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Foreword 

The symposium on Testing Technology of Metal Matrix Composites was held 18-20 
November 1985 in Nashville, Tennessee. ASTM Committee D-30 on High Modulus Fibers 
and Their Composites sponsored the symposium. Peter R. DiGiovanni, Raytheon Company, 
and Norman Ray Adsit, Rohr Industries, served as symposium cochairmen and coeditors 
of this publication. 



Contents 

Overview 

SPECIAL TOPICS 

Thermal-Mechanical Fatigue Test Apparatus for Metal Matrix Composites 
a n d J o i n t A t t a c h m e n t s — L E O N A R D J. WESTFALL AND DONALD W. PETRASEK 

Compressive Properties and Laser Absorptivity of Unidirectional Metal Matrix 
Composites D I C K J . C H A N G , G A R Y L . S T E C K E L , WILLIAM D. HANNA, AND 

FRANCISCO IZAQUIRRE 

Mechanical Behavior of Three-Dimensional Braided Metal Matrix Composites— 
AZAR P. MAJIDI, J E N N - M I N G YANG, AND TSU-WEI CHOU 

An Evaluation of the Failure Behavior of 3-D Braided FP/Aluminum-Lithium 
Composites Under Static and Dynamic Blanking—FRANK KO, ALI RAZAVI, 
AND H. C. ROGERS 

18 

31 

48 

Factors Affecting the Determination of Thermophysical Properties of Metal 
Matr ix C o m p o s i t e s — R O N A L D P. TYE AND STEPHEN E. SMITH 6 5 

Pressure Dependence of the Elastic Constants of Silicon Carbide/2014 Aluminum 
Composite D A T T A T R A Y A P . D A N D E K A R , J . F R A N K E L , A N D WILLIAM J. KORMAN 7 9 

THEORETICAL CONSIDERATIONS 

Micromechanical Modeling of Yielding and Crack Propagation in Unidirectional 
Metal Matrix Composites—DONALD F. ADAMS 93 

Statistical Strength Comparison of Metal-Matrix and Polymeric-Matrix 
Composites E D W A R D M . W U A N D S. C . CHOU 1 0 4 

Minimechanics Analysis and Testing of Short Fiber Composites: Experimental 
M e t h o d s a n d R e s u l t s — J O N A T H A N AWERBUCH, JONATHAN GOERING, AND KENT BUESKING 121 

Minimechanics Analysis and Testing of Short Fiber Composites: Analytical Model 
and Data Correlation—JONATHAN GOERING, KENT BUESKING, AND 
JONATHAN A W E R B U C H 143 



A Unique Set of Micromechanics Equations for High-Temperature Metal Matrix 
C o m p o s i t e s — D A L E A. HOPKINS AND CHRISTOS C. CHAMIS 159 

Discussion 176 

Thermoviscoplastic Nonlinear Constitutive Relationships for Structural Analysis 
of High-Temperature Metal Matrix Composites—CHRISTOS C. CHAMIS AND 
D A L E A . HOPKINS 

Development of Design Allowables for Metal Matrix Materials— 
CLAYTON L. HARMSWORTH 

177 
Discussion 196 

197 

NONDESTRUCTIVE EVALUATION AND PHYSICAL TESTS 

Anelastic and Elastic Measurements in Aluminum Metal Matrix 
C o m p o s i t e s A L A N W O L P E N D E N , M A H M O N D R . H A R M O U C H E , A N D STEVEN V. HAYES 2 0 7 

Noncontact Ultrasonic Evaluation of Metal Matrix Composite Plates and Tubes— 
ROBERT W. REED 2 1 6 

Nondestructive Evaluation of Fiber FP Reinforced Metal Matrix Composites— 
JOYCE E. WIDRIG, DUNCAN D. MCCABE, AND RALPH L. CONNER 2 2 7 

Thermal Expansion Measurement of Metal Matrix Composites—STEPHEN S. TOMPKINS 
AND GREGORY A. DRIES 248 

Alternative Methods for the Determination of Shear Modulus in a Composite 
Material—CRAIG M. BROWNE 259 

FRACTURE BEHAVIOR AND NONDESTRUCTIVE EVALUATION 

Fracture Toughness of Thin-Walled Cylinders Fabricated from 
Discontinuous Silicon Carbide Whiskers/Aluminum Metal Matrix 
C o m p o s i t e s — L O U I S RAYMOND AND JAMES A. JENNINGS 2 7 7 

Deformation and Failure Characteristics of Center-Notched Unidirectional 
Boron/Aluminum at Room and Elevated Temperatures— 
M A D H U S. M A D H U K A R , JONATHAN AWERBUCH, AND MICHAEL J. KOCZAK 2 8 5 

Mechanical Behavior of Silicon Carbide/2014 Aluminum Composite— 
SHUN-CHIN CHOU, JOHN L. GREEN, AND RONALD A. SWANSON 3 0 5 

MECHANICAL TEST METHODS AND MATERIAL CHARACTERIZATION 

Compressive Testing of Metal Matrix Composites—WAYNE M. BETHONEY, 
JOHN NUNES, AND JAMES A. KIDD 3 1 9 

Elevated Temperature Testing of Metal Matrix Composites Under Rapid 
Heating Conditions—ROBERT S. FRANKLE AND JAY O. BAETZ 329 



Short-Term High-Temperature Properties of Reinforced Metal Matrix 
Composites P E T E R L. B O L A N D , P E T E R R . D I G I O V A N N I , A N D LARRY FRANCESCHI 3 4 6 

Ultrasonic Inspection of Silicon Carbide Reinforced Aluminum Metal Matrix 
Composite Billets and Secondary Fabricated Products—PHILI? L. BLUE 376 

Influence of Heat Treatments and Working on Mechanical Properties of Silicon 
Carbide Reinforced Aluminum Alloys—j. HERITIER, P. BALLADON, J. RAMBAUD, 
p. CHEVET, AND M. DE COQUEREAUMONT 3 8 3 

Characterization of Thin-Wall Graphite/Metal Pultruded Tubing— 
ROBERT B. F R A N C I N I 396 

On the Longitudinal and Transverse Tensile Strength and Work of Fracture of a 
Continuous Fiber Metal Matrix Composite Subjected to Thermal 

E x p o s u r e — T . KYONO, i. w. HALL, AND M. TAYA 4 0 9 

Summary 433 

Author Index 435 

Subject Index 437 



Overview 

While the use of Metal Matrix Composites (MMCs) has increased significantly in recent 
years and there are many future apphcations, standard test procedures and an understanding 
of the failure mechanisms have not kept pace. This symposium and the resulting book is a 
first attempt to address this specific issue. 

The keynote address given at the symposium by Jerome Persh, of the Office of the 
Undersecretary of Defense for Research and Engineering, gave a clear prospective of the 
need and the importance of MMCs. Mr. Persh dealt with the need to have standard methods 
of evaluating competing systems so that one can arrive at the system with the most appro
priate material. 

A total of forty-one papers were initially scheduled for presentation. Eleven had to be 
cancelled and two more were not included in this book. The resulting twenty-eight papers 
are divided topically into: 

1. Special Topics (Including High Temperature) 
2. Theoretical Considerations 
3. Nondestructive Evaluation and Physical Tests 
4. Fracture Behavior and Nondestructive Evaluation 
5. Mechanical Test Methods and Material Characterization 

Work included in this volume covers material systems from the continuous silicon carbon/ 
titanium system to the particulate reinforced aluminum system. The form of the material 
varied from precast block to braided pieces. While the end applications of these systems 
vary, the need to obtain accurate and reliable test data does not vary. Tests and test methods 
are given for elevated temperature tests, dynamic modulus tests, coefficient of expansion 
tests, compression and buckling tests, among others. In all cases there is a need for an 
evaluation of the material before the destructive tests are conducted, that is, a need for 
nondestructive evaluation. 

Â . R. Adsit 
Rohr Industries, Chula Vista, Ca 92012; sym

posium co-chairman and co-editor. 






