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Research Status

Research to date naS been generally conrfined to the
massrve llterature searches perforned through our llbrary,
but largelyrthrough the North Carolina Science and
Technology Research Center where incipient resultsjﬁegan

en masse in early March from the fOllOWlng files:

Flle Name | Approximate Entries
: Searched

Natlonal Aeronautlcs and Space IR -
Administration -+ 700,000

U. 5. Government Reports o : .
Announcements ' . _ ©. - 200,000 ‘
-Engineering Index , » '450,000
Chemical Abstracts Condensates 600,000

- Two gratis searches were performed for the pro;ect

one through the Jet PropuLSLm Laboratory and the other by

e
Rad

.Martln Marletta Corporatlon Orlando D1v181on, for which
" the prOJect is gratefully indebted. |

Hunareds of Documents Abstracts have been reﬁlewed'
and ordered on Mlcroflcne wherever pOSSlDle in view of
hardcopy coste and that selectlon process contlnues;
Xerox and- 31mllar hardcopy processes are accepted as a

second choice.
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PRECEDING PAGESBLANK NOT FILMED

A large set of literature is growing on all selected
candidates end already a graphlcal scheme exrsts for
) plottlng the approprlate data on digital Drlntout paper..
‘Least sguares routines will be coupled w1th_these plots
to generate both analytic and greohical output of all
pertlnent property lnformatlon versus independent
variables as temperature and densrty

Also, when raw fracture 1nformation is avallable;
-Welbull dlStrlbutanS will be correlated wrth such
oata whlch con51ders the blax1al fracrure characterlstlcs
of such a materlal To this end, the enclosed paper is
addressed and reproduced in full as: presenteo at the
twelfth Sym9031um on Electromaqnetlc Windows co-authored
by William J. Craft and Juri ¢G. Filatovs. It‘is also
of some 1nterest that past proJects of this type. to
'accunulate ceramic material property data have net
generally 1ncluded information on the acquisition and
compilation of fracture/fallure models., Statlstlcal
and numerlcal analysrs technlques are being utilized
which will aocept tabulated data and produce models of

thig type.
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Creation of a Ceramics Handbook

- William J. Craft
: and
- G. Juri Filatovs

" North Carolina A. & T. State University

- ~"is the recipient of a grant, NGR 34-012-013,7

" thrg_ggh_dthemJetﬂP-ro-pu1.si.o.nh_1__@m}ag_;gj;gr_y,}_ e T

Pasadena, California, for research leading
to the development of a Ceramics Handbook
defining properties and parameters necessary
for thermostructural design. This paper
describes work currently underway toward this
goal and in particular toward the evolution
of a reliable predictor of fracture from .
current literature. Ceramics suppliers,
users and those engaged in its character-
ization are being asked to share recent '
results. S '

The characterization and use of ceramics has been the
subject of no less than 1,200 publications in the past ten
years, the majority appearing since 1968.  This unusual
interest in such inherently brittle materials can be
explained by their many desirable properties such as resis-

‘tance to heat, oxidation, and corrosion providing various
nuclear, optical, magnetic and electric applications. -

in spite of such massive research efforts, interpret-
“able property data remains sparse. The literature on
ceramic¢s, while wvast, is also vastly confusing. A polycrys-
talline ceramic is usually made up of one. or more phases,
grains and pores of various sizes and distributions, and
impurities inside the grains and in the grain boundaries.
A1l of these, in addition to the processing, influence the
properties of a ceramic. - : _ .

, Another obstacle to the wider utilization of ceramics
is that they usually fail catastrophically in the tensile
mode (1). At present, the only satisfactory way of coping:
with this brittleness is by gross overdesign and limiting
ceramics to areas where structural functions have secondary
" gonsideration (2}. ' o

Structural design of ceramics with confidence approxi-
mating that of metals is virtually unknown. TwO standard.
~deviation units from the average +ensile strength mean can
aven give a nega“ive value due to the pronounced scatter.
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If practical literature data exists it is either frequently
not readily interpretable for the designer or it may be con-
tradicted by other publications. Simple fracture stress
value data as well as fracture mechanics theories vary
widely. TFor alumina, a standard refractory oxide, tensile
strength test results can differ by a wide margin {3,4).
Thare is also disagreement among experts as to which vari- -
~ables are important and to what extent they bear on the

properties of ceramics. For instance, several researchers
have differed on the physical property interaction with sur-
face finish in alumina. H. S. Starrett (35) suggests little
correlation between strength and finish while H. P. Kirchner
et al., (6) feel this is a major fracture stress level pre-
dictor.. :

_ Actually, surface flaws interacting with the type of
finish, if surface effect predominates. should pronouncely

- weaken a specimen subject to testing where the outer fibers
sustain a large part of the load. as with simple flexure

‘or torsion as opposed to uniaxial tension. It is fregquently
found that uniaxial tension testing produces lower strength
results than any other standard test of a brittle material

.~ contradicting this hypothesis or indicating alignment strains
which admittedly can be important in brittle materials with
low fracture stress to medulus ratios. ' . :

Starrett found the Weibull statistical model of - volu-

.~ metric flaw distribution linking fracture to the integrated

probability of failure from the local uniaxial stress level
suitable for his results (7). This theory also explains why
a larger specimen of like material will fail at lower stress
levels than smaller ones and why tensile specimens exhibit
lower apparent strengths than flexure ones. In practice,
such a theory, while important, may not be strictly appli-
 cable as exercised to date due to the general presence of
‘more than one non-zero component of the stress tensor. In
isotropic homogeneous materials used as thin shells where
in-plane stresses predominate,  the stress tensor form
required is (04,0 »Tyxxy) which can be specified by principal
‘direction components (01,02} fully characterizing the frac-
ture surface. .Fortunately this covers many cases of prac-
tical interest such as thermally stressed pressure vessels,
rocket nozzles, and radomes (8). The general stress tensor
‘contains six independent components, Fig. 1, but a switch to
principal direction coordinates reduces the variables to
three, Fig. 2. being sufficient for the study of most frac-
fure criteria. Clearly a statistical model making use of the
‘distance to fracture' may be the preferred criterion for
failure as displayed by the fracture surface, Fig. 3. This
ubiguitous problem should ke one of the most important gues~
tiocns to be investigated under this NASA-JPL grant entitled
*Creation of a Ceramics Handbook'.
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Clearly, to answer all guestions required in the com-— .
plete characterization of ceramics as provided by extensive
literature searches is an impossible task. For this reason
and because several interesting materials exist which find
- wide-spread use and for which reasonable characterization
data is known, five candidates, alumina, magnesium oxide,
silicon nitride, slip cast fused silica, and silicon carbide,
have been chosen from among them. . K

Already several hundred papers are being researched ang
it is hoped that by December a series of property data
curves will be available so that a designer faced with a
thermomechanical problem can provide input to an analytical
- solution, estimate, or finite element computer program and
then consult a proper fracture model or at least a recom-
mended one. In this way it is to be hoped that a reliable
factor of safety or other meaningful measure of design
guality can be assessed. :

This investigation was initiated December 1, 1973 and
proposes to draw on industry and academic expertise, and to
that end, sweep letters are being issued to major researchers,
manufacturers, and users asking that existing but perhaps un-
published data be shared. Other properties. egually impor-
tant to design use include radar parameters, chemical compat-
‘ibility, temperature dependences, vapour pressure, heat
-capacity, conductivity, porosity, and catalytic abilitv. The

- handbook will be heavily referenced and will contain cross-

indexing so that information is available under specific
candidates and properties in a matrix arrangement.
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FIG1T- ARBITRARY AXES
FI1G.2- FPRINCIPAL AXES

FIG.3-FRACTURE. SURFACE
P-Stress state '
D:Distance to fracture
R=Load path

8+



