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1) Introduction


A D=42" vacuum window is made of the UHMW Polyethylene _TIVAR 1000 (Quadrant).  We’ve used a similar approach as reference (1) in the analysis.   The thickness of plate is a variable to be adjusted to satisfy both deflection and stress requirement.  A FEA model, as shown in Fig1, is used with a shell element (#shell181) including both flexural and membrane stiffness.
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Fig 1 FEA model for D=43" Tivar
Result & Discussion

The calculation result is summarized in Table 1.  Based on the deflection result (after 6 month), the 0.25” plate is considered too thin.  To evaluate the stress in the window, we’ve tabulated several SF (Safety factor) based on the different criteria as shown in Table 2. If the creep rupture stress approach is adopted, the minimum thickness should be at least t=1” for the window size of 42”. 

Table 1 The Summary of the Calculation result

	Thickness (t)
	Initial deflection 

t=0
	Deflection after six month

T=6 month
	Max stress (psi)

 in the center of window

	1/4"
	3.22”
	6.34”
	Plate too thin

	3/8"
	2.77”
	5.45”
	2,000 

	1/2”
	2.49
	4.88
	1,756

	5/8”
	2.27”
	4.48
	1,611

	¾”
	2.0”
	4.17”
	1,535

	1”
	1.78”
	3.71
	1,483


Table 2 The Safety Factor Based on Several Different Criteria

	Thickness (t)
	Max stress (psi)

 in the center of window
	SF_1*

(based on ultimate)
	SF_2*

(based on the yield)
	SF_3*

(based on the creep rupture)

	1/4"
	Plate too thin
	n/a
	n/a
	n/a

	3/8"
	2,000 
	2.9
	1.5
	1

	1/2”
	1,756
	3.3
	1.7
	1.13

	5/8”
	1,611
	3.6
	1.86
	1.24

	¾”
	1,535
	3.77
	1.95
	1.30

	1”
	1,483
	3.91
	2.02
	1.35


*Note:

1) SF_1 is defined as an Ultimate stress/working stress=5,800 psi/working stress.

2) SF_2 is defined as a Yield stress/working stress=3,000 psi/working stress.

3) SF_3 is defined as a Creep rupture stress/ working stress=2000 psi /working stress.

4) The Ultimate strength for Tivar 1000 is 5,800 psi and ~3,000 psi for the yield strength. Both are given by “Quadrant” data sheet and on-line source from the web. The creep rupture stress is based on Fig 2 and Fig 3 from reference (1). It is considered only as a reference or generic curve since there is no data available from both manufacture and field test result. 
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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)
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Appendix A
ANSYS Plot
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Fig A-1 Window Deflection after 6 month in service t=1" 
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Fig A-2 Window Initial Deflection (t=1") 
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Fig A-3 Window center stress (t=1”)
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