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ABSTRACTS

Composites are expensive and destructive test methods are normaly applied to determine
their physica properties. For textile composites, a nondestructive test could save time
and save cost if the physica properties such as moisture content, weave architecture, void
content and fiber volume fraction, can be deduced from electrical properties. This will be
useful in aeronautics and aerospace industries.

In this research, microwave nondestructive testing (MNDT) techniques such as reflection
coefficients, transmission coefficients and complex permittivities are applied to
characterize physica properties such as moisture content a/id fiber volume fraction. Free-
gpace microwave measurement sysem is used to measure reflection and transmission
coefficients of textile composites. We have messured reflection coefficients and
transmission coefficients and dielectric properties of textile composites made from
Kevlar, E-Glass, S-Glass and carbon fibers. For textile composites, epoxy and vinylesther
ae used as resns. Experimental results are reported for reflection coefficients and
transmission coefficients, digectric constants and loss tangents.



TABLE OF CONTENTS

CHAPTER

Letter of Appointment

Research Group
Acknowledgement
Abstracts
Table of Contents
Ligt of Tables
Lig of Figures
10 INTRODUCTION
11 Objective
12 Sgnificance of the Project
13 Scope of Project
20 TEXTILE COMPOSITES
2.1 Textile Composites
2.2 Characteristics of Textile Composites
2.3 Production of Textile Composites
3.0 MICROWAVE NONDESTRUCTIVE TESTING

31 Introduction
3.2 Microwave Nondestructive Testing
3.3 Advantages of Microwave Nondestructive Testing
Methods
34 Application of Microwave Nondestructive Testing
35 Microwaves Parameters of Materials
351 Spaameters Red Dielectric Congtant
352 Complex Permittivity
35.3 Red Didectric Constant
354 Loss Factor
355 Loss Tangent

PAGE

I
ii

Vii

viii

10

11
11
11
13
15
15
16



4.0

5.0

6.0

7.0

80

90
10.0

FREE SPACE MICROWAVE MEASUREMENT
SYSTEM
41 A Free Space Technique
4.2 Free-Space Microwave Measurement System
4.3 Vector Network Analyzer
431 VNA Measurement
432 Errors in Measurement
4.3.3 Measurement of the Reflection Coefficient
4.4  Error in Measurement using Free-space Measurement
Sysem
45 Spot-focusng Horn Lens Antenna
MEASUREMENT TECHNIQUES
51 Transmission-Reflection Method
52 Meta-Backed Method
EXPERIMENTAL WORK
6.1 The flowchat of The Experimenta Work
6.2 Experimental Method
6.3 Samples of Textile Composites
RESULTS
7.1 Transmission-Reflection Method
711 SGlass Samples
712 E-Glass Samples
7.1.3 Kevlar Samples
7.14 Cabon Black Samples
DISCUSSION AND CONCLUSION
81 Discusson
82 Concluson
REFERENCES
APPENDICES
Appendix I: C++ Programming
Appendix II: FORTRAN Programming

\

17

18

19

21

22

22

23

25
28

31
32

36
39
41

49

51

56



