QUIET COLD BLACK BODY 

VACUUM WINDOW AND PROTECTIVE SHIELD

Vacuum Window Engineering Note

(per Fermilab ES&H Manual Chapter 5033.1)

Identification and Verification of Compliance:

Prepared By Date Div/Sec:  Hogan Nguyen, 04/07/2009, PPD/TC
Reviewed By Date Div/Sec:  

Div/Sec Head Date Div/Sec:  

Director’s Signature not required (no exception needed).

Vacuum Vessel Title:     QUIET Cold Black Body Vessel

Vacuum Vessel Number: 

N/A, The vessel volume is approximately 2.5 CF and does not meet the requirements for a vacuum vessel. 

Vacuum Window Drawing Number:

Assembly Drawing No.:

Laboratory location code:    Vessel will be used Lab 3 and at the University of Chicago

Purpose of vacuum vessel and vacuum window:



Testing of QUIET microwave electronic modules

Internal MAWP:  14.7 psi
External MAWP:  0 psig
Working Temperature Range:

Room Temperature
1
Design Verification calculations included.

2.
Fabrication:  Is this vacuum window fabricated in house? Yes 
     
If “Yes”, attach the written fabrication procedure in the Note Appendix.

¼” thick Ultra High Molecular Weight Polyethylene, fabricated by “Quadrant Engineering Plastics”.   Product name is “Tivar 1000UV” Manufacturer’s Data is attached in the Appendix.

3.
Inspection: Attach inspection reports and Travelers in the Note Appendix.  Include date(s) of manufacture.


Window shall be inspected during fabrication and installation by a Qualified Person. Once a year the window should be re-inspected for damage and the window elongation will be determined.

4.
Testing: Attach acceptance testing procedure and results in the Note Appendix.  Include date of testing.

5.
System Venting Verification:

Is the relieving system of the vacuum vessel to which this vacuum window is attached sufficiently sized such that if the vessel is pressurized, the maximum differential across the window cannot exceed the design differential pressure of the vacuum window? Yes 
6.
Operating Procedure Section:


Is an operating procedure necessary for the safe operation of this vessel? No
If “Yes”, the operating procedure must be attached to the Note Appendix.

7.
Hazard Analysis: Is the safety factor on this vacuum window less than 2.0?  

No.  However, due to the creep nature of UHMW-PE Tivar 1000, a protective  

shield  is added to the system.  This is shown in the “Design Verification

 Calculations”.

If “Yes”, a hazard analysis must be prepared and attached to the Note Appendix.

Design Verification Calculations

Calculation of the Relief Device:

The vacuum vessel is protected by a ½” CVI relief valve (and pumpout port).    

The relief valve is made by Acme Cryogenics , model number CVI V-1044.

The relief area is:  pi/4*.52 = .196 in2   
CGA standards require that the vacuum relief valve system provides 0.00024 in2 of area per pound of water capacity.

Density of Water = 62.4 lbs/ft3
Volume of Vessel  = 2.5 ft3

Required relief Area = 0.00024 * 62.4 * 2.5 =  .037 in2
Safety factor = .196 in2 / .037 in2 = 5.3

Cracking Pressure:

We require the pressure of the vessel to remain below 14.7 psi, in the event of  loss of  helium gas into the vessel.  The amount of helium gas stored in the cryooler is information provided by Cryomech, Inc.:

V = 0.32 ft3  
P = atmospheric pressure

T = Room Temperature

If this gas is shared between the cryocooler and the vessel (volume = 2.5 ft3),  and the gas warms to room T, the pressure P’ 

P’ = 15 psi * .32/(.32 + 2.5) = 1.7 psi

In other words, the pressure in the vessel would still be about 13 psi below atmospheric pressure. 

The relief valve is made by Acme Cryogenics , model number CVI V-1044.

The relief pressure is not given by the company.  We tested it and observed relief beginning at around 3-5 psi, set by the spring constant of the relief valve.  

Calculation of Window Stresses and Deflections:

Using TM-1380: Section 4.1 Guidelines for Flexible Material Windows. Held, not Fixed
.

Circular 18” diameter by .25” thickness UHMW-PE window under vacuum.

t = 0.25” : thickness of window (inch)

a = 9” : radius of window measured on flange (inch)

q = 15 psi : uniform pressure on window (psi)

E = 1e5 psi : Young’s modulus of window material   (psi)

Deflection y, out of plane window deflection :

y = 0.662 a (qa/Et)1/3 



(equation 4.1a)

y = 0.662 * 9 * (14.7 * 9 /(1e5 * 0.25))1/3

y = 1.05 inches

Stress S, internal window stress:

S = 0.423 (Eq2a2/t2)1/3                                  
(equation 4.1b)

S = 0.423 (1e5 * 152 * 92 /0.252)1/3
S = 1302 psi

Fu = 5800 psi, the ultimate tensile stress for “Tivar 1000 UHMW-PE”

So, to find allowable stress, S = .5 Fu = .5 * 5800 = 2,900 psi

2,900 psi > 1,302 psi. The stress on the window is less than the allowable stress, and has a factor of safety of 2.2 based on the ultimate strength of the window.

Verification Testing and Procedures:

A vacuum pressure of 14.7 psi will be applied to the window, with a protective shield (see below).   The window will be inspected by a qualified person and the date will be recorded.

The following table is a result of this testing,  with a protective shield in place.  In this case, THE WINDOW WAS NOT BOLTED TO THE FLANGE.  The window sits between an O-ring and the flange.  It was C-clamped at 3 places along the circumference.   During pump down, the edges were not held fixed and so some slipping presumably occurred.  The slipping was not measured.   The comparison of  the deflection with TM-1380 should not be taken seriously.   

	Time from Start of Test

(July 10th 2008)
	Observed Deflection

Under 14.7 psi at room temperature
	Calculation based on TM-1380 and using properties of Tivar 1000

	0 
	1”
	1.05”

	10 minutes
	1.75”
	

	20 minutes
	1.78”
	

	25 minutes
	1.84”
	

	35 minutes
	1.87”
	

	50 minutes
	1.90”
	

	~5 hours
	1.93”
	

	~6 hours
	2.0”
	

	6 hours 50 minutes
	2.06”
	

	25 hours  25 minutes
	2.06”
	

	96 hours
	2.06”
	

	
	
	

	Window was removed from vacuum, and remeasured 9 months later with vacuum OFF
	0.47”-0.6”
	


The following table is another test, with the window bolted to the flange, rather than clamped.  In this case, the deflection is in better agreement with TM-1380.

The data on tensile creep modulus of UHMW-PE is limited.  After 1 hour, it has the range 53.7 – 79.8 Kpsi.   After 1000  hours, the tensile creep modulus has the range 26.1 – 39.2 Kpsi.  The table below shows the deflection using these values.

	Time from Start of Test

(October 2008)
	Observed Deflection under 14.7 psi at room Temperature
	Calculation based on TM-1380 and using properties of TIVAR 1000

	0 minutes
	1.37”
	1.05”



	1 hour
	NA 
	1.12” - 1.29” using tensile creep modulus of 79.8 kpsi and 53.7 kpsi respectively

	24 hours
	1.37”
	NA

	1000 hours 
	NA
	1.48” - 1.63”  using a tensile creep modulus of 39.2 kpsi and 26.1 kpsi respectively

	24 hours and vacuum off
	1.18”
	

	6 months later with vacuum OFF.    Some amount of restoring is observed.
	0.98”
	


Schedule and testing criteria for window replacement

The window will be inspected for physical damage and creep on a yearly basis.  

The Tivar 1000 material will elongate to 3x its length before breaking.

The window will be evaluated monthly for elongation, and tracked. 

The window will be replaced after elongation to 2x its length, or if the rate of elongation suddenly increases noticeably higher. 

The linear elongation is defined to be (A’/A)0.5 , where A is the original area of window, and A’ is the current area of window.   Approximating the window to be the surface of a sphere:

A’ = pi * ( y2 + a2),   where y = deflection, a = radius of window

Linear elongation =  (A’/A)0.5  = (y2/a2 + 1)0.5
As per TM-1380, the window shall not be exposed to > 1000 cycles of cyclic loading.  See page 2, section 3.3 of TM-1380.

Calculation of Protective Shield Parameters

Due to the expected creeping of the Tivar 1000 material, a protective shield will be placed over the vacuum window during operation.  The protective shield will protect personnel and equipment, in case of failure of the vacuum window.    

Protective shield material and thickness will be the same as the vacuum window:    ¼” UHMW PE  Tivar 1000  by “Quadrant Engineering”

As calculated above, this has a safety factor of  2.2.

The shield will have a gap of 0.25 inches, placed over the opening.  

Effective orifice size for pressure relief  = circumference * gap = 3.14 * 18” * 0.25” = 14.1 in2


This effective orifice size is larger than any pumping orifice in the system.   Pressure will not build up across the protective shield window.  

APPENDIX

1.  Datasheet from UHMW Polyethylene   TIVAR 1000 [image: image1.png]QUADRANT
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Effective Date: 7/14/06
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DATA SHEET

TIVAR® 1000 UV (Natural & Colorad, Excapt Black) UHMW.PE.
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� The condition “Held, not fixed”, as specified in TM-1380, is true if  


q/E * (2a/t)4 > 500:





(15/1e5)*(18/.25)4 =  4031  > 500.   
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