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ABSTRACT

Data presented in this report represent an intense effort to improve processing methods,
testing methods, and general mechanical properties of candidate ceramics for use in advanced
heat engines. This work was performed by many facilities and represents only a small part of the
data generated by the Ceramic Technology Project (CTP) since 1986. Materials discussed
include GTE PY6, GN-10, NT-154, NT-164, SN-260, SN-251, SN-252, AY6, silicon nitride
combined with rare-earth oxides, Y-TZP, ZTA, NC-433, N7-230, Hexoloy SA, MgO-PSZ-to-
MgO-PSZ joints, MgO-PSZ-to-cast iron, and a few whisker/fiber-reinforced ceramics.

Information in this report was taken from the project's serniannual and bimonthly progress
reports and from final reports summarizing the results of individual studies. Test results are
presented in tabular form and in graphs. All data, including test rig descriptions and material
characterizations, are stored in the CTP data base and are available to all project participants on
request.

The objective of this report is to make available the test results from these studies but not
to draw conclusions from those data.

1. INTRODUCTION

Corrosion and heat tolerance features of ceramics make them attractive as components
in the hostile environments of vehicular heat engines. Yet, conventional ceramics are very brittle
and lack the toughness needed for reasonable service life. Participants in the Ceramic
Technology Project (CTP) are constantly improving existing materials, altering testing and
analytical methods, and developing new materials and methodologies that would make ceramic
engines and engine components feasible.

The purpose of this effort is to gather and make available all test results generated within
the CTP. Information in this report represents a cross section of that work. A variety of materials
are represented, including numerous silicon nitride-based, silicon carbide-based, alumina-based,
zirconia-based, and whisker/fiber-reinforced ceramics. Programs generating these data are
described briefly as well. Most of the information was extracted from the project's semiannual and
bimonthly progress reports, facility data sheets, and technical reports from individual programs.
Test results are represented in tabular and graphical forms and include associated details about
the test facilities, material characteristics, and compositions, if such information was available.

Tribology studies were excluded due to the amount of detail needed to describe and
characterize such data; wear data will be published in the future in a separate report comprised
only of tribology information.



Note that file names and field names nmay not be spelled fully in this document and in the
data base. Computer software limits the size of the file name to 8 characters (not including the
3 character file extension) and field names ic 10 characters. An effort was made to retain the
essence of the descriptive words within the available space.

2. DATA BASE STATUS

The CTP data base presently contains 7446 records on 27 different types of tests,
596 material characterizations, 13 lubricant characterizations, 101 coating characterizations, and
2186 other associated records. A more detailed description may be found in Table 1.

The data base was partially updated during the past year to locate missing information, to

express existing values in a standard form, and to include more recent test data. During the life of
the data base, test procedures have changed, methods of nomenclature for several fields
(BATCH_ID and CLASS_IN, for example) have fluctuated, and missing information was never
tracked down. Although a hlock of time was set aside during Fiscal Year {(FY) 1992 to catch up on
all those tasks, updating the data base to the desired level required more time than was originally
allotted. The cause of this problem arose from lack of a standard format that would adequately
provide. the user's data needs and from the broad scatter of sources of the associated details on
some of the tests. Progress was made on the solution but more time is needed.
_ Efforts were made to standardize test procedure names within the data base, especially in
théharea of fracture toughness. Confusion about the differences among controlled flaw, modified
controlled flaw, and multiple indentation test methods was cleared by adding definitions to the
data base that allow the user to quickly distinguish among the different methods. These
definitions are stored in the TESTBKGD file under WBS_STUDY as “GENERAL.” Table 2 gives
the data base definitions for the fracture toughness methods listed above. Brief descriptions of
American Society for Testing and Materials (ASTM) standards for testing procedures for ceramics
will be included in the TESTBKGD file as they become available and will be accessible through
WBS_STUDY = “ASTM." References to the sources of these standards will be stored in
CERSOURC, the bibliographic reference file for the data base.

Composite materials and metals have been removed from the general material
characterization file and placed in separate files respectively (COMPOSIT and REINFORC), due 0
different characterization requirements for each class of material. (Note: Because file names are
limited to 8 characters by the operating system, the “E” on the end of both file names was omitted
intentionally to comply with the size requirement.) Metals characterizations were segregated into
a file of their own (appropriately named METALS) since they normally play a supporting role in
ceramic development. Fields were added to COMPOSIT to better identify the reinforcement, and
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the WHISKERS file was renamed REINFORC, since not all reinforcements are whiskers. More
tields were added to REINFORC to characterize and identify more completely the reinforcing
material. Tables 3 through 8 list the altered formats for characterization files available in the data
base.

Current methods of storing ceramic processing information were found to be difficult to
access and somewhat inadequate in content. Past methods included summarizing process
descriptions without all the intricate details. A new data base is now being designed to document
each step of ceramic fabrication, from raw materials to finished product, and will tie into the test
results data base through material name and batch code. Several files (in draft form) are already in
place but not yet stocked with data. The new structure consists of seven main files:

PROCESS - a master file linking detailed processing information to test results;
BASICS - contains the basic list of components used to make a particular ceramic;
MIXING - pre-mixing treatments and mixing methods used to make the ceramic;
FORMING - a detailed description on how the green form was shaped, for example

o P~

injection molded or slip cast;
DENSIFY - densification method used, described in detail;

(3]

FINISH - any methods used to complete the ceramic to its finished state, such as
polishing, machining, coating, etc.; and

7. HEATREAT - any additional heat treatments the ceramic undergoes after
densification.

Field structure within these files is still in development but will be published in a future
report. This processing information will apply to an entire batch of a given ceramic. Any additional
treatments applied to individual components of a batch should be documented with the test
results reported for the individual components. The draft file formats will be reviewed during
FY 1993, and data entry should begin soon after.

Work on the computerized user interface for the data base began in FY 1992. The
original version is being written for IBM/PC-compatible microcomputers using dBASE 1V™
(version 1.5) programming language and should run with only the dBASE IV runtime modules that
will be supplied with the interface. Work on the Macintosh version will begin once the PC version
has been debugged.

Minor modifications were made to some of the existing file structures during the early
stages of work on the interface. These changes were necessary for the program to access the
correct information based on a user's request. Most of the changes were structural only and had

-



Table 3.

COATINGS

General Information on Coatings

Fleld Name Type Slze Comments
COATING Character 20 Name of coating material
BATCH_ID Character 16 Batch code assigned to this material
MAT_CLASS Character 12 Primary classification of this

material: metal, ceramic, cermet...
MATRIX Character 30 List of material components
APPLY_ABBV Character 4 Application method abbreviation
APPLY_TYPE Character 30 Method used to apply the coating
COAT_THICK Character 8 Average thickness of this coating
FABRICATOR Character 24 Maker of this coating material
VINTAGE Character 10 Date assigned to this material
OTHER_NAME Character 20 Another name for this material
WBS_STUDY Character 12 Work breakdown structure
CLASS_IN Character 10 Material class access code
REF_CODE Character 13 Source of this information
TEXTUF Logical 1 If "Y", more comments in TEXTUF
COMMENTS Character 29 Short notes

AP O 0 AR O



Table 4.

COMPOSIT

Composite Materials General Information and Characterization

Field Name Type Slze Units Comments
MATERIAL Character 24 Name of coating material
BATCH_ID Character 16 Batch code assigned to this
matenal
COMP_CLASS Character 16 Primary classification of this
type of composite
CLASS_IN Character 10 Material class code
REF_CODE Character 13 Information source
WBS_STUDY Character 12 Work breakdown structure code
PRI_MATRIX Character 24 Basic material components
PRIM_POWDR Character 20 Primary matrix powder
ADDITIVES Character 20 Anything added to the
primary matrix
MIX_PROC Character 20 Mixing process
FORM_PROC Character 20 Forming process
DENSIFY Character 30 Densification process
HEATREAT Character 24 Extra heat treatments
REIN_NAME Character 16 Name of reinforcing material
REIN_CHEM Character 16 Composition of reinforcement
BATCH_IDR Character 16 Batch code for reinforcement
REIN_QUANT Character 12 Quantity of reinforcement
REIN_FORM Character 16 Form of reinforcement
REIN_COAT Character 16 Coating on reinforcment, if any
REIN_TREAT Character 20 Premixing treatment
FABRICATOR Character 24 Maker of this coating material
FAB_NAME Character 12 Fabricator's name for
composite
VINTAGE Character 10 Date assigned to this material
DENSTY_GCC Numeric g/cm3 Measured density
THDENS_PCT Numeric 6 % Percent of theoretical density
TYPE_MOE Character 10 Method used to derive

modulus of elasticity ( MOE)



Table 4. continued
Field Name Type Size Units Comments
MOE_GPA Numeric 6 GPa Young's modulus at room
temperature
MOR4_MPA Numeric 6 MPa MOR4 at room temperature
TYPE_HARD Character 16 Type of hardness test
HARDNESS Character 12 Value and units for hardness
TEMP_RNG_C Character 10 T Temperature range for
thermal expansion
THERM_EXP Numeric 8 1.E-06/°C Coefficier}t of thermal
expansion
POISSONS Numeric 6 Poisson's ratio
TYPE_TUFF Character 16 Type of toughness test used
KIC_MPAM Numeric 6 MPaVm Kic, fracture toughness
SEETEXT Logical 1 "Y" if more information in
TEXTUF
Table 5. LUBRICNTS

General Information on Lubricants Used in Wear Tests

Field Name Type Size Units Comments

LUBRICANT Character 16 Name of lubricant

WBS_STUDY Character 12 Work breakdown structure

REF_CODE Character 13 Information source

FABRICATOR Character 20 Manufacturer

BASE Character 30 Substance forming the
base stock for this lubricant

MAX_TEMP_C Character 6 °C Maximum operating
temperature

SEETEXT Logical 1 If "Y", then more notes in
TEXTUF

COMMENTS Character 27 Short notes

9



Table 6. MATLCHAR

General Information and Characterization Information on Unreinforced Ceramics

Fleld Name Type Size Units Comments
MATERIAL Character 24 Name of material
MAT_CLASS Character 16 Material classification
BATCH_ID Character 16 Batch or lot identity
CLASS_IN Character 10 Material class code
REF_CODE Character 13 Source of this information
WBS_STUDY Character 12 Work breakdown structure code
FABRICATOR Character 24 Material maker
FAB_NAME Character 15 Maker's name for material
VINTAGE Character 8 Date material was made
MATRIX Character 30 Primary matrix in material
ADDITIVES Character 48 Anything added to the
primary matrix
DENSIFY Character 30 Densification process,
summarized
DENSTY_GCC Numeric 8 g/em3 Measured density
THDENS_PCT Numeric 6 % Percentage of theoretical
density
TYPE_MOE Character 10 Method used to derive MOE
MOE_GPA Numeric 6 GPa Young's modulus at room
temperature
MOR_MPA Numeric 6 MPa MOR4 at room temperature
TYPE_HARD Character 10 Type of hardness test
HARDNESS Character 12 Value and units for hardness
TEMP_RNG_C Character 10 << Temperature range for
thermal expansion
THERM_EXP Numeric 8 1.E-06°C Coefficient of thermal
expansion
POISSONS Numeric Poisson's ratio
TYPE_TUFF Character 16 Type of toughness test usad
KIC_MPAM Numeric 6 MPaVym Kc. fracture toughness
SEETEXT Logical 1 "Y* if more information in

TEXTUF
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Table 7. METALS

General Characterization and Information on Metals Used in Some Ceramic Material Tests

Fleld Name Type Size Units Comments
MATERIAL Character 24 Material name
LOT_NUMBER Character 16 Batch or lot identification
CLASS_IN Character 10 Material class code
REF_CODE Character 13 Information source
WBS_STUDY Character 12 Work breakdown structure code
FABRICATOR Character 24 Material maker
FAB_NAME Character 18 Maker's name for material
VINTAGE Character 8 Date material was made
MATRIX Character 30 Primary matrix in material
TYPE_MOE Character 10 Method used to derive MOE
MOE_GPA Numeric 6 GPa Young's modulus at room
temperature
UTS_MPA Numeric 6 MPa Tensile strength at room
temperature
YIELD_MPA Numeric 6 MPa Yield strength at room
temperature
TOT_ELONG Numeric 5 % Total elongation
TYPE_HARD Character 16 Type of hardness test
HARDNESS Character 12 Value and units for hardness
POISSONS Num.iic 6 Poisson's ratio
TYPE_TUFF Character 16 Type of toughness test used
KIC_MPAM Numeric 6 MPavm Kic, fracture toughness
SEETEXT Logical 1 "Y* if more information in
TEXTUF
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Table 8. REINFORC

Reinforcement Information for Composites

Field Name Type Size Units Comments
REIN_NAME Character 16 Whisker name
REIN_CHEM Character 20 Chemical composition
BATCH_IDR Character 16 Batch or lot identification
REIN_FOF:M Character 16 Material form (e.g., fiber,
powder)
COATING Character 16 Substance used to coat
whiskers, if any
MAKER Character 24 Reinforcement fabricator
SPEC_TREAT Character 24 Special treatment, if any
CONDITION Character 20 Condition at mixing time
VINTAGE Character 8 Date reinforcement was made
AVG_LEN_UM Numeric 6 um Average length (fibers)
AVG_DIA_UM Numeric um Average diameter (fibers)
DIA_RANGE Character 12 Range of diameters for this
batch of reinforcement
LEN_RANGE Character 12 Range of lengths for this
batch of reinforcement
ASPECT_RAT Numeric 6 Ratio of length to diameter
CLASS_IN Character 10 Material class code
REF_CODE Character 13 Information source
WBS_STUDY Character 12 Work breakdown structure code
SEETEXT Logical 1 "Y* if more information in
TEXTUF
COMMENTS Character 25 Any other information

12



no major impact on the information aiready stored. Since the interface is still being written, more
changes may be forthcoming. All alterations will be documented in a future publication.

Barring an unexpected crisis, the interface should be ready for user testing by the end of
FY 1993. The initial version will include a hardcopy draft version of the user manual and disks
containing the data base and interface.

3. DATA BACKGROUND

Tracking down background information for a specific batch of a material is a time-
consuming, usually frustrating, experience which is often necessary to confirm the validity of
the data. The fabricator's assigned batch number of a material is frequently lost as the material
proceeds through its processing life. Some of the data in this report include the original batch
codes assigned to the materials by the fabricators. When no batch identifier is reported with data
in the source document, a code is assigned by data base personnel based on the name of the
material-fabricating facility and the company, lab, or individual reporting the data. it is possible for
material with a fabricator's batch code to be the same as a material with a locally assigned batch
code if, for example, data for the material were reported without the original fabricator's code.
Unless the unknown-batch-code data are exact duplicates of known-batch-code data, the
unknown-batch-code data are ascigned a unique identifier to distinguish them from other batches
of the same material.

All Weibull analyses shown in this report were performed using the rank regression
method, in which a least-squares fit to the data is used to estimate the modulus. Specifically, the
data were sorted and the X-Y coordinates, In(MOR strength) and Inin[1/(1-F)], were calculated
using Microsoft EXCEL™ (version 4.0) on an Apple Macintosh. The data were then transferred to
Cricket Graph™ (version 1.3.1), where they were plotted with the best fit line, using Cricket
Graph's built-in curve-fitting routines.

Data tables for this report are organized according to type of data: Appendix A contains
available background information on the ceramics presented in this report; Appendix B contains
the experimental text data arranged in sections by property type. Some of the test data listed in
Appendix B may not be represented by materials in Appendix A but will be included in a later
report if and when such information becomes available. It is the policy for this data base to store
the available information for future use, whether or not a complete set of information is available on
a material. However, complete sets are preferred and sought as time permits.

All information presented in this report was produced by programs funded by the CTP.
Many of these programs sought to improve specific types of structural ceramics, with silicon
nitrides being the most studied, followed closely by zirconia-based ceramics. Other programs



developed new test methods to predict more accurately the mechanical behavior of advanced
ceramics at room and elevated temperatures. Test results from both types of programs were
extracted from the CTP semiannual and bimonthly progress reports and from technical reports
generated within the individual programs. Data sheets were received from Ken Liu and
Matt Ferber, both from Oak Ridge National Laboratory (ORNL). A brief description of the programs
generating data for this report follows. The work breakdown structure (WBS) designation
(element) precedes each program title.

1.1.2.1 - Sintered Silicon Nitride - G. E. Gazza (Army Materials
Technology Laboratory) and J. Mangels (Ceradyne, Inc.)

The purpose of this program is to develop scale-up processing conditions for a silicon
nitride having a general matrix of 85.5m% SizN4, 4.73m% Y203, 9.47m% Si02, and 1.0m%
Mo2C, and characterizing properties for these materials. Several batches have been made and
subdivided into smaller batches, called mixes, for further processing. These may be identified in
the appendices by a batch code in the form CERA/MATn/MIXm, where “n” is a material batch
number and “m” is a mix number. All are listed under the material name “SizNg."”

1.2.3.1 - Dispersion-Toughened Ceramic Composites - T. N. Tiegs,
P. F. Becher, P. A. Menchhofer, W. H. Elliott, D. J. Kim, and D. W. Coffey
(ORNL)

Improving toughness propenrties of structural ceramics using silicon carbide whiskers or
other forms of reinforcement in various matrices is the goal of this activity. Present studies involve
using rare-earth oxides to promote in situ acicular grain growth in silicon nitrides. These data are
identified by the rare-earth oxides following “SigN4” in the material name, and “ORNL" in the batch
code.

1.2.3.2 - Processing of Improved Transformation-Toughened Ceramics -
E. Lilley and G. A. Rossi (Norton Company)

The purpose of this activity was to produce zirconia-toughened ceramics that were
stronger and tougher at elevated temperatures and after prolonged exposure to elevated
temperatures than current state-of-the-art toughened ceramics. All tests listed in the appendices
on Ce-ZTA (a cerium-doped zirconia-toughened alumina) and Y-TZP (a yttria-doped zirconia) were
generated by this program.

1.4.1.3 - Analytical and Experimental Evaluation of Joining Ceramic
Oxides to Ceramic Oxides and Ceramic Oxides to Metal for Advanced Heat
Engine Applications - J. Ahmad et al. (Battelle Columbus Laboratories)

The objective of this program was to develop analytical tools to design reliable,
high-strength, ceramic-to-ceramic and ceramic-to-metal joints. Experimental joints using

14



various interlayers between Mg-PSZ components (as split disks or split bend bar specimens)
were fatricated with Mg-PSZ-to-nodular cast-iron joints, and both types were tested for strength
and toughness. These test results are located in Appendix B, Sects. 9 and 10. Test results on
the unjointed component materials are included in other sections and may be identified by batch
codes beginning with “BCL/." Joining details may be found in Sect. 5 of Appendix A. Specimen
geometry diagrams may be found in Fig. 1.

3.2.1.4 - Tenslle Cyclic Fatigue of Structural Ceramics - K. C. Liu,
C. O. Stevens, and C. R. Brinkman (ORNL)

This ongoing program has the task of designing, developing, and demonstrating uniaxial
tension-tension dynamic fatigue testing of structural ceramics at elevated temperatures and to
develop baseline data on tensile fatigue behavior of ceramics at room and elevated temperatures.
The cyclic fatigue test data using test rig designation “CFATORNL1” were produced by this
activity. See Fig. 2 for a diagram of the cylindrical buttonheaded rod specimen used in this
program.

3.2.1.5 - Tensile Stress-Rupture Development - K. C. Liu, C. O. Stevens,
H. Pih, and C. R. Brinkman (ORNL)

The primary purpose of this program is to develop the capability for performing uniaxial
tensile stress-rupture and creep tests at high temperatures in the region where creep can occur.
Stress-rupture and creep data on NT-154 and GN-10 with batch codes of “ORNL/KCL" were
generated by this activity. See Fig. 2 for a diagram of the cylindrical buttonheaded rod specimen
used in this program.

3.2.1.6 - Rotor Data Base Generation - M. K. Ferber and M. G. Jenkins
(ORNL)

This activity involves studying the tensile strength of a silicon nitride ceramic as a function
of temperature and time in an air environment. Another phase is investigating the microstructural
aspects of high-temperature failure using stress-rupture data. The resulting data base should
help the development of a design methodology for high-temperature structural ceramics. Creep
and dynamic fatigue data on GTE PY®& from this activity have batch codes beginning with
“ORNL/LOT."

3.2.1.7 - Toughened Ceramics Life Prediction - J. A. Salem and
S. R. Choi (NASA Lewis Research Center)

The purpose of this activity is to understand the relationship between microstructure and
mechanical behavior of a few materials and to determine behavior as a function of time and
temperature. As-manufactured and long-term exposed materials are compared for this study.
Dynamic fatigue, fracture toughness, and MOR 4-point bend tests were run on GN-10 and GN-10
reinforced with silicon nitride whiskers. Japanese silicon nitrides from Kyocera, designated
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SN-251, SN-252, and SN-260, and a silicon carbide from Norton Company, NC-233, were also
tested. Data from this study contain “NLRC" in the batch code.

3.2.2.2 - Life-Prediction Methodology for Ceramic Components of
Advanced Vehicular Heat Engines - P. K. Khandelwal (Allison Gas Turbine
Division, General Motors Corporation)

The objective of this program is to develop and demonstrate the necessary
nondestructive examination technology, materials data base, and design methodology for
predicting useful life of structural ceramic components of advanced heat engines. The
methodology will be demonstrated through confirmatory testing of ceramic components in near-
anticipated-use conditions, addressing fast fracture, slow crack growth, creep, and oxidation
failure modes. Tensile and creep tests on GTE PY6 (batch code = AGTD/HIP) were run at
Southern Research Institute at elevated temperatures and are reported in Appendix B. See
Fig. 3 for a diagram of the cylindrical buttonheaded rod specimen used in this program.

3.3.1.4 - Environmental Effects in Toughened Ceramics - N. L. Hecht
[University of Dayton Research Institute (UDRI)]

Environmental etfects on mechanical properties of commercially available ceramics for use
in vehicular heat engines are the primary concern of this program. UDRI also characterizes many
materials for this and other activities. This report contains UDRI test results on NT-154, NT-164
(an improved version of NT-154), GN-10, GTE-PY®6, NT-230, and Hexoloy SA, all identified
through batch codes containing “UDRL”

All data in this report are contained in two appendices. Material characterizations and
background information are located in Appendix A. Tabular and graphical representations of the
test results may be found in Appendix B. Please note that all Weibull analyses shown in
Appendix B were calculated using the least-squares method. The least-squares method is not
the most accepted method, but the software to produce maximum likelihood analyses is being
revised for data base purposes and should be operable for use in the next data base summary
report.

4. SYSTEM ACCESS

Direct access to the master data base is very limited to protect the integrity of the master
files. Experience has shown that major disasters often occur when too many people have direct
access to unprotected files at microcomputer level. Since most users would prefer to have the
data in a familiar format, to subset, analyze, and rearrange to suit their needs, this method satisfies
both situations; the master files are protected and the user gets the data in a readily consumable
form. While direct access is faster, the process of downloading across phone lines can be time
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consuming and hazardous to the integrity of the data being transmitted. This data base was
designed as a repository, not a full-function analytical tool.

Access to the data is attained by calling the data base administrator and requesting all files
or just those pertaining to certain materials or test types. The information requested by the user
(in the user-designated format, including software and disk type) will then be downloaded from
the master files, reformatted, if necessary, and sent to the user when possible. No plans are
being considered for direct access from outside systems at this time. Direct transfer is available by
special arrangement but may be time consuming due to the size and number of files. No
guarantee is given for the validity of data transmitted directly because of possible phone line
problems.

Several file formats, other than dBASE |V, are available for files downloaded for users.
These formats have been categorized as either Apple Macintosh-compatible files (on 3.5-in.
floppy disks) or IBM PC-compatible files (on 3.5-in. floppy disks up to 1.44 MB or 5.25-in. floppy
disks from 360 kB to 1.2 MB). Available Macintosh file types include Microsoft EXCEL™, SYLK,
FOXBASE™, and plain printable ASCII. IBM file types are Lotus 1-2-3™, Microsoft EXCEL™, DIF,
SDF, SYLK, plain ASCII, delimited ASCII, and dBASE IV. Other formats may be available by
special arrangement. When requesting information from the data base, please indicate disk size,
disk density, and file type.

With computer diseases becoming so rampant, users should be aware that precautions
are taken to ensure that the disks they receive from the data base are disease free. Only new
disks are used for transmittals to avoid spreading any computer diseases that might be hiding. No
recycled, reformatted disks are sent to users. Both the master system, a Northgate Elegance
486/25, and the Macintosh llcx are checked regularly for such ilinesses; none have been found
so far. Use of both computers is limited to one person who screens incoming software carefully to
avoid contamination of either system. No information is downloaded from public bulletin boards
to either system. Both computers have virus detection software installed, and all efforts are made
to ensure both systems stay disease free. If users have problems with disks received from the
data base, please inform data base personnel immediately so steps can be taken to correct the
problems.

5. FUTURE PLANS
Creation of a new data base for material processing information has begun and should

develop during 1993. This data base will tie into the existing test results data base through

material name and batch code. It contains no data now but will be stocked when the final format is
established and time permits data input.
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Development of the computerized user interface using the dBASE IV programming
language is in progress. The interface will link the many data base files together, providing better
access to information in the system. This interface will be available to all users of the data base
who request it and will not require a full copy of dBASE IV to operate. Runtime modules of
dBASE IV will be included with the interface for the users’ convenience. A test version is
expected to be in operation by the end of September 1993.

The next data base summary report is scheduled for September 1993.
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Fig. 2.21. Oxidation effects on the bend strength of GN-10 as a monolithic and reinforced with

silicon-carbide whiskers. Test temperature was 25°C.
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Fig. 2.24. Effects of test temperature on the modulus of rupture 4-pt. bend strength

of GTE PY®6.
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