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Vacuuym Strength of Two Candidate Glasses for a Space Observatory
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The strengths of two candid.ate giass types for use in a space observatory were measured.
Samples of ultra—llow expansion glass (ULE) and borosilicate (Pyrex_) were tested in air and in
vacuum at room temperatare (20°C) and in vacuum after being heated to 200°C. Both glasses
tested in vacuum showed a siéﬁﬁcant increase in strength over those tested in air. However,
theré was no statistical difference between the strength of samples tested in vacuum at room

temperature and those tested in vacuum after heating to 200°C.
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Introduction

A feasibility study w.as perfonned)to determine if a large apefture (~150 m) space
surveillance observatory can be manufactured and robotically assembled in space. It was
determined that rather than constructing one large optic, a sparse array of one to two meter
diameter optics would be more efficient and easier to construct. Due to the massive size of the
obrservatory and the inherent delicacy of lafge optical elements, the most promising option is to
ship raw glass material td a manufacturing device in space, which will produce the optics for
later assembly. The vacuum strength testing of glass detailed below was performed to examine
some possible effects of iarocessing candi&ate glass types in space.

It is well established that subcritical crack growth in environments containing water
vapor is caused by a stress coﬁosion reaction between water andrthc stressed glass [1-5]. Itis
thus necessary to understand the effect of vacuum on the strength of the candidate glasses. -
Wiederhorn [6] investigated the effects of a dry environment (N, gas) on crack growth. He
demonstrated an exponential dependence of crack velocity on applied load or stress intensity
factor. Pukh et al. [7] reported crack growth in vacuum of selected glasses. Wiederhorn et al.
[8] looked at crack growth in vacuum for four normal glasses and two glasses exhibiting
anomalous elastic behavior. They found that that the normal glasses exhibited suberitical crack
growfh, however the two anomalous glasses did not. Wiederhorn et al. 9 also found that ultfa— |

low expansion glass (JLE) did not undergo subcritical crack growth in a vacuum.

Experimentél Procedure
The samples tested in this study were Coming'7740 (Pyrex) and Corning 7971 (ULE)

glasses. ULE was chosen as a candidate due to its near-zero thermal expansion coefficient.



Sample temperature was measured via thermocouples, and the vacuum levéi was determined by
staﬁdard ion gauges. All samples were stored in a desiccation cabinet until they were brought
into ambient laboratorS; conditions (1 atm, ~68% relative humidity) to bc tested, and no sample
was exposed to these ambient conditions for longer than ten minutes before it was either broken
or placed in vacuum. Samples tested m air were remoxlred from the desiccation cabinet one at a
time as they were tested. Samples tested in vacuum at room temperature were held in high
vacuum for 24 hours before testing. For the heated samples, a graphité resistance heater (6) was
installed between the tray anci test sample holder té heat each sample to 200°C for 24 hours in
high vacoum. After the samples cooled to approxﬁnately 50°C, they were immsdiateiy moved to

the sample holder and tested.

“Results - ST o ' BN TS

- The failure stress of each sample was calculated using the équations presented by
~Kirstein and Wooley [11]. The results are summarized in Table 1. Strength values are reported
to two significant ﬁgu:res; Error analysis revealed that the maximum error in strength was 5%
| for the values presented in Table 1. The strength of the Pyrex samples tested ét room temperature
Was 54% higher in vacuum than in air. Heating the Pyrex samples to 200°C had no discernible
effect on their strength compared to the unhe_éted vacuum samples. The strength of the ULE
samples tested at room temperature was 82% higher in vacuum than in air. Heating the ULE
samples to 200°C résulted in an additional 10% increase over the étrength of the unheated
vacuum sampleé. However, this increase is well within the standard deviation. Weibull shape
parameters are also included in the Table I suromary. A two-sided t-test was used for both glass

types to determine if there were significant differences of means between the samples tested in



vacuum at 20°C and those tested at 200°C at a 0.01 level of significance. The P-values, which
denote the lowest level of significance at which the observed strength values are significant,

were calculated to be 0.979 for the Pyrex samples and 0.051 for the ULE samples.

Discussion/Conclusions

The data here agree well with the results of Wiederhorn et al. [8]. He found that
subcritical flaw growth was absent in glasses exhibiting anomalous elastic behavior when crack
growth was measured in vacuuin. He also feund that-crack growth was decreased at
temperatures near the glass transition temperature. This agrees with Suretwala and Steele’s [12]
observation that fused silica, which exhibits anomalous elastic behavior, showed a decrease in
flaw growth as temperatu:re increased. The temperatures in the present study were well below
- the glass transition fegions. for Pyrex and ULE, whose annealing temperatures(at which the glass
- viscosity is about 10" Poise) are 560°C and 1000°C respectively [13,14]. ThlS may: be the .
reason there was no observed statistical increase in strength when the glass samples were heated
at 200°C.

There are two ﬁore experiments which should be performed. The first experiment would
be to heat samples to the glass traneition temperature in vacuum and then test their strengths.
The second experiment would be to actually melt gIass under vacuum, shape and cool it to form
glass discs, and then measure the strength of those discs in siru. This latter experiment would be
necessary to determine if a near theoretical strength ean be obtained fer these glasses due to the
absence of water and other atmo spheric contaminants. If this were indeed the case, then thinner

elements could be used to produce the optics for the observatory.
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Figure 1. Schematic of Glass Strength Testing Fixture in Vacmim Chamber



Table I. Measured Average Strength Values for Pyrex and ULE Glass Samples

Glass | Pressure | Heating |Number| Average | Standard Weibull
Type (Pa) Temperature| of Strength | Deviation Shape
O Samples| (MPa) MPa) Factor

10° (1 atm) 20 14 110 12 9.96

Pyrex | ~10* 20 10 170 26 7.86
~10" 200 12 170 20 8.81

10° (1 atm) 20 10 93 15 5.27

ULE | -~10 20 10 170 18 9.64
~10* 200 12 190 20 9.71




