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1) Introduction

A D=22.5" vacuum window, is made of the UHMW Polyethylene _TIVAR 1000 (Quadrant).  For the analysis, the reference (1)  details a reasonable approach which will be used here.   Both 0.25" and 0.385" thickness, given by Hogan Nguyen (PPD?TC),  are considered here. To estimate the window deflection & stress, a FEA model is created with a plate element (#plate 181) including both flexural and membrane stiffness as shown in Fig 1.
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Fig 1 FEA model for D=22.5" Tivar
2) Geometry Nonlinearity ( window short term response)

Since the window deflects more than t/2 under the vacuum load, the large deflection  effect due to the geometry nonlinearity and stress stiffening effect is on (negl,on). With an initial modulus of 1e5 psi, the calculation gives the deflection of 1.38" for t=0.25" and 1.179" for t=0.386" respectively.  The result is summarized in Table 1.  Based on Fermilab TM-1380, the window is structurally sound in terms of short term response since the ratio of the ultimate/working stress satisfied TM-1301 for the thickness of 0.385". The stress for t=0.25" seems marginally ok .
Table 1 The Summary of the Calculation result
	Thickness (t)
	Stress at the center (psi)
	Stress at the edge (psi)
	Max Deflection (inch)

	0.25"
	1823 psi
	SF=5800/1823=3.18
	3397 psi
	SF=5800/3397=1.70
	1.384

	0.385"
	1567 psi
	SF=5800/1567=3.70
	2873 psi
	SF=5800/2873=2.01
	1.179


3) Creep evaluation _ time effect on the strength (window long term response)


The mechanical behavior of polymers has a time dependency factor. The design based on the short term data is not sufficient. The creep deformation and the stress rupture should be considered as well. 
a)The Rupture Stress 


From Fig 2 (1),  the rupture stress is around 1600 psi to ~2300 psi with an average ~2,000 psi at t=10,000 h (1 year) as stated in reference 1. It suggests that the window must be replaced at least once every 12 month or sooner if t=0.385" used with an extra shield protection.
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Fig 2  Possible Creep Stress Rupture (1)
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Fig 3 The Creep Rupture stress chart from reference 3 for HDPE(1)
b) Creep deformation/strain 
We've used the creep modulus of 0.1478e5 psi  from reference 1 to estimate the deflection. The calculation indicates that the possible deflection will be 2.72" for t=0.25" and 2.34" for t=0.385" after 1 year in service.
Conclusion



It is highly recommended to use t=0.385" or 0.5" for a  22.5" vacuum window. Again, since there is no actual stress rupture data available for Tiva 1000, this assessment can be severed only as an approximation. An extra caution is warranted unless a long term test data for the rupture stress is available. With an extra layer as a shield protection, the window deflection should be checked periodically. A replacement should be considered as soon as the center deflection reach twice of the initial deflection or after 12 month in service.

Reference 
1) " The Structural Analysis for a Vacuum Window  used in "Quite" Experiment", Engineering analysis note, Ang Lee, PPD/MD/EAG,  May 3, 2009
Appendix A
ANSYS Plot
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Fig A-1 Deflection for t=0.375" at t=0 & t=1 year  (E=0.1mpsi & 0.01478 mpsi)
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Fig A-2 The Stress for t=0.375"
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Fig A-3 Deflection for t=0.25"
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Fig A-4 The stress for t=0.25"
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