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Introduction


A D=18" vacuum window, used in "quite"  experiment, is made of the UHMW Polyethylene _TIVAR 1000 (Quadrant).  The thickness of 0.25" was given by an engineering note of " Quiet Cold Black Body Vacuum window and Protective shield"(1). The initial calculation is not considered to be correct since it was based on: 

a) Fermilab TM-1380, section 4.1 "Guild line for Flexible Material Window". The 

Equation 4.1a and 4.1 b were incorrectly used .


 b) The allowable is based on a initial ultimate tensile stress with a SF=2.

Fermilab TM-1380, section 4.1 requires both condition of "deflection > t/2" and "t<0.003" to be satisfied such that the structure can be treated as a membrane plate.  If the window thickness is t=0.25" >>0.003", the working stress could be underestimated by using Eq 4.1a and 4.1b.   It is a plastic window. The SF=2 based on the initial ultimate is not sufficient. The time effect due to creep should be addressed as well.  So, as a part of revised work, the following analysis was performed.

Modeling 


It is a circular window with t=0.25". A FEA model is created with a plate element (#plate 181) including both flexural and membrane stiffness. 
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Fig 1 FEA model for D=18" Tivar

1) Geometry Nonlinearity ( Window short term response)

Since the window will deflect more than t/2, 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 1.1"  (Fig 2). The stress is 1,660 psi at the center and ~2,890 psi near the edge, respectively. The strain is 1.6% at the center and 2.9% at the edge, respectively.  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:



SF=5800/1660=3.6 > 2 at the center





SF=5800/2898=2   at the edge 
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Fig 2 Window deflection under 15 psi
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Fig 3 Window stress under 15 psi
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Fig 4 Window strain under 15 pis
2) 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. For this particular application, the rupture stress is a critical parameter since there is no restriction for the  window deflection. 
a) The Rupture Stress 


The service life for the window is 3 years. The manufacture, gives no data for the rupture stress as a function of time, except for the initial ultimate stress =5800 psi.  The vendor technical service has been contacted several times to request such information. The response is negative. Without  the  stress rupture vs time chart,  it is very difficult for the author to judge whether the window will be still safe after 3 years in service.  Therefore, the following approach is used. Based on the reference 2, pp 668 "Engineering Plastic", Engineering Material Handbook, vol 2,  " the creep rupture curve  is typically linear with  time on log-log scale". The data sheet (4), for www.matweb.com, indicates that the creep strength is between 1160-1890 psi  range without specific time period. We've assumed this is probably for 10 y since many short term test can not be interpolated more than 10 year (2) . As a result, a log scale plot  is generated by assuming the creep rupture strength is 1160-1890 psi for t=10y (87600 h) as shown in Fig 4.  At t=1 hr, the material strength is 5,800 psi as expected, and ~2,000 psi (average) at t=10000 h (1 year).   Another relevant chart from reference 3 indicates that HDPE strength will be reduced by more than 50% at t=1year as shown in Fig 5. Therefore, the window should be replaced at least once every 12 month or sooner
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Fig 4  Possible Creep Stress Rupture
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Fig 5 The Creep Rupture stress chart from reference 3 for HDPE

b) Creep deformation/strain 
Quadrant provides some limited creep data for time up to 56 days shown on Table 1. The data from temp=68 F is used to fit a creep model as called "time hardening" in Ansys creep module. The creep strain can be expressed as 
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where C1=3e-6,C2=0.920767,C3=0.9562,C4=C7=0 (no temp effect), C5=1,C6=-72838.3. 

The  result is shown on Table 1. The model prediction fits the experimental data (from Quadarant) reasonably well.  For t=1 y, the predicted creep strain is 11.5% under 1,700 psi stress. The creep modulus can be obtained as 1700/0.115=0.1478e5 psi.  Then, the creep deformation/strain can be estimated by using FEA model with the creep modulus=0.1478e5 psi. The calculation indicates that the possible window deflection will be around 2 " after t=1 y (Fig 6). It is about twice much of its initial deflection. The maximum strain (Fig 7 )is about 8.5% around the edge and 5.5% in the center
Table 1 The Comparison for the experimental data and predicted value
	Data given by Quadrant
	Predicted creep stain
	time (min)
	stress

	stress
	creep strain
	time (min)
	
	
	

	282
	0.015
	10
	1.37E-02
	10
	282

	282
	0.017
	100
	1.51E-02
	100
	282

	282
	0.018
	1000
	1.67E-02
	1000
	282

	282
	0.019
	1440
	1.70E-02
	1440
	282

	282
	0.024
	80640
	2.03E-02
	80640
	282

	570
	0.024
	10
	2.61E-02
	10
	570

	570
	0.025
	100
	2.89E-02
	100
	570

	570
	0.027
	1000
	3.20E-02
	1000
	570

	570
	0.03
	1440
	3.25E-02
	1440
	570

	570
	0.024
	80640
	3.87E-02
	80640
	570

	850
	0.03
	10
	3.77E-02
	10
	850

	850
	0.04
	100
	4.18E-02
	100
	850

	850
	0.045
	1000
	4.62E-02
	1000
	850

	850
	0.05
	1440
	4.69E-02
	1440
	850

	850
	0.051
	80640
	5.60E-02
	80640
	850

	1140
	0.04
	10
	4.95E-02
	10
	1140

	1140
	0.05
	100
	5.47E-02
	100
	1140

	1140
	0.06
	1000
	6.05E-02
	1000
	1140

	1140
	0.07
	1440
	6.15E-02
	1440
	1140

	1140
	0.075
	80640
	7.33E-02
	80640
	1140

	1420
	0.05
	10
	6.05E-02
	10
	1420

	1420
	0.065
	100
	6.70E-02
	100
	1420

	1420
	0.075
	1000
	7.41E-02
	1000
	1420

	1420
	0.08
	1440
	7.53E-02
	1440
	1420

	1420
	0.09
	80640
	8.98E-02
	80640
	1420

	1700
	0.07
	10
	7.15E-02
	10
	1700

	1700
	0.075
	100
	7.90E-02
	100
	1700

	1700
	0.08
	1000
	8.74E-02
	1000
	1700

	1700
	0.1
	1440
	8.88E-02
	1440
	1700

	1700
	0.11
	80640
	1.06E-01
	80640
	1700

	
	
	
	1.15E-01
	525600
	1700
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Fig 6 Possible window deflection after t=1 year
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Fig 7 Maximum strain after t=1 year

.
Conclusion


The analysis indicates that 18" vacuum window with t=0.25" is adequate initially. However, SF will be decreased at time goes. Possibly, it will go down to SF=1.2 after the one year is in service based on a generic curve. 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.  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, whichever comes first. 
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Appendix

A)Data from Quadrant, tech support, Jeff Smith, 
	 
	 
	 
	Deformation Under Compression (%)
	 
	 

	 
	 
	Initial Loading
	 
	 
	 
	 
	Permanent Deformation with Zero Load
	 

	Temp F
	PSI Compression
	10 min
	100 min
	1000 min
	1 day
	56 days
	After 1 min
	After 24 hours

	68
	282
	1.5
	1.7
	1.8
	1.9
	2.4
	0.9
	0.6

	 
	570
	2.4
	2.5
	2.7
	3
	4
	1.8
	1.2

	 
	850
	3
	4
	4.5
	5
	5.1
	2.7
	1.8

	 
	1140
	4
	5
	6
	7
	7.5
	3.6
	2.4

	 
	1420
	5
	6.5
	7.5
	8
	9
	4.5
	2.9

	 
	1700
	7
	7.5
	8
	10
	11
	5.4
	3.5

	122
	282
	1.6
	1.8
	2
	2.5
	2.6
	1.3
	0.8

	 
	570
	2.6
	3
	3.5
	4
	5
	2.7
	1.5

	 
	850
	4.5
	5
	5.5
	6
	7.5
	4.1
	2.3

	 
	1140
	6
	7
	8
	9
	11
	5.5
	3.1

	 
	1420
	7.5
	9
	10
	11
	14
	6.9
	3.9

	 
	1700
	9
	11
	12
	13
	16
	8.2
	4.7

	176
	282
	2.5
	3
	3.5
	4
	4.5
	1.6
	1.1

	 
	570
	5
	5.5
	6
	6.5
	8
	3.2
	2.3

	 
	850
	7.5
	8
	9
	10
	12
	4.8
	3.5

	 
	1140
	10
	11
	12.5
	14
	15.5
	6.4
	4.6

	 
	1420
	12.5
	14
	15.5
	17
	20
	8.1
	5.8

	 
	1700
	15
	17
	18
	20.5
	24
	9.7
	6.9

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	282
	2.4
	

	
	
	
	
	
	
	570
	4
	

	
	
	
	
	
	
	850
	5.1
	

	
	
	
	
	
	
	1140
	7.5
	

	
	
	
	
	
	
	1420
	9
	

	
	
	
	
	
	
	1700
	11
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	200
	1.6757
	
	
	
	

	
	
	
	500
	3.5057
	
	
	
	

	
	
	
	800
	5.3357
	
	
	
	

	
	
	
	1000
	6.5557
	
	
	
	

	
	
	
	1400
	8.9957
	
	
	
	

	
	
	
	1800
	11.4357
	
	
	
	

	
	
	
	2000
	12.6557
	
	
	
	


B) DATA for Matweb
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C)    Datasheet from UHMW Polyethylene   TIVAR 1000 [image: image11.png]QUADRANT
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