Contents

Page
OVBIVIBW . . oottt 1
SUMMIAIY . . oot e e e e e e e e e 2
INErOdUCTION . . . oo 3
CBIAIMICS .« o et 3
Market Opportunities for Ceramics . . . ... 4
Research and Development Priorities . ... ... 5
Polymer Matrix COMPOSITES . . . . ..ot 5
Market Opportunities for Polymer Matrix Composites . ... .......... ... ... ... ... 6
Research and Development Priorities . .. ... i 7
General Prerequisites for the Use of Advanced Structural Materials . ... ............. 7
INErOdUCTION . . . .o 9
CBAMIICS . . o ettt ettt e e e e e e e e
The Advanced Structural Ceramics Industry .. ........ .. i 11
Properties of CeramiCs . ... ... oo 11
Ceramic Matrix COMPOSITES . . . . ..ot 13
Ceramic Coatings . . . ..ottt 14
Design, Processing, and Testing of Ceramics .. ............ ... 15
Health Hazards . . ... ... 22
Applications of Structural Ceramics . .. ... ... 23
Future Trends in CeramiCs . . .. ...ttt e 36
Research and Development Priorities for Ceramics. .. ........... ... . ot 38
Polymer Matrix COMPOSITES . . . . .. oo e e 43
The Polymer Composites INdustry . . ... 44
Composite CONSLItUBNTS . . . . ..o 45
Properties of Polymer COmposites . . ... ... 46
Design, Processing, and Testing of Polymer Composites .. ............ ... ... ...... 47
Health and Safety . . ... ... 50
Applications of Polymer Matrix COmpoSIites . . . ... ...t 50
Future Trendsin Polymer Matrix Composites . . .. ...t 58
Research and Development Priorities for Polymer Matrix Composites . .............. 62
General Prerequisites of the Use of Advanced Structural Materials ... ................ 66
Education and Training . . .. ... ..o 66
Multidisciplinary Approach . . ... 66
Integrated DeSign . . . ..ot 67
Systems Approach to COSt . . .. ... oo 67
GlOSSaNY . . ottt 69
List of Tables
Table No. Page
1. Some Future Applications of Structural Ceramics............. ... ... .. ... 11
2. Comparison of Physical and Mechanical Properties of Common
Structural Ceramics With Steel and Aluminum Alloys .. ............. .. ... .. .... 12
3. Fracture Toughness and Critical Flaw Sizes of Monolithic and
Composite Ceramic Materials Compared With Metals . .. ........... ... ... ..... 14
4. Common Processing Operations for Advanced Ceramics. .. ...................... 16
5. Selected Processes for the Production of Ceramic Coatings and for the
Modification of Ceramic Surfaces . . . ... .. i 19
6. Characteristics and Properties of Ceramic Coatings Often Considered Desirable . . . . 20
7. Comparison of the Mechanical Properties of Various Cements and Aluminum. . . . .. 21
8. Comparison of Some Possible Production-Level NDE Techniques

for Structural CeramiCs . . ... ... it e 22



Contents—continued

Table No. Page
9. Future Diesel Engine Technology Development Scenario . ........................ 32
10. Structural Ceramic Technology: Federal Government Funded R&D. .. ............. 38
11. Breakout of the Fiscal Year 1985 Structural Ceramic Budget According to
the R&D Priorities Cited inthe Text . .. ... .. i e 41
12. Production Techniques for Polymer Composites . . ............. ... ... .. ... 49
13. NDE Techniques Appropriate for Production, Finished Product, Depot,
and Field-Level Inspections of Polymer Matrix Composite Structures . . ........... 49
14. Budgets for Polymer Matrix Composite R&D in Fiscal Years 1985 and 1986 ........ 62
15. Hypothetical Multidisciplinary Design Team for a Ceramic Component. . .......... 66
List of Figures
Figure No. Page
I. The Family of Structural Materials . . . ......... ... .. . . . . 9
2. Probability of Failure of a Ceramic Component . . ..., 13
3. Estimated Scenario for Implementation of Ceramic Components
in Structural Application Categories . . . . ... .. 24
4, Projected U.S. Markets for Structural Ceramics in the Year 2000 . . ... ............. 25
5. Load-Deflection Curve for a SiC/Glass-Ceramic Composite . ... ................... 36
6. Composite ReiNforcemMent TYPES . . . ..ottt 43
7. Comparison of the Specific Strength and Stiffness of Various Composites and Metals 44
8. Comparison of General Characteristics of Thermoses and Thermoplastic Matrices. . . . 45
9. Composite Aircraft Structure . .. ... . 51

Xi



