
iv

Table of Contents

ABSTRACT....................................................................................................................... ii

ACKNOWLEDGMENTS................................................................................................iii

TABLE OF CONTENTS..................................................................................................iv

LIST OF FIGURES.........................................................................................................vii

LIST OF TABLES..........................................................................................................xiii

CHAPTER 1       INTRODUCTION..................................................................................1

1.1 Role of fuselage frames in energy absorption .........................................................1
1.1.1 Fuselage drop tests...............................................................................................................2

1.1.2 Frame tests and analyses......................................................................................................3

1.2 Tape layup composite frames ..................................................................................4

1.3 Textile composite frames.........................................................................................8
1.3.1 Textile composite materials ...............................................................................................10

1.3.2 Triaxial braided composite materials.................................................................................11

1.3.3 The TEXCAD computer code ...........................................................................................13

1.4 Objectives ..............................................................................................................14

1.5 Organization of this document...............................................................................15

CHAPTER 2       DESIGN FOR IMPROVED ENERGY ABSORPTION OF THE 
FRAMES FABRICATED FROM GRAPHITE-EPOXY TAPE..................................16

2.1 Optimal design methodology for energy absorption .............................................16

2.2 Correlation of the analysis to the baseline frame test ............................................20

2.3 Design of frames 2I-1, 5I-2, and 6I-2 for improved energy absorption ................22

2.4 Test apparatus and procedure ................................................................................25

2.5 Test results of the redesigned frames.....................................................................26



v

2.5.1 Frame 2I-1..........................................................................................................................26

2.5.2 Frame 6I-2..........................................................................................................................29

2.5.3 Frame 5I-2..........................................................................................................................31

2.6 Comparison of analyses and tests for the redesigned frames ................................34

CHAPTER 3       BRAIDED COMPOSITE COUPON TESTS.....................................40

3.1 2x2 2D triaxially braided composite material coupons .........................................40

3.2 Other sources of material property data.................................................................43

3.3 Fiber volume fraction of the [0°18k/± 64°6k] 39.7% axial material .......................46

3.4 Tensile tests of the [0°18k/± 64°6k] 39.7% axial material ......................................48

3.5 Flexure tests ...........................................................................................................58

3.6 Discussion of the tensile and flexural test results ..................................................66

3.7 Correlation of test results with analysis code TEXCAD .......................................71
3.7.1 Summary of TEXCAD geometric discretization and analysis ..........................................71

3.7.1.1 Calculation of three-dimensional effective stiffnesses........................................71
3.7.1.2 Failure criteria .....................................................................................................72
3.7.1.3 Stiffness reduction ...............................................................................................72

3.7.2 TEXCAD analysis for the braided composite coupons .....................................................73

3.7.3 Correlation between TEXCAD analysis and test results ...................................................74

CHAPTER 4       BRAIDED COMPOSITE FRAME TEST APPARATUS AND 
INSTRUMENTATION...................................................................................................77

4.1 Frame specimens....................................................................................................77

4.2 Test apparatus ........................................................................................................79
4.2.1 Frame analysis ...................................................................................................................80

4.2.2 Design of the wide flange support beam ...........................................................................82

4.2.3 Platen design ......................................................................................................................83

4.2.4 Securing the frame in the end blocks .................................................................................85

4.3 Instrumentation ......................................................................................................86

CHAPTER 5       BRAIDED COMPOSITE FRAME TESTS........................................93

5.1 Test results of braided composite frame B ............................................................93

5.2 Test results of braided composite frame C ..........................................................100

5.3 Analytical model using the computer code ABAQUS ........................................110



vi

CHAPTER 6       CONCLUDING REMARKS.............................................................117

6.1 Results from the tests of the redesigned frames ..................................................117

6.2 Results from the tests of the textile composite frames ........................................118

6.3 Recommendations for future research .................................................................121

REFERENCES...............................................................................................................122

APPENDIX 1       SPROPS, PROFAIL, and OPTFAIL Manual.................................128

A1.1 Introduction..........................................................................................................128
A1.1.1 Sample problem ...............................................................................................................129

A1.2 SPROPS computer code ......................................................................................131
A1.2.1 Input file...........................................................................................................................131

A1.2.2 Output file ........................................................................................................................135

A1.3 PROFAIL computer code ....................................................................................136
A1.3.1 Input file...........................................................................................................................136

A1.3.2 Output file ........................................................................................................................142

A1.4 OPTFAIL computer code ....................................................................................143
A1.4.1 Input file...........................................................................................................................143

A1.4.2 Output file ........................................................................................................................148

APPENDIX 2       TEXCAD Example............................................................................149

A2.1 TEXCAD input ....................................................................................................149

A2.2 TEXCAD output ..................................................................................................154

VITA................................................................................................................................158


