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SUMMARY

The purpose of the "Commonality"™ program, initiated by
DNA in 1978, was to evaluate e-beam material testing procedures
and techniques by comparing material stress and spall data
from various U.S. and U.K. e-beam facilities and experimenters.
As part of this joint DNA/SNL/UK Commonality effort, Sandia
and Ktech used four different electron-beam machines to
investigate various aspects of e-beam energy deposition in
three materials. We varied the deposition duration and
the deposition profiles, and measured the resulting stresses
produced. The materials studied were: 1) a low-Z material

(Al), 2) a high-Z material (Ta), and 3) a typical porous

material, a cermet. We irradiated aluminum and tantalum
using the DNA Blackjack 3 accelerator (60 ns pulse width),
the DNA Blackjack 3' accelerator (30 ns pulse width), and

the SNLA REHYD accelerator (100 ns pulse width). Propagating
stresses were measured using X-cut gquartz gauges, carbon
gauges, and laser interferometry technigues. Data to determine
the influence of deposition duration were obtained over a
wide range of energy loadings. The cermet material was
studied using the SNLA REHYD and HERMES II accelerators.

The e-beam from REHYD generated propagating stresses which
were monitored with gquartz gauges as a function of sample
thickness and energy loadings. The HERMES II accelerator

was used to uniformly heat the cermet to determine the
Gruneisen parameter and identify the incipient spall condi-
tion. Results of these experiments will be presented.
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INTRO'DUCTION

The objectives of this joint DNA/SNLA program weré fo
obtain valid and ;eproduéible data on material responses to”
electron irradiation from differing_electron:beam facilities.
The "Commonality" program, of whiéh this work is a.part, was
‘initiated in 1978 by DNA to provide a common data base so
that comparisons between facilities would be independent. of
the particular testing and dosimetry'téchniques utilized5
Each experimental group used its preferred diagnostic techniéuesf
Common=-supply materials were used to eliminaﬁe test result
variations due to material differences.

The work reported hérein waslperformed by.a graup of
Ktech and SNLA experimenters and utilized four electron beam.
machines: Blackjack 3 and 3 primé-(BJé, BJ3') at Maxwell
Laboratories, Inc., San Diego; and Rehyd and Hermes II at
SNLA. . Table 1 summarizes the pertinent machine characteristics
'along witﬁ'those of U. S. machines used by the othér "commonality"
expérimentebs,

For the tests at Sandia and~Maxweli, Ktech Corporation
_perﬁormed'the'beam characterization and materials irradiation
exberiments.and SNLA proVided,the.data acguisition techniqués
and ihstrumentation.* h

The mater tals, aluminum (Type 1100), tantéium, and a
50VJ2 cermet, were suppliéd by SRI, Menlo Park, and SNLA.

The Al and Ta samples were prepared, respectively, from

one original material piece by D. Schallhorn at Harry Diamond

*Data acquisition work was'pctformed by J. Romine,; M. Ruebush, .
and G. Hansen of Division 1126. ‘
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Laboratories (IDL). Ktech procured its own supply of aiuminum
(Type 6061-T6) and tantalum fof'some of the in1tié1‘experiments;
Phase I of this program involved ﬁhe stﬁdy of aluminum

using the BJ3, BJ3'.and ﬁehyd‘machines. Al was chosen as
a standard material for technique checkout because‘its equation-
of-state is best known. Also, because of Al's low denéity,
there was iittle stfess felief during the deposition time.
The three machines yieldedAsimilar deposition profiles in Al
(range 0.5 gm/cmz, NAO.Z cm) but differed in depésitioﬁ.tiﬁes‘
(between 30 nsecs and 120 nsecs FWHM). The parameters studied
were the deposition profiles, the reéulting stresses and their
propégation characterisfics. For Phase I the aluminuﬁ samples
were O.llQ" thiék,lgreater ﬁhan the deposition range. Energy
ioadings of 50-900 cal/gm aﬁd'deposition times of 30—i20
nsecs were used. This dose range covered behavior through
melt and juét beyondAincipiént véporization (=718 cél/gm);
Phase II was the study of the tantalum, again using BJ3}
BJ3' and Rehyd. The deposition range of about 0.5 gm/cm2
for this high density material involves a very shallow depth
(0.03 cm), and with these machines the peak induced stresses
depend significantly on depoSitioﬁ time and the consequent
stres$ release effects.. The tantalum samples were 0.030" or
0.050" thick, greater than the deposition range. The Ta was
’subjécted to energy loadings of 50-800 cal/gm and deposition
times of 30-120 nsecs. The higher loadings induced significant

-partial vaporization (2 260 cal/gm).
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 Phase III was the s;hdy of a porous shielding_matefial,
50VvJ2.cermet. For this material only Rehyd and Hermes II
were used to investigate the sample behavior as a function
of thickness and energy loading. The cermet has an effective
intermediate Z (=22) and a densityvpf.3,26 gm/cm3; .The intent
of the Rehyd tests was to keep constanﬁ'the-deposition profile:
and timing whiie investigéting'the~stresé dependence és a‘function
of the samplé thiékness (0.050", 0.080", O.llO")'énd'energy
loading. All three sampie thicknesées were'éreater than .the
Rehyd deposition range. The .0.050" sample was marginal. The
stress relief depth was Q.OS cm for the Rehyd 120 nsecs deposition
time;.this depth was comparable to the electron range, so somé
stress relief,bcctrred during deposition. ‘The stress profiles
were expected to display a étrong attenuation . with distance
that is usual for porous materiéls. The propagated stress waves
were measured with qhartz gauges, using fused silica buffers |
for the thinnest samples to‘avoid electron depoéition ditéctly
into the gauge. |

Direct measurements of the Gruneisen pafameter and the
spall strength were also m;de for this cermet using the Hermes
II machine. Hermes II at 8—16 ﬁeV yfelds aviarge'deposition
rangé‘(% 5.0 gm/cmz) énd, cbnsequently, produces uniform
deposition profiles in theAsamples used.
This report summarizes briefly the experimental techniques

used and the types and quality of data obtained. Although

some specific numerical results are presented, all results
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are preliminary at this time. Complete data reduction énd
analysis of the restlts have not yet been completed. Detailed
hydrocode calculaﬁions_of predicted stress histories for compari-
'sons with these data, and with the data by other commonality
experimenters) are in process at SRI. These commoﬁality correla-

tions and conclusions will be reported separately.

EXPERIMENTAL TECHENIQUES.

Figures 1 and 2 illustrate typical calorimetry arrays for
both spatial dosimetry (using total stopping carbon calorimeters)
ang dosé-depth measurements {using thin carbon foils). -Also
~indicated 1s the manner of mounting samples and gauges. For
the matetial irradiations by the e-beams, the dose~depth stack
was replaced by the appropriate sample/gauge configuraﬁion.

For all shots the diode characteristics were recorded using
the Sandia 7912-PDP1ll data recording and reduction system. This
system recorded V and I (voltage and current) and computed the
diode impedance, the diode power,vthe pulse duration, and the
time-integrated electron energy spectrun. Tﬂis information allows
deposition calculations to be performed using the Monte‘Carlo
tfansport codes ELTRAN énd TIGER. Figure 3 illustrates a typical
dose-depth analysis using BJ3'. |

‘ The materiai response monitoring techniques used by Ktech
included quarfi ané carboh gauges, and laser velocity and
displacement interferometry (LVI and LDl). The gquartz gauges
Qere usuélly placed directly on the specimen, whereas the carbon
gauges and LVI generally included the use of a PMMA (Plexiglas)

or fused silica material in which the gauge or mirror was
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embedded. For a thin specimen, a fused silica buffer wés also

used to protect quartz gauges from direct electron deposition.

EXPERIMENTAL RESULTS

Figures 4, 5, and 6 1illustrate typical Al stress measurements
taken with the three monitoring techniques of guartz and carbon
gauges, and LVI. - For the carbon gauges and LVI conditions
the influéncé of the buffers of PHMA and_fused silica, respective-
ly, must be taken into account. The PMMA "shocks-up" theAstresé
wave profile giving the steep observed rise. The long-lived .
tail on the carbon gauge recofd resulted from the iméedance
mismatch between Al and PMMA, and represented thé "ring down"
of the stress reflect;ng'back and forth in the thinner Al piece.
The fused silica buffefs mostly smooth the stress profileé;
lessening the steepness of the front of the original material
wave.

To allo& evaluation of the stress records it is eéseﬁtial
to ensure one-dimensional conditionS'fbf'as‘long as. possible.
Great care was taken with the choice‘of irradiation area, sample
thickness, and bpffer/honitbr geometry to guarantee one-dimensional
situations. Typically the beam flueﬁce varied by less than 20%
acro;s‘a sample irradiation diame£er (about 0.7").' Figure 7
illus£ra£es the consideration involved in this one-dimensional
déterminationa Indicated on Figs. 4, 5, and 6 are the calculated
limité to one-dimensionality times for these experimental conditions.

Due to the non-flat deposition profiles coupled with stress
_ propégation during energy deposition, the peak induced stresses

are less than the direct Grlineisen stresses for instantaneous
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energy deposition. The magnitude of this stress relief effect
depends on the deposition profile width, the deposition time
and the material sound speed. Figuge 8 gives the generalized
effects fo; Al and Ta as a function of deposition timing using
these e-beam machines. It is seen that where Al exhibits only
a relativeiy smaill depehdence on time, Ta is very dependent.

Figure 9 giveé a direct comparison of Al stress profiles
normalized to gauge stress per unit material.Specific energy
loading. Despite the wide range of energy loadings andg depoeie
tion times, very little variation 'in the normalized peaks is
observed, as expected. |

Figure 10 gives a direct‘comparison of Ta stress profiles
normalized to gauge stress pef unit-materiai speeific energy
loading. A dfamatic dependence in peak stress is observed as-
a function of deposition time, as eXpected, while the influence
of deposition profile widths, due to differing mean electron
energies, can also be seen.

Figure 11 illustrates theé observed geuge-streseee fef the
"three cermet thicknesses exposed at Rehyd. It is seen that
at constant energy loading the thinner sample gives the higher
peak stress, as expected for a potoue material.

.&o directly study the Gruneisen I' and spall strength of
the cermet, Hermes II was.chosen for the electron irradiation
since it gave a reasonably uniform deposition within the
samples (0.080" thick) and had a short enough deposition time
(70 nsecs) tolgive only minor through-the-thickness stress

relief. Energy loadings of up to 85 cal/gm were achieved.
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The Grineisen T was determined using LDI and emplojing the
" stress matching technique with fused silica as the reference
material having a free surface mirror. Figure 12 illustrates
the position-time (x:t) and‘stress—particlevvelocity (P:u) -
analysis appropriate to the'experimen£al arrangement; Figure
13 gives a typical LDI interpretation showing cleariy the first
three velocity states which allow extrapolqtion to the initial
cermet thermal stress, and hence determinafion of the Grﬁneiéen
parameter (i.e., via P = TpE). Also evident.is tﬁe influence
of the finite deposition time and the jump incurrea due to
the thin epoxyAbond between £he porous sample and fused si;ica
reference, |
Figure 14 .summarizes the stress inferred versus energy

loading énd indicates a mean value of T ~ 0.05 over the range
of 0-60 cal/gm. '

~ To determine the spall strength of the cermet, a triple
stack of free-surface sampies (0.080" thick) were irradiated in
a common Shbt. Figure 15 illustrates the érpangement, gives
mean energy loadings, and shows the observed modes of damage.
A variation from complete spall to no damage was obtained,
and incipient spall ldading of about 70 cal/gm was identified.
Figure 14 suggests a corresponding tensile strength of about
0.55 kbars, assuming a simple release path inversion of initial
thermal stress into tension, appropriate for apprbximate'uniform
energy loading. The small non-uniformity in the deposition
profile is the reason why the spall plane is towards the rear

of the samples.
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SUMMARY AND CONCLUSIONS

| TheAability to load, monitor, and understand the response-
of three ¢lasses of.matécials exposed to electron beam frfadia—'
tions ffom four different electron beam machines has been
demonstrated, Aluminum, tantalum and a cermet weré successfully
iéradiateé over the loading range 50-900 cal/gm and with deposi-~

tioh time& from 30=120 nsee. The aluminum exhibited only slight

Stress exhibited the anticipated strong dependence on deposition
time. F@r the'cermét, the Grinéeisen parameter was determined

to be about 0.05. The spall ;tréngth for uniform»heatiné was
found to bé ohe-half kilobar, and stress generation, pfopagation,“
and attenuvation were recorded as a function of thickness and
1oading. Detailed correlation between measurements and calcula-

tiohs are in progtess.





