most likely) to the footprint of the first cross- extrusion to be installed.  This extrusion is placed and aligned using fixture stakes on the table.  


[image: image5.png]4-239"

22

17

"Weight" for holding down extrusions while glue cures

Weights are 17.5 m long




A special weigh is placed on top of the extrusion to spread the glue and make the new extrusion conform to the base plane.  The weight is made from two layers of high density plywood, spaced by five each engineered-lumber beams of 2 ft height. The beams are connected to the plywood by construction adhesive and drywall screws, to form a flat and stiff box beam.   A total of 14 such weights needs to be provided, as will be seen.

The technicians continue to glue and weigh down the remaining 13 extrusions to complete the plane.  At that point they turn to the other table (i.e. the Block Raiser table) and repeat the process of laying a base plane.  Depending on the time it takes for the glue to become sufficiently tacky to hold an extrusion, they can now glue the first cross plane.

They re-use the weight from the first extrusion they installed earlier, and so on.  If the glue becomes sufficiently strong after 4 hours to remove a weight, then the crew can glue the two planes in an 8-hour shift.  If it takes longer, they will need a total of 28 weights, and allow both planes to cure overnight.

While the blocks are being built up, a crew of technicians installs the APD sensor units and the electronics crates.  They also test each extrusion unit, using, e.g. a built-in :LED pulser and checking for light leaks using a strobe light..  They can  install everything except the final power connection and the final data fiber output connection.  Both of  these  can  be in the form of coiled-up cables that hang down to the hall floor after the block is installed.

When the blocks are complete, having 16 planes each, and are cured, it is time to raise the first block and attach it to the previously constructed portion of the detector.   First, glue beads are applied to the full  top surface of the completed block on the Block Raiser Table.   That table is raised, with vacuum on, to the vertical position.  At that point a number of small ancillary hydraulic pistons are used to:

--immobilize the Block Raiser by clamping to the hall’s rails

--set its angle exactly vertical

--set its horizontal angle exactly square to the beam axis

--center it horizontally and vertically

--bring the new block toward the exiting detector

This phase is important.  It assures that subsequent planes to not drift out of alignment and that glue gaps are tight, hence strong.

When  the glue beads are beginning to contact the opposing surface, the  suction is switched to pressurizing, and a very small amount of positive air pressure drives the new block toward the exiting detector, spreading the glue, and providing a clamping force during curing.

What about the completed Block sitting on the Simple Table?

When the glue holding the first block to the detector has cured , the Block Raiser table is withdrawn and returned to the horizontal attitude.  It is parked right next to the Simple Table.  The piping of both table is now slightly pressurized ( a little over 0.14 psi) to float the completed block.  A small number of pneumatic wheels (like those used on hand trucks)  embedded in the decking is raised, using small air cylinders, and is used to move the completed block in a controlled fashion from the Simple Table to the Block Raiser Table.  At that point the block installation sequence is repeated.

Costs

It is always risky to assign a cost to something that has not been designed in detail.

However, one can arrive at a very approximate figure nonetheless.

If we assume that the amount of steel used to build the Block Raiser is the equivalent of a  1 inch thick plate of size 17.5 m by 17.5 m, then the steel weight will be 61 ton.  Steel shapes cost about $1.- per kg, hence the steel cost will be $ 61,000.-  We can cover the fabrication costs by doubling this amount, to $ 122,000.-   Let’s add $ 50,000 for the cylinders and the hydraulic power unit, for a total of  $172,000.   EDIA will take this up to about 200 k$.   The Simple Table should cost about  half of the structural portion of the Block Raiser, for about  61 k$.  To this one needs to add the miscellaneous things like the rails, the weight, the glue dispensers etc.
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