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Beryliium sheet and foil areoftenusedas material for beam windows in cryo-
genic targets and other nurlcar deleclors. As such devices arve frequently operated
at pressuvres highe v than atmospheric, a knowledge of the strength of the window
material is required. To supplement the very sparse amount of published informa-
ti.oﬁl on the low temperatuve mechanical properties of beryllium, the elfective
yvield strength and the ultimate tensile strengfth of beryllium sheet were determined
at alﬁbient temperature, liguid nitrogen and liguid hydregen ten'q;eratm:es.

Before beryllium powder is extruded, rolled or otherwise pr ocessed in the
various ways that lead to preferred grain orientation, the grains are somewhat
randox‘nly oriented with respect to one another. In this condition the material
exhibits brittleness at room temperature with ductilities of less than 2 to 3 per-
cent. When the material is rolled into shect or foil the grains assume a preferred
orvientation with a concomitant increasce iﬁ the ductility of s-ome 10 to 15 pexceut.
The mechanical propertics differ in the longitudinal and transverse direction. In
cross-volled she vhl.s difference tﬂna to djsz»lppeaf and the material becomes
anisolropic in the "e¢' direction, i.e., normal to the roll'ing; direction. It is also
known that the stress-strain variations with the BeO concentration depend on
temperature to a certain extent.

The characieristics of the materials used in the present investigation are

summarized in Table 1.

Standard test coupons prepared according to the ASTM specification ES-65,
paragraph 4.3 (sheet metal), were used for all the measurements,

To eliminate errors due to grip slippage and thermal edfects in the tester, the
strain was measurved divecily on the coupons with Baldwin-Iima-Hamilton ¥NH-
100-12 Nlchrome V foil strain gauges. Although this type of gauge Lw a relatively

large temperature coeflicient of resistance which causes a shift in the gauge



resistance during cool-dovwn, past experience has shown that once t
equilibrium is cstablished, the gauge exhibits a fairly uniform gaug
the temperature of the cryogen.

Table 1

Characteristics of Bexyllium Sheet

cmperature

e factor at

1y other metallic
elements

Supplier: The Brush Bevylliuvm Company '
Condition:  Hot roiled, stress '17‘elieved', ground and pickled
Sheet No:  Bhect size
466132 0.3175 X 30.48 X 30.48 c:m3
7T93A2 0.38175 X 30,48 X 30.48 emS
Chemical Analysis: Percent '
Sheet No: . Be Assay BeO e St Al Mg C A
466B2 8.2 . 1.78 0.124 0. O 0.055 0. OOS. 0.11

793A2 C98.6 1,41 0,13 0.0 0.090 0.010 0.13

Mechanical Properties — certified at yoom temperature:

Less than 0. 04

Sheet No. Test Direction Ultimate Stress Yield Stress Elongation
Kg cm_z. Kgi__cmﬂz %
466D2 Longitudinal 6230 4880 16,5
Transverse 6190 4950 22.0
T93A2 Longitudinal 5260 3540 10. 0
Transverse ‘ 5520 : T 3640 18.0

I materials exhibiting abrupt yielding characteristics, the yield point stress

is a more significant parameter than the stress at the point of 0. 2% deviation from

elastic proportionality. On this basis the determination of unit strain or the ratio

of stress to strain up to the vield point or yield strength point then becomes most

meaningful. Accurate relative sirain data beyond the yield point were therefore

not considerd cssential. In addition, since measurement uncertainties which are




difficult to evaluate were also involved, absolute values for thc‘ unit strain were
not measurcd under low teﬁn‘)cmture conditions. The method used, however, docs -
permit a comparison of relative strain at the various test temperatures, and, as
all measurements were made in the same manner, a comparison with data obtained
by standard test methods at room temperature becomes trivial.

The results of the measurements ave summarized in Figs. 1 and 2. It is evi-
dent thaf the elastic range of the material is extended and the plastic range is
reduced as the temperature is lowered. At room temperature the coupons made
from sheet with the lower DeO content exhibit lower yield points and a compara-
tively wide range of plastic strain, resulting in a relatively high ultimate stren g th,
In liquid nitrogen the plastic region is significantly reduced. At 2161{, however,
there is less difference between the yield points and the strengths of the shecets

vith a different BeO confent. At this temperature, there is no evidence of a plas-
tic region in either material, The elongation changes from some 14 percent at
room lemperature to not more than 3 percent at 78°K and to less than 0.5 percent
at 21°K. The eflect of low teraperature on the ultimate strength is less clearly
defined: it appears that the ultimate strength values at liguid nitrogen temperatures
arc some 10 percent below the room temperature valuas. This decrease is notwell
understood, but it is believed that excessive twinning of aligned beryllium crystals
may result in the premature failure.z

The author wishes to thank Mr. W. Kudenov, Jr. of Lockheed Missiles and

Space Company, Sunnyvale, and Mr. W, Lanyi for their extensive assistance.
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