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Abstract –
The NOνA far detector will consist of nearly 500,000 3.87 cm × 6.0 cm × 15.7 m rigid polyvinyl chloride (RPVC) cells filled with a liquid scintillator.  Cells are to be manufactured as thirty-two (32) cell extruded modules.  To develop a critical quality control procedure, a prototype of a test device was constructed and a small number of NOνA extrusion modules were subjected to pressure tests.   

Eleven (11) 16 cell horizontal profile extrusions were subjected to pressure testing during the period of 6/21/07 to 6/25/07.  All samples were tested to failure.  Failure is defined as a breakdown of structural integrity, i.e. a physical split in a side wall, web, or root.
Pressure at failure ranged from a low of 45 psi, Sample 7, to a high of 200 psi, Sample 9.  Because the test device is only a prototype, pressure readings at failure are close approximations.  Failures fell into three classifications; (1) side wall failure, (2) web failure, and (3) root failure.
Introduction –

Test Setup
Figure 1 is a drawing of the test device.  A NOνA extrusion RPVC sample, approximately six (6) inches long, was placed between two large aluminum bars, measuring 2 7/8” H × 3 ¾” W × 32” L .  The bottom face of the top aluminum bar was machined creating a channel to allow pressurized water to fill each of the sixteen cells of the sample.  At one end of the channel, a threaded fill hole was drilled through the bar.  At the other end of the channel, a second threaded hole was drilled to accommodate a 0–200 psi pressure gauge and a bleed-off value.

To ensure the ability to maintain internal pressure, two large rectangular gaskets were manufactured.  The gaskets were drilled with sixteen (16) 3/4” holes with positions corresponding to the center of the individual cells (See Figure 2.).  The gaskets were placed between the sample’s top and bottom and the corresponding aluminum bar.  To enable the test device to maintain pressure, bolts, washer, and 1/2” all-thread rods were used to clamp the top and bottom sections securely together.  A picture of the test device is included (See Figure 3.)  

Water was placed in the sample cells through a hose connected to a nearby sink.  Air trapped in the cells was bled off.  The test device was then pressurized by a hand pump until failure.  Each test average forty-five (45) minutes in length.  Figure 4 illustrates test results.
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Test Results Data
	Sample

Number
	Sample Material
	Test Date
	Failure 

Pressure (psi)
	Failure Type

	1
	Nova 27

(2/13/07)
	6/20/07
	180
	Side Wall

	2
	Nova 27

(2/13/07)
	6/21/07
	100
	Root and Side Wall 

	3
	Nova 27

(2/13/07)
	6/21/07
	130
	Root and Side Wall 

	4
	Nova 27

(2/13/07)
	6/21/07
	110
	Root and Side Wall 

	5
	Nova 27

(2/13/07)
	6/22/07
	160
	Side Wall

	6
	Nova 27

(2/13/07)
	6/22/07
	150
	Root and Side Wall

	7
	Nova 22

(09/16/06)
	6/22/07
	45
	Root 

	8
	1085/1029A
	7/31/06
	185
	Web 

	9
	1085/1029A
	7/31/06
	200
	Web

	10
	Nova 19
	6/25/07
	60
	Root and Side Wall

	11
	Nova 19
	6/25/07
	85
	Root and Side Wall



Analysis –
Location and type of the failure on each sample is indicated in Figures 5, 7, 9, 11,13, 15, 17, 19, 21, 23, and 25.  Figures 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and 26.






►
Sample 1.

●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 180 psi


●
Failure type:

– Side wall


●
Failure location:
– Cell (1)

●
Comment:

– Test results similar to side wall failure in Sample 5.


Analysis (con’t.)  –




►
Sample 2.


●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 100 psi


●
Failure type:

– Root and side wall  


●
Failure location:
– Cells (7), (8), (9), and (10)

●
Comment:
– Assumption that the roots between cells (7), (8), 


   and (9) failed initially, causing a subsequent failure

           
  of the side wall at cells (6), (7), (8), and (9).

[image: image1.jpg]




Analysis (con’t.)  –





►
Sample 3.


●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 130 psi


●
Failure type:

– Root and side wall  


●
Failure location:
– Cells (6), (7), (8), and (9)

●
Comment:
– Assumption that the roots between cells (7), (8), 


   and (9) failed initially, causing a subsequent failure

               of the side wall at cells (6), (7), (8), and (9).
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Analysis (con’t.)  –




►
Sample 4.


●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 110 psi


●
Failure type:

– Root and side wall  


●
Failure location:
– Cells (7), (8), (9), and (10)


●
Comment:
– Assumption that the root between cells (8), and (9)




   failed initially, causing a subsequent failure

               of the side walls at cells (7), (8), (9), and (10).
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Analysis (con’t.)  –




►
Sample 5.


●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 160 psi


●
Failure type:

– Side wall  


●
Failure location:
– Cell (1)


●
Comment:
– Test results similar to side wall failure in Sample 1.
[image: image4.jpg]BJ)2 %/

\‘Nv R
® i~
16 S






Analysis (con’t.)  –





►
Sample 6.


●
Material:

– Nova 27 (2/13/07)


●
Failure pressure:
– 160 psi


●
Failure type:

– Root and side wall  


●
Failure location:
– Cells (7), (8), (9), and (10)


●
Comment:
– Assumption that the root between cells (8), and (9)




   failed initially, causing a subsequent failure

             


  of the side walls at cells (7) and (10).
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Analysis (con’t.)  –




►
Sample 7.


●
Material:

– Nova 22 (9/16/06)


●
Failure pressure:
– 45 psi


●
Failure type:

– Root   


●
Failure location:
– Cells (8) and (9)


●
Comment:
– Given the low failure pressure, assumption is a 


 

   extrusion manufacturing defect.
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Analysis (con’t.)  –



►
Sample 8.


●
Material:

– 1085/1029A


●
Failure pressure:
– 185 psi


●
Failure type:

– Web  


●
Failure location:
– Cells (12) and (13)


●
Comment:
– Failure similar to web failure in Sample 9
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Analysis (con’t.)  –




►
Sample 9.


●
Material:

– 1085/1029A


●
Failure pressure:
– 200 psi


●
Failure type:

– Web  


●
Failure location:
– Cells (3) and (4)


●
Comment:
– Failure similar web failure in Sample 8

[image: image8.jpg]




Analysis (con’t.)  –




►
Sample 10.


●
Material:

– Nova 19

●
Failure pressure:
– 60 psi


●
Failure type:

– Root  


●
Failure location:
– Cells (8) and (9)


●
Comment:
– Anticipated root failure 
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Analysis (con’t.)  –





►
Sample 11.


●
Material:

– Nova 19


●
Failure pressure:
– 85 psi


●
Failure type:

– Root  


●
Failure location:
– Cells (7), (8), and (9)


●
Comment:
– Anticipated root failure 
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Analysis (con’t.)  –

The following summarizes and graphically displays the failure pressure of each corresponding sample.



In addition, the number of samples within a given pressure range are shown below.
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Conclusion ─
[image: image12.wmf]
Samples 

In testing eleven (11) extrusions, the range of failure pressures, 45 psi to 200 psi, was unexpected.  Also, the wide variety of failure locations was equally unexpected. 
Previous NOνA extrusion cell analysis indicated a maximum stress of approximately 715 psi, when subjected to a static pressure of 19 psi, Figure 29.  (Lee and Jostlein, 2005).  

[image: image13]

Given that RPVC has a tensile strength of 5900 psi to 7500 psi, this equates to static pressures at failure of approximately 157 psi to 200 psi.  Seven (7) of the eleven (11) samples fell below this pressure range. 
Test Device Prototype
The test device was able to satisfactory pressure test the samples.  Its design also allowed the simultaneously testing of all sixteen cells, thus identifying the weakest point in the extrusion.  However, there were two (2) drawbacks:─

1.
The testing device resulted in a cumbersome manual operation.  This, in turn, resulted in an average test time of forty-five (45) minutes.  This would severely impact the efficiency of processing a large numbers of samples in a timely manner.

2.
Failure pressures were read from a simple analog pressure gauge.  This resulted in an estimated 
[image: image14.wmf]±

5% inaccuracy in reading failure pressures.
Future Considerations ─

More samples need to be tested along with a corresponding improvement in test result accuracy.

The next phase is the construction of second, more efficient, pressure test device. The device would be equipped with hydraulic cylinders to facilitate quick loading and unloading of samples.  In addition, a suitable cover and base would be included For safety and to prevent water from escaping* .  
[image: image15.jpg]Flexiglass
Cover with
interlock
microswitch

to pump power

Lifing Spings
oAt |

Stafnless Stee Tank

520000

o0
f————2a0000——————]

Weritad A 54

& Lbeam

watd
Pump
300 psi

Extrusion Pressure Tester 7-2007

Rioe
Model EL1

Pressure
relet
valve,
settable

Hans Jostiein
416.2007






* Construction of the second test device will not occur before the approval of hazard analysis.

Fig. 1: Test Device
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Fig. 2: Gasket








Fig. 3: Actual Test Device
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Fig. 9: Sample 3
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Fig. 7: Sample 2





Fig. 5: Sample 1
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Fig. 4: Test Data





 ─ Denotes root failure





↔ Denotes web failure





← Denotes side wall failure





Fig. 14: Sample 5





Fig. 24: Sample 10





Fig. 22: Sample 9





Fig.6: Sample 1
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Fig.11: Sample 4
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Fig. 13: Sample 5
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Fig. 15: Sample 6
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Fig. 27: Sample failure pressure.





Fig. 17: Sample 7
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Fig. 19: Sample 8
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Fig. 21: Sample 9
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Fig.  23: Sample 10
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Fig. 25: Sample 11





Fig. 8: Sample 2
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Fig. 10: Sample 3





Fig. 12 Sample 4





Fig. 16: Sample 6 





Fig. 18: Sample 7





Fig. 20: Sample 8





Fig. 26: Sample 11
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Fig. 28: Sample pressure range.





Test Sample





Fig. 29: Cell Stress Analysis





Fig. 30: Future Test  Device
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