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Abstract Summary:  
The COUPP pressure vessel has an external pressure of 15 psig, and an internal pressure of 450 psig. There are 4 optical windows for viewing the inner vessel chamber. The optical windows are held in a window cell that is designed using the Brookhaven guide for pressure vessel windows. The window cell provides a free edge support for the window. The window stresses are calculated in another engineering note. The assembly procedure, environmental conditions and cleaning procedures are given here.
Applicable Codes: 
Brookhaven: GUIDE FOR GLASS AND PLASTIC WINDOW DESIGN FOR PRESSURE VESSELS

Ref. H0607_Fused_Silica_Industrial_Grade_ProductSheet.pdf

Introduction 
The optical window is described by drawing #9213.400-MB-489314. The chamfer on the edge of the glass is to protect the very edge from chipping and to allow it to insert over the sealing o-ring easily. The window is held in a cell that is part of the pressure vessel wall and is described by drawing #9213.400-MD-489312. The window is mounted in the cell such that it is not significantly stressed due to clamping, or thermal stressed over an operating temperature range of -5C to 40C. 
The fused silica window is held in the stainless steel cell. The glass is cushioned from the stainless steel surfaces using polyethylene gaskets on both the vessel side of the glass and the restraining flange side of the glass. The pressure vessel seal is made using an o-ring seal on the outer diameter of the glass to the bore of the window cell. The o-ring material should be chosen of a material to resist the chemical attacks from the operating fluids such as EPDM. The retaining flange has an oring seal to the window flange to prevent water from entering the camera enclosure.

The weight of the 7 inch (17.78cm) diameter, 2 inch (5.08 cm) thick window is 6.1 lbs (2.77 kg). An exploded view of the cell is given in Figure 1 below:
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Figure 1. Exploded View of Window Cell, Updated Feb 25, 2013.
Design verifications:

Minimizing Axial loading conditions due to temperature changes:
The assembly is constructed at room temperature. The axial gap or clearance needed at the coldest shipping temperature of -5C and the warmest operating temperature of 40C is given below. 

The axial dimensional change of the fused silica window in this operating temperature range is 

dL= fused_silica* Lfused_silica * dT

dL= 0.52e-6 ppm/K * 50.8mm* 45C

dL = 0.0012 mm

and is considered to be zero in the following analysis

The diameter dimensional change of the fused silica window in this operating temperature range is 

dL= fused_silica* Lfused_silica * dT

dL= 0.52e-6 ppm/K * 177.8mm* 45C

dL = 0.0042 mm

and is considered to be zero in the follow analysis

-5C condition axial condition:
The 1/32 inch thick polyethylene spacers need to shrink more than the stainless cell in order for the glass not to be compressed. The spacers are 1/32 inch (0.16cm) thick each and the stainless cell depth is 2.0625 inches deep (5.4 cm).

teflon * LHPDE *dT > stainless * Lstainless*dT

125e-6 ppm/K * 1.6 mm *-25C > 14e-6 ppm/K * 54mm *-25C

-0.0049 mm> -0.0189mm

The condition is not met;

On cooling, the stainless steel cell will shrink more than the Teflon pads. The gaskets will need to compress 0.015mm (0.0005 inches).

40C condition axial condition:
The stainless steel cell needs to grow more than the Teflon spacers inorder for the glass not to be compressed. The Teflon spacers are 1/32 inch (0.16cm) thick each and the stainless cell depth is 2.0625 inches deep (5.4 cm).

stainless * Lstainless *dT >teflon * Lteflon *dT  
14e-6 ppm/K * 54mm *20 > 125e-6 ppm/K * 1.6 mm *20 

0.015 > 0.004
The condition is met;

On heating, the stainless steel cell will grow more than the gaskets providing axial clearance between the window and the restraining flange.

Depending on which side the loading is applied, and the temperature of the components, axial motion of the window is expected. The o-ring seal on the outer diameter of the glass accommodates any axial motion and will not influence the quality of the seal.

Axial Clamping Stresses due to the mount:
The exterior retainer, dwg #9213.400-MB-489313, is used to keep the window in the cell, but not used to provide a seal to the window. Some axial clearance between the gasket and the window is permitted. This is controlled by machining the depth of the window cell. The depth of the cell is to be the window thickness plus the two gasket thicknesses as a minimum, and can be deeper by a reasonable machining tolerance. Parallelism between the bottom of the cell bore and the flange face is not critical. The glass can tilt a little and still maintain the o-ring seal. 
Exterior window retainer water seal:
The exterior retainer is used to keep the window in the cell and also provides a water tight seal between the exterior of the cell and the interior of the cell. This is accomplished by using an oring seal with the groove in the retaining flange. The oring is between the window retainer flange and the window cell. The exterior retainer bolts can be tightened to the maximum allowable torque of the bolts (100 ft.lbs for SS316 non hardened bolts) This provides the clamping force needed for the water seal. There is space between the exterior retainer the window itself, so the clamping force is not held against the window. A second separate spacer, dwg 9213.40-MB-489317 is used between the window and the window retainer flange, and is used as a cushion between the window and the metal exterior retainer. 

Minimizing radial loading conditions due to temperature changes:
The pressure vessel seal is made using an o-ring seal on the outer diameter of the glass to the bore of the window cell. The o-ring material should be chosen of a material to resist the chemical attacks from the operating fluids.  

The radial thermal expansion of the cell between room temperature and possible operating ranges are given here.

dD= stainless* Dstainless * dT

-5C condition radial condition:

dD= 14e-6 ppm/K * 177.8 mm *-25C

dD = -0.062 mm (-0.0025 inches)

40C condition radial condition:

dD= 14e-6 ppm/K * 177.8 mm *20C

dD = 0.049 mm (0.00196 inches)

The radial dimensional change of the cell does not significantly increase the loading at the O-ring seal.

Radial slippage of the polyethylene spacer with respect to the window is expected. However the pressure seal is not at the spacers but on the o-ring. The o-ring will not be influence by radial changes.

Edge stresses due to the mount:
Pressure is applied to the window. To spread out the load on the window, a spacer is used on the face of the window. Drawings (9213.400-MB-489316 and 9213.400-MB-489317). 

External Loading:

The load on the window when an external 18 psi pressure is applied is:

The external load due to pressure = 18 psi *  * (7 inches/2)^2 = 692 lbs

The surface area on the window with a chamfer by the supporting gasket is =   * 6.690 inches * 0.19 inch = 

= 4.0 inches2
The stress on the window under the gasket is then:   

=  692 lbs / 4 inches2 = 173 psi

For external loading, the compressive stress on the window is less than the allowable stress. The allowable compressive stress with a factor of 3 for safety is 1/3 * 1.14 GPa = 0.37 GPa (53,000 psi).

Reference Mechanical engineering note 378 (COUPP DocDb #527) for details on allowable stress and FEA results for window stresses.

Internal Loading:

The load on the window when an internal 450 psi pressure is applied is:

The internal load due to pressure = 450 psi *  * (7 inches/2)^2 = 17,300 lbs

The surface area on the supporting gasket is =   * [(6.88/2)^2-(4/2)^2] inches = 

= 24.6 inches2
The stress on the window under the gasket is then:   

= 17,300 lbs / 24.6 inches2 = 703 psi

For internal loading, the compressive stress on the window is less than the allowable stress. The allowable compressive stress with a factor of 3 for safety is 1/3 * 1.14 GPa = 0.37 GPa (53,000 psi).

Reference Mechanical engineering note 378 (COUPP DocDb #527) for details on allowable stress and FEA results for window stresses.
Cell Assembly Procedure:
This assembly procedure is to be used as a guideline for assembling the window into its cell. The cell acts as some level of protection for the window.

All components are to be cleaned prior to assembly.

Gloves are worn at all times. 

1) Measure ID of the window cell, this should allow a 0.002 inch gap around the OD of the window for insertion clearances and to ensure the correct O-Ring pressure.

2) Measure the depth of the window cell. The depth of the window cell needs to be deeper than the window plus the polyethylene window cushions. (DWG’s 489314+489316) Nominal depth is 2+1/32+1/32 inch =2.0625. This prevents undesired compressive forces on the window. 

3) Insert the inner cushion into the window cell by hand, DWG # 9213.400-MB-489316. Measure the cushion dimensions to ensure it will sit flat in the window cell. Trim the cushion OD as needed.
4) Insert the proper size o-ring into the o-ring groove in the window cell. (O-Ring 2-262)  The inner o-ring is the seal, the outer o-ring is just used for alignment of the window and a cushion during the window insertion. The outer o-ring should be slit as not to create a virtual leak during leak testing.

5) Insert the stainless steel window plug into the cell until the tapered section is past the inner O-ring groove.

6) Install the nylon/aluminum window installation fixture assembly, using the stainless plug to align it to the window cell. (see page 9 or c6-00-0086)

7) Remove the stainless steel plug using the threaded holes in the installation fixture.

8) Remove the aluminum piece of the installation fixture.
9)  Place the window in the nylon outer flange guide. Replace the aluminum fixture element. Allowable lubricants during window insertion are vacuum grease on the exterior of the window or the hydraulic fluid. A lubrication layer thinner a few microns thick is all that is needed. Too much high viscosity vacuum grease causes the window to snag and tilt during the insertion process.
10) Tighten the central screw to advance the glass plug into the window cell. As you do so, check the depth of the glass near the three 1/4” screws in the aluminum piece. Correct misalignment by tightening these three outer screws. If the depth between any two screws varies by more than .018”, the glass will jam.

11) If the window needs to be retracted for realignment, a small suction cup can be used. Adjust the 1/4” screws such that they define a level surface, then pull.

12) Once the Glass is fully inserted, put the outer window cushion (DWG#489317) on the window. Then prepare the Retaining flange (DWG#489313) for installation. Put bolts and the water sealing o-ring on the exterior flange.

13) Center the outer window gasket dwg #9213.400-MB-489317 on the exterior flange. It is held on center by the internal window cell.

14) Using a threaded rod in the top bolt position of the window cell for alignment, mount the retainer onto the cell. Ensure the inner glass cushion is centered correctly and there are no overlapping portions of the cushion.

15) Tighten the bolts. The maximum bolt torque for ¾-10 size bolt is 100 ft.lbs. If Stainless steel bolts are used, use anti-seize compound on the threads. Brass bolts could be used without anti-seize compound on the threads.
16) Inspect the window to make sure no chipping of the glass occurred during the insertion process. Chips of any size are not allowed, as they are propagation sites and will cause future cracking.  

17) An exterior protective acrylic plate is mounted to the outside of the retainer to further protect the window. (This was has not been fabricated.) 

18) To disassemble the window cell, reverse steps 8,7,6,5,and 4. To remove the window from the cell use a suction cup on the outer surface of the window and slow retract the window out of the cell. Support the window from the bottom while retracting it.

Window cleaning techniques:
This cleaning procedure is to be used as a guideline for cleaning debris from the window. Each successive procedure is more aggressive at removing debris from the surface.

Gloves are worn at all times. 

First cleaning procedure:


Using a can of compressed clean electronic gas, blow debris off of window

Such as Fermi stockroom item 1780-076000
Second cleaning procedure:


Squirt acetone, or propanol, or other residue free solvent on the window. 


Observe safety when using solvents.


Allow to air dry, 


No wiping action is permitted

Third cleaning procedure:


Squirt acetone or other residue free solvent on the window. 


Dab window with solvent soak cloth.  

Only use lint free cloths approved for lenses 


No wiping action is permitted


Allow to air dry

Fourth cleaning procedure


CO2 foam – such as from a fire extinguisher – 

Acts to softly scrub the surface without leaving any residue

Fifth cleaning procedure

Use “First Contact” cleaning product. This is a brush on liquid polymer product. No contact is allowed with the brush bristols, the brush is only used to spread the fluid droplets onto the glass. Once dry, a polymer film is left on the glass. This film is then peeled off the surface. The film pulls with it any hydrocarbons or debris that was originally on the surface.

Contact information for the product is here: http://www.photoniccleaning.com
 SHAPE 
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Arrangement of nylon installation fixture. First install stainless plug in vessel to align fixture, then carefully install glass using all four screws.








Page 1 of 10

