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FOREWORD

This report was prepared for the U. S. Army Aviation Research
and Development Command (DRDAV-QP). The work reported her ein
was funded as a separate task under Contract DLA -900-77-C-3733,
Modification P00002, Item 000MB. Technical Monitor for AVRADCOM
was Mr. Thomas 3. Pojeta .

This NDE state-of-the-art survey was performed under the
technical supervision of Dr. Cecil M. Teller, Manager of the NDE
Research Section , Instrumentation Research Di~islon.
Mat n m ,  Sr. Research Physicist in the NDE Research Section super-
vised e analyits and organization of the literature survey results and
served as principal author of the Final Report. Mr. Gary L. Burkha rdt
also of the NDE Research Section assisted In structurTng the literature
search and was responsible for compiling the application tables. Much

- : of the Information retrieval and literature searching was performed by
Ms. Trances P. Hicks through the Nondestructive Testin g Information
Analysis Center (NTIAC).

The authors wish to express their appreciation to Mr. Poj eta
for provid ing many helpful comments during the course of the program
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fact , most of the retrieved Information relevant to NDE of glass fiber
composites was five to ten years old reflecting the interest in this
material for rocket motor cases dur ing the late 196015. The majority
of the recent literature retrieved was on NDE of graphite reinforced
epoxy reflecting the Increasing utilization of this material for primary
:(load bea ring) structures on fixed-wing aIrcraft. . 

-

S

In analyzing the state-of-the-art with respect to NDE of fiber
reinforced epoxy composites, It is apparent that a relatively large
gap exists between laboratory methods and those used in the field or
in a production environment. In the case of helicopter rotor blades ,
private communications with several manufacturers revealed that
ultrasonics and radiography are used almost exclusively for non-
destructive inspection. These two NDE techniques have been appli ed
to production inspection of composite structures for a number of years
and have been found to be adequate for providing certa in information
such as the presence of discrete flaws. However , Information on the
integrity of the structure with res~iect to its load bearing capability —

is not so readily obtainable by these techniques as currently employed.

The results of this survey show that present NDE methods are
capable of detecting discrete defects of a size sufficiently large to
affect the performance of the structure. Thus , no Improvements In
the detection sensitivity or resolution seem to be necessary. What
is needed, however , are techniques to measure properties , especiall y
those that affect the bulk strength o~ composites and the strength and
fatigue resistance of interlamina r bonds. NDE methods that have
received the greatest amount of development thus far for this purpose
are ultrasonic velocity measurements of elastic moduli and adhesive
bond characteristics, and low frequency damping measurements. Results
indicate that both of these approaches show promise for nondestructive
ev~luation of in-service strength degradation of fiber reinforced epoxy
composites.

Environmental damage caused by exposure to hot moist temper-
atures rontinues to be a problem. Not only does moisture migrate
along tha fiber-matrix Interface and weaken the interface bond , but It
also diffuses through the resin itself . Despite the Importance of detect-

• Ing and quantifying the degree of moisture diffusion together with any
resultant damage there is little information availabl e on suitable NDE
procedures. One method based on measuring effusing moistur e and
solving the dIff usk ~n equation is currently under development for graphite
epoxy composttes;’3~ however , this method r elies on assumptions regard-
ing the reversibility of moisture diffusion which may not apply in gener al.
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• EXECUTIVE SUMMARY

The trend towards damage tolerant design philosophy in aer o- -

space vehicles places emphasis on accurate nondestructtve evaluation
(NDE). Given defects must be found with specified probability and
degree of conf idence, and once found, they must be characterized in
such a way that their effects on structural performance can be deter-
mined. Because of the heterogeneous nature of composites, the form
of defects Is often very d ifferent fr om a metal and the fracture mech-
anisms are more complex. One result is that the effects of various
defects on performance are at present not well understood. The

• extent to which any combination of defects will prove detrimental is
governed by the geometry (including lay-up order) of the structure ,
the exact location and orientation of the defects , the nature of the
applied stress field , and the environment In which a given component
is required to operate . On such factor s there is a lack of informa~~on.
From the standpoint of the user of NDE , there is a need to be able to
diff erentiate between defects potentially detrimental to the performance —

of a structure and those which are not. To achieve this differentiation , 
-

it is necessary to ensure good collaboration among design , fabrication ,
NDE , and mechanical or structural testing groups.

The purpose of this sta te-of-the-art survey is to provide a
review of and a ready reference to the technical literature available
and applicable to the nondestructive evaluation of fibe r reinforced epox y
composite materials with emphasis on the types presently usrd or planned

for use in Army helicopter components. From this survey recommen-
dations are made by the authors in order to lay the foundation for a corn-
prehensive applications development prograui roadmap to advance the

I 
- state-of-the-art to meet practical manufacturing, acceptance , and field

I - inspection needs.

Because of the extensive use of glass fiber reinforced epoxy
composites in the fabrication of advanced helicopter rotor blades , ~l)

L and the safety critical nature of this component , the emphasis of this
survey is on the NDE of glass fiber composites. Secondary cons ider-
ation is given to the NDE of Kevlar, graphite, and boron reinforced
epoxy because of their uttlizatiot~ in helicopters such as the Black Hawk. (2)

The status of NDE of these mateA lals with respect to available techniques,
ongoing resea rch , and projected future needs Is reviewed and summarized.

Althoug h the literatu re retrieval perform ed as part of this sta te -
of-the-art surv ey was quit e comprehensive , little substa ntive inforina-
tion was found on the NDE of glass fiber helIcopter roto r blades. In

V
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Another candidate technique which has been applied for mo1stuç~ measure-
ment In a variety of materia ls is nuclear magnetic resonance.~’ Recent -

instru mentation advancement s have Indicated the feasibi lity~ of measure -

ments on large structures such as helicopter rotor blades.

• Several specific recommendations for the Inspection of glass/
epoxy helicopter rotor blades can be made based on the result s of the

state-of-the-art survey. Instrumentation technology currently exists

for developing automated inspection systems for the ultrasonic and
radiographic approaches presently in use. On the basis of laboratory
results, thermography and microwave techniques appear promising

for the NDE of fiber reinforced epoxy composites. Although additional

laboratory investigation is needed , these techniques could probably be

developed for practical application in specific circumstances. Effort

should continue to be directed toward development of universally accepted

reference standards. The progr ess made in this area in recent years

on metals may help in establishing suitable guidelines applicable to com-
posites.

Finally, it is recommended that a workshop devoted to th~ NDE - -

of composites be held. The last such workshop was held in l974’~~
and resulted in clarifying the role of NDE in the Inspection of composites
and in a number of suggestions for further method development. Both 

-

• 
• composite and NDE technologies have advanced considerably since 1974

and thus another workshop in this area would be timely. Such a work-
shop, In addition to prov iding the needed interactive communication
among the design, fabrication, NDE and mechanical testing groups,
would provide a foundation for formulating a program to advance the

• state-of -the-art of NDE of composites in the most efficient way.
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I. INTRODUCTION

• A. A pproach —

- - 

= 
As the first task under this project, the computer retrieval

facilities of the Nondestructive Testing Information Analysis Center -
— (NT1AC~ located at Southwest Research Institute were used in coin -

: piling a bibl iography of source documents for this survey. This review
covered techntcal journals, conference proceedings, research reports ,
and Department of Defense technical reports (unlimited and limited
distribution) from 1960 through 1978. Inf ormation on current work
in progress that has not yet been reported in the technical literature

• 
- was obtained from Work Unit Summaries and through private conversa-

tions with several workers assoc iated with NDE of composites. A list
of 56 references from which specific c itations are made in the body of
the report was developed from a more extensive bibliograph y containing
over 140 references including those related but not specifically applicable
to the survey. The details of the literature search task are discussed

• in Section IL A.

A team of Southwest Research Institute professional staff
members was organized to review all retrieved documents to assess
relevance to the survey. Abstracts of all documents identified during
this search task were given a brief review and each was categorized
according to the composite system discussed. Documents providing

-
. 

- general background were also identified. The most pertinent documents
were thoroughly reviewed and the contents summarized on worksheets
according to NDE method(s). Reviewers applied their expertise and
knowledge of the state -of-the-art of NDE of composites to assess the
capabilities and limitations of each method reviewed. The information
summarized on the worksheets was used to write this report.

B. Organization of Report

¶ This report is written for the reader who Is generally
familiar with composites technology and NDE methodology although
several references are given to provide background Information. The

• approach to performing this state -of-the-art survey and organ Ization
of this report are presented in Section 1. Section Ii presents the results
of the literature search pertinent to NDE of defects and property van-
ations supplemented with introductory informatIon on the NDE techniques
themselves. The organIzation of Section II is by composite type, I. e.,
type of reinforcement. Section III comprises an assessment of the
state-of-the-art for NDE of composites of Interest in A rmy Aviation
ba sed on the work reported in the literature. Also included In this

____________ — • 
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section are application tab les which provid e the reader with a ready
reference to the literature. These tab les list all referenced docume nts
indicating which NDE techniques have been reported for specific defect
and property determinations in composites. Section IV contains a
discussion of the app lication and development efforts needed , as Inter-
ji~reted by these authors , to advance the state-of-the-art In ND~ of
composites of Interest In A rmy aviation . In Section V Is presented a
list of conclusions and recommendations and Section VI contains a list
of references.

Two appendices are inc bided which should prove useful
to the reader. Appendix A contains more detailed descriptions of the
NDE methodology than given In Section II. Appendix B Is a bibliography
containing a comprehensive listing of pertinent articles retrieved through -

the Defense Documentation Center, NTIAC , and open literature sources.

- 
I Throughout the text of this survey, Systeme International

(SI) units are used in accordance with American National Standard
(ANSI Z2 10. 1-1976). However , in the illustrations and tables extracted
from referenced papers , measurement units used by the authors are
retained and no conversion to SI from English units is provided. For
the most part , illustrations taken directly from the source documents
have been utilized. Some of these were slightly tttouched_up II to improve
their quality for reproduction, but in aU cases units terminology and
captions of the source documents have been retained. In general , tables

• used In this report were retyped utilizing the format and terminology
found in the source documents

It is hoped that this review will serve as a useful survey
of the state-of-the-ant in NDE of composites and provide guidance to
management for the formulation of a program roadmap to advance this
state-of-the-art.

:t 
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II. NONDESTRUCTIVE EVALUATION OF FIBER REINFORCED
EPOXY COMPOSITES - - LITERA TURE REVIEW

j A. Literature Search Strategy 
-

• = Several complementary lIterature ~earcheb were conducted
in the Nondestructive Testing Information Analysis Center (NTIAC) files ,
the Defense Documentation Center (DDC) files, and commercial open
literature files. In each case the objective was to select a bibliography
which would Include virtually aU the literature on NDE of composites
in general , but more specificafl y on glass, Kevlar , graphite , carbon ,
and boron fiber reinforced composites. In order to do so, the sea rches
were desIgned to encompass the broadest range possible commensurate

- 
-
~ with the retrieval of bibliographies which were of manageable size for

manual review.

The NTIA C search strategy is shown in Table I. In the
search , one term from each group of terms separated by an “and”
must be associated with a document for it to appear as a find. Some
terms appear in both groups to assure that any document assoc iated
with only that term will be found. No NDE terms appear In this search
since all NTLAC documents concern NDE.

An additional search was run in the NTIA C file to retrieve
any applicable documents dealing specifically with NDE of helicopter
rotor blades without specifically limiting the search to composite
materials. The strategy for this search appears in Table U. The
“To” that preceeds a term means that the term is truncated, that is,
all terms having the same initial letters in the same order will be
searched. Thus “% rotor” will search for rotor , rotors , rotor
blades, etc.

The strategy for the DDC search is shown in Table III.
A different group of terms is used In this search since descriptors
In this file differ from those In the NTLAC file In some cases. A broad
group of NDE terms is also included. The “To” symbol truncates the

- r term In the same manner as In the NTIA C file. The DDC search
excluded aU NTLAC documents and all documents concerning carbon-
carbon and metal matrix composite s since these were not of interest
In the survey.

The open literature searches utilized the Lockheed/DIA LOG
system to search the following files: (1) COMPENDEX (COMPuterized
ENgineering InDEX), (2) National Technical Information Service (NTIS),
and (3) ISMEC - Mechanical Engin..rlng. The strategy for the open

3
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- • TABLE I

NTIAC SEAR CH

composite materials polymers
- 

polymer matrix composites fiberglass - •

- metal matrix composite s glass
fiber reinforced composites plastics
filament wound construction and foam •

reinforced plastic s carbon
reinforcement graphite
fibers boron
matrix epoxy

composite materials
polymer matrix composites
metal matrix composites
fiber reinforced composites
filament wound construction
reinforced plastics

TABLE II-

NTIAC SEARCH ON HELICOPTE R ROTOR BLADES

%helicopter and %rotor
%blade
%composite mate r ial
fiberglass
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literature searche s Is shown in Table IV. The “?“ after some terms
performs truncation. The (w) between multi-word terms is necessary
to retrieve those groups of words as a single term.

• 
- 

The literature search results are shown in Table V. Out
-01 a total of 1788 finds , 138 documents were ordered based upon a
review of the abstract from each document.

-
~ ~~• 

- The DDC Work Unit fil e was a-Iso searched to Identify
any ongoing work of interest to the survey. The same search strategy
as for the or iginal DDC search was utilized. Ten projects were identified - -

as potent ially applicable to the survey.

B. Fiberglass Reinforced Epoxy Composites

1. Ultrasonics

At the pre sent time , ultrasonics is used extensively
for the NDE of most composites, including glas s fiber reinforced epoxy
structures. Applications of ultrasonics tp7jWE in the aerospace industry
were summarized by Hagemaler iii 1974. ’ Although Hagemaier ’s
summary pertains in general to all aerospace materials, much of the
discussion was relevant to the inspection of composite structures as
well as metal component.. Among the various aspects of ultrasonic
inspection covered by Hagemaier are the importance of proper selection
and use of reference standards. Thi s is especially true in the case of
composites. Because of the variables encountered during ultrasonic
inspection of composites, reference specimens with known or artificial

• 
discontinuities are essential to perform reliable inspection.

- 
Ultrasonic Inspection is usually performed by two

basic methods: through-transmission whereby the ultrasonic energy
passing completely through a part is recorded , or pulse-echo whereby
the ultrasonic energy reflected from a discontinuity, or its related effect
to the total response Is recorded . The characteristics of the ultrasonic
signals that may be measured and related to the properties of the mater ial
are: attenuation caused by absorption and scattering - sensitive to
material structure, density, and composItion; and velocity - sensitive
to the elastic behavior of the material.

A major problem In the application of ultrasonic
methods to the NDE of composite materials Is the high attenuation of
ultrasonic waves by the mater ial . In glass fiber reinforced epoxy
attenuation is produced by absorption in the resin and scattering by
the glass fibers. Because of high attenuation in composites, It Is

6
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TABLE V

LITERATURE SEARCH RESULTS 
-

Total
Finds No. of Doc uments Selected -

FIberglass Keviar Graphite Boron Oensnf

NTIAC 498 2 25 5 5

NTIS 383 9 0 - 7 1 6

COMPENDEX 596
11 0 7 8 11.

ISMEC 28

DDC 283 6 0 7 0 5

TOTAL 1788 49 2 46 1.4 27

I ,  I
Total Ordered 1

*General category pertains to documents with Information
• covering several composite materials.

I
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usually found that flaw detection by the pulse-echo technique is not very
efficient compared with a through-transmission approach. This Is
because the ultrasonic beam must traverse the material t~ ice in the
pulse-echo approach and the attenuated echo reflected from a flaw

= - may be obscured by other signals reflected and scattered from glass
fibers, etc. Using lower frequencies In order to obta in lower atten-

-4 uation, results In decreased resolving power. Consequently, for
composites ft is usually better to use two separate probes in a through-
transmission arrangement. in addition , the through-transmission
technique has the advantage that it Is not as greatly affected by surface
contour , s~irface roughness , or part alIgnment as the pulse-echo
technique. ~7) The through-transmission ultrasonic technique is quite
successful for locating laminar type defects such as disbond s or
delaminations. Diabond s as small as 3. 18mm diameter can be detect-
ed in fiberglass laminate specimens. (7)

Ultra sonics as well as other NDE techniques were
recently evaluated for the inspection of glass reinforced epoxy materials
by F$rli and Torp. (8) It was stated tha t the propertIes of glass rein-
forced plastic are determined primarily by workmanship during con-
struction . Three factors were found to govern laminate properties
other than the properties of the component material:

1. Thickness ,

2. Reinforcement fraction and orientation ,

3. Quality of laminate (i. e., delamlnations,
• porosity , inclusions , v oids, surface

- -
~ cracks , and degree of cure) .

Therefore, in assessing the integrity of the composite materIal, it is
important to be able to determine these three factors nondestructively.
For the measurement of thickness , F$rli and Torp state that pulse-
echo ultrasonics Is superior to most other methods and allows for
one-sided application. Difficulties can be encountered with high
damping and laminate Inhomogenlety. Broadband transducers may
be used with short pulse duration to achieve higher resolution in
order to distinguish between glass layer echos and back wall echos.
Low pulse Intensity due to high internal damping may be overcome
somewhat with higher amplification. Accuracy of the method is affected
by matrix type and surface roughness. For the nondestructive deter-
mination of reinforcement fraction and orientation , ultra son ics has not
yet been fully exploited; however , It has been found that the velocity of
propagation along fibers is heavily dependent on glass content as shown

9
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in Figure ~ 
(8) For the determination of laminate qi~~ity, ultrasonics

may be used to detect delaminatlOns , voids, Inclusions and poros ity
clusters. -

- - 
Fatigue damage in composite materials is a com-

- 

plex phenomenon produced by a combination of interrelated mechanisms

such a s matrix crazing, delamination , fiber failure , fiber/matrix
interfa cial bond failure, void growth , and cracking. Ira fiberglass
composites (as well as other reinforcement materials) it has been
found that a change in stiffness can occur continuously over a Large
fraction of fatigue life to fracture. (9) Consequently , measurement of
stiffness loss can provide a reliable indication of the structural integrity
of the composite component. In lab oratory tests of tubular specimens
of E-glass/epoxy laminate It was found that ultrasonic C-scans were
capable of detecting fatigue induced localized damage after 0.2 x 106

- I cycles at a maximum stress of 55 MPa and stress ratio R = 0. 1 when
the stiffness loss was 18%. However , a problem encountered with
ultrasonic inspection is the noise caused by the scattering and disper-
sion of the signal by the many interfaces in the composite.

Ultrasonic through-transmission ~as also been
shown to reliably trace accumulation of fatigue damage and predict
failure in filament-wound fiberglass reinforced epox~ cylinders. ( 10)

• • 
These investigators rejected use of ultrasonic pulse~ echo because of
high scattering losses from small imperfections which could not be

- 
• distinguished from noise. The specimens were 6-inc h long beams

sectioned from cylinders and tested in three point bending. A phenom-
enological correlation between average and pçak magnitude of the
ultrasonic attenuation just prior to failure was used to establish an
attenuation threshold of fa ilure. It was found that maximum or peak
attenuation could not be used as a measur~ of critical damage which
is the accumulated damage Level at which fa ilure is eminent. Hig h
attenuation indicates either considerable through th ickness damage
or Interla yer cracking, but not low adhesion. On the basis of the
ultrasonic attenuation and shear strength measurements, a cumulative
damage criterion was derived which is stress independent and inter-
action free. According to the authors , this criterion makes it possible
to predict fatigue life and to determine residual life at intervals of
operational life . Agreement between the ultrasonic predictions and
actual failure was generally within 10% , with the ultrasonic predictIo~~
being conservative. A summary of the results is shown in Table VL ’~

The question of void s and their effects on the
mechanical properties of composites has recently been addressed

by J udd and WrIght. (11) The experimental evidence shows that the

—- —~~~~~~~~~~ - - - --— - 
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FIGURE 1. ULTRASONIC PRESSURE WAVE VELOCITY FOR
PROPAGATION NORMA L TO FIBERS RANDOMLY I

DISTRIBUTED IN PROPAGATION DIRECTION FOR 4
A POLYESTER/GLASS LAMINATE (A PPROXIMATE
CALCULATION)

(From Ref. 8)
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presence of voids can reduce the magnitude of the following prope rties
in fiber/resin composites: Intertamina r shear strength , longitudina l and

-e transverse flexural strength and modulus, longlb idinal and transverse
tensile strength and modulus, compressive strength and m~dulus,
fatigue resistance , and high temperature resistance. Interlaminar

• shear strength has been the property most often determined &nd
available data show that this property decreases by about 7% for each
1% increase in voids up to at least the 4% void content level beyond
which the rate of dec rease dim inishes. Data for the variation of prop-

— erties other than the interlamina r shea r strength are much Less exten-
sive; however , the available results indicate that the decrease in the
magnitude of these properties with increasin g void content is similar
to that observed for interlaminar shear strength . This is true for all
composites regardless of the resin , fiber or fiber surface treatment
used in their fabrication. A variety of theoretical treatments of the
effects of voids on the mechanical properties of composites show quite
reasonable correlations with experimental results for such properties
as interlaminar shear strength , transverse tensile strength , and com-
pressive strength. In general , these theoretical treatments are based
on the assumption of either spherical or cylindrical shape void s uni-
formly distributed throughout the composite.

Accord ing . to Judd and Wright one of the difficultie s
in attempting to quantify the influence of voids on the mechanical proper-
ties of composites is the absence of a sufficiently accurate method of
determining void content. Although all methods presently used for
quantitative void content measurement have limitations, one of the

J I most generally useful nondestructive techniques is ultrasonic through-
transmission C-scan. This technique is sensitive to void s as well as
other defects and is able to interrogate the whole test piece rather than
only a small portion. However , the ultrasonic technique must be cali-
bra ted by reference to another method such as micrography and hence
its overall accuracy cannot be greater than the accuracy of the reference

• method . This is usually void content ± 0. 5% which limits the utility of
the ultrasonic technique for low void content , I. e. the 0 to 1% range.

In order to establish some quantitative basis for
measuring void content ultrasonically, Martin has derived expressions
for ultrasonic attenuation as a function of both void and fiber content. UZ)

Comparisons between theory and experiment are show n in Figure 2.
The ultra sonic attenuation is found to be proportional to the cube of the
void radius. Calculated curve s can be used in conjunction with atten-
uation measurements to obtain localized void content and percent volume
for composites. Results show that it is best to use the highest frequency

possible that will not be totally attenuated for void contents up to 47o
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FIGU RE 2. ACCORDING TO CALCULATIONS, ULTRASONIC
ATTENUATION RISES WITH VOID CONTENT , VOID
RADIUS AND ULTRASONIC FREQUENCY FOR
UNIDIRECTIONAL GLASS-FIBRE REINFORCED
PLASTICS.

(From Ref. 12, published by IPC Science and Technolog y Press Ltd. ,
Gulldford , Surrey, England. )
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. 3 by volume. For greater than 4% void content , attentuation is so severe
that void content measurement is no longer necessary, since In this
case, the composite has an unacceptable porosity.

-
- 

Ultrasonics has been shown to be useful for the
- 

- nondestructive evaLuation of strength degrada(t~g(1 in glasi reinforced
epoxy as a result of environmental exposure . ~‘ In this work , ultra -
sonic attenuation measurements made with a KS 3000 Kramer Modular
Flaw Detector were correlated with independentl y determined mechanical
properties. Composite specimens fabricated from E-glass fabric were
immersed in hot water at 80°C for periods of 6 hours and 1, 3, and 7
days. After the hot water exposure, the specimens were oven-dried at
80°C for a period of seven days and then tested. F igure 3 shows the
relationship obtained between the normalized residual strength and the
ultrasonic attenuation. The normalized residual strength is the ratio
between the measured strength of an exposed specimen and the respective
strength of a control specimen. These data show that after immersion
in hot water for a few days , ultrasonic attenuation is a more sensitive
indicator of the degree of degradation than the normalized residual
strength test method.

2. RadiograpI~y

- 
• 

Radiography, especially X-ray radiography, has been
used successfully for a number of years for the nondestructive inspection
of compos ite materials. Since the X-ray radiography approach depends 3
on a variation in absorption of the X-ray beam , it is not well suited to
detect interlamina r sepa rations in stratified materials unless the beam

• is directed along the separation.

A number of X-ray radiography inspection approa5~ies
for large non-planar structures were evaluated by Maigret and Jube.’ ~
Among techniques tried for enhancing exposure normal to the specimen
surface were fluorescent screens , tomography, treatment of films by
contrast correctors , microdensimetric analysis , etc . The only technique
which proved useful was to utilize opacifying fluids such as barium oxide.
Since this approach requires a defect that is open to the surface in an
accessible region , It only appl ies to very special cases. In addition ,

- - use of such fluids may contribute to contamination of the part.

For the radiographic inspection of large diameter
parts (15 m radius of curvature), Maigret and Jube described an approach
in which the X-ray beam was directed tangential to the curved wall of
the part. The large radius of curvature made it necessary to place the
X-ray tube as well as the sensitive film remotely from the examined

15
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FIGURE 3. CORRELATION CURVE OF NORMALIZED RESIDUAL

STRENGTH AND ATTENUA TION DA TA OF CR?
SPECIMENS PREVIOUSLY EXPOSED TO HOT WA TER
IMMERSiON. RT = ROOM TEMPERA TURE .

(From Ref. fl , reproduced by permission of The American Society for
Testin g and Materials , Philadelphia , Pennsylvania )
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section. This arrangem ent result ed in several difficulties Including the
4 nssd for a rad ianc e sourc e as sharp as possible to reduc e g.om.trical

blur, and a large d.nsity variati on due to the fact that th. quantity of
matsr ial penetrated varied according to the th ickness. For large
diameter structures it Is necessary to use X-ray sourc .s.of. 400 kV and
even accsl.rato rs of several MeV having a focus as thin as possible .
Folded film s were used to overcome the disadvantage of needing two
or three X-ray exposures at diffe rent sett ings in order to remain within
the normal density values. Color radiography was also tried but not
pursued because of a lack of sharpness and processing complications.
It was suggested that televised rad loscopy Is very useful , since a dynamic
observation compensate s for some of the loss of definition. In fact
Maigret and Jub e indicate that defects practicall y invisible in static
observ ation can be detected on a televi sed radi oscopy channel when
a rota tin g motion I s app lied to the structure because the human eye
is sensitive not only to densit y variation but also to motion.

Hagema ler , et al. reported X-ray radiogra phy for
the nondestr~ cttve inspection of glass fibe r composite s used for aircraft
structures. In this work a Picker 50kV X-ray machine with a 0. 5 mm

- 

- 
effective focal spot and a beryllium window X-ray tube were used .
Single emulsion, fine grain film was used to avoid the parallax effect
of standard double emulsion film. In application to fiberglass epoxy
laminate panels fabricated with known flaws, radiography was found
useful to reveal resin-rIch and resin-starved area s , porosity, bond

• ~~~ joint separations, cracks , fabrication fitup, Inclusions, fiber orien-
tation, and crushed honeycomb core . Water intrusion and entrapment
in honeycomb aircraft structures were also detected by radiography.

In additi on to X-ray radi ograp hy, neutron radiography
can be useful for engineering evaluation of composite structures. For
example, when an adhesively bonded honeycomb specimen is neutron
radiographed , the hydrocarbon adhesive becomes very apparent because
of its high neutron capture. However, in a feasibility stud y of neutron
rad iography for inspection of massive fiberglass composite structures ,
Youshaw found that neutron ra ig~~rapby was not suitable for practical
inspection of such structures. - ,  The difficulty Is that hydrogen and
boron are the two main elements reacting with the neutron beam in
these materials (approximately 10% B203 for “E” gtass~~

6) . The boron
constituent of fiberglass severely attenuates neutrons at thermal energies
necessitating long exposure times to obtain film darkening. Simulta-
neously the hydrogen of the binding resin very effic iently scatters
neutrons which act to fog the film. Calculatio ns showed tha t scat tering
occurs throughout the spectrum of available neutron energies. As a
result the obtained neutron radiography Images were of poor quality.

17
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Conventional X-ray radiograp hy was performed by
Youshaw on 4-Inch thick fiberglass test blocks containing IntentIonal
defects: 3.2 mm and 6.4 mm voIds; 6. 4 mm and 12. 8 mm delaihina-
tions; 6.4 mm steel washer; 6.4 mm steel nut; cored resin 1.6 mm
by 6.4 mm by 12. 8 mm. Careful radiography revealed all flaws.

- 
I Although the 3.2 mm voids were only marginally visible In the radio-

graphs , the nuts and washers were quite obvious. Radiography also
revealed several bands of low density across the panels. The results
of the Investigation showed that conventional X-ray radiography may be
usefully applied to massive fiberglass structures although some study
is necessary to aid in interpretation and evaluation of the film indications.

In an investigation into early fatigue damage detection
in composite materiais~~~ It was found that X-ray radiography using a
23 kV source with a berlliurn window was not useful for fatigue damage
detection. Only very faint indications were observed at seams which
were more positively detected with ultrasonic C-scans. No void or
crack Indications were obtained.

Judd and Wright~~~ report that a modified radio-
graphic technique has been described In which samples are first
impregnated with molten sulphur and then radiographed using a tungsten
target.~ 18’ 19) A stereo pair of radiograph. was taken to facilitate
examination of the void distribution throughout a sample. It was
demonstrated that voids of micron size can be detected although no
attempt was made to quantify the measurements. It would depe nd upon
the completeness of filling of the void s with molten sulphur. If it could
be established that the Impregnation had no significant effect upon

• mechanical properties or serviceability then this technique would be
capable of extension to form the basis of a nondestructive test for
fabricated articles.

3. Electromagnetic

Since nonmetallic composites are more or less
transparent to microwaves depending on the relationship between the
dielectric constant and microwave frequency, the use of microwave
testing is obviously promising for nondestructive inspection . Analysis
of the basic Interactions of microwaves and solid dielectrics shows that
most of the defects expected in nonmetallic structures will have an effect
upon a microwave beam. In fact the situation is similar to that encount-
ered In ultrasonic testing .xcept that microwaves can traverse empty
space (low frequency ultrasonics can also to some extent) and , of course,
do not penetrate significantl y In electrical conductors (skin dep th

18

-~~~~~~~~
-
~~~~~~ --~.-~ ~~~~~~~~~~~~~~~~~~~~~~~~~ .~~...L. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~



~ —~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - --~~-~-‘~~ -— . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ---

~
-

~~~~~~

t
limitation). The principal difficulty with application of microwaves
for NDE Is one of equipment and technique.

4
In 1969 Crlbb s reported continuous wa’~e microwave

experiments on a 0.91 m length of the cylindrical section of •a solid
= rocket chamber cast with propellant. (20j The chamber was a 6.4 mm

thick fiberglass re inforced epoxy composite lined with a 6.4 mm thick
rubber insulation. The specimen was fabricated with intentional defects
to determine defect sensitivity. Detection of delaminations and separa-
tions depends upon the change in reflection coefficient which results
from the sharp discontinuity in dielectr ic consta nt between air and

-j glass, insulation, or propellant. Experimental results indicated that
laminar separations as small as 0. 05 mm could te detected . However ,
the basic difficulty with the continuous wave technique is that neither
range nor depth of the defect can be determined.

• To provide the capability for depth resolution, a
swept frequency microwave ap~ roach was developed called the Frequency
Domain Interferometer (FDI). ~d~0) This approach combines the char-

- 4 acteristics of an interferometer and radar and has the ability to measure
distance to a small fraction of a wavelength. In addition , the micro-
wave signal is transmitted into the specimen by means of a horn antenna
eliminating the need for n~achining samples for insertion into a wave-
guide. Fiberglass/epoxy composite specimens ranging from a fraction
of a centimeter thick to over 12 in thick were inspected, it was found
that separation s down to 0. 05 mm thick could be detected and located
to an accuracy of 0.25 mm.

The swept frequency microwave approach was used
by Plunkett to determine density/porosity variations in bidirectional
glass reinforced Narrnco 4085/2 test specimens. (2 1) It was found that
go-no go limits could be established , and when the density/porosity fell
out of the specified limits, the pa rt would be rejected . The possibility

• of using swept frequency microwave techniques for production testing
was suggested.

Zurbrtck performed high frequency (35 gHz) micro-
wave measureme nts on laminated fabric reinforced plastic specimens. (22)

Five resin systems , epoxy , phenolic , pol yester , polybensimidazole . and
silicone In glass fabric (181 style) laminates , were nondes tru ctively
evaluated . The specimens were Intentional ly varied in resin cont ent to
simulate Industr ial conditions. Throug h-transm ission microwave
measurements were used to determine the dielectric constant of the
m*ter ial by measuring the relative phase shift. The resu lts showed
that microwave dielectric measurements In free-sp ace were usefu l for
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laminate variability screening ; however , Zurbrlck suggested that more
development should be don e to determins ths .ffscts of laminate para -

t meters on phase shift and attenuation.

- = In addition to th. hig h fr qu.ncy micro.~a~ré measure-
ments , Zurb ri ck also reported determinat ion of relativ, capacitance
using a tow frequency co-planar d iel.ctric prob e techa4u.. Tb. device
operated at 1 kHz and projected an slectric field Into ~.b. specimen. The
signal from the electric field response was proce.s.d and displayed on
a meter. Initial measurements with the low frequency Jielectric probe
indicated the technique to be quite promis ing for measur ing densit y
variations; porosity had no apparent parametric influence on the values
obta ined. It was suggested by Zurbrlck that development was needed
to determine the electric field characteristics of stable low-frequency
dielectric probe devices in order to full y apply this promising method
to organic , non-metallic materials.

- 1 23 
Dielectric measurements were also investigated

by Smith~ ~ fox the nondestructive evaluation of fiberglass/epoxy
specimen panels. The panels were manufactured from four sheets of
2P- 18l-Volan A glass cloth Impregnated with Epon 826-Methane Diamine
epoxy resin . Specimens were made with various resin contents and
laminating pressures resulting in widely varying thicknesses and different

- 
- resin glass ratios from panel to panel. A capacitance probe was used

to measure the thickness and resin-glass ratio to an accuracy of better
than ± 5%. Results agreed well with those derived from parallel plate
capacitor theory. -

A one-sided probe arrangement shown in Figure 4
was also investigated by Smith.~’3) A graph of the probe output versus
panel thickness is shown in Figure 5. Since the output includes the
effects of variations in both thickness and dielectric con stant , the
technique should be used only In a comparative sense. The authors
suggest that the approach could be applied in a go-no go system. Advan-
tages of the technique are that the probe is simple mechanically and
electrically and the test procedure is straightforward ; however , cali-
bration Is required. Also the method Is not sensitive to voids and
surface characteristics and will not detect cracks and delarninations.

Investigations have recently been desc ribed by
ICovalev, et al. concerning the mic~~ wav~ determination of mechanical
strains in glass reinforced plastic. ~~~ 2~ ) The reported work Is
directed toward developing an understanding of the influence of aniso-
tropic properties of glass reinforced plastics on microwaves. In initial
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work, a quasi-optical analog of a crystal refractometer operating on
millimeter waves (4-8 mm) reflected from the investigated specimen
was used. (24) It was found that reinforced plastics behave like pseudo-
crystalline media with a type of lattice” formed by interweaving of
strands. The direction of the princ ipal axes of electric anifotropy
were determined as well as the dielectric constants along the.princlpal
axes. The authors indicate that the semi-automatic apparatus can also
be used to investigate the dependence of the structure of a glass rein-
forced plastic on the arrangement of the reinforcing layer the type of
weave , the glass content , the distribution of the resin , etc.

in follow-up work , Kovalev, et al. developed a
theoretical basis for the relation between changes in electrical para-
meters of glass reinforced plastics and mechanical load which dis-
places the reinforcement fibers. (25) The theoretical model was
corroborated by experimental results obta ined on glass reinforced
plastic tubes loaded by internal pressurization. Dependence of the
dielectric constant on deformation was determined using a microwave
inte rferorneter adapted for measurements of reflected waves. Measure-
ments were made by comparing the phases of the signals reflected from
the investigated tube with the phase of the signal from a sta ndard tube.
Results obtained for two directions of the electric field vector are
shown in F igure 6. Since the graphs in Figures 6a and 6b have different
slopes it is possible to obta in -the strain distribution by measuring the
dielectric constant with the electric field vector oriented in different
directions relative to the fiber directions (directions of the principal - -

axes of anisotropy).

4. Acoustic Emission

Acoustic emission testing of material s generally
involves the detection of stress waves produced by deformation or
cracking in the material as it is placed under load. Acoustic signals

- !  - are detected by sensitive transducers placed on the surface of the
4 specimen. Variou s cha racteristics of the signals such as the number

I 
• of pulses, frequency content , and rate of occurrence can be related

to the extent of deformation or cracking. As applied to fiberglass
composite materials, acoustic emission response has been shown to
be related to fiber fracture , ultimate strength of the composite, and
manufacturing process changes.

Rotem and Baruch~
26

~ studied the effect of tensile
stress on acoustic emission from unidirectional fiber composite
specimens of E-glass and epoxy. Upon applying a constant stress ,
acoustic emissions occurred rapidly at first and then decreased w ith

23
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FIGURE 6. RELATION BETWEEN THE DIELECTRIC CONSTANT
-
~ 

AND THE DEFORMATION OF THE TUBE MEASURED
- A LONG THE TANGENT TO THE TUBE CROSS SECTION

- - (a) AND AT AN ANGLE OF 450  TO THE GENERATOR (b).

(From Ref. 25 , pubLished by Plenum Publishing Corporation , New York,

4 New York 10011.)
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time. This behavior was interpreted in te rms of fracture of indi~ idual
fibers which generate acoustic emissions. Fiber fracture continues at
constant load because of the visoelastic nature of the matrix which leads
to a redistribution of stresses with time. Figure 7 is a plat of stress ,
total counts , count rate , and theoretical relative numb~,r of fractures

- 

= versus time for a constant rate of axial tension . Experimental data
agree with calculations of fiber fracture behavior. Rotem and Baruch
concluded that failure of the materia l is due to accumulation of fiber
fractures which can be detected by acoustic emission.

The relationship of acoustic emissions to glass fiber
fracture was also determined by Morais and Green~

27
~ wL~ per formed

acoustic emission experiments during hydrostatic tests of filament
wound glass-reinforced epoxy rocket motor cases. In addition to fiber
fracture , glass fiber laminar motion also generated acoustic emissions.
These two acoustic emission sources were determined by analyzing
amplitud e and frequency components of -the acoustic emission data and
were shown to be significant for establishing structural integrity of the
cases. F igure 8 shows cha r~~ teristic s of the data which describe these
sources. A relationship was ont..~~:ied uetween acoustic emission response
and the burst pressure of the chambers as shown in Figure 9. Acoustic
emission data taken between 20 to 40 percent of the full hydrotest pressure
allowed prediction of the chambers ’ burst pressure. The acoustic emission
response was also shown to be sensitive to detecting manufacturing
process changes , e. g. a change in case mate rial and a manufacturing
change in mandrel design were both readily detected. Figure 10 shows
the acoustic emission responses to the case material change in the upper
and middle curves and mandrel change in middle and lower curves.

The rela tionship between acoustic emissions and
ultimate. strength of fiberglass was studied by Dethov~

28
~ in experiments

on rings (150 mm diameter , 8 mm wall thickness) loaded in compres-
sion. Acoustic emission pulse rate was shown to g ive a quantitative

‘ indication of the ultimate load . This was done by loading the test object
until the pulse rate exceeded a rejection level determined from a cali-
bration specimen. The ultimate load could then be calculated from
appropriate equations. Cleavage defects affect the relationship between
load and the acoustic emission pulse rate and could be detected by
monitoring the pulse rate as the object was loaded up to 50% of ultimate
load.

- Rusnak~
29

~ performed an evaluation to determine the
feasibility of detecting fatigue crack initiation and growth in helicopter
rotor systems under dynamic load. Laboratory tests were conducted
first on fatigue bending specimens of S-glass/epoxy composite and

25
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FIGU RE 7. STRESS (G), TOTAL COUNTS (Z N), AND RATE (N)
VERSUS TIME FOR CONSTANT RATE OF AXIA L
TENSION OF UNIDIRECTIONAL FIBRE COMPOSITE .
THE THEORETICAL RELATIVE NUMBER OF
FRA CTURES F[G~1. IS ALSO SHOWN.

(From Ref. 26 , reproduced by permission of Chapman and Hall Ltd. ,
London, England. )
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2024-T3 aluminum which are both used as rotor skin materials. Fatigue
- tests showed that acoustb emission was capable of detecting small cracks

in the fatigue samples. Tests were then extended to fatigue testing of
inboard and outboa rd sections of actual rotor blades. The acou tic
emission technique was shown to indicate impending blade fa ilure by

•an increase in count rate which began at 50 to 80% of the blade fatigue

• life. Although additional testing Is needed , the technique hold s promise
for an onboard (diagnostics) system for detecting impending failure in
helicopter rotor systems.

5. Thermal Technique s

Thermal test techniques as applied to fiberglass
composites find their widest use in the detection of disbonds or delam-

• iuatiors s, although other defects such as inclusions , thickness variation s ,
and fatigue damage have also been detected. Thermal techniques
generall y respond to differences in heat transmission or absorption
caused by different thermal conductivity of defects in the test object.
The object is usually heated by an exte rna l source while heat trans-
mission or absorption is monitored by a suitable heat- detector such as
infrared camera or heat sensitive coating painted on the surface.

Maigret and Jube U4) evaluated several thermal
sensing techniques for detectiou of interlamina r defects in fiberglass
materials. The sensing methods utilized pyrometers , infrared cameras,
and liquid crystals applied to the surface. Thermograph y by means
of an infrared camera was judged to be the most reliable thermal
inspection technique. Color thermograph y, where the temperature
differences are displayed as d ifferent colors allowed a more quanti-
tat ive anal ysis than a black and white presentation.

A thermal ima2e transducer arrangement was used
for debond detection by Green. (30T In this technique , heat is applied
to the specimen by passing electric current through an electrically
conductive layer placed on top of a dielectric layer in contact with the
specimen. The temperature in each portion of the conductive layer
depend s on the local thermal impedance of the specimen which Is altered
if a defect Is present. The temperature of the conductive layer Is
monitored by a temperature sensitive coating or an infrared camera.
This thermal transducer arrangement was tested on bond s formed by
cementing fiberglass sheets together with epoxy. The bond line between
a 0. 79 n-un-thIck oute r wall and a 1. 59 mm-thick reinforcing beam could
be readil y imaged and defects In the bond could be detected. A disbond
between an aluminum doubler plate and a fiberg lass doubler was also
Imaged.
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Potapov , et at. 
(31) 

reported the use of a scanning
infrared instrument to detect an artificial lamination-type defect in
7-mm-thick glass-fiber reinforced epoxy. A naturally occ~erring defect
in 30-mm-thick fiberglass casing was also detected. This defect begin s

= as increased porosity and changes to delamination with a separation of
• 

- 0. 1 to 1. 5 mm. An artificial defect caused by lack of cementing in a
three layer material of foam plastic sandwiched between fiberglass
layers was also detected. 

-
‘ , ‘

Inclusions and thickness variations in Epon 826 (32)
resin reinforced with 181 glass cloth were detected by Craig, et at.
The thermal device used in theee experiments contacted one side of the
specimen with a heat source and the opposite side with a heat sink to
establish heat flow which was measured with thermocouples. Several
specimens were fabricated with artificial inclusion s of sawdust , aluminum
filings. paper , an aluminum foil stack , Teflon tape , release agent , lamp

- - black , vinyl tape , copper , brass , and steel. Resolution of most inclusions
was good and all inclusions except Teflon could be detected. Detection
of the thin layer of release agent is important since a defect of thi s type
could easily occur in production. Thickness measurements of specimens
showed that thickness could be measured with good resolution up to about
3. 30 mm. Error  in thickness measurements ranged from ±3. 75% for
0.41 mm material to ± 16% at 3. 30 mm to ±27. 1% for 5. 33 mm thickness.
Although no specific studies were pe rformed , strong indications were
obta ined tha t this therma l testing device may also be used for deter-
mination of surface finish , resin-glass ratio , and extent of cure.

Art alternate form of thermography was used by
Nevadunsky, et at. (17) to detect fatigue damage in ±450 E-glass/epoxy
laminate during fatigue testing. Localized heating due to fatigue damage
was detected by temperature sensitive coatings on the specimens. Spec -
imens subsequently fractured at the area indicated by heating. It was
suggested that thermograph y could be used in this manner as an in-
service fatigue damage detection method .

6. Holographic Technique s

Holographic interferornetry is useful for composites
inspection as a means of locating flaws which cause displacement of the
surface when a load is applied. (33) Loading may be mechanical , thermal ,
or acoustic. Subsurface flaws may be detected as long as they produce
a slight change in the movement of the surface. Interference fringes on
a hologram of the object show the size and amount of surface displace-
ment and thus indicate defect location.
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Grunewald , et at. ~~~ applied holographic Interfer-
ometry to defect detection In glass fiber reinforced plastic sheets used
for printed circuit boards. Several types of defects were introduced.

Includ ed cuts in an upper fabric layer , delaminations , and 
-

aelaminations in combination with a cut. Specimens were loaded mechan-
ically and by acoustic stimu lation . Using mechanical loading, a 25 mm
long cut was readily detected in material with two reinforcing layers
and with increasing number of layers up to nine. Twelve -mm long
delaminatlons in five and nine layer material could be detected with

proper positioning of the specimen under bending load. A cut and a
delamination in the same sheet were also readily detected. Overlapping
could be detected in a sheet of fou r layers of reinforcing material.
Holographic interferograrn s of sheets containing air voids showed no
indication of this type defect. Tests using acoustic stimulation for

loading were not completed; however , it appears that flaws can be
• detected by this technique if the flaws hinder or prevent development

of vibration modes.

Holographic interferometry as a means of detecting

fatigue damage and stiffness loss was studied by Nevadunsky, et at. ~~ 17)

The damage accumulated during the fatigue life of an E-glass/epoxy
laminate (j 45°) specimen was characterized by holographic and ultra-
sonic C-scan tests and microscopic examinations. The specimen was
cycled In an axial mode with a maximum stress of 55 MPa and stress
ratio R 0. 1. At 0. 05 x 106 stress cycles an increase in fringe lines
in the hologram indicated an overall loss in stiffness of 8% as determined
by dynamic strain measurements. Ultrason ic C-scans for this number of
stress cycles showed no appreciable local defects. The loss of stiffness

was believed to be caused by~~iber/matrix debonding to which ultrasonics
is not sensitive. At 0. 2 x 10 cycles , holographic fringes indicated a

- 

• 

( greater and more localized stiffness loss which was mea sured as 18%.
Ultrasonic inspection at 0. 2 x 106 cycles indicated the presence of

localized damage caused by concentration s of resin cracks and fiber/
matrix debonding. After 0. 75 x i~6 cycles the fringe pattern indicated

an even greater stiffness toss which was determined to be 28%. Ultra-
sonic C-scans at this number of cycles indicated more damage and
resin cracks and fiber/matrix debonds could easily be detected . Addi-
tional InspectIon of a graphite/glass/epoxy specimen showed that local
damage under a doubter plate was detected by holography but not by

ultrasonic C-scan. The specimen subsequently fractured at this location.

Nevadunsky, et *1. ~~~‘ 
17) also compared holographic

and speckle interferoznetry techniques for fatigue damage detection.
Holography was determined to be more sensitive for this particular
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application. Smaller changes In the fringe shap es could be seen with

• holography than with the speckle lnter ferogra zns and the speckle inter-
ferograms were more difficult to interpret , although this trend may not
generally be true. It was suggested that speckle techniquel are poterl-
tlally useful for NDE and should be impr oved since tht~ method measures
in-plane motion (as opposed to out-of-plane motion by holography) wh ich
is directl y related to stiffness losses in specimens with uniform degra-
dation.

7. Dynamic Properties Measurement

A class of NDE measurements for composites which
is aimed at determining the actual strength and stiffness of the mater ial
rather than locating discrete flaw s has received a consIderable amount
of attention. These measurements involve determination of dynamic
mechanical properties such as elastic modulii and damping coefficients
by measuring specimen response to externally introduced vibration.
Changes in these mechanical properties have been shown to be related
to overall fatigue damage and strength of the mater ial.

A sonic frequency vibration testing technique was
— applied by Schultz and Warwick’34) to laminated , 3M Scotchpl y 1002

glass fibe r reinforced epoxy beam specimens. The specimens were
exc ited over a var iable frequency range and the resonant frequencies
and their bandwidths were measured to determine damping ratio and
modulus. It was found tha t a decrease in resonant frequency and
increase in damping ratio correlated with fatigu e damage due to crack-

-~~~~~ ing. Decreases in resonant frequency were small (10% for the most
heavily damaged specimens), but increases in damping ratio were
much larger, rang ing from 10% to 100%. Figure 11 shows changes
in damping factor with fatigue time for four specimens. Examinations

• 
of the specimens showed that those which had damping ratio changes
exhibited significant cracking. Results indicated that son ic frequenc y
vibration testing is promising for nondestructive evaluation of In-service
strength and stiffness degradation of fiber-reinforced epoxy structural

members. Schultz and Warwic k suggeste d that practical, low cost
instruments could be developed for In-service NDE of load-bearing
members by periodic measurement of damping ratios.

Sims, et al. (35) used dynamic mechanical measure-
ments In tests for correlation with specimen damage. Vibration reso-
nance, torsional pendulum techniques were used for mechanical property
measurements. The torsional pendulum utilizes low frequency and high
strains to determine the dynamic shear modulus and damping factor of
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FIQU RE 11. INCREASE IN DAMPING RATIO WITH FATIGU ING
• TIME IN 90° — ir/4 SPECIMENS.

(From Ref. 34, reproduced courtesy of The Journal of Composite Materials,
Technomic PublishIng Co., Inc. , 265 Post Road West , Westport, Ct. 06880 ,

• U.S.A.)
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the specimen. Good correlations were obtained between the dynamIc
properties and crack ares in 0 /90 cross-ptj  glass reinforced plastic
laminates. Figure 12 shows the relationship between dynamIc properties
(presented as tensile modulii times change in damping factor) and crack
area for two samples. It was not established if dynamic mechanical

: measurements can be used for prediction of crack concentration In other
geometries since add itional work is needed to establish more genera l
cor relations between damage apd test data . The effect damage has on
property degradation also need s to be determ ined so results can be
interpreted more reliably in terms of actual specimen strength.

Adams, et at. (36) also utilized a torsional pendulum
to determine damage due to static and fatigue torsional loads. Specimens
were fabricated from glass fiber/epoxy (E-glass/DX2 10). In static tests
specimens were incrementally l~’sded up to and beyond failure in torsion
and dynamic property measurements were taken at each load increment.
In fatigue tests the specimens were removed from the fatigue machine
and dynamic properties measured at stages throughout their fatigue life.
Cracking in the specimens was monitored visually. Deterioration of
the material due to shear cracks from both static and fatigue testing
could be determined by dynamic properties measurement. F igure 13
shows the relationship of dynamic shear modulus damping and crack
length as function s of fatigue cycles for one specimen. Generally, the
modulus and damping showed permanent and transient changes when
progressive craàking took place. Material degradation could be sensed
prior to large reductions In stiffness of the material. No simple cor-
relations were obtained between virgin dynamic propertie s and the load
capacity of the material.

Another form of vibration testing which lacks the -

preciseness of more sophisticated tests is “coin tapping” . This
technique involves tapping the specimen with a coin or other metallic
object and listening to the change in pitch of sound over flawed regions. - •

Nevadunsky, et at. (9~ 17) report that coin tapping is a poor indicator
of early fatigue damage and that significant defect indications were
observed only at areas where damage was easily observed visually.
Coin tapping may perform better on larger structures where changes
in aud ible pitch could be greater.

C. Keviar Reinforced Epoxy Composites

Information on NDE of Kevlar reinforced epox y composite s
was extremely limited; only two documents resulting from the literature
search conta ined any relevant NDE material.
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FIGURE 12. DEPENDENCE OF EDAdE UPON CRACK ARE A
FOR 0°/90 LAMINATE SAMPLES.

(From Ref. 35, reproduced by permission of Chapman and Hall Ltd. ,
London, England.)
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OF GLASS FIBE R SPECIMEN NO. 291.

(From Ref. 36, published by American Society for Testing and Materials,
Philadelphia , Pennsylvania .)
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A report by Hamstad and Peterson~
37
~ deals primarily with

calibration of a test fixture for acoustic emission monitoring of an
aluminum lined spherical Kevlar/epoxy pressure vessel. Experimental
data are very limited , but it is reported that both local and global acoustic
emission event s were detected as vessels were pressurized. Global

= events could be detected at more than one transducer location- while
• local events could be detected at only one location. The global events

appeared to be most closely related to the eventual fa ilure pressure.
Techniques to remove local events from the acoustic emission signal
were not successful. A series of 17 vessels were proof tested and
monitored for acoustic emission but no data were given.

In work by Hamstad and Tatro~
38) on acoustic emission

from Kevlar 49/epoxy composites only the abstract was published.
The time and frequency domains of acoustic emission signals generated
during loading of the composites were studied and low frequenc ies
were found to predominate. Effects of composite thickness , trans-
ducer type , and load level were also reportedly examined. No data
were given in the abstract.

D. Graphite Reinforced Epoxy Composites

— 

- 
As stated in the Executive Summary, the primary thrust

of this survey has been on NDE of fiberglass/epox y composites because
of their use in Army helicopter rotor blades. Recent literature, however ,
on NDE of composites has been largely In the area of graphite reinforced
expoxy composites because of the increasing use of this material by the
aviation industry (fixed-wing aircraft). To acquaint the reader with

-

~~~~~ 
the current state-of-the-art on NDE of graphite/epoxy composites in
aviation applications , a summary is presented here based on a review
of the abstracts of relevant documents.

In a recent publication, a comparative evaluation of poten-
tiat NDE techniques for ins~ ection of graphite composite aircraft struc-
türes Is given by Sheldon .~’~~ Emphasis was placed on application of an
acoustic imaging system with a portable X-Y scanner and a flex-arm
mechanical hand scanner. Graphite composite structures used in the
evaluation were: (1) a wing flap, fuselage bulkhead panel, and a T-38
wing section conta ining manufacturing flaws; (2) a wing attach trunnion
f itting exhibiting a major transverse crack in addition to bearing failure
at the lug ; (3) an access bay door and several test panels with simulated
flaws (precured adhesive discs and foreign object Impact damage);
(4) a horizontal stabilizer; and (5) a panel mounted in a fatigue test

38
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fixture. Each structure was inspected using either ultrasonic reso-
nance , focused image holography, pulse-echo C scan , B scan and
3D scanning techniques. Selected structures were also intpected
using a mobile laser holographic system, radiography, Fokker bond

- 

= tester and a Sondicator. - -

Acoustic emission techniques were evaluated by Moore 
40

for inspecting aerospace components during static and fatigue testing. ~
Components tested included a muitilaminated fuselage fitt ing , a con-
ventional flap attach f itting , the attach lug of a steering component , and
outer wing panel test articles. Results are being used to evaluate the
applicability of acoustic emission for inspecting production wings
scheduled for extensive in-flight testing.

In-service NDE has been conducted by Boeing Company
on graphite/epoxy spoilers on 737 transport aircraft and compared with
graphite/epoxy material subjected to ground-based environmental
exposure. ~4 1) After a total of 766 ,938 spoiler flig ht hours and 1, 168 , 090
spoiler landing s, there was no evidence of moisture migration into the

• honeycomb core and no core corrosion based on visual , ultrasonic , and
destructive testing. Tests of spoilers removed from flig ht service and
of ground -based exposure specimens afte r the third year of service
continue to indicate modest changes in composite strength properties.

The development of standards and field inspection tech-
niques for the ultrasonic NDE of S-3A graphite/epoxy spoilers was
reported by Blosser , et al. (4~~ Preliminary reference panels were
constructed to áetermine: the best material for producing artificial
defects, the minimum detectable defect size , the influence of varying
the number of skin plys , the influence of the amount of resin on atten-
uation properties, and the influence of the amount of bleeder material
used on attenuation and physical properties. All reference panels
were characterized by radiography, ultrasonic through-transmission
(immersion and contact) and ultrasonic pulse-echo methods. Results
indicated tha t ultrasonic through-transmission was a reliable and sen-
sitive method for detecting delamination e or debond s as small as
6. 35 mm diameter in the solid laminate areas and 12. 70 mm diameter
in the honeycomb areas of the composite spoiler . Although through-

- 
transmission could locate and define the d imension s of a delamination
or debond , it could not provide information on the distance of the defect
from the surface of the part. 
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Nondestructive flight-service evaluation of graphite/epoxy
upper aft rudders for the DC- 10 aircraft has been recently descr ibed
by Hagemaler. (43) The rudders will be monitored for a five-year

= period as part of a program to develop experience and confidence in
:composite structures through design , fabrication, certification, and
flight- service evaluation . Prior to rudder fabrication , laminates and
test specimens were manufactured and evaluated It was found that
visual, ultrasonic C-scan, dye penetrant , and 10 to 50 kV X-rays are

-

. j useful for evaluating these materials for processing defects or cracks
and delaminations which are generated by mechanical testing, fatigue
testing, or impact damage. Flight-service inspection will be performed
using contact pulse-echo ultrasonics or the Fokker boridtester for the
detection of delaminations , porosity or voids.

E. Boron Reinforced Epoxy Composites

As in the case of the graphite reinforced composites dis-
cussed in the previous section , the summary presented in this section
on NDE of boron fiber reinforced epoxy composites is based on a review
of only abstracts of selected relevant documents. Thus, the discussion
is brief , but should help the reader to become acquainted with the NDE
state-of-the-art in this area. - -

Development and evaluation of an ultrasonic internal veloc ity
measurement technique is reported by Hastings , et al. (44) Results
indicate that this method is a practical and useful tool applicable to the
evaluation of boron/epoxy lamint tes used for structural components.
For the laminates studied, best results were achieved in the 0 and ff 12

- 

- - rad directions; unbalanced laminate s led to greater errors in the ~/4
rad direction . Measurements made off-angle with respect to the rein-

-
~ 

- forcing filaments were not reliable. Based on interval velocity measure-
ments, correlations were developed for modulus and tensile strength
prediction. The internal velocity method proved to be better than tensile
tests for predicting modulus (i. e. there was less scatter in the ultra-
sonic data) and as good as tensile tests for strength determination.
Yield strengths could not be correlated because of excessive scatter in
the tensile test data.

(45)
A report by Schultz is concerned with the development

of nondestructive testing techniques for quantitatively evaluating advanced
fiber reinforced composites. Boron/epoxy panels having different ply
configurations were fabricated and tested for mechanical properties
behavior and physical properties characteristics. It was found that

40
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useful predictive correlations exist between ultrasonic elastic modulus
and mechanical properties. Qualitative agreement wa~ obtained between
micro-mechanics theory and the polar modulus determined ~ltrasonLcally.
The Interva l velocity technique was shown to have only limited application
in determining polar modulus values. . 

- -

Cooper , et at. reported on the NDE of boron/epoxy struc-
tures after aircraft service testing. (46) Rudders fabricated using
boron/epoxy skins were flown on operational aircraft and evaluated
using a number of NDE methods. Ultrasonics , edd y current , and radio-
graphic method s were shown to be effectIve for detecting bondline flaws
and honeycomb core corrosion.

Acoustic emission experiments were reported for tensile
loading of un idirectional boron/epoxy and for aluminum sheets rein-
forced with unidirectional boron/epoxy. (47) Different prepreg materials
are found to have different • ~haracteristlc acoustic emission patterns.

- ‘ Results from composite-reinforced metal specimens show that earl y
failures are accompanied by a sharp increase in acoustic emission
count rate at the knee of the bilinear stress-straIn diagram. It is further
shown that the count rates are a function of specimen fabrication and
that hLgher total counts do not necessarily correspond to early fa ilures.

Methods of increasing confidence in bonded composite
assemblies by upgradiI)~ 8

quality assurance procedures were reported
by Cook and Hussman. ’ ‘ Surface electrical resistivity was ident ified

- - as a potential quality control tool for titanium cleaning prior to adhesive
bond ing. Defects in boron/epoxy laminates and boron/epoxy-titanium
splice joint s could be effectivel y located by an ultrasonic through-
transmission, reflector plate C-scan test. Radiography was found to
be most suitable for inspecting substructure, I. e., honeycomb core
and edge member-to-core bond lines. The ultrasonic through-transmission
system with a focussed search unit and a focussed receiver was found to

• be the best method of detecting skin-to-honeycomb core unbonds.

41
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make crack detection by means of wave propagation considerably more
complicated than in ordinary metals.

These difficulties notwithstanding, ultrasonics is still
- 

- 
the most used and accepted NDE technique for inspection of composites;

- - especially for discrete flaws, e. g. delamination s, cracks, inclusions ,
a and voids. The ultrasonic method is also useful for determining prop-

erty and geometric variations such as porosity, concentration differences,

• glass content, thickness, and elastic modulus. As pointed out in the
previous section, measurement of these properties depends on a change
in ultrasonic velocity or attenuation. Recent studies Indicate that pulse
spectroscopy may offer another way to measure sound fluctuations
caused by property variations in different compositions.

Ultrasonic inspection is used extensively by several heli-
copter manufacturers for Inspection of fiberglass rotor blades. (49) For
Ex~Lmple , at Boeing-Vertol automatic ultrasonics is used for inspecting
the completed blade. Through-transmission is used to scan the blade
for defects from the nose of the blade to the trailing edge and to inspect
the core for cracks. Bell Helicopter employs ultrasonic through-
transmission for Inspecting fiberglass rotor blades using reference
standard s to set up an accept/reject criterion. (49)

- 
- B. Radiography

In addition to ultrasonics, the other NDE technique finding
significant application in the inspection of composite materials is radio-

I - -  • graphy. Work to date seems to indicate that for fiberglass/epoxy corn-
- - 

- 
- 

• posites, neutron radiography is not suitable due to the dispersion caused
by interaction with hydrogen and boron elements. Also, the method has
been hampered for production use by the size , cost , and lack of port-
ability of the equipment required. X-ray radiography Is much more
extensively used for all types of composites. It is a well established
production technique, although safety considerations can Impose restric-
tions, and is used to detect broken and misaligned filaments, foreign
objects or inclusions in addition to water intrusion and entrapment.

- 
;

_ Among helicopter manufacturers both Boeing-Verto l and Bell use X-ra y
radiography for inspection of glass fiber rotor blades. At Boeing-
Vertol , image intensification is employed based on - n opaque detection
yarn in the composite. X-ray scan s are used to inspect for overall
alignment as well as yarn lay-up, fiber wash ing and crinkling. X-
radiography is used to inspect the core for lay-up defects and
delam4n~tions • ‘ ‘
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‘- X-ray transmis sion inspection can be applied successfull y

for the detection of orientation defects or glass distribution defects in
highly loaded filament-wound components. This techn ique is a’so

- capable of detecting large cavities in the rigid expanded plastic cores
- 

~- : .C141 thick-walled sandwich materials. These cavities have considerable
influence on the stiffness, stability, and Insulation behavior especially
near the cover layer. With presently available X-r ay equipment , it
is possible to detect large flaws, air Inclusions, and orientation and

- 

- uniformity fluctuations in plastic composite materials as a function of
the material thickness, number of layers , and type of reinforcement.

The X-radiography method will no doubt become Increa s-
ingly important with further development directed toward Improving
the detail that can be resolved by suitable choice of film to focus
distance, acceleration voltage (i. e., energy level), X-ray film, and
exposure time. Also, further development is expected of more sophis-
ticated techniques such as stereo transmission methods, video radio-
scopy , and tomography.

C. Electromagnetic

Microwave methods have been used in some production
applications for thickness measurements and void detection in plastic

• sandwich structures. As pointed out In the previous section , a swept
frequency approach can provide the capability for distance and depth 

-

discrimination. Various instrumentation advancements are being made

-f - - 
which should provide for more easily used systems of greater yersa-
tility. The fundamental work being pursued by Kovalev, et al. ~24, 25)

• should help to provide an understanding of the relationship between the
unique characteristics of glass reinforced plastics and the electrical
parameters affecting microwaves.

- 

• - 
Another electromagnetic approach which is promising

for measuring concentration variations is the low frequency dielec-
tric probe technique. The simplicity of the approach I. attractive,
although the results obtained ar e primarily of a qualitative nature.

D. Acoustic Emission

• 
Acoustic emission has been investigated for microfailure

analys is of composites for a number of years. The method is related
to fiber f racture, ultimate stren gth , and manufacturing process
changes. Under suitable test condition s acoustIc emission analys is
can indicat e critical stresses in glass fiber reinforced plastic struc-
tures before destruction of the laminate. Frequency analysis of the

48
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acoustic pulses under favorable conditions can be used to separately
determine fiber fracture or interfiber fracture. Most of the work on
acoustic emission of composite materials has been research-oriented
and performed in various laboratories although limited investigatIon

- ; - = of acoustic emission has been conducted for on-boa rd diagnostics.
- 

• - As the understanding of the physical mechanisms responsible for the
detected phenomeua increase and the instrumentation technology
Improves , the method will no doubt find increasing use in field
applications.

E. Thermal Techniques

Research on thermal related NDE techniques for the

inspection of composites in recent years has shown that these methods
are very promising as a nondestructive inspection tool. Work per-
formed to date has been primarily confined to laborat ory investigations
with only limited applications reported. The method is able to provide
information about the distribution of reinforcement fibers in the matrix
material and to detect irreversible processes associated with generated
and released thermal energy. Greatest utilization of the technique has
been for the detection of disbonds or delaminations although other defects
such as inclusions , thickness var iations, and fatigue damage have also
been detected. Two conditions that limit the sensitivity and therefore

• 

• 
the usefulness of the method are:

• - I. The need for a high coefficient of thermal
conductivity of the sheet or laminate material, and

2. The thickness of the facing sheet or laminate.

Despite these restrictions, thermal methods are able to fill needs for
which X-ra y and ultrasonic testing methods may not be adequate , and
therefore merit further development.

F. Holoflraphy

Laboratory investigations of holographic Interferometry
have shown this method capable of detecting certain types of defects,
for example stiffness loss associated with fatigue damage , not detected
by other methods such as t’ltrasonics. The method is promising for
large scale field application whereby an entire structure must be
examined In a short time. Although feasibilit y of this application has

been demonstrated under specialized laboratory conditions, additional
difficulties are expected for field or In- service applications which would

require development of application specific techniques.

49
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0. DynamIc Measurements

Coin tapping has been an accepted NDE method for ’ii number

-of years and is still used for indications of gross flaws. However , this

method lacks the sensitivity and resolution required in modern technology.

Determination of dynamic mechanical properties with more sophisticated
S approaches such as sonic vibration testing and damping measurements -

are very promising for providing information on actual strength and stiff-

ness of the material. Result s cited In Section II indicate that with suitable

eff ort , practical, low cost instrumentation could be developed for In-

service NDE of structural components.

t- j
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IV. D~~CUSSION

A. Recommended Development

Based on the results of the literature search,- a- summary
- 
- is present ed in Table X of efforts recommended to advance the state-

of-the-art of the NDE of fiber reinforced epoxy composites. The Intent
is to recommend efforts that will result in useful and needed NDE
approaches for the user community, on both a short term and long term

- - basis. Three primary areas are identified:

I. in-Service Inspection - includes application of
existing technology to improve production and
field nondestructive inspection.

2. Laboratory Development - include s techniques
that show promise for in-service application ,
but require further laboratory development.
Also included are Important inspection problems
for which suitable techniques need to be developed.

3. Mechanics of Composites - Includes areas
requiring laboratory investigation to better

-
- J - underátand what parameters and properties

need to be measured nondestructively.

1. In-ServIce Inspection

Included In this group are those efforts and Improve-
ments which should result in relatively quick payoff at low risk at least
in certain applications. The listed recommendations involve application
of existing material testing technology and techniques to specific inspection - 

-

problems. For example, in the case of rotor blad e inspection , instr ia-
znentatton technology currently exists for upgrading and improving the
ultrasonic and radiographic approaches presently in use. Automated
inspection systems could be developed to relieve operator reliance and

9 provide signal acquisition and processing capa bilities for inspecting
large scale systems. Contour following sensor arran gements and

- ‘ computer as,~~ ance could be adopted for ultrasonic inspection of corn-
plex shapes.’ ~

As discussed In Section 11.5.2 , methods have been
under development for Improving radiographic inspection procedures.
Included are techni ques for Image enhancement, stereo radiography,
and video radi ograp hy. Although these may not all be ready for field

- - 
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application, they should be considered for the additional development
needed to Improve radiography state-of-the-art.

Automated radiography systems have a l o  been - 
-

-= 
undergoing recent development and can provIde the basis fbr improved
nondestructive inspection for specific applIcations. (51) A real time
radiography system was recently demonstrated for aircraft Inspection. (52)
This system was developed for maintenance inspection applications and
Includes features such as portability and high resolution. Although
intended for general aircraft application, the system was evaluated on
certain aircraft composite structures and H-46 rotor blades which were
inspected for corrosion in the spar. It appears that the basic system
concepts may be applicable to real time inspection of composite rotor
blades.

Also included under the In-Service Inspection group
- ‘ in Table X are development of large-area field Inspection capabilities

and Improved reference standards. One potential approach that should
be considered for large-area field inspection is holography. Although
there are a number of practical problems to be overcome in using
holography for field Inspection on a part as large as a rotor blade ,
laboratory research cited In Section II has shown the method to be useful
for inspection of composites and potentially for large scale applications .

‘~J - 
- If holography could be developed for field application it would provide

an Important and useful procedure for rapid inspection of potentially
detrimental conditions such as surface strains.

The need for Improved and reliable refer.ence stan-
dards was noted in several documents reviewed during the state-of-the-
art survey. Because of the complex nature of composites, interpreta-

-
~ 

- tion of results in terms of specific defects Is often difficult and ambiguous.
Thus , universally accepted reference standards are needed to allow proper
interpretation of results. It app ears from the literature surve y that
little attention has been devoted to this problem In the case of composites
whereas universal standar jls are being developed and accepted for the
inspection of metal parts. ~53)

2. Laboratory Development

As indicated previously , there does not app ear to be
a pressing need for improving flaw detection sensitivity and resolution
in composites since the critical flaw size is usually large compared to
that In homogeneous materials. Development of methods that have the
capability of providing information on strength related pr operties of
composites and interla minar bonds is needed . Methods which are

La- • 
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promising for this measurement are ultra sonic velocity , low frequency
damping, acoustic emission , and microwave. Laboratory research
has been performed on all of these methods for the measurement of
strength related properties in composites , but further work ls~needed

- = to understand the relationship between the measured parameters and
- the strength of the composite . None of these methods has been

explored to any extent w ith respect to field applIcation , except for

-~ 

— acoustic emission. This technique has recently been Investigated for
— in-service detection of fatigue damage In helicopter rotor blades. (2 9)

Tests were performed on dynamically loaded full scale helicopter rotor
blade sectIons and the results demonstrated the feasib ility of the approach
for In- service inspection , although further verification is needed.
According to the investigators, the acoustic emission method offers
advantages for detecting rotor system cracks in that it is very sensitiv e ,
can simultaneously scan the entire system, and can function as a diag-
nostic system while the helicopter is operating thus serving to warn
pilots before catastrophic failure occurs.

In addition to methods for measuring strength
related properties , several other methods offer pr omise for large
scale field inspection of composite systems including thermography and
holography. Although only basic laboratory feasibility has been demon-
strated in limited special si..~iations , suitable developmental effort in
understanding and interpretin g the results , and in improving the mea-
surement technique, could result in field applicable approache s for at
least obtaining qualitative information. Such approaches are Importa nt

to provide a rapid and overall field inspection capability resulting in
reduced down time and maintenance cost.

Identified In the literature search and in previous
surveys~

5’ 54) as an important problem Involving composites is environ-
mental degradation. Many reports Indicate that exposure of composite
structures to temperature and humidity extremes reduces the useable
service life and degrades the structural Integrity. The moisture degra-
dation problem I. especially difficult to resolve because the distribution
of moisture throughout the thickness of the material must be measured.
The only method currently under development is a moisture diffusion
method which depends on measuring effusing moisture and solving the
diffusion equation to obtain the moisture distribution throughout the
specimen. While this method appears to work in specialized situations ,
it relies on -assumptions regarding the reversibility of moisture d iffusion
in the mater ial which may not apply in more general circumstances. A
candidate for providing the needed moisture information Is nuclear mag-
netic resonance (NMR). This technique has been successfully applied
for moisture measurement in a number of different materials and has
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the advanta ge of providing a direct measure of the amount of moisture
present. (4) In addition , recent instrumentation advancements have
established the feasibility of applying NMR to the inspectioh of large
specimens. (55) In one application for which prototype ha rdware has

= been constructed, suitcase-size specimens ar,gL1~
oved thro~agh a large

magnet and detection coil on a conveyor belt.’ u~ Adaptibility of this
approach to inspecting rotor blades for moisture ingress or determining
characteristic properties of the epoxy matrix should be within the current
state-of-the-art. -

3. Mechanics of Composites

There is much discussion in the literature regarding
a lack of information on the influence of specific defects and flaws on
the structural integrity of composites. Thus , from an NDE standpoint,
the question arises as to what needs to be measured. The mechanic s
of composites are very complicated due to the anisotropic and inhomo-
geneou s nature of the material and the fact that the criticality of flaws
depends on a large number of parameters such as loading conditions ,
lamination geometry, flaw location , flaw orientation, and flaw geometry.

-4 In determining what specifically needs to be measured nondestructively
an understanding of fa ilure mechanisms is necessary. The mechanics
community has been devoting increasing attention to these problems in

- 
- recent years and the failure mechanisms associated with fatigue cracks

and void s have been addressed . However , there is still insufficient
interaction between the mechanics community and the NDE community
in the area of nondestructive evaluation of composites. Thus, a coor-
dinated developmental effort should be directed at defining what types
of flaws are important with respect to structural integrity of fiber rein-
forced epoxy composites and what parameters need to be measured
nondestructively in order to assess the criticality of the flaws.

A similar argument can be presented regarding
composite degradation. Question s that arise include: Wha t is degra-
dation ? What is its relationship to strength? What is Its relationship
to structural Integrity and service life? What properties or parameters
need to be measured nondestructively? The answers to these questions
involve a coordinated effort between mechanics Investigations and NDE
measurements and would help to develop a solid foundati on for advancing
the state-of-the-art of NDE of composites.

B. NDE of Composites Workshop

As the utIlization and Importance of composite mater ials
in the aviation industry (and other industries) increases, the need arises
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for Improved communication among the various groups Involved in the
field of composites. From the standpoint of NDE , the relevant groups
include the NDE community, the mechanics of composites coninunity,

- designers. and material fabricators. Since the last workshop devoted
— =exclusively to the NDE of structural composites was held over five

years ago (February l974),’~~ and many advancements have taken place
In both the area s of NDE technology and composite materials since that
time, it seems appropriate that another workshop devoted to this topic
would be timely. Such a workshop would enable a direct Interchange of
ideas and problems among the various groups listed above. Therefore ,
a recommendation of the authors of this report is that such a workshop
be held In order to bring to a focus the various factors associated with
NDE of composites and provide guidance in the specific directions that
should be pursued to advance the NDE state-of- the-art. To provide the
best opportunity for a productive output it might be desirable to limit
the scope of such a workshop, for example , to composites used in the
aviation industry, or perhaps , ju st A rmy aviation composites. It also
might be directed to a particular composite type , such as fiberglass ,
graphite , etc . Regardless of how such a workshop is structur ed , it
should provide the opportunity to approach NDE of composites from the
classical problem solving standpoint , that is, starting by identifying
the problems that need to be solved rather than starting with assumed
“solutions. ” Information generated by the workshop might be expected
to lead to the following program for advancing the state-of-the-art of
NDE of composites: -

- -

- 

~~~~ 
1. State the problems specifically and clearly - -

• define the requirements.

a. Assess the present state of affairs (utilize
state-of-the-art surveys).

3. E stablIsh achievable objectives.

4. Review all possible approaches (existing and
proposed; short term and long term).

5. Perform preliminary evaluations of cand idate s
with reasonable chance for success.

6. Select the most promising candidates (short
term and long term).

7. Perform required developmental efforts.
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8. Evaluate potential for both short term and
long term success.

9. Incorporate quick payoff approaches Into

= 
needed application areas. -

10. Continue development of selected cand idate s
• for long term payoff.

Although this outline is not definitive, it could be expected that a properly
conducted workshop would contribute greatly to providing the needed
information by which to formulate a successful program for advancing
the state-of-the-art for NDE of fiber reinforced composites.
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V. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions were reached as a result of this state-
of-the-art survey:

1. Much of the recent accessible literature a NDE of fiber

4 reinforced epoxy composites documents work specifically on grapb.ite/
epoxy material.

2. Most of the literature relevant to practical applications of
NDE to glass/epoxy structures is five to ten years old. 

-

3. Only five documents directly relevant to the NDE of glass /
epoxy rotor blades were obtained from the literature search.

4. Ultrasonics and radiography are the only significant NDE
- I methods currently used by manufacturers of glass/epoxy rotor blades.

5. There Is a large gap between NDE methods being explored
— in the laboratory and those sufficiently developed for practical field or

production application.

6. The influence of various defects on the performance of

• - - composite materials Is not well understood.

The following recommendations are made as a result of this
state-of-the-art survey:

1. Apply existing automation and signal processing technology
to the Improvement of nondestructive ultrasonic and radiographic inspec-
tion of glass/epoxy rotor blades.

2. Develop universally accepted reliable reference standards
for NDE of composites.

3. Pursue development of methods such as ultrasonic velocity,
low frequency damping, and miérowave that appear promising for providing
information on strength related properties of composites and interlaminar
bonds.

4. Further explore thermographic and holograp hic methods
for potential application to large component field inspection.
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5. Pursue solutions to the problem of moisture measure-

ment in composites by the development of various techniques poten-
tially capable of performing the desired measurement includin;
microwave and nuclear magnetic resonance.

— 

- 
6. W Ith respect to helicopter rotor blade inspection , ensure

that relevant NDE documents become part of the accessible lite ra ture.

7. Hol d a workshop devoted to the NDE of structural com-

posites to provide a framework for developing a program for advancing

the stat e-of-the-ar t of NDE of composites.

I
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APPENDIX A

NDE METHODS

In this appendix are presented brief descriptions oS-NDE methods
which have been utilized for the inspection of fiber reinforced composites.

- 
- - White variations of these methods are sometimes used , only the basic

— principles will be discussed to acquaint the reader with the methodology.
The information presented In this section has been extracted in large
measure from References A 1 and AZ which provide more complete
descriptions of these and other NDE tecbniques.

A. Penetrating Radiation

Penetrating radiation NDE techniques as applied to inspec-
tion of fiber reinforced composites include X-ray and neutron radio-
graphy; and X-ray and gamma-ray radiometry. X-rzy radiography Is
the most widely used method and consists of illuminating the test spec-
imen with relatively low energy X-rays which penetrate through the

- : specimen and strike photographic film. Variations in specimen thickness
and density, or flaws of a different density affect the intensity of the
transmitted radiation and show up as variations in contrast on the devel-
oped film. A shadowgraph image of the specimen and defects is thus

- 
- 

created. - 

-

X-ra y radiography of fiber reinf orced composites is per-
formed using state-of-the-art radiography procedures for materials
with low absorption. A small X-ray focal spot size (0. 35mm) and a
long source-to-film distance gives good sensitivity and resolution of
small defects The use of low power and long exposure t3mes enhances
sensitivity and contrast. Extra fine grain film also helps provide sharp
images and good resolution.

Neutron radiography Is pe rformed in a sirr Uar manner to
X-ray radiography except that a neutron radiation source Is used . This
may be a neutron emitting radioactive Isotope , nuclear accelerator, or
nuclear reactor. Since radiographic film Is relatively insensItive to
neutrons , the neutrons transmitted through the specimen are made to
strike a foil such as indium, gadolInium, or lithium which emits secon-
dary radiation to expose the film.

X-ray and gamma-ray radiometry utilize the same prin-
ciples as radiography with the exception that the film is rep laced with
a scintillation detector which can measure much smaller variations in
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transmitted radiation intensity and thus is more sensitive to defects
and density variations. Since the scintillation detector Is not an
imaging device like film, and only measures radiation inten.ity7 the
examination of an entire specimen generally requires measurements

~to be taken at a number of discrete points. - . -

B. Ultrasonics

Ultra sonic testing involves the propagation of high fre-
quency sound (between 20 kNz and several MHz) through a material.
Cha racteristics of the transmitted or reflected sound are measured
to determine material properties or defects. The three most common
ultrasonic techniques applied to fiber reinforced composites NDE are
ultrasonic velocity, ultrasonic attenuation, and pulse-echo ultrasonics.

Velocity measurements are accomplished by measuring
the elapsed time required for an ultrasonic pulse to propagate th r ough
the specimen. An ultra sonic transmitting transducer is placed on one
side of the specimen and a receiving transducer on the other w ith
alcohol generally used as a couplant between transducer and specimen.
A short pulse of longitudinal mode sound is transmitted through the
specimen and its propagation time determined by measuring the elapsed
time between transmitted and received pulses on an oscilloscope dis-
play. The ultrasonic velocity can be calculated from the elapsed prop-
agation time and the measured specimen length. F igure Al  is a
diagram of an ultrasonic velocity measurement arrangement. (A 3)

Ultrasonic attenuation measurements are also accomplished
by a through-transmission technique as shown in F igure AZ. ~~4) Measure -
ments may be made under immersion conditions to minimize coupling
variations which would affect attenuation measurements. An ultrasonic
pulse Is propagated from the transmitter thr oug h the specimen to the
receiver. The signal from the receiver is directed through a variable
attenuator and displayed on an oscilloscope. The variable attenuator
is adjusted to make the signal amplitude from the test specimen the same
as that previously obtained fr om a reference specimen. This value is
the relative ultrasonic attenuation of the test specimen compared to a
reference specimen. -

UltrasonIc pulse-echo measurements are performed with
a single transducer which acts alternately as a transmitter and a receiver.
Couplant for fiber reinforced composites may be alcohol or an alcohol-
water mixture , although for porous surfaces , Teflon tape or other surface
sealer such as str ippable vinyl may first be applIed to the surface and
couplant then applied to the tape. A short ultrasonic pulse Is introduced 
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FIGURE A 1. BLOCK DIAGRAM OF ULTRASONIC VELOCITY
MEASU R ING APPARATUS

(From Ref. A3)
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FIGU RE AZ. ULTRASONIC TRANSMISSION SETUP USING THE
PULSED THROUGH-TRANSMISSION TECHNIQU E

(From Ref. A4)
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into the specimen and travels through the material. If a defect with
a different ultrasonic impedance such as a void or crack is encountered ,
a portion of the uttrasonic wave is reflected back to the transduce r which
now acts as a receiver. The reflected pulse is observed on an oscillo-
scope display arid its amplitude may be used to obtain information regarding

- - the size of the defect. The transducer is usually moved to inspect the
entire specimen.

C. Microwave Testi~g

Microwaves are essentially electromagnetic waves in the
frequency band 300 MHz to 300 GHz , the velocity and attenuation of which
are dependent upon the properties of the medium through which they are
propagating . Hence they can be used to determine changes in material
properties. In applications for NDE , a microwave generator feeds a
transmitting antenna which produces the electromagnetic wave that is

- 
- inc ident upon the material to be tested. Both transmission and reflection

modes can be used , although for most practical measurements, the
- 

S reflection mode is found to be most useful. The simplest microwave
approach is based on the continuous wave fixed-frequency technique.
However , this technique has two drawbacks: (1) the depth of a flaw
cannot be determined , and (2) the frequency response of the mater ial
being investigated cannot be determined. To overcome these def icien-
de s  a swept-frequency technique may be used in which more complex
instrumentation is required than for the fixed-frequency approach
(Figure A3) . ~A5)

D. Acoustic Emission

- As a material is placed under stress, plastic deformation
or cracking (fiber breakage in the case of composites) produces small
stress waves which can be detected as acoustic signals by a sensitive
transducer placed on the surface. B y the use of suitable instrumentation,
these signals may be counted and processed in various ways. Although
It is not yet possible to unambiguously characterize individual failure
events by the acoustic signals , the number and rate of occurrence of the
signals can be related to the extent of deformation or cracking . Although
not strictly a nondestructive technique in the usual sense , acoustic
emission can play a useful role in revealing whether or not failures have
occurred during a structural test. In addition it is sometimes possible
to ase triangulation techniques to determine something abou t where a
failnrs event has occurred.

- 
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E. Thermography

With this method , normally one side of the specimen is
heated uniformly and the opposite side scanned with a heat sensor such

- = as an Infrared camera. Area s of different thermal conductivity such
as may be caused by a defect show up as hotter or cooler areas on the
thermal image. In on~ variation of this appr oach , thermal images are
detected from one surface by monitoring the time-temperature relation-
ship after injection of a heat pulse.

— F. Laser Holography

A hologram is created by the interference pattern of two
beams of coherent laser light on photographic film. One beam is a
reference bea~n and the other is reflected from the specimen as shown
in F igure A4. ~A ~ The resultant image on the film (after developing)
forms a transmission grating which , when illuminated by a coherent
beam of light , d iffracts the light so as to reconstruct a three-dimensional
image of the specimen . An interferogram is a double exposure hologram
which can be used to map very small (half the wavelength of light) strains
or deformations of the specimen produced by mechanical or thermal
stresses. The same hologram is exposed both before and afte r the
strain-producing action. Strains show up on the developed hologram

- 
- as interference fringes which map the deformed regions.

0. Dynamic Properties Measurement

Dynamic moduli and associated damping factors can be
- 

- determined from resonance tests usually performed in the audio
frequency range (20 Hz to 20 kHz). The specimen is successively driven
into its various na tural modes of vibration by a sinisoidal force of constant
amplitude and variable frequency. When the driving frequency equals
a natural vibrational frequency, a maximum is observed in the vibration
amplitude. From the frequency of this resonance peak and the sample
dimensions, the real part of the complex dynamic modulus can be
determined, and the damping factor determined from the width of the
resonance peak. Measurements on several resonance peaks , correspond-
ing to different natural modes of vibration , enable the dynamic moduli
and damping factors to be determined over a limited frequency range.

A - 7
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1. p1TlAC~6152 N

STANFORD UNIV CALIF DEPT OF AERONAUTICS AND ASTRONAUTICS
5-
’ SkITH~STRETHER

A CAPACITI VE MEASUREM ENT SYSTEM FOR THE NONDESTRUC T IVE
TESTING OF FIBER GLASS REINFORCED PLASTIC LAMINATES
TECHNICAL. REPT. - -

JAN b9. 33P
USAAVLAbS—TR—68—74
SUDAAR~32l-
DA_4~e .3.77h1.AMC_115(T)
AD”~~ 7310

REiNFORCED PLASTICS. FIbERGLASS. LAMINATES. FEASIBILITY
STUDAES, CAPACITANCE . MEASUREMENT. COMPOSITE MATERIALS,
THEORY. THICKNESS

THE FEASIBILITY OF UTILIZING CAPACITIVE MEASUREMENTS FOR THE
NONDESTRUCTIVE TESTING OF EPOXY FIBER GLASS COMPOSITES IS
DISCUSSED. A SiMPLE THEORY IS DERIVED FROM PARALLEL PLATE
CAPAC ITOR THEORY. AND ThE RESULTS ARE PROVEN BY EXPERIMENT.
IT IS SHOWN THAT CAPACITiVE I’~EASUREP~ENTS CAN BE USED TO

ACCURA1 ELY DETE~~ IUE TH~ THICKNESS AND RESII.I—GLASS RATIO
WITH AN ESSENTIALLY ONE—SIDED TEST . (AUTHOR )

2. NT 1AC 15628

POTAPOV •A.  I. ; RAPOPOkT .0. A. ; sc LOPOV .V. 0.
A MECHANIZED UNIT FOR INFRARED INSPECTION OF PLASTIC
PARTS
PUBLISHEL) BY CONSULTANTS BUREAU. 227 W . 17TH ST..
N. Y. 10011
JAN 78. 04P
AVAILABILITY: PUBLISHED IN SOV. i. NON—DESTR. TEST.
13. 21 MAR. —APR . 1977; 212—2151 2 REFS. (ENG. TRANS.
JAN. 1978)

PLASTICS. MECHANICAL SYSTEi~,S. INFRARED TESTING. POLYMERS.
OPTICAL INSTi~UMENTS. QUALITY. GLASS . FIBER REINFORCED
COt’~POSITES. FOAM

A PRODUCTION OPTICAL UNIT FOR INFRARED NONDESTRUCTIVE
TE STIN~ OF THE QUALITY OF POLYMER PARTS OF VAR IOUS SHAPES
(FLAT. CYLINDRICAL. AND CONICAL) IS PROPOSED. THE RESULTS OF
iNSPECTION OF SINGLE AND MULTIL.AYER PARTS OF GLASS—FIBER

H REINFORCED PLASTIC AND FOAM PLASTIC ARE GIVEN. (AUTHOR )
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3. NTIAC 1b379

SIMS .b. D. I DEAN .G. 0. I REAL) .b. E. S WCSTERN.B. C.
- 1  ASSESSMENT OF DAMAGE IN GRP LAMINATES BY STRESS WAV E

EMISSION AND DYNAMIC MECHANICAL MEASUREMENTS
-= PUBLISHED BY CHAPMAN AND HALLS 11 NEW FETTER LANE.

LONDON £C4P 4EE
NOV ~/7, 14PAVAJLAUILITY PUBLISHED IN J. MATER . SCI.I 12. 111
NOVE4~BER 19775 2329—23421 ~ REFS. -

ACOUSTIC EMISSIONS. DYNAMIC TESTS . MONITORING. DAMAGE.
GLASS’ EPOXY. FIbERS. TENSILE TESTS. COMPOSITE MATERIALS.
FIbER NEINFORCED COMPOSITES. LAt~JNATES~ OPTICAL INSPECTION.
COMPi4It.UTS. 1NSERVICE INSPECTION. LIFE (DURABILITY),
INTEGRITY. CRACKS. MICROSTRUCTURE. OPTICAL MICROSCOPES

STRESS ~.AVE EMISSION (SWE) AND DYNAMIC MECHANICAL METHODS
ARE DESCRIbED FOR MONITORING THE DAMAGE IN TR ODUCED INTO
CERTAIN GLASS FIBRE~REINFORCED EPOXY SPECIMENS BY THEAPPLICATION OF TENSILE LOAD. FOR ONE PARTICULAR COMPOSITE
SYSTEM. A CR~JSS—PLY LA MINATE. II WAS POSSIBLE TO MEASURE THE 

-

COI~CEUTt~AT1ON OF DAMAGE BY AN INDEPENDENT OPTICAL METHOD AN D
CORRELATIONS HAVE BEEN FOUND BETWEEN THE SWE AND DYNAMIC
MECHANICAL RESULTS AND THE AREA OF CRACKING. IT REMAINS TO
bE ESTA6LISHE.D WHETHER THESE CORRELATIONS APPLY TO OTHER
RE1NFORCEMt.NT GEOMETRIES • TI1EjLORK 1S~CQNSIDERED_A _E1RST
~TAGL OWAN DS_ USING.THESE-~.1ETHO~S FOR MONITORING THE
INTEGRITY OF A COMPONENT It~ SERVICE. FROM WHICH ITS
REM AI N IN G LIFE M I~3HT L~E ASSESSED. 

(AUTHOR )
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4. NT IAC b98S

STANFORD UNIV CALIF DEPT OF AERONAUTICS AND ASTRONAUTICS
CRAIG.J. I. I St.IITH.S. 1 HORTON.W. H.

- = A THERMAL COMPARATOR FOR NONDESTRUCTIVELY EXAMINING FIBER
COMPONENTS
FINAL TECHNICAL REPT .
SEP 71. 5bP
USAAVLACS—TR—69—27
SUDAAR—3 19
O A—4 4-17 7—A M C— 1 15(T)

AD—733373

*THCRMAL EFFECTS. *COMPARATORS, *FIBERS, COMPOSITE
MATERIALS. THERMAL TESTING. REll~WORCED PLASTiCS. THERMALPR~,PLRTiES, ANOMALIES. DEFECTS(MATERIALS), EFFECTIVENESS.
DESIGN, ECDNOMICS, COST EFFECTIVENESS. DETECTION.
EXPERIMENTAL DATA’ FABRICATED DEFECTS. THICKNESS.
APPLICATiONS. LABORATORY EQUIPMENT

A NOVEL DEVICE FOR THE NONDESTRUCTIVE TESTING OF GLASS
CLOTH/EPOXY COMPOSITES IS DISCUSSED. A THERMAL COMPARATOR IS
DESIGNED TO DETECT NONCONFORMITIES IN THE THERMAL PROPERTIES
OF THE COMPOSITES. PRINCIPAL ADVANTAGES OF THE INSTRUMENT
ARE ITS SIMPLICITY OF DESIGN AND OPERATION AND iTS VERY
MODEST COST. A SERIES OE TEST RESULTS FOR METALLIC AND
NONMETALLIC INCLUSION DETECTION IS PRESENTED. THE
APPL1CAUZLITY TO THICKNESS DETERMINATIONS IS EXAMINED . AND
SEVERAL PROMISING USES OF THE DEVICE ARE SUGGESTED. (AUTHOR.
MODIFIEO—PLI
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5. NTLAC L’+529 14

SPRINGFiELD ARMORY MASS
FOwLER.K. A. S HATCH.H. P.

DETECTION OF VOIDS AND I NHOM OGEN EI TIES IN FIBER GLASS
- 

- REINFORCED PLASTICS BY MICROWAVE AND BETA—RAY BACKSCATT ER 
-

TECHNIQUES
ALSO INCLUDES APPLICATION OF MICROWAVE AND BETA—RAY
BACKSCATTER IN NONDESTRUCTIVE TLSTING OF PLASTtC ITEMS
TEChNICAL kEPT.
20 MAY 66. 47P
SA—1R19— 1519

A0~6I44t4S9

DETECTION. VOIDS, INHOMOGENEITY. FIbERGLASS. GLASS.
REiNFORCED PLASTICS. MI-CROwAVE TESTiNG. BETA RAYS.
BACKSCATTERIIIG. TECHNIQUE. DEFECTS(MATERIALS- . RESINS.
EXPERIi’JENTAL DATA

MICRO WAVES WERE USED AS A MEANS OF DETECTING VOIDS AND
1NHOMOGCNEITIES IN FIBER GLASS- REINFORCED PLASTICS. A
NUMBER OF EXPERiMENTS THAT WERE DESIGNED TO EMPIRICALLY
ESTABLiSH THE LIMITS OF DETECTAdILITY OF VARIOUS TYPES OF
DEFECTS ARE CESCRIUED. BASED ON THE RESULTS OF THE
INVESTIGATION. IT IS POSSIBLE TO DETECT A 1/8—iNCH—DIAMETER
HOLE IN A 1/4—INCH—THICK PANEL OF FIBER GLASS REINFORCED
PLASTIC WITH X—I3ANO MICROWAVES . HO:EVER , SEVERAL FACTORS
SUCH AS SENSITIVITY OF THE SIGNAL AMPLITUDE TO DEFECT
LOCATION. TEST—PiEcE POSITION. ~EOMETRY. AND HOMOGENEITY
MAKE INTERPRETATION OF RESULTS DIFFICULT. BETA—RAY
BACKSCATTER ~EASUREMENTS ARE POTENTIALLY USEFUL AS A MEANSOF DETECTING LOCAL VARIATIONS IN GLASS—TO—RESIN RATIO. THE
CONTR IbUTION OF FILLERS AS A THIRD CONSTITUENT IN THE
COMPOSITE SYSTE 1’~ MUST. HOWEVER. BE CONSIDERED INESTABLiSHING A RELATION BETWEEN BACKSCATTERING AND
GLASS TQ—RESIN RATIOS. (AUTHOR )
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J 6. NT 1AC—9339 EFERS AN EXTREMELY PROMISING. PRACTICAL AND

ROTEM .A. I bARUCH.J.
- 

- DETERMINING THE LOAD—T IME HISTORY OF FIBRE COMPOSITE
MATER IALS BY ACOUSTIC EMISSION
9 KLFERENCES

-= 1974. LOP - -

AVA ILAbILITY PUBLISHED IN h OF MATER. SCI.; 95
1974 1 1789—1798

AC( USTIC EMISSIONS. COMPOSITE MATERIALS. FIBER REINFORCED
COMPOSITES. GLASS, EPOXY. VISCOELASTICITY.
STRENGTH(MECHANICS), FAILURE. FRACTURE(MECHANICS), STRESSES.
THEORY . MATHEMATICAL MODELS

ACOUSTLC EMiSSION WAS MONITORED DURING THE AXIAL LOADING OF
UNIDIRECTIONAL FIBRE COMPOSITE TENSILE SPEC’~~ NS. THEMATERiAL CONSISTED OF STRONG. BRITTLE FIBRE~ CE GLASS)
LMbEDDE~ IN A VISCOELASTIC MATRIX (EPOXY). IT WAS FOUND THATWHEN THt. LOAD WAS HELD CONSTANT THE ACOUSTIC EMISSION OUTPUT
COfiTINUc.D. BUT AT A DECREASING RATE WITH TIME AT LOAD. AS
THE LOAD LEVEL WAS INCREASED. THE ACOUSTIC EMISSION OUTPUT
AT LOAD CONTINUED FOR A LONGER PERIOD. IT IS SUGGESTED THAT
THE ACOUSTIC EMISSION UNDER CONSTANT LOAD IS A RESULT OF
FIbRE FRACTURE WHICH CONTINUES AFTER LOADING CEASES BECAUSE
OF THE ~ISCOELASTIC NATURE OF THE MATRIX WHICH ALLO~VS STRESS
REL,ISTRI8UTION WITH TIME. THE EXPERiMENTAL RESULTS FROM
ACOUSTiC EMISSION ARE COMPARED ,~lTH COMPUTER CALCULATIONS
FOR FIbRE FRACTURE BASEL, ON THEORETICAL CONSIDERATIONS. GOOD
AGREEMENT IS NOTED BETWEEN THE THEOi~tT ICAL AND EXPERIMENTAL
RESULTS. -

-T -
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7. NT1A(. 6577 
-

5- 

AVCO GOVERNMENT PRODUCTS GROUP WILMINGTON MASS AVCO SPACE
SYSTEMS DIV
ZURBRI~ K.J. R.: DEVELOPMENT OF NONDE STRUCTIVE TESTS FOR PREDICTING

ELASTIC PROPERTIES AND COMPONENT VOLUME FRACTIONS IN
- - REINFORCED PLASTIC COMPOSIT E MATERIALS

TECHNICAL REPT. I 1JUL 67—30 1.JUN oB
FE.6 b9. 128P
AFML—TR—68—233
AVSSD—09’4— 68—RR

F33615—67—C—1285
AD—*b1939

*DIELECTRIC PROPERTIES. *ELECTROMAGNETIC TESTING.
*COMPOSITE MATERIALS, *ELASTIC PROPERTIES. *ULTRASONIC
TESTINi~. FL~3LR REINFORCED COMPOSITES . POLYMERS. GLASS.
COMPOS1TION (PROPERTY). LAMINATES . SIRENGTH (MECHANICS).
MATHEMATICAL MODELS. RADIOc~RAPHY. RADIOMETRY. POLYMER MATRIX
COMPOSITES. PHENOLIC. RESINS

THE PRIMARY GOAL IN DEVELOPING NONDESTRUCTIVE TEST METHODS
AND TECHNIQUES FOR EVALUATING REINFORCED PLASTICS IS THE
LSTAL~LISH14ENT OF A THOROUGH KNOWLEDGE OF THE IMPORTANT
MATERIAL—ENERGY INTERACTIONS WHiCH OCCUR IN THE COMPOSITE
SYSTEM OF INTEREST. THiS HAS BEEN APPLIED TO THE
QUANTITATIVE NONDESTRUCTIVE EVALUATION OF THE EPOXY SYSTEM
AND GLASS FAbRIC REINFORCED LAMINATES CONTAINING SIX RESIN
SYSTEMSt EPOXY. PHENOLIC. POLYESTER, POLYBENZIMIDAZOLE ,
SiLICONE. AND POLYIMIDE. (AUTHOR)
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NEVACUN SKY .1. .1. $ LUCAS .1. J. I SALKIND .M. J.
EARLY FATIGUE DAMAGE DETECTION IN COMPOSITE MATER IALS
2b REFERENCES
OCT 75. ISP - -

-
- - AVAILABILITY : PUBLISHED IN 1S. COMPOSITE MATER.; V .9 ;

OCT 19751 394—408

COMPOSITE MAT ERiALS. DETECTION . FATIGUE (MECHANICS).
GRAPHITE. GLASS. EPOXY. TEMPERATURE. TORSION . MEASUREMENT.
ACOUSTiCS. TEST METHODS. MANUAL OPERATION. HOLOGRAPHY.
INTERFEROMETRY . ULTRASONIC TESTING . PENETRANTS. X RAYS.
PHYSICAL PROPERTIES. RADIOGRAPHY

DETECTION OF EARLY FATIGUE DAMAGE IN COMPOSITE MATERIALS BY
NONDESTRUCTIVE INSPECTION (NDI) TECHNIQUES HAS BEEN
DEMONSTRATED FOR PLUS OR MINUS 45 DEGREE GLASS/EPOXY. AND
PLUS OR MINUS 45 DEGREE/0 DEGREES GRAPHITE/GLASS/EPOXY.
DYNAMIC AXIAL MODULUS AND TEMPERATURE WERE MONITORED
CONTiNUOUSLY WITH A CORRELATiON BETWEEN TEMPERATURE RISE AND
MOUULUS DECREASE OBSERVED. TH~ MODULUS DECREASE AND

• TEMPERATURE RISE ARE INDICATIVE OF IRREVERSIBLE DAMAGE IN
THESE MATERIALS. TORSIONAL MODULUS MEASUREMENTS AND COIN TAP
TESTS WERE PERFORMED AT 0. 1.000.000. 5 X 1.000.000 AND 10
TO ThE 7TH POWER CYCLES. ON ALL FATIGUE SPECIMENS. OTHER UDI
PROCEDURES INCLUDING HOLOGRAPHIC INTERFEROMETRY .
ULTRASONICS. PENETRANT. AND X—RAY RADIOGRAPHY WERE PERFORMED
ON T~.O SPECIMENS OF EACH MATERIAL TO EVALUATE THEIRCFFECTI~ ENESS IN DETECTING FATIGUE DAMAGE . ULTRASONICS AND
HOLOGRAPHY PROVED TO BE EFFECTIVE$ HOWEVER. AT THIS TIME.
NO CLEAR QUANTITATIVE CORRELATION BETWEEN STRUCTURAL

- 
- 

- PROPERTIES AND NDI MEASUREMENTS HAS BEEN DETERMINED.
(AUThOR ) -

_______-  
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9. NT1AC—11632 -

MORAlS .C. F. I GREEN.A . T.
ES TABLISHING STRUCTURAL INTEGRITY USING ACOUS TIC
EMISSION - -

7 REFERENCES 1 SEE ALSO NT—11623
JAN 74. L6P
AVAILABILITY: PUBLISHED IN ASTM SP571; JANUARY 1974;
184—199

- *EVALUATION, *STRUCTURAL INTEGRITY, *ACOUSTIC EMISSIONS.
QUALITY CONTROL. PRODUCTION. PRESSURE VESSELS. ACOUSTICS.
HYDROSTATICS. TEST METHODS. DEFECTSCMATERIALS ). PROPAGATION.
DATA PROCESSING. FIbERGLASS. REINFORCED PLAS’ICS, GLASS.
ULTRASONICS. ULTRASONIC TESTING . METALS. CONCRETE

ACOUSTiC EMISSION TECHNIQUES HAVE ADVANCED FROM LABORATORY
USE TO APPLICATIONS SUCH AS ESTABLISHING THE QUALITY OF
PRESSURE CONTAII-JMENT AND MANY OTHER STRUCTURES. THE AUTHORS
DISCUSS THE. STATISTICAL RELATIONSHIP BETWEEN ACOUSTIC
EMISSION DATA AND THE STRUCTURAL INTEGRITY OF A SERIES OF

• PRODUCTION PRESSURE VESSELS . IN THiS APPLICATION. ACOUSTIC
EMISSION DATA OBTAINED FROM THE FIRST 25 PERCENT OF A
REQUIRED HYOROPROOF TEST DETERMINED THE BURSTING STRENGTH OF
THE VESSEL. ADDITIONAL INFORMATION CONTAINED IN THE DATA IS
SHOWN TO ESTABLISH THE MODE OF STRUCTURAL DEGRADATION . AT
LEAST SEVEN WAYS OF UTILIZING ACOUSTIC EMISSION DATA TO
ESTABLISH THE QUALITY OF PRESSURE VESSELS ARE PRESENTED. USE
OF ACOUSTIC EMISSION TECHNIQUES TO DETECT AND LOCATE A
GROWING DEFECT IN A STRUCTURE . WHILE UNDER A RELATIVELY
SEVERE ENViRONMENTAL CONDITION. IS PRESENTED. VARIOUS

H METHODS OF DATA PROCESSIN$ ARE DESCRIBED AND THE RELATIONS
TO PARAMETERS WHIC H MAY INDICATE THE DEGREE OF QUALITY OF
THE STRUCTURE ARE SHOWN. DATA Fr~OM i~iATERIALS SUCH AS
GLASS REINFORCED PLASTICS’ CONCRETE. GLASS. AND ~ET ALL I CS
ARE F ’RESEN TEL~. REFERENCES TO LESS WELL KNOWN EFFORTS SHOW
THE UNIVERSAL NATURE OF THE TECHNOLOGY. (AUTHOR )

: 1  
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10. NTIAC 77O4 -

BATTELLE COLUMBUS LABS OHIO
GOLIS.14. J. I MEISTER.R. P~ I CROWE.J. L. I POSAKONY.G. J.

INVESTIGATION OF TECHNIQUES TO NONDESTRUCTIVELY TEST
REINFORCED PLASTIC COMPOSI TE PIPE
PREPARED IN COOPERATION WITH BATTELLE PACIFIC -

- j NORTHWEST LABS.. RICHLAND . WASH. SEE ALSO AD—774 294
FINAL REPT. SEP 73—31 MAR 74
31 MAR 74, 93P

— 
- DAAK O2—7 4—C—0 008

- $  
AD 777014

ULTRASONIC TESTING , PIPES. REINFORCED PLASTICS.
COUPLANTS, LIQUIDS. DELAMINATION , INCLUSIONS. C—SCAN.
5PECIF1CATIOi~S. LABORATORY EQUIPMENT. LIGHT TRANSMISSION,
SCANNING, OPTICS

AN IN’ DEPTH STUDY OF TEN NONDESTRUCTIVE TESTING TECHNIQUES

HAS SHOWN THAT ULTRASONIC METHODS ARE MOST SUITABLE FOR
IN SPECTING REINFORCED PLASTIC COMPOSITE (RPC ) PIPE. BOTH
LiQUID—COUPLED AND AIR—COUPLED ULTRMSONIC SYSTEMS HAVE BEEN

— 

SHOWN TO bE CAPABLE OF UETECTIN~ DELAMINATIONS. INCLUSIONS .
-
• ANU UNCUREL) REGIONS IN 14 SPECIALLY PREPARED SECTIONS OF

3—1NCH DIAMETER FIBERGLASS PIPE. PLAN VIEn C—SCANS WERE
RECORDED USING BOTH TECHNIQUES. THE LIQUID—COUPLED SYSTEM
SHOWED HIGhER RESOLD— T-ION AND SENSITIVITY TO SMALL—AREA
REFLECTIONS. RECO~4MENDED INSPECTION SYSTEM SPECIFICATIONS
ARE LISTED BASED UPON THE PER—FORMANCE OF LABORATORY
EQUIPMENT USED IN THE PROGRAM. (AUTHOR—PL)
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11. NTIAC- 1~617

DELMONT~ ,1JOHI1
MOISTURE PENETRATION INTO COMPOSITES
12 REFERENCES
19Th~ 1~3PAVAILABILITY: PUBLISHED IN MATER. REV. 75$ 7TH
NATIONAL SAMPE TECH. CONF.1 V. 71 306—318

COMPOSITE MATERIAL.S. PLASTICS’ REINFORCED PLASTICS.
MOiSTURE. PE~LTRATION. INTERFACES, bONDING. LAMINATES.ELECTRICITY. DIELECTRICS

REiNFORCED PLASTICS AND CO~POS!TES ARE SUSCEPTIBLE TO THEPENETRATION OF MOISTURE ALONG THE INTERFACING OF REINFORCING
FILAMENTS AN ) RESIN MATRIX. TEST MEMBERS ARE BONDED WITH
STANDARD EPOXY RESIN SYSTEMS AND ELEMENTS SUCH AS TYPE OF
GLASS FABRIC EFFECT OF FILLERS AND SILANE COUPLING AGENTS
HAVE BEEH SELECTED AS VARIABLES. CHANGES IN DIELECTRIC
DiSSIPATION FACTOR ARE REPORTED FOR THE LAMINATE AT SPECIFIC
AREAS REMOVED FROM THE AREA OF CONTACT WITH THE MOISTURE.
THE CHANGES TAKING PLACE ARE SIbNIF~CANT AND SUGGEST GREATER
USAGE OF ELECTRICAL PARAMETERS FOR NON—DESTRUCTIVE TESTING.
(AUTH OR)

12. ‘ NTIAC 14~5l

FORLI .0. 1 TORP.S.
NOT OF GLASS FIBER REINFORCED PLASTICS (GRT ) (492)
S~E ALSO NT—13951.197u, 06P
AVA iLABILITY: PUBLISHED IN EIGHTH WORLD CONF. ON
NQNDt.STR. TEST.; CAI4t4E~ . FRANCE; 1976

FIBERGLASS. FIBER REINFORCED COI~POSITES. ULTRASONICTESTING. PULSE ECHO TEChNIQUE ’ MICROWAVE TESTING. RESONANCE
COMPOSITE MATERiALS , LAMINATES. RADIOGRAPHY . X RAYS. EDDY
CURRENT INSPECTIOiJ. MAGNETIC FIELD TESTING. MICROWAV E
TESTiNG . DIELECTRiCS, DELAMINATION

PRESENTATION OF VARIOUS NDT METhODS FOR GRP ADOPTED AND
i~EVELOPED DURING THE LAST YEARS BY DEl NORSKE VERITAS FOR
USE BY ITS S1JRVEYORS. Al~O14b THE METHODS OUTLINED AREULTRASONIC PULSE—ECHO TESTING AND THE USE OF A MICROWAVE
RESONANCE ~IETHOD FOR GLASS CONTENT 1)ETERMINATION. (AUTHOR)
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13. NT1AC 7340 M

NAVAL ORDNANCE LAB WHITE OAK MO
YOUSHA*.RObERT A..

NEUTRON RADIOGRAPHY OF MASSIVE FIBERGLASS COMPOSITE
- 
- STRUCTURES — A FEASIBILITY STUDY
- 

30 ~.iUN 72. 35PNOLTR 72—78
A0 752457

*FjBLR(~LASS, *RAQZOGRAPHY, NEUTRON RADIOGRAPHY, COMPOSITE
MATERIALS. STRUCTURES. FEASIBILITY STUDIES

THE FEASIBILITY OF APPLYING NEUTRON RADIOGRAPHY TO THE
INSPEC1 ION OF FIBERGLASS COMPOSiTES HAS BEEN STUDIED. IMAGES
WERE OF POOR QUALITY. AND VERY LONG EXPOSURE TIMES WERE
REQUiRED TO DARKEN THE FILM. THESE EXPERIMENTAL FINDINGS ARE
SUPPORTED bY MATHEMATICAL CALCULATIONS FOR THE ATTENUATION
OF EACH COs4STITUENT AND FOR THE COMPOSITE MATERIAL FOR FOUR
DIFFERENT NEUTRON ENERGIES. FROM CONSIDERATIONS OF THE RATIO
OF SCATT ER TO CAPT URE FOR NEUTRONS OVER THE ENTIRE RANGE OF
AVAI LA~LE ENtRGIES . IT IS CONCLUDED THAT NEUTRON RADIOGRAPHYIS NOT SU1TE( TO THE INSPECTION OF MASSIVE FIBERGLASS
STRUCTU è~ES. IT HAS BEEN SHOWN THAT CONVENTIONAL RADIOGRAPHYCAN BE USEFULLY APPLIED. (AUTHOR . MOOIFIED—PL)

4
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14. NT1AC 9203

HOFER .GER HARD I GAYER.PCTER
NONDESTRUCTIVE DETERMINATION OF GLASS CONTENT AND OF
VOIDS IN REINFORCED PLASTICS
9 RLFERt.NCES -

- - 
~.IAN 75, OZPAVAILABILITY: PUBLISHED IN MATERLALPRUFUNG ; 17, 11
JAN 751 17—19

*F1BER REINFORCED COMPOSITES. *GLASS, *RESINS, *POROSITY.
*GAMMA RAYS. *RADIOMETRY , COMPOSITE MATERIALS. VOIDS. X
RAYS, ATTEt.UATION. PROCEDURES. ABSORPTION. ACCURACY .
RESOLUTION

THERE IS REPORTED A PROCEDURE. BASED ON MEASUREMENT OF
ABSORPTION Of HiGil— AND LOW—ENERGY GAMMA QUANTA. FOR
NONDESTRUCTIVELY DETERMiNING THE GLASS CONTENT AND VOID
FRACTION OF GLASS FIBER REINFORCED PLASTICS. THE RESOLUTION
AMDUNTS TO 2 SQUARE CENTIMETERS. THE ACCURACY OF GLASS
CONTENT DETERMINATION PLUS OR MINUS 0.015. WHICH, FOR AN
AVERA GE OF 15 PERCENT GLASS CONTENT. CORRESPONDS TO A
RELATIVE DEFECT OF 10 PERCENT. RESOLUTION AND ACCURACY MAY
BE It.~PROVED FURTHER BY INCREASING ThE COST. SINCE THEPROPERTIES (RU. RHO) OF THE PURE COMPONENTS (GLASS ’ RESIN)
MUST BE KNOWN . AND FOR EACH NEW MEASUREMENT ARRANGEMENT THE
BU1LD UP FACTOR MUST BE ASCERTAIN ED. A CONSIDERABLE

• PRELIMINARY INVEST IGAT IN IS NECESSARY IN EACH INDIVIDUAL
CASE . FIRST bY SERIAL TESTING OF SI~4ILAR PARTS. THE TIME
Rt~~UIREMENT IS REDUCED TO A FEW MINUTES. IN PRINCIPLE THE
VOID FRACTIOII CAN BE QUANTITATIV ELY DETERMINED . ALTHOUGH
TrI1S VALUE IS AFFLICTED W ITH A LARGC. ERROR (DIFFERENCE
BETW EEN TW O LARGE NUMBERS). VOID SI~.E AND ARRANGEMENT CANNOT
BE DETERNINE~~. SlrJCE THC. RESOLUTION DOES NOT SUFFICE. A
RECORDING OF THROUGH TRANSMISSION OF RADIATION W ITH ~EAKER
X—RADIAT IOU IS FOR THIS RECOMME,~DED, ALTHOUGH THE ABSOLUTE
VALUE .15 NOT GIVE U THEREWITH.
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15. NTIAC”16779 
• 

-

YAKOSHEt~.A. 0.
.5
. NONDESTRUCTIVE STRUCTURAL IDENTIFICATION OF SEVERAL

ENGINEERING GLASS—PLASTICS
PUBLISHED BY CONSULTANTS 6UREAU, 227 W. 17TH ST..
N. Y., NY 10011
JUL 78. OW -

AVA iLABILiTY: PUBLISHED IN SOV. .J. NONDESTR. TEST.;
13. bI SLP.—OCT . 19773 552—5581 7 REFS. (ENG. TRANS.
JOLT 1978)

PLASTIC. GLASS. DIELECTRICS’ STRUCTURAL MATERIALS.
MECHANICAL PROPERTIES, MATRIX. COMPOSITE MATERIALS.
APELICATIONS. PHYSICAL PROPERTIES’ PERMITTIVITY. POLYMERS,
FibERS. MATERIAL SELECTION

THE CIELECIRIC CHARACTERISTICS EPSILON AND TAN DELTA OF
EIGHT STRUCTURAL VARIATIONS OF ENGINEERING GLASS—PLASTICS
WERE MIASURRED OVER THE 50 X 1000 — 50 X 1,000.000 HZ
FREQUENCY RANGE . WITH TWO ORTHOGONAL ORIENTATIONS OF THE
FORCE LINES OF THE ELECTRIC FIELD. THE RESULTS ARE SHOWN
HERE AND THE_FEASIBILITY OF USING ThESE DATA FOR

• NONDESTRUCT’i vt. STRuC UR~t—T tNTiF1CA’flOt~~tRE~b’G’NITION) OF‘IHESE ~‘~ATERIALS ”IS”ESTAbL~SHED. (
AU T H O R Y 5 - ’
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16. NT1AC 13666

F l 
. GR.JNEWALD .K. I FRITZSCH .W. I HARNIER .A. V. $ ROTH.E.

NONDESTRUCTIVE TESTING OF PLASTICS BY MEANS OF
HOLOGRAPHIC INTERFEROMETRY
PUbLISHe~O BY SOC. 0F PLASTIC ENGINEERS. INC.’S 

- 656
W. PUTNAM AVE.. GREENWICH. CT. 06830
JAN 75, 13P
AVAILABILITY: PUBLISHED IN POLYMER ENG. AND SCIENCES
15’ 11 JANUARY 19751 16—281 13. REFS.

INTERFEROMETRIC HOLOGRAPHY. PLASTICS. TESTING. TEST• METHODS. FIBERS. DEFORMATION. LOADING’ LAMINATES.
L DEFECTS(MATERIALS ), DETECTION. TENSILE STRENGTH. ACOUSTICSI

HOLOGRAPHIC INTERFEROMETRY WAS iNVESTIGATED AS A METHOD FOR
NONDESTRUCTIVE TESTING (iF FLAT SHEETS OF GLASS—FIBER
RLIIIFORCEO PLASTICS. IN1TI~ETT T~EDEFORMATION BEHAVIOR OF
FAULTLESS Sr$EETS WAS EXAMINED BY MEANS OF HOLOGRAPHIC
INTERFLROM~TRY. THE INTERFEROGRAMS WHICH RESULTED FROMVARIOUS LOADING CONDITIONS (I.E.. TENSILE LOAD. BENDING)
WERE COMPARED TO RESULTS OBTAINED MATHEMATICALLY. THE
INTERFEROGRAMS OF FAULTLESS SHEETS WERE THEN COMPARED TO
THOSE OF DEFECTIVE LAMINATES. BY SUITABLE LOADING OF THE
SAMPLES A RANGE OF LAMINATE FAULTS COULD BE READILY AND
QUALITATIVELY DETECTED. THE INFLUENCE OF THESE FAULTS ON THE

• - TENSILE STRENGTH WAS EXAMINED. NOT ONLY THE MECHANICAL
LOADING OF THE LAMINATES. BUT ALSO AN ACOUSTIC STIMULATION
OF THE SHEETS PROVED SU1TABLE FOR TNTERFEROMETR1C DETECTiON
OF LAMINATE FAULTS. (AUTHOR ) - - - 
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17. NT1AC 9096

IIAIàEMAIER .0. -J. 1 MCFAUL .H. J. a PARKS.J. 1.
• NONDESTRUCTIVE TESTING TECHNIQUES FOR FIBERGLASS.

GRAPHITE FIBER. AND BORON FIBER COMPOSITE AIRCRAFT
STRUCTURES

• .: 33 RLFERE~CES - -
29 OCT, b9j 19P
AVA ILA~TCJTY: PAPER PRESENTED TO ASTM COMMITTEE D—301DE1ROIT~ MICH.3 29 OCT 691 19 PP. -

*FIBER REINFORCED COMPOSITES. *AIRCRAFT. *TEST METHODS.
COMPOSITE MATERIALS. BORON. GRAPHITE. GLASS. MICROSCOPY.• -PENETRANTS. ULTRASONIC TESTING. RADIOGRAPHY. THERMOGRAPHY.
UN~OND

VARIOUS NONDESTRUCTIVE TEST (NOT) MZTHODS WERE EVALUATED FOR
INSPECTION AtiD EVALUATION OF BORON. GRAPHITE. AND
GLASS FII3ER COMPOSITES FOR AIRCRAFT STRUCTURES. TYPICAL
SPECIMENS WERE EVALUATED USING MICROSCOPIC, FLUORESCENT
PENETRANT. RADIOGRAPHIC. ULTRASONIC. AND THERMOCHROMIC TEST
METHODS. OPTiCAL MICROSCOPIC EXAMINATiON IS USEFUL FOR
DETERMI~JATION OF FIBER PATTERN FROM THE EDGE OF A PANEL. ITWAS CONCLU ED THAT FLUORESCENT PENETRANT COMBINED WITH
MICROSCOPIC EXAMINATION IS A USEFUL TOOL TO DETERMINE
SURFACE DEFECTS; RADIOGRAPHY COMBINED WITH MAGNIFIED
PHOTOGRAPHY is AN EXCELLENT METHOD TO DETERMINE FIBER

• PATTERN, FIBER GAPS. BROKEN FiBERS. CRUSHED CORE. AND
RESIN—RICH AREAS S AND ULTRASONiC AND THERMAL METHODS APPEAR
TO HAV E MERIT FOR DETERMINING UN9ON~ED AREAS. TH ESULTS OF
A LITERATURE SURVEY CONcERNING NOT OF COMPOSITES ARE
PRESL.NTED iii ABSTRACTED Fo~ ;4 AND INLJICATE SIGNIFICANT
APPLICATIONS AND LIMITAflONS OF VARIOUS TEST METHODS. THE
DIRECTiON OF FUTURE NDT RESEARCH ANtI DEVELOPMENT EFFORTS IS
INDICATED.
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18. NTIAC—15368

bASLER .G. I SCHMEISSER.H.
RADIOMETRIC INSPECTION OF GLASS FIBRE REINFORCED PIPES BY
MEANS OF AN IMAGE ANALYZING SYSTEM
PUBLISHED BY VOl—VERLAG GMEH$ DUSSELDORF

-=  1977. 05P - -

AVA 1LABILITY PUBLISHED IN MATER1ALPRUF.I 19. 9*
SEPTEMbER 19171 361—65

RAL IOMt.TRY. FIBER REINFORCED COMPOSITES. GLASS. EPOXY.
PIPES. DEFECTS (MATER1ALS). X RAYS. iMAGES. ANALYSIS. TEST
EGUIPMENT. DETECTION. Mc.ASUREMENT~ t.NDOSCOPE.S. OPTICALINSTRUt4ENTS. PROCESSING. IMAGE ANALYSIS. METHODOLOGY.
MANUFACTUR ING, QUALITY CONTROL. QUALITY ASSURANCE

DUE TO THE MANUFACTURING PR0CESS~ GLASS FIBRE REINFORCED
PIPES MADE OF EPOXY GLASS ARE SUBJECT TO STRUCTURALF IRREGULARITIES WHICH MUST DE CONSIDERED DEFECTS UPON
EXCEEDING CERTAIN LIMITS AND UNDER CONSIDERATION OF THE
REQUiRED COMPRESSIVE STRENGTH. ALSO DAMAGES AND DEFICIENCIES
IN PROCESSING CANNOT BE ELIMINATED. BY COMÔINING A HIGHLY
STABIL iZED X—RAY EQUIPMENT, AN IMA~E ANALIZING EQUIPMENT.AND AN ENDOSCOPIC OPTICAL SYSTEM DEFECTS AS DESCRIBED CAN BE
DETECTED. CLASSIFIED. AND QUANTIZED. MEASURING ARRAY AND
METHGDOLOGY. SPECIFICALLY THE MEASURING VALUE EVALUATION ARE
DESCRIbED. (AUTHOR) -

19. NTIAC Xi35I

MARTIN.[3. G.
ULTRASONIC ATTENUATION DUE TO VOIDS IN FIBRE—REINFORCED
PLASTICS
PUih.ISHER: IPC SCIENCE AND TECHNOLOGY PRESS. LTD..
32 HIGH ST.. GU1LDFORD. SURREY. ENGLAND . GUi 3EW
OCT 76. DSP
AVA ILA~31LITY: PUBLISHED IN NON—DESTR. TEST. INT.I 9.
51 OCTOBER 1976; 242—2461 16 REFS.

ULTRASONICS. ATTENUATION, OEFECTS(MATERIALS), FIBER 
—

REiNFORCED C~MPOS1TES, PLASTICS. FORMULAS (MATHE~ATICS).VISCOELASTICITY . MATERIALS. FIBc.RS. ISOTROPY. FIBERGLASS,
AN1SOTROPY, CARBON . EXPERIMENTAL DATA . ACOUSTICS, ULTRASONIC
TESTING. NOOT

THE AUTHOR CALCULATES THE ULTRASONIC ATTENUATION DUE TO
VOIDS IN FIBkE—I~EINFORCED VISCOELASTIC ~‘ATE RIALS AND OBTAINSEXPRESSIONS FOR ULTRASONIC ATTENUATION AS A FUNCTION OF BOTH
VOiD AND FIbRE CO~ TEI1T . HE COI4SLDERS BOTH ELASTICALLY
ISuTROP1C (Fl~ REGLASS) AND ANISoTROPIC (CARBON ) FIBRES, A
COMPARiSON OF CALCULATED AND ~‘EASU RED VALUES SHOWSQUALITATIVE AGREEMENT. (AUTHOR )
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20. •NTIAC 3.3611

- ADAMS .R. P. I WALTON .D. I FLITCROFT ,J. E. I SHORT.D.
VIBRATION TESTING AS A NONDESTRUCTIVE TEST TOOL FOR
COMPOSITE MATERIALS -

SEE ALSO IaT—13610 -

-: 1975. 17P -

AVAILABILITY: PUBLISHED IN COMPOSITE RELIABILITY S
ASTM STP 580; 1975; lt>9—175 -

VIbRATiON. TESTING, COMPOSITE MATERIALS. FAILURE. FIBER
REINFORCED COMPOSITES. MATERIALS, PHYSICAL PROPERTIES.
EVALUATION, STATIC TESTS. DYNAMIC TESTS, TORSION. SHEAR.
STRESS, 

- 
RESINS. CRACK PROPAGATION. FATIGU~(MECHANICS)

CERTAIN FAILURES. SUCH AS RESIN BOUND SHEAR CRACKS IN
FIBER—REINFORCED MATERIALS GIVE RISE TO LITTLE CHANGE IN
ULTRASONIC ATTENUATION OR RADIOGRAP HIC TRANSM ISSION BUT CAN
RESULT ZN SIGNIFICANT RLDUCTIONS IN MATERIAL PROPERTIES. A
VibRATION TECHNIQUE IS L3EIhG EVALUATED AS A NONDESTRUCTIVE
TEST TOOL UNDER SUCH CONDITIONS. THE WORK DESCRIBED FORMS
THE FIRST PART OF THIS EVALUATION PROGRAM AND CONCERNS
UNiDIRECTIONAL CARÔON A~ D GLAS~~.E.IL EJLRE.IN1ORCE.Q_EL.AST IC
SUbJECTED TO STATIC AND DY~~1~IC TORSIONAL LOADING . THE ’
RESULTS AND TEChNIQUES WILL EVENTUALLY BE APPLIED TO COMPLEX
COMPOSITE STRUCTURES. IN THE STATIC TORSION TEST PROGRAM.
GOOD . VOID—FREE SPECIMENS FAILED AT SHEAR STRESSES OF
BETWEEN 52 A

21 ‘ NTIAC— 14981

2- ‘ MERON .M. I CAR—COHE N t Y .  ISHAI.O.
NONDtSTRUCTIVE EVALUATION OF STRENGTH DEGRADATION IN
GLASS—REINFORCED PLASTICS AS A RESULT OF ENVIRONMENTAL
EFFECTS /

PUBLiSHED BY THE AMERiCAN SOC. FOR TEST. AND
MATER.; 1916 RACE ST.. PHILADELPHIA’ PA. 191fl3
SEP 77. 03P -

A~ A ILAa 1LITY: Pu3LISi~;ED IN J. TEST. AND EVAL.1 5.51
L — 

SEPTEMBER 1977; 394—~9o 21 REFS. -

DEGRADATION. STREI4GTIt(MECHA NICS), GLASS. PLASTICS.
REINFORCED PLASTICS. ENVIRONMENTAL EFFECTS. ULTRASONICS.

L ULTRASONIC TESTING, ATTENUATiON, LAMINATES

LiSTRUCTIVE AND NON~,CSTRUCTIVE TESTS WERE CONDUCTED ONGLASS HC.INF’ORCED PLASTIC SPECIMENS AFTER DEGRADATION 3Y
IMMERSION IN HOT WATER FOR VAkIOUS PERIODS. ULTRASONIC
ATT ENUATION i~AS FOUND TO CORRELATE ~ELL WITH NoRMALIZED
REb1L~UAL STRENGTH DATA OBTAINED FROM DESTRUCTIVE TESTS.(AUTHOR)
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2’• The Phys ical MeCh~flI5m5 Responsible for the .Weathering of
Epoxy Resins and GFR Epoxy Resins

Iristol Univ fEngland) H H W i l l s  Physics Lab (393113)

Annua l reot. no. 1. Sep 76—Oc t 77
-
- AUTHOR Farrar . N. R.; Turner . 1. W .; Asflbee. K. H. 0. - -

E0774J1 FId: - 110. 20F. 7sf . 46C GRAI7BOP
Oct 77 70g .
Gran t: DA-(RO-76—G-069
Protect: 1T 161102B1457
Tasli : 00
Monitor: 18 -

Abstract: The t.chniaue of using high Intens ity l la ht emitt ing
diodes to produce optica l images of ultrasonic wave trains has
been appl ied to two aspects of the work. In exper iments
pre limina ,’v to fundamental studies of resin/glass interfaces.
the technigue has been ref m o d  to the stage where clea r ly
resolvable fringes Can be reproduc ibly Observed in glass and
in eooxv resin , and in exper i ment s to assess the techniQue ’s
potent ial as a NOT too l capable of detecting flaws in real
co~roosites. ultrasound has been successfully transm itt ed
through composite slab; to give ‘readable ’ fringes in a glass
v i su alisi n g block. Accele rated wate r exposure tests and
natural weather ing tests on epoxy resin composites have
cont i nued. Chemical ana l ys is has conf i rmed the impress ion
gained from microstructu ral examination of fracture surfaces
that , even when apparently f ul l y cured , these materials
contain unreacted resin and hardener . dis solut Ion of which by
diffused water Is no doubt p ar tly responsible for generation
of the pockets of pressure believed to be th. cause of
disc—shaped internal cracks. (Author s

Descr iptors: ‘Fiber reinfor ced composites , ‘Nondestructive
testin g . Glass reinforced plast ics. Epoxy resins. Weather i ng .
Degradation. Glass. Ultrasonic tests. Stress analys is .
Pho to e la st i citv. Ligh t emitting diodes . Optica l images.
M icrostructure . Water. Damage . Cracks. Crack ing if ractu ring )

Ident ifiers: Fiber gla ss reinfor ced plastic s. Epoxy ma tr ix
con~ osites. ‘Optica l measuring instruments. NTIS000XA

AD—A049 796/6ST NT IS Prices: PC A05/MF AOl 
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23. DETERMINATION OF EFFECTS OF MATERIALS AND PROCESS VARIABLES ON
FILAMENT—WOUND STRUCTURES

Aerojet—Geniral Corp Azusa CalIf (000000)

- - - Quarterly progress ript, no. 3. 15 May—15 Aug 64 - -
- AUTHOR: Cnest~.’, B. I.

- 1l?3F1 USGRDR
‘ H  - Sep . 64

- - Rept No: 0827-02 3

I Contract: N140 *3* 756878 XProject: SF012 01 03 , 6438
: Task: 217- J See a lso: AD—602 279,

Abstract: Six additional specimens were fabr i cated and tested
• during this report per i od. Mech anical and physic a l test data

Indicated that the values obtained for spec ific gravity.
density , hor i zontal shear , and modified cyl-lnd.r shear were
the highest to date for specimens fabricated on thi s program.
The calculated void contents were well Within the 0.5’vol%
range suggested bY the technica l monitor . The

— ~ultrasonIc—ab sorpt ion attenuation values , ranging from 4.3 to
• - ~,6.f——dotnr.-~- h~ch wer. obtained were also w i thi n the

customer’S sua sested range . The atte~uation variatiofl was
determined to be less than I do along the .length OF the
cylinder : the surface reflection losses were determined to be
5.0 Ub. Microphotographic analy sis indica ted the structures
to be uniform and void free. While the test results descr i bed
above were excellent, the Collapse pressures and the resultant
stress l evels were lower than expected, The hi ghes t value
ob tained was a pressure of 20.300 psi with a composite Stress
leve l at the lO ot 1l2~8 ksi~ All test results w•re be l ow the
value; previousl y obtained for the same specimen

- conf i guration. These low values are believed to be the result
I of a Combinat ion of high hoop wi n d ing tension; Cfld the use of
I an Intern a l expansion machinin g mandrel.

Descrip tors: (.FlLA’.1EI~iT wOUND CONSTRUCTION , COMPOSITE
MATERIAL S), (‘COt~’PCSITE MATERIA LS , FILAMENT wOUND

‘
~~

-
~~~~ I ( CONSTRUCTION )) . REI NFORCING MATERIALS. GLASS TEXTILES,

-
~~~ 

I. NON—DESTRUCTIVE TESTING. HYDROSTATIC PRESSURE. ULTRASONIC
I RAD *AT ON. SHEAR STRESSES , CYLINDRICAL BODIES. PLASTICS,

- PHYSICAL PROPERTIES, SUB~.iARINE HULLS. TEST METHODS, PRESSURE
VESSELS. IMPREGNATION . WI NDiNG

A0—605 572 CFSTI Price: ~c £01
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24 EFFECT OF CYCLE PROFILE ON THE BIAXIAL C~ .IPRESSIVE FATIGUEPERFORMANCE OF FILAMENT WOUND LAMINATES 

- -

: li T Research Inst.. ChIcago. 111 . (175 350) -

Technical summary rept .
AUTHOR: Abbott. 8. w.; Cornish , R. H.; Cole, C. K.
35738.3 Ficl: lID USGROR67I6 

-dan 6S 900
Contr’act~ NObs-90329- Project : IITRL—M6 08 1 . SR—007003
Task: i0oe~Monitor: 18

Abstract: The results of a program to study the effect of
Cycle profile on the biax ial ccnpressive fatlgu~ performanceof glass rein~,pr,çed plastics is presented . A description of
the i iiii~ials u5~~~ ’”and method; Of specimen fabricatIon and
preparation is inc luded. The resu lts of specimen
characterization as well as the techn i ques _~ejrpj.oy3d_j pr
ultrasonic .i~~sp~ Ct .~on .of •th~ f inished sPoclm~ns are discussed.
?~e resu lt s o f b iax ia l  COmpreSsive fat igue exper iments, aimed
at (a) establishing the effect of cyrle pro file , and (b)
study ing fatigue effects at low stress levels, ar~ presented
and discussed. Some observations of fat igu~ damage sites in
unfai led spec i mens by macroscopic Inspection of specimen cross - •

sect ions is ii~cluded. A l i terature rev iew Of the effect of
freguency on the fatigue strength of m etallic materials is
presented in an appendix. Ar1~, anai ysis of the ultrasonic

• inspection records obtained during the COursi~’öf tPie ’j tjjdy ‘l’s
• ~ lso included as an appenOIx~ (Author )

- Descriptors: (‘Filament wound conItruction , Fat lgue(Mechanlcs
). (‘Rei nforced plastics. Fatigue (t.lechanics)). Compressive
properties, Non destruCtive testing . Ultrasonic radiation ,
Stresses. Composite materia ls, Lam i nated plastics, Pressure
vessels. Deep submergence. Epoxy plastics. Structural
properti es

AD—456 055 CESTI Pr ice : ~c A05
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25. EVALUATION OF VOID CONTENT IN EPOXY-GLASS FILAMENT WOUND
MAT E RIAL BY MICROWAVE TESTS

Nava l Applied ScIence Lab Brooklyn N Y (000000)

Technica l memo . 
- -

161313 USGRDRSSI3
1965 2p

4 RCpt No: 6180—I—TM -i
Project: SF007 03 04 -

Task: 1008’
• I Abstr act: Several selected samples of epoxy—glass filament

wound ,n.,tori.l were tested In free space by microwave
measurement techniQues. ~~~~~~~~~~~~~~~ these tests was to
seek significant relationships between percentage of void
content and diel ectric properties f or practica l appl ication in
nondeStructive test Drocedures. The test results ró~.ea léd
that substantial amountS Of void content in the test sab les
caused’ very sma ’l changes In the measured value of dielec tric
constant. Furthermore , these changes could not be
distinguished from tne effects of various other factors

• related to the test. Therefore it was concluded that the free
space measure,nc’nt of dielec tr ic constant was unsatisfactory as

- 
• In Indication of the distributed void content of the subjec,t

material. (Author)

Descriptors: (‘TEST METHODS. COMPOSITE MATERIALS ). (‘COMPOSITE
MATERIALS . FILAMENT WOUND CONSTRUCTION). (‘FILAMENT WOUND
CONSTRUCTION . COMPOSITE MATERIALS) . (‘EPOXY PLASTICS.
COMPOSITE MATERIALS ). GLASS TEXTILES. DIELECTRIC PROPERTIES.
NON—DESTRUCTIVE TESTING . INTERFEROMETERS. MICROWAVE BRIDGES

AD SIS 308 CFSTI Price PC A02

_ _ _   

- 

96

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



____________________________r ”~’ ’ ~~W~ 
~~~~~~~~~~~~~~~~~~ 

-_ ~~~~ 5 - ’’ ’~~ ‘‘‘ ~~~~~~~~~~~~~~~~~~~ ---~~~ -. ‘.-~ —

26. A Feasib i lity Ana l ysis of the Acoustic Holographic
— - Interfcrometric Concept for Void Detection In Composite

Pressure Vesse ls

Army Missile Command Redstone Arsena l Ala Ground Eguipment and
= Material s D ire ctorate (400406 )

Technica l rept.
AUTHOR: For . Martin 0.: Ransom, W(l 1l5’~ F.; Chiang. Fu—Peri:
Griffin. sJudson R.: Petty. Robert H.
C2362G3 Fid ; 14E . 14B. 730, 82A GRA17407
Nov 72 46p
Rept p~~: R L TR—7 2—12
ProjecT s DA— 1—T —OSilOI’ A9 1— A

Monitor: 1$

- Abstract The purpose of this report Is to present the results
of a feasibi lity ana l ysis of an acoustica l ho ographic
in terferometric concept for the detection of flaws and vo i ds
In fiberglass composite pressure vessels. An approach is
described whiCfl combines interferometry with acoustic
holography to produce l ong wavelength acoustical ho lographic

• interferograms. By using ultrasound as the investi gating
radiation , the potential exists for disp l acement studies or
the interior of normally opaoue Objects Such as corrposite
pressure vessels . The report develops a theory, and suggests
some simple means to verify and further investigate acoustic
holographic interferometry . (Modified author abstract)

Descriptor;: ‘Nondestructive testing . ‘Holograph y, Pressure
vesse ls. Composite material s, Fiberglass, Oefects (Materials),
Feasibility studies

identiflers ‘Interferometric holography. •Acoustlc holography
‘Ultrasonic holography. A

AD—773 728/i NTIS Prices : PC A03/MF *01
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27 Sta tic and Fatigue Damage Characterization in Composite
Ma $eria ls

Ufl~ted Tec.hAOIOQi.5 Corp Stratford Conn Sikorsky Ai rcraft
D i v eA lr Force Office of Sc ientific Research. BoIling MS. D.C.

(323800 ) 
-

- = Fina l reot . ~Iun 74~~ jl 75
- AUTHOR: Nevadunsky . ~Io;eph J.: M;ttjseviCh. C. J.; Lucas. (John

‘5.
C5594C4 Fld: ISO. IC. 7SF. SIC GRAI76OI
AUG 75 SBp
Peat No: S8R 50939 -

Contract: F44620-73—C—0043 -

Prolect : AF— 97R2
- 
Task 978205
Moni tor: AFOSR—TR—75—1535
See also report dated Sea 74. AD-AOOI 944.

Abstract ‘the purpose pf the invest Igption was to characterize
two composite lam i nates . This was aCCc ,nplished by identifying
stat ic and fatigue modes present within the laminates by

- fractOQreDI ,iC and non—de;tructlv , tests method; and relat ing
them to stiffness loss. Torsiona l and axi al modulus
measurements were employed to Quantitatively characterize the
materials. Microscopic examinations, both visua l and SEN were
used to destructivel y evaluate the failure mechanism; Present

— at var ious stages of static and fat i gue damage. Observations
of heat generation . ultrasonics. holographic interferometry .
and speckle interferometry were Conducted tO Qual itatively
characterize both the failure mechanisms and stiffness loss

• . they cause. This approach is aimed at completely
characterizlno composite laminates for their structural
integrity throughout their static and fatigue lives.

- - Descriptors: ‘Composite materials. ‘Laminates. Static tests.
Fatluue tests (Mechanics), Nondestructive testing, Damage.
Fiber reinforced composites. Glass reinforced plastics,
F~berqiass, ~poxy resins, Carbon fibers. Fat i guelMechanics).
FracturefMechanics). Structura l properties, Helicopters.
Airframe s

Identifiers: Epoxy matri x composites. Fiberglass reinforced
plastics , Carbon fiber reinforced plastic;. Or i ented fiber
composites. NTISDODAF

AD—AO l? 632/157 NTIS Prices: PC A04/MF AOl
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28 NONDESTRUCTIVE TESTING FOR VOID CONTENT IN GLASS FILAMENT’WOU’
ND COMPOSITES-

- — Nava l Research Lab Washin gton D C (251950 ) - -

FIna l i•ot . -

AUTHOQ Wa)ker. B. E. ,ir: Ewing. C. T.: Mill er . P. P.
5481(3 ~ld liD. 13H USGRDR69O4

• 4 Oct 6B 19o’
R~DFW~ : NRL—6775
Proiect: RR—OOi-’Ol—43

Abstract: Prec i se nondestructive methods for void
determinations on glass—filament—wound composites In the form
of rings and ring segments were tested for feasibility , with
particular emphasis on the 0’ to 3—volume—S void region.
ExperImental data related to void content are presented for
several possibilit ies — Infrared transmission . baCkscatter
from laser transmission, density measurements, and corona
discharge inception . The problems associated with these
methods are discussed, and the feasibility of a nondestructive
test method for void determinations on rings is demonstrated
i n coipparison w i t h destructive void results. (Author )

Descriptors: (.Composite materials. ‘Non—destructive testing).
(‘Filament wound construction . Non—destructive testing ).
Feasibil ity studies. Glass texti les, Epoxy plastics.
Mathematical models. Defects(Material;). Density. Beta
particles. Backscattering. Dielectric properties, Infrared
transmitters. Lasers. Microwaves. Electrical corona, Mixtures

*0—679 573 C~ STI Prices: PC A02/MF *01
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29. DIALOG File6 : NT IS 64—78/15520 (Copr. NTIS1 (Item SI of 3i

Developmen t of Nondestructive Methods for the Ouantitat ive
(valuation of Glass—Reinforced Plastics

Avco Mis siles Space and Electronics Group Lowell Mass Avco 
-

Space Systems Div (401 409)

Summary technica l rept.. I Jul 65—31 May 66
AUTHOR: Zurbrick. ~I. P.
D1901’52 FId: 148 d77I0
Mar 67, lOSo
Regit Nat AVSSD-0250—66’CR
Contract: AF 3~(615)—l7O5
Protect : AF 7360
Task: 736002
Monitor: AFML-TR-66 269
Distribut ion limitation now removed.

Abstract: Reliability of organic nonmetallIc materials for
aerospace applications i; a serious consideration. We i ght and
space r auirements as well as mechanical properties are
Important factors in the selection and use of structural
components produced from filament wound or laminated fabric
reinforced plastics. Appl icable nondestructive testing (NOT)- 

- technioues can in effect enable end use properties and
performance to be predicted ~,ith confidence. Five resIn
systems , epoxy. phenolic. polyester. polvbenzimidazoIe.~~i~d~~~

’
1t1-tCOflv-~- i-n 1TBI J Qllis~~~ 

‘Tab)~ic ’ taminates w*re
nondestructively evaluated. They xere intent i onally varied in
resin content to simulat .e i ndustrial conditions. C~~~eJaLLonswere ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

and )am inat•
• condT€T~ni. Gamma radiation gaaing usin~i ’CD 109 was used to

measure laminate density. Ultrasonic velocity measurements
provided many correlations bOtween physical and mechan i cal

- -I properties for specific resin systems. Exper~,nental moduli
were Predictable to + or —0.37 X ten to the 6th power psi.
Apparent values of both tenSile modulus and flexural modulus
were affected in the same manner and to the same extent by
shear delloCtions in the resin, between — ply voids .
wi thin—ply porosity, and resin content. As a result, it was
learned that nondestructive test techn i Ques Could be used to
clarify material comoosition/mechan~ca1 property uncertaintiesin reinforced plastics technology . (Author )

Descriptors: (‘Nondestructive testing. Glass textiles ). I
‘Lam i nated plastiCs. Nondestructive test i ng). Benzimidazoles.
Eooxy resins. Pnenols. Pol yester plastics. Silicone plastics.
Sandwich panels. Tens i le Properties. Elongatien , Elastic
properties. Porosity. Defect.(Materials), Density.
AQinQ (Mat,f’lalsI. Radioor4Dhy. Rad i ometers. Ultrasonic
radiat ion . Die lectric propertIes. Measurement. Statistica l
processes. Experimenta l data. Cadmium. Radioactive isotop.;.
U ltrasonic properties

i dentifier ;: Benz*’a i dazo)e polymers. NT ISDODXD

AD-’BlS 360/3ST NTIS Prices: PC A06/MF AOl
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30 COntribution to the Nondest ructive Testing of First
‘ Irreversible Processes in Glass— Fibe r—Relnforced Plastics

Techniscli. Uni v. .  Hanover (West G rmany)..Depart*ent of
Energy. 15131000 )
AUTHORS uhmann . K. P. -

- - £1513113 Fld : lID. III, 148. 94J, 71F ORAI7S1S -
Oct 77 204p
Contract: W—7405—ENG—48 -

Monltor 18
Thesis.
Translation of German report .

Abstract The Intent pf this pape~ is to report the follow i ng
tests: (I) Investigations to determine the Øeformation—relat .C
primary damage lim it of unia xially loaded test specimens made
of glass fiber—reinfo rced unsatu rated pol yester (GF UP). epoxy
resin (GF—EPl, polyamide (CF—PA). polyethy lene (GF—PE) and
modified polystyrene (SF—SAN). (2) For a broad range of
different laminates , limi ts of application are bei nç
determined for nondestructive testing methods such as
ultrason ic test ing. sot t X—ray technigue, liould temperature
indicator;, infrared radiometry, irreversible work—absorpt ion .
evaporation measure’ents , surface penetrant test ing . sound
emission analysis. 13 ) Sound emission ana l yses, dye penet rant
tests and a highly sensitive gas—permeation detection used f or
thin—walled precision wound tubes made of glass
fiber—reinforced epoxy resin and subjected to internal
pressure make it possible to compare experimental results wit h
strength theoretical determinations of the cracking limit
according to ‘‘laminate fracture analysis ’’ based on continuum
theory. (4) By freQuency anal ysis of individual pulses emittec
in the audible range s the possibility of different iatlnç
microscopic fracture processes according to fiber breakage anc
interfibe r breakage (matrix or interface breakage ) is be i nG
lnvestiaated from the standpoint of increasing the reliability
of micromechanical analyses and improving predictions of
Service life and evaluating operational safety. (ERA citation
03:019155)

Descriptors: aReinforced materials. Epoxldes. Fibers. Fracture
properties, Glass. Lamellae , Nondestructive testing.
Polyethylene;. Polystyrene. Ultrasonic testing

Identifiers: EROA/360303. ERDA/360403. Translations , Vest
Germany. Reinforced plastics. Fiberglass reinforced pla stics.
Fib*r -rei nforced composi tes. NTISDET

UCRL—Trans—1128? NTIS Pr i ces: PC *10/SW *01
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10 NO. £17011148354 048354
31 HIgh speed therma l ima ge transducer for practica l NDT

- .~~lIcatIons‘tREEN DR
Pacific Northwest Lab. Richi and . Wash - 

-

Mater Eva l v 28 n 5 May 1970 p 97—102. 110
DESCRIPTORS: ( ‘USTER IA LS TESTING. ‘Nondestructive). I

— 
ALUMINUM AN D ALLO YS. Fiber Reinforced ).

CARD ALERT : 415, 422. 541 . 542. 812
A new type of therma l transducer capable of imaging bone

defects and therma l property differences w ithin test spec imens
In a few seconds has been developed . Images of defects in
specimens coeior’isina stain less stee l bonded to ala;;. carbon—
carbon composites , aluminum honeycomb with aluminum skin.
aluminum honeycomb with titanium skin and aluminum honeycomb
with fibe r glass %Kin have been produced usin g this technioue .
A testing time of 3 sec for a specimen of any size is typical.
Pan•ls having areas up to 100 sg in. have been tested in the
laboratory . the techniaue can be applied to test ar.asof 100
so ft or so. Dry contact between th. transducer and the test
specimen is reQuired, but no special preparation of the as—
rece i ved spec imens is needed. I ref. 

-

-50428 07605165
32. PREDICTING THE BREAKDOWN OF GLASS—PLASTICS BY THE

SEISMOACOUSIIC METHOD. ANALYSING THE LOADING—RATE
CHARAC TER I S T I C S  AND THE TEM PER A TURE CHARACTERISTICS OF
ACOUSTIC (MiSSION IN GLASS—PLASTICS UNDER UWIAXIAL TENSION

TUTAN. M.YA .: ADA?.’OV1CH. A.G.
INST. or POLYMER 1.1(04., ACAD. OF SC!.. RIGA . LATVIAN . SSR
MEKH. POLIM. (USSR ) VOL .11 , NO.2 MARCH—APRIL 1975

Coder~: l.IKPLAGTrans In: POLYP. MECH. (USA ) VOL .11 . NO.2 320—1
MARc,4— ArpiI. 1975 Coden: PLYMAQ

Treatment: 11
• 02’

(4 Re (s)
Descr iptors ‘.iECHANICAL STRENGTH: ACOUSTIC EMISSION :

COMPOSITE MATERIALS: REI~4FO~C(O PLASTICS: FIBRES: GLASS
1dentifi,~rs: GLASS REINFORCED PLASTICS: BREA~O0~N PR E D I C T I O N

: LOADING RATE CHARACTERiSTICS: SE1SMOACOUSTIC METHOD:
TEMPERATURE CHARACTERISTICS: ACOUSTIC EMISSION: UNIAZIAL
TENSION

Section Class Codes : 03260, D3450
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33, MICROWAVE DETERMINATION OF THE MECHAN ICAL STRAINS IN

GLASS REIN FORCED PLASTIC ART ICLES. ._ I... INVESTIGATION CF THE
ANISOTROP IC PROPERTIES OF GLASS REINFORCED PLASTICS iN THE
MiLL IMETER RANGE

KOVALEV . V .P.: KRAMAR . V.11.: BARANOV. G.L. 
-

‘V.1. UL ’YANOV LENINGRAD ELECTRICAL LNGNO. INST.. LENINGRAD.
USSR - -

MEKH. POLIM . (USSR) VOL .11 , NO.3 533—40 WAY—JUNE 197E
Coden: WPLA6

Trans In: POLYM. MECH. (USA) VOL.11 . NO.3 454—60
MAY JUNE 1975 Coden : PLY& )AQ

Treatment : P
02 -

(19 Ref.)
Descriptors: STRAIN MEASUREMENT: COVP,OSITE MATERIALS: FiBRES
GLASS: REINFORCED PLASTICS
IdentIfiers: GLASS REINFORCED PLASTIC ARTICLES: FREE SPACE

METHODS: MILLIMETRE RANGE ; DIELECTRIC CONSTANTS: MICROWAVE
DETERMINATION: MECHANICAL STRAINS ; ANISOTROPIC PROPERTIES

Section C l ass Codes: 02260. 04370. 03260

57421 07704670
34. MICROWAVE DETERMINATION OF THE MECHANICAL STRAINS IN

GLASS—REINFORCED PLASTIC ARTICLES. II. INVEST IGATION OF THE
• RELATION BETWEEN THE MECHANICAL ST~~1JIS AND THE VARIATION OF

THE DIELECT RIC CONSTANT IN GLASS—REINFORCED PLASTIC ARTICLES
IIOVALEV . V.P.: BAPANOV . G.L.: KRAMAR . V.11.
V.1. ULYANOV LENINGRAD ELECTRICAL £NGNG. INST.. LENINGRAD.

USSR
MEKH. POLIM. (USSR ) VOL .11. NO.5 9*7-22 SEPT.—OCT.

1975 Coden MKPLA6
Trans In: POLYM. MECH. (USA ) VOL.11. NO.5 785—9

SEPT . 0C1. 1975 Coden PLYMAQ
Treatment: 11
02
(6 Refs)

p—’ / Descriptors: COMPOSiTE MATERIALS; PHYSICAL PROPERTIES AND
EFFECTS: STRAIN: FIBRES: GLASS: REINFORCEO PLASTICS

Identlfierb GLASS REINFORCED PLASTIC ARTICLES: MICROWAVE
DETERMINATION : MECHANICAL STRAINS ; DIELECTRIC CONSTANT:
ELECTRICAL PARAMETERS: MECHAN1CAi . LOAD

• . 
Section Class Codes 03260. D3390

ID NO.— (1750640180 540180
35. CHA RACTERISATION OF FIBRE COMPOSITES USING ULTRASONICS.

Dean. 5.
N a tl Phys m b .  Teddinaton . Mid dle sex , Enal
Compos SEP DASMS Stand Test and Des. Coni Proc. Pap . Nati

Phys Lab. TodjInalon, EngI. Apr 8-9 *974 p 126—130. Pub I by
IPC Sd and Techno l Press. Gui ldford. Surrey. (mgI. 1974
DESCRIPtORS: I~ Pi.ASTICS. RtIt.FORCED. .Clasticityl .

MATERIALS tESTING. Ultrasonic Appl ic~ tio~s1 . (COMPOSITE
MATERIALS. Mechanica l Prooerti,)). GLSSS FIBER . MATHEMATiCAL.
TECHNIQUES.

CARD AlER T : 415. 421. 753. 8*2. 817. 921
An ultrasonic techniQue is reviewed for determining syuw’~etryand measuring the elast ic propertie s of Composite mate rials.

Methods for Interpret 1mg data to indicate fiDer concentration
and defect Content in continuous fiber systems and tne Øegree
of orientation in snort fibe r $y$te~s are discussed and
illustrate d with exper imental results. 7 ref;
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1.0 NO. E17711R6067 786067
36. 

FIBERGLASS RINGS. 
C E I S S I O  METHOD TO CHECK THE STRENGTH OF

Det~ov. A. Vu. .

All—Union Sd —Re . Inst of Nondestr Test. Klsh lnev. Mold SSR

$gy ~J Nóndestr Test v 12 n 5 Sep—Oc t $976 p 488 493
CODENI SJN TAB
DESCRIPTORS: (‘STRENGTH OF NATE~IALS. •Nondestruc tlv•

Examination).
CARD ALERT : 42* . 422

• A method is proposed I or determ ining the ultimate loads on
rings made of fiberglass by registering and analyzing the
acou stic—e m iss ion pulses in the hlgfl-freou nCy range. The
Influence of the loading rate on the parameters of the
acoustic—emiss ion pulses I; Studied. , It is shown to be
possible to detect cleavage in fiberg lass by means of the
acoustic emissiOn. A comparison Is made between the
ultrasonic - and the acoust Ic—em i ssion me thods for the
pr ediction of t he ultimat e loads . 8 refs .

37. i~D NO. — E17OX006604 006604
Ultrasonics. Nondestructive techniaue • for~ predicting

residual life of compressively fatigued filament wouno
Composites - - -

COLE CI~ ZDISS MM
lIT Research Inst. Chlcaoo. 111
Soc Aerospace MatI a Process Engrs—Matls and Processes for

70’s—SAMPE Nat Sympos i um. 15th. Apr 29—May I 1969 p 923-42
DESC P I P~ORS: t’W.ATE RIALS TESTING. eNondestructive), I

PLASTICS. Reinforced). (PL ASTICS . Mechanica l Properties). I
MATERIALS TESTING . Residual Stresses). (ULTRASONICS.
Measuremer’ts) .

~~ ~ 
. CARD ALERT : 002. *18. 15?

A b i l i t y  of through transmiuion ultrasonic testing to
determine location and critically of fatigue i ncuded dairage in
filament wound fiberglass cylinder; is presented : deere! of

- ;  damage. as measured by ultrasonic attenuation. is fuCther
correlated to residual life remaining to matei~iaI
application of this technioue to composite, deep submergence
i~pj lt ldlv; vehiCles 5 discu ss ed. 3 refs .

:1 
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38. 10- NO. — E172X021928 221928
Propagation of stress waves in fiber— reinforced Composi ti

-t rods
TAUCHER T TR: MOON FC• Un iver sity of Ken tugly , Lexington
AIAA J v 9 m B  Aug 1971 p *492-8 ~~DEN: A ZAJA

- 
• 

- - DESCRIPTORS: (‘COMPOSITE MATER IA LS. ‘Stresses). STRESSES.
STRENGTH OF MATERIA LS .

CARD ALERT: 408. 42*. 422. 817
The mechanical benavior of fiber— reinforced compos i te

astef $ats seb$ect to dynamic load i ngs is investi gated , The
elastic inoduli and damping coefficients of .glass— epoxy and
boron— epoxy beams were determined from the frequencies and
bandw i dths of their resonances during latera l forced
vibrations. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Composites by impac t of lead pel le ts fired f rom a pn umatlc
r ifl e .  Measured values of the veloc i ty and attenuation of the
pulses aQree favorabl y with t hose based &~ on the vibration
data and thessumpt i on pf l inear viscoelastic behavi or.
R~;uits of an exploratory study on the propagation of high ”
freQuency waves in composites usi ng an ultrasonic technioul
are a lso reported. 13 efs. - . -

39• ID NO.— £1740846987 446987
IN1ERNAL DA :JPING IN A FIBER—REINFORCED COMPOSITE MATERIAL.
Tauche rt , Theodure P.
Univ of Ky. Lexington

• .1 Canoes Mater v 8 Api’ 1974 p *95-199 CODEN: .JCONBI
Drsc~ i~~o~s: I’CO’.~POSZTE MATERIALS . •yibrat ions), (

ULTRASONIC WAVES. Absorption). (STRESSES, Anal ysis),
iDENTIFIERS: STRESS i~AVE ATTENUATIONCARD ALERT : 415 , 753
This  note Oevonstratos that ultrasonic attenuation

measurements may be conbined with low frequency vibration data
- 

• - in order to char.lCteriZe tne interna l damping Over a wide
frequency s’afloe . Solutions to Stress-wave problems of the type
considered previous l y can then be based upon inte rpolated data
rather than less reliab le extrapolated informatioei. A simple
te chnI que I..,r m ’i su’~ ng cl t’npinq in the ultrasonic frequency
range is described. and experimental results are presented for
a glass-epoxy composite mater ial . 2 refs .

1
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• 40. ~~ NO. EI72X0~65&5 226565
Study on non— destructive testing method of fiberglass

reinforced plastic I FRP ) (acoustic method)
FUJI! Ti MIZUKA~A K: ZAKO NOsaI~a C i ty Univ. Japan
ProC *4th. lao Conqr pm Mater Re;. Ityoto. Japan. Sept 197 0o Ils—IR
DESCRIPTO RS: I•PLAST ICS. ‘Test ing).
CARD ALERT: 421 . 422. 815
Th. theory of a percussion method for testing the dynamic

behavior of h oer glass reinforced plastics is presented. The
t estin g aPparatus and the acoustic and strain gage
measurements involved are described briefly. Experimental
resu lts obtained are reproduced and discussed.

41 ID NO.— E171K024570 124570• X— ray eye for Quality Control
British Plastics v 42 n 9 Sept 1969 p 113
DESCRiPTORS: (sPLASTICS PLANTS. ‘Production Control), X—RAYS

• MATERIALS TESTING APPARATUS .
CARD AL ERT: 421. 422. 816. 913
Development of equipment for in— situ nondestructive testing

of molded glass fiber reinforced plastic pipes. The x— ray

equ ipment consists pf constant potential unit, fi tted with a
beryllium wind )w 0. 3 mm focus x— ray tube. continuousl y rateG
at 150 kV/3 nA. Shielding is i ncorporated i whwith the x— ra~unit to limit radiati on except in the vicinity of the pipe
entry and exit . (..aràoni Instruments supplied the television- - equipment . The x— ray tube, screen an~ TV camera are enc)osec
in a l ead lined caoinet through which the specimen gla ss fiber
tubes pass for inspection.
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-42. DOC REPORT SISLIOGNAPHY SEARCH CONTROL NO. BSMIOD

AD— 875 7191. *1/9 11/4-: NAVAL SHIP RESEARCH AND DEVELOPMENT LAB ANNAPOLIS MD

Nondestructive Ultrasonic Examination of
Epoxy Glass—Reinforced. Filament—Wound ,
Cylind rica l Deep Submergence Test Model s . - (U)

• DESCRIPTIVE NOTI Researcn and development rept.,
OCT 70 57P Hand ,W. ;Si lvsrglett ,M . ;

Arcus.G. N . :
REPT. NO. NSRDL/A—9—32
PROJ : SFSI—544—102
TASK: 12402 -

UNC LA SSIFIED RE PORT
Distribution: DoD only: ethers to Commander,
Nava l Ship Engineering Center , Attn : SEC—
6IOlE. Hy attsv ill e , Nd. 20782.

DESCRIPTORS: (‘REINFORCED PLASTICS . DEEP SUBMERGENCE),
(.EPOXY RESINS. COMPOSITE MATERIALS), FILA MENT WOUND
CONSTRUCTIO’i. NONDESTRUCTIVE TESTING. ULTRASONIC
RADIATION . CYLINDRICAL BODIES. MODELS (SIMULATZONS).
MODEL TESTS. REINFCRCING MATERIALS, DEFECTS(MATERIALS),
RECORD ING SYSTEM S . SCANNING . AUTOMAT ION. TRANSDUCERS,
SHIP MODELS. SUBMARINE MODELS, SNIP STRUCTURAL
COMPONENTS, GLASS TEXTILES, ATTENUATION (U)
IDENTIFIE RS: C SCAN ,- ~C DISPLAYS (U)

I
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43. - DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. ISMIOD 
- --: 

~~ $49 214 11/4 13/10
lIT RESEARCH INST CHiCAGO ILL.

Fabrication investigat ions and Bia xi al
Compressive Fatigue and Creep Evaluations of
the ERL—4617 Preimpregnated Fiberglass
Composite System.

DESCRIPTIVE NOTE: Rept. for Dec 68—Feb 69,
FEB 69 14P Co l s ,C. K. ;

REPT. 110. IITR!—D6039--6
CONTRACT : N00024-67—C—5441

UNCLASSIFIED REPORT
Distribution : No Foreign without approval of

- • Co, ander , Naval Ship Engineering Center , TIN:
Code h OlE. Wash i ngton. 0. C. 20360.

DESCRIPTORS: (‘UNDERWATER VEHICLES , CONSTRUCTION
MATERIALS), (‘COMPOSITE MATERIA LS, GLASS TEXTILES),
MANUFACTURING, LOADS(FORCES). SHEAR STRESSES,
IMPREGNATION . AGI N~(MATERIALS), FILAME NT VOUNDCOP4STRUCTIO?~. FAT ZGUE (MECHANICS), CREEP. CREEPSTRENGTH

IDENTIFIERS : ULTRASONIC INSPECTION

This is a progress report de linea ting process
evaluatIon of fiberglass reinforced plastic
construction techniques.

I---
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I .0• 44, $, DOC REPORT BIBLIOGRAPHY SEARCH CONTROL. NO. BSMIOD

- AD— 848 102 *1/4 - 20/11 1/3• AVCO GOVERNMENT PRODUCTS GROUP WILMINGTON MASS AVCO SPACE
SYSTEMS DIV

Evaluation of Test Tmohnlguss fer Advanced
Composite Ma tei ials. - (U)

DESCRIPTIVE NOTE: Technical r.Øt., 10 Jul 67—30 Mar
~ $B, S

-~~~ JUN BM 169P Lenoi (.M.;
• REPT. NO. AVSSD—0099—6e—CR

CONTRACT : F33615—67—C—1719
PROd ; AF—7381
TASK : 738106
MONITOR: AFUI. TR—68—166—Pt—1

UNCL ASSIFIED REPORT .

DESCRIPTORS: (‘AIRFRAMES , STRUCTURAL PROPERTIES),- 
- (‘COMPOSITE MATER IALS , TEST METHODS),
• WHI5KERS (CRY$TALS). BORON. ALUMINUM , GLASS TEXTILES,

EPOXY RES INS. TENS ILE PROPERT IES , COMPRESSIV E
• PROPERTIES, STRESSES. STRAIN(MECHANICS,, SHEAR STRESSES,

LAMINATED PLASTICS , NONDESTRUCTIVE TESTING (U)

The report presents a review of tests techn iques- 
for plastic and metal matrix advanced composites.

- 
- The techniques rey4e~ed include tension , fle*ure .- compression , and shear testing of f l at  lamimates at

room t emperature . A description of the
nondestruct ive test techniqu es and phys ica l
properties evaluation me thods are Included,
(A~tnor) (U)
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45. DDC REPORT 5RBLIQGRgPHY SEARCH CO?4tR0i. NO. 5$M%OD

AD— 916 6S1L 11/4 1/3 13/S
ROCKW ELL INTERNATIONAL CORP LOS ANGELES CALIF LOS ANGILE -

AIRCRAFT DIV
• - 

Advanced Composites Design Guide. Vo lume -
. 

•-: III. Manufactur ing. (U)

DESCRIPTIVE NOTE: Rept. for Mar 71—Jan 73,• JAN 73 232P
CONTRACT : F33615—71—C—1362

UNCLASSIFIED REPORT
• Distribution lim ited to U.S. Gov ’t. agencies only :

Test an~ Eva l uation : Mar 73. Other request s for
this document must be referred to Director , A ir Force
Materia l s Lab.; At tn LC. Wri ght— Patterson

• A FB, OH 45433.
SUPPLEMENTARY NOTE: Third Edition, See also Volume
4. AD—916 682L. 

-

DESCRIPTORS: (‘Composite material,, ‘Handbooks), ‘

(‘Composite structures, Handbooks),
Manufact ur ing . Fab rication , Q~a ti t y  assurance ,
Mai ntenance. Costs, Aerospace craft , Ai rframes,
Coding. Fibers, Alum inum , Boron , Beryllium .
G lass. Graphite , Sil.co n compounds. Caro des,
Tungsten . Epo’y resins, Laminetes, Fi l an e nts,
Filament wound construction , Matrix mater i~~ls,Qua l ity control s Nondestructiv, testing .
Mach ining . -Spec lf~~~ fl oFis .— —•  — (U)
IDENT IFIERS D.slgn, Borsic Composites (U)

• UNCI.A$SZFI (0

• 46. • 1 DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. BSMIOD

AD— 860 738L 14/2 7/4
NOTTINGHAM UNIV (ENGLAND) DEPT OF PHYSICS

High—Speed Turbines for Nuclear Magnetic
Resonance SpectrO s COpY . (U)

DESCRIPTIVE NOTE: Fina ’ technical rept. Apr 6$—Mar 69,
VAR 69 35P Andrsw ,E. R . ;Ftrt h ,N. ;

Randall ,P. d. ;j CONTRACT

UNCLASSIFIED REPORT
D istr ibuti ofl uSGO : others to Army Research and
Development GrouP (Europe), APO New York
09757.

DECCPIPTORS (.NUCLEAR MA GNETIC RESONANCE. eTURBINES),
ROTA TION, FLUORIDES, ORGANIC PHOSPHORUS COMPOUNDS, GLASS
TEXT ILES, RELAXATION TI!~lE , GR EAT BRITAIN (U)
IDENTIFIERS: eFIBEEGLASS REINFORCED PLASTICS,
PHOSPHORUS POTASSIUM HEXAFLUORIDE (U)
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47, DOC REPORT Rt5LtO R~P~~ StARCH COP4~RD~ ND. SSM%OD .

AD— 913 !BOL 1/3 11/4
GENERAL DYNAMICS FORT WORTH TEX CONVAIR AEROSPACE DIV

Advanced Composite Technology Fuselage
Program. ‘Jolume V. F—S Mid—Fuselage
Component — Manufacturing . (U)

DESCRIPTIVE NOTE: Technical rept. Jul 70—Aug 72,
APR 73 196P Swazey ,E . H. ;Fant.John

A. .;
CONTRACT: F33615—69—C—1494
PROd: AF—6169CW
MONITOR: AFML TR—71— 41—Vol—5

UNCLASSIFIED REPORT
Distribution limited to U.S. Gov ’t. agencies only:
Test and Evaluation; 17 Oct 73. Other requests for
this document must be referred to Director , Air Force
M aterials Lab. , A ttn: LC. Wright—Patterson

• A FB , Ohio 45433,
SUPPLE’.’ENTARY NOTE: See a s o  Vo l ume 6, AD—913
881L.

DESCRIPTCRS: (‘JET FIGHTERS. FUSELA .iES). (‘AIRFRAMES,
COMPOSITE MATERIALS). (‘FUSELAGES , ‘CO’.~POS I TE
M A T E R I A L S ) ,  MANUFA CTURING, MACHINE TOOLS, QUALITY
CONTROL, NONDESTRUCTIVE T(STING~ MAINTENANCE , COSTS .
ULTpAsoNI~ThADIAT:oN; AssEw8Ly. GRAPHITE. EPOXY RESINS,
GLASS TEXTILES , BORON , THERMAL EXPANS ION , NICKEL ALLOYS,
S T E E L ,  FLAME SPRAYING. CARBON FIBERS. SANG~ ICs

- 
- CONSTRUCTION , MOLDINGS (U)

IDENTIFIERS: F—5 AIRCRAFT - (U)

- I 
/ -
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48. ACOUSTIC EMISSION INVESTIGATIO N - HELICOPTER ROTOR SYSTEM

R. M, Rusnak, H. C. Yee, and .1. K. Sen -

- - ~‘lna1 Report, Contract DAAJOZ-73-C -0066 .

Report No. USAAMRDL- TR-76-11
• -: November 1976 - -

Prepared by Bendix Research Laboratories, Bendix Center, Southfield,
Michigan 48076

49. NTIAC 698’ê 14

AV(.O SYSTEI S DIV WILMIN~,TON I/ASS
LCNOEPL.&WARD M.

EFFECTS OF VOIDS ON MECHANICAL PROPERTIES OF GRAPHITE
FIBER COMPOSITES
CONTRACT REPT. 1 MAR 69—30 NOV 70
30 NOV 70. 55P
AVSw ’Olbô ’71 RR
N000i9— 70—C —0 242
AD 727236

*DEFECTS(MATERIALS), *M~CHANICAL PROPERTIES. *COMPOSITE
MATERIALS. GRAPHITE, FIL~ERS’ LAMINATES . ULTRASONIC

- - RAD1AT 1ON~ V LLOCITY~ METALLOGRAPHY . STRENGTH (MECHANICS).
CARI3O’~ FIBERS~ PLASTICS

ThE RESULTS OF AN iNVESTIGAT ION OF THE EFFECT OF VOIDS ON
TH~ 1’.ECHi~i—.) CAL PROPERTIES ~F 1HORN~L 50/EPOXY AND MODMOR
1L/5~o~ ~ ‘uXY ARE. DISCUSSED A~D PRESENTED. UN!— DIRECTIONAL,
AS ~Ft~~ AS QUASI—ISOTRO PIC. LAMINAT ES VJTH SYMMETRICAL AND
NONS~’*~ETRlCA L PLY TACKING SEOU~J1CES WERE FABRICATED WITH
hith AW ’~ LOW POROSITY AND SU~ SECUENTLY SUBJECTED TO DETAILED
NUNDCSThUCTIVC AN~ DESTRUCTIVC TESTiNG. LONGITUDINAL ANDTRANSVL.RSE FL~ XURC AND TENSIO:~. SHORT BEAM SHEAP . AND
TORSION ROD EXPERIMENTS WERE COi~iPLLTED ON THE T~ O COMPOSITE
SYSTL~S AT 7E AnD 250 F • ULTRASONLC. COMPRESSION . AF~D SHEAR
WAVE VLLOCITIES WERE MEASURED AT DISCRETE LOCATIONS ON A

: 1 SP~.cI;~:th—aY—SPEcIMEw BASIS. AJD THE OeSERVATIO~S CORRELATEDWITH O&~SERVED MECHANICAL PKOPEKTIES. AN IN—DEPTH
~b~ TALLOuRAPHIC CHARACTE.RIZ.~TION OF VOIDS ~AS COMPLETED ONTtiORI4L.. bO/EPOXY AND CORRELATiO~ ESTABL ISHEC FOR NDT

- 
- —ME.C,1AI~ICAL PROPERTIES AND VOIDS. ThESE RE.LATIOflSH!PS WEREUSLO To ESTIr.:ATE. UPPER A~D LO~:ER BOUNDS ON THE STRENc~TH AND

STIFf i’~LSS kJ4VELOPES OF IHE UN~~ IkECTIONAL AND ANGLE—PLY
COMPOSiTES. THIS PERMITS EVALUATION OF THE. DEGRADATION
LFF(CTh OF VOIDS ON CU~POS~T~ PLRFORMANCE. (AUTHOR—PL)
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50. LNTIACI 8997 - 

-

KAELbLE..DAVIC H. - -

KINETICS OF MOISTURE DEGRADATION IN GRAPHITC~EPOXY
-
~~ I COMPOSITES -

lb REFERENCES. SEE ALSO NT 8971
NOV 714, 22P -

AVA ILABILITY PUBLISHED IN PROC. INTERDISCIPLINARY
WORKSHOP FOR QUANTITATIVE FLAW DEFINITION S
AF ML.—TR 74’-238$ NOV 7’e 38l4~de0b

*COMPOS1TE MATERIALS, *POLYMER MATRIX COMPOSITES.
*DEGRAL,ATION. *MOISTURE CONTENT. sULTRASONIC TESTING. FIBER
RE1NFOI~CED COMPOSITES’ GRAPHITE. EPOXY. MOISTURE.STRENGTH(MECHANICS). FAILURE’ LAMINATES. MATHEMATICAL
t.;ODELS, DESTRUCTIVE TESTS’ VELOCITY. ATTENUATION.
CONFERENCES

TIlE LIEGRADZNG EFFECTS OF MOISTURE ON INTERLAMINAR STRENGTH
OF GRAPHITE E.POXY COMPOSITE. LAMINATES WERE STUDIED.
ULTRASONIC IwSPECTIO~ USING 2.25 MHZ THROUGH—TRANSMISSIONC—SCANNING TO DETERMINE SOUND VELOCITY AND ACOUSTIC
ADSORPTION COEFFiCIENT WAS ACCOMPLISHED. SPECIMENS WERE
SU~SEQUE.NTLY FRACTURED TO DETERMINE STRENGTH AND
DESTRUCTIVELY ANALYZED TO DETERI’UNE I4OISUTRE CONTENT. AN
ANALYTICAL MODEL IS PRESENTED. ACOUSTIC VELOCITY DID NO
SIGNIFICANTLY CORRELATE WITH STRENGTH. ACOUSTIC ATTENUATION.
FOR ~.AVES PROPAGATING PERPENDICULAR TO FIBER PLY ORIENTATIONWAS ~ERY SENSITIVE TO MOISTURE EXPOSURE TIME. ATTENUATIONPARALLEL TO FIBER PLYS WAS LESS SIGNIFICANTLY AFFECTED.
STUDIES OF 0t.SICCATt C SPECIMENS SUPPORT THE CONCLUSION THAT
DE6RADAT ION UY MOISTURE IS IRREVERSIBLE BY DRYING. (NTOSC )
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51. NI IAC—136’e 6 I~
VERETTE.R. 14.

TEMPERATURE/HUMIDITY EFFECTS ON THE STRENGIK OF
GRAPHITE/EPOXY LAMINATES
A1AA AIRCRAFT SYSTEMS AND TECH. MEETING. L.A..-
CAL~F.. AUG 4—7. 1975. PAPER 75—lOll; 8 REFS
191b. liP
AvA iLABiLITY: FOR SALE bY AIAA . INC.. 750 3RD AVE., N.
Y. 30017 (*75—39512)

TEMPERATURE. HUMIDITY’ STRENGTH(MCCHANICS). GRAPHITE,
EPOXY. MOISTURE. ABSORPTION. ACOUSTICS. VELOCITY.
ATTE dUATION’ LAMINATES. AIRCRAFT . DATA. RESINS FIBERS

THE INFLUENCE OF TEMPERATURE AND HUMIDITY ON THE STRENGTH
ANO I4OUULUS OF GRAPHITE/EPOXY IS EXAMINED. THE MECHANICAL
PROPERTiES AT SEVERAL TEMPERATURE/HUMIDITY CONDITIONS ARE
COMPARED TO bASELINE ROOM TEMPERATURE DRY CONDITIONS. A
TECHIJ)tUE FOR USING A HIGH TEMPCRATURE/HIGH HUMIDITY SOAK
PRiOR TO TEST TO ACCELERATE ATTAiNING A WET CONDITION IS
DISCISSED. INFORMATION IS INCLUDED ON RATES OF MOISTURE
A~5ORPTION AND DESORPTION. MOISTURE EQUILIbRIUM LEVEL AS A
FUNCTION OF INCOMING MATERiAL QUALITY AND PROCESSING

- 

- 
VARIAbLES. AND INFLUENCE OF SIMULATED SUPERSONIC TEMPERATURE
SPiKES ON MOISTURE ABSORPTION. NONDESTRUCTIVE.. .I.(~SPECXLOhLRESULTS (ACOLSTIC- VE.LOCLT.Y...AND. A~T u~YmTcrFOR. DRY AND
SATURATED LAMINATES ARE PRESENTED. STRESSES AND STRAINS AT
FAILURE ARE. PRESENTED AND REDUCED TO A b—BASIS. DATA FOR
UNIDIRECTIONAL LAMINATES ARE GIVEN FOR TENSION. COMPRESSION.

~~
-

•~~
- - I ANO SHEAR . 00TH PARALLEL AND TRAFJSVERSE TO THE FIBER

DIRECTION. THREE MULTIDIRECTIONAL LAMINATES TYPICAL OF
AIRCRAF T CONSTRUCTION ARE ALSO EXAMiNED . IN ADDITION .
FRACTURE DATA ARE. GENERATED AND THE INFLUENCE OF TEMPERATURE
AN&. HUMiDiTY IS PRESENTED. THE DATA INDICATE THAT MOISTURE
EFFECTS ON RESIN—DOMINATED PROPERTIES AT ELEVATED
TE~IPERMTURES ARE PARTICULARLY DETRiMENTAL. (AUTHOR )

• -
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52. ‘NT1AC ’L’4254 
-

KAELULC .0. H. I OYNES.P. J.
METHODS FOR DETECTING MOISTURE DEGRADATION Di.-
GRAPHITE—EPOXY COMPOSITES
PUbLiSHED BY AM. SOC. NONDESTR. TEST.; 3200
RI~~.RSIDE DR.. COLUMBUS. OHIO 43~2l -

APR 77. 06P
AV AiLABILITY: PUBLISHED IN MATER. EVAL.$ 35, ~e
APRIL 1977; 103—1081 8 REFS.

GRAPHITE. EPOXY. COMPOSITE MATERIALS~ DETECTION.
MO1STURt.. DEGRADATION. HIGH TEMPERATURE. FIBERS.
LIFE (DURABILITY). MATRIX . PROPERTIES. STRENGTH (MECHANICS).
ULTRASONICS. WAVES , VELOCITY. TEST METHODS~ BARS. SCANNING .
SPECTR(JSCOPY. PULSES, MICROWAVE TESTING. -DYNAMIC TESTS.
KL(,HANICAL TESTING

- I 
HY&ROTHERMAL TREATMENT (COMBINED HIGH MOISTURE AND
TEMPERATURE) OF GRAPHITE FiBER REINFORCED EPOXY MATRIX
COMPUS11E PRODUCES IRREVERSIBLE DETERIORATION IN SHEAR
STKENGTH LAMLIDA (SUB B) APJJ MODIFIES THE WE.IBULL
DISTRIbUTION OF SURVIVAL PROBABILITY(S) . ANALYSIS OF WATER
DII FUS1ON KINETICS SHOWS THAT STRENGTH DEGRADATION IS
DOMINATED bY THE MATRIX BULK PROPERTIES. ULTRASONIC 2.25 MHZ
*AVE VLLOC 1TY TRANSVERSE TO THE FIbER AXIS IS SENSITIVE TO
CURRENT MOISTURE CONTENT WHILE ACOUSTIC ATTENUATION ALPHA
(SUB L) CORRELATES WITH PRIOR MOISTURE HISTORY AND STRENGTH
DEGRADATION . THE HIGH GLASS TRANSITiON TEMPERATURE OF THE
EPOXY I (SUB G) 245 DEGREES C RELATIVE TO MAXIMUM MOISTURE

:~ j,j EXPOSURE TEMPERATURE 1:100 DEGREES C RESTRICTS EXTENSIVE
DEbRADATION OF MATRIX AND ANTERFACE. ULTRASONIC METHODS ARE

F APPLIEu FOR SCANNING THE EI FECTS OF POSITIONALLY VAR IABLE
MO1STUk~. CONTENT AND HYijROTHER~AL &i~MAGE IN A COMPOSITE BAR.
A NUMBER OF rIDE METHODS INCLUDING DYNAMIC MECHANICAL
SPECIRUSCOPY (1.0—100 IlL). NMR PULSL RELAXATION
SPECTRO~COPY , AND MICRO,~AV E. SPECTROSCOPY (2.64 GHZ ) ARE
SHO~ I-4 TO PROVIDE HIGHLY RESOLVED MOiSTURE EFFECTS DATA. THE
DE~ELOt’~tLN1 OF COr4POSITE. DLi1~4r.ILITY CHA RACTERIZATION AND
ULTRASONICS SCANNING COUPLED tUTH DIRECT MEASUREMENT OF BULK
i.’QISTURt. CONTENT APPEARS TO OFFER A VERSATILE NDE
METHODOLOGY FOR ~UANTITATIVL CEIECTION OF HYDROTHERMAL AGING
EFFECTS ON LARGE COMPOSITE STRUCTURES. -(AUTHOR)
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53. NTIAC—15643 M

bOEING COMMERCIAL AIRPLANE CO SEATTLE WASH
STOECKLIN.ROt ERT L. .

737 GRAPHITE COMPOSITE FLIGHT SPOILER FLIGHT SERVICE
- - EVALUATION - -

3RD ANNUAL REPT. APR 76—APR 77
AUG 77. ~9P .

NASA—CR’145207
NASl llbbO
AVAILABILITY: FOR SALE BY NTIS. 5285 PORT ROYAL RD..
SPRV~GFIELD. VA 22161

- 
- GRAPHiTE, EPOXY . COMPOSiTE MATERIALS . ENVIRONMENTAL

EFFECTS. FLIGHT TESTING. SPOILERS’ AIRCRAFT. AIRCRAFT
- 

- UeuII-MENT. ViSUAL INSPECTION’ ULTRASONIC TESTING.
DESTRUCTIVE TESTS, HONEYCOMB STRUCTURES. MOISTURE. CORES.
CORROSION. STRENGTH(MECHANICS). SERVICEABILITY. NASA

THE THiRD ANNUAL FLIGHT SERVICE REPORT WAS PREPARED IN
COMPLIANCE WiTH THE REQUIREMENTS OF CONTRACT NAS1—11668 AND
COVE RS THE. FLIGHT SERVICE EXPERIENCE OF 110 GRAPHITE— EPOXY

• SPOILERS ON 737 TRANSPORT AIRCRAFT AND RELATED GROUND—BASED
LNVIRON 4ENTAL EXPOSURE ON GRAPHITE LPOXY MATERIAL SPECIMENS
FOR THE PERIOD FROM APRIL 1976 THROUGH APRIL 1977. FOUR
SPOILERS HAVE BEEN INSTALLED ON EACH OF 27 AIRCR AFT
I~~PRE.SENTING SEVEN MA1JOR AiRLINES OPERATING THROUGHOUT THE
iORLO. A FLIGHT SERVICE EVALUATiON PROGRAM OF AT LEAST S
Y EARS iS UNLiER WAY. AS OF APRIL 30. 1977. A TOTAL OF 766.938
SPOILER FLIGHT HOURS AND 1.168.090 SPOILER LANDINGS HAD BEEN
ACCU~IULATED L~Y THIS FLt.ET. BASED-- ISUAL,...ULTRASONIC, AND

:1 OESTRULTIVF. TESTING, THERE HAS bEEN NO EVIDENCE OF MOISURE
M1~ RA TION INTO THE HONEYCOMB CORE AND F-JO CORE CORROSION.
TESTS (iF RtJ.IUVEO SPOILERS AND OF GROUND—BASED EXPOSUR E
SPECIMU4S lIFTER THE THRID YEAR OF SERVICE CONT INUE TO
Il~~ICA1E MODEST CHANGES IN COMPOSITE STRENGTH PROPERTIES.
T~ N ADVMNCLD—DESIGN, ALL—CO MPOSITE SPOILERS MERE INTRODUCED
INTO THE PROGRAM BEGINNING DECEMBER 18, 1975. ALL TEN w ERE
~ITHL5RA~.N FROI’. SERVICE iN AUGUST 1976 FOLLOt’.ING AN ADVERSE
~~PEiULNCE IN WhICH POLYSULFONE SKIN PANELS REACTED TO
SkYDkOL HYURAULIC FLUID. RE.DES1~ N OF THE ALL—CO MPOSITE
SPOILERS IS PLANNED. (AUTHOR )

116

--- - - -- -------- --- -
~~ 

- . 
-

~~~ —~~ ——- ~_ 
~~~~~~~~~~~~ —— ~ ~~~~~~~~~ ~~~~~~~~~~~ — - - —

~~~
- ‘-  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —5- ___&.55•j 2~.



1.. 
—

- 
- 54. NTLAC IbO6O

e

- CHANG .F. H. 3 BELL .1. R. $ CARTER .H. 6. $ YEEtB,.- G. W. I

MEASUREMENT OF MOISTj~RC CONTENT IN ADVANCED COMPOSITES BY
-: AN ULTRASONIC TEC1WIQUE 

- -

SEE ALSO NT—16087
APR 77. O1P
AVAILABILITY: PUBLISHED IN PROC. 11TH SYMPOSIUM ON
NONi.’t.SIR. EVAL.I APRIL 20—22.- 1977$ SAN ANTONIO. TEXASI P. 6

MEASUREMENT. MOISTURE CONTENT, ULTRASONICS. ULTRASONIC
TESTING. COMPOSITE MATERIALS. GRAPHITE. EPOXY. LAMINATES.
SPECTROSCOPY. FOURIER TRANSFORMATION. ATTENUATION.
EXPERIMENTAL DATA. ABSORPTION’ TEMPLRATURE EFFECTS.
APPLICATIONS. TEST METHODS

- AN ULTRASONIC TECHNIQUE HAS BEEN DEVELOPED TO MEASURE THE
MOISTURE CONTENT IN GRAPHITE/EPOXY COMPOSITE LAMINATES. THIS
TECHNIQUE USES THE PRINCIPLE OF ULTRASONIC SPECTROSCOPY TO
OBTAIN THE INTERFERENCE OF SOUND WAVES REFLECTED FROM THE
FRONT AND SACK SURFACES OF THE COMPOSITE LAMINATES. THE

• FREQUENCY SPECTRUM OBTAINED BY A FOURIER TRANSFORM OF THE
CONVOLUTED RF SIGNALS IN THE TIME DOMAIN PROVIDES
1i~FORt-1ATION ON THE ULTRASONIC ATTENUATION CHARACTERISTICS OFThE LAMiNATES. EXPERIMENTAL RESULTS WERE OBTAINED ON 8—PLY
UNIDIRECTIONAL LAMINATES AND CROSS—PLY LAMINATES TREATED
UNDER APPROXIMATELY 15 PER CENT INCREASE IN ATTENUATION IN
ThE FRL.QUENCY RAN3E OF 12 TO 20 MHZ FOR THE LAMINATES WITH
APPROXIMATELY 1 PERCENT MO1SUTR~ ABSORPTION. AT AN ELEVATED
TEMPERATURE OF 350 F. THE ULIPASONIC ATTENUATION
DIFFEREI4TIAL WAS INCREASED TO 20 PERCENT . THE EXPERI~iENTAL
TECHNIUUE ANL1 RESULTS WILL BE PRESENTED ALONG WITH A
DiSCUSSION ON ThE POTENTIAL APPLICATIONS OF THE METHOD.
(AUTHOR)
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55. NTIAC 1oI6I -I -

~ NAT IONAL AERONAUTICS AND SPACE ADMINISTRATION CLEVELAND
— OiiIO LE*IS RESEARCH CENTER

VARY •A LEX I 1.ARJc.HAYMOND F.
CORRELATION OF FIBER COMPOSITE TENSILE STRENGTH - WITH THE
ULTRASONIC STRESS WAVE FACTOR
TO bE PRESENTED AT ASNT. 1976 SPRING CONFERENCE.
NEW ORLEAF.S. LAI APRIL 3—7. 1976
APR 78. 22P -

NASA TM 7b84o
AVAiLABiLITY: APPROVED FOR PUBLIC RELEASEI
DISTRIBUTION UNLIMITED

TEST MET)fO&S, ULTRASONICS. ULTRASONIC TESTING. ACOUSTICS.
STREhGTH (MEChAN1CS). GRAPHITE. EPOXY. COMPOSITE MATERIALS.
FibERS, RESlI-IS, BONDING. STRESS WAVES. MATRIX.
MICROPOROSITY. NASA. PREDICTIONS. FRACTURE (MECHANICS).
Sht AR’ TENSILE. STRENGTH. TENSILE TESTS. ~AVE PROPAGATION ,
LAMINATES

— AN ULTRASONIC—ACOUSTIC TECHNIGU~ WAS USED TO INDICATE THE
STREIIGTH VARIATIONS OF TENSILE SPECIMENS OF A GRAPHITE—EPOXY

-- 
- CO~iPOSITE. A STRESS WAVE FACTOR WAS DETERMINED AND ITS VALUE

~AS FOUND 
5-10 DEPEND ON VARIATIONS OF THE FIBER—RESIN BONDING

AS WELL AS FIBER ORIENTATION. THE FIBER ORIENTATIONS STUDIED
WERE 0 DEGREES (LONGITUDIN AL). 10 DEGREES (OFF—AXIS). 90
DEGREES (TRANSVERSE), (0 DEGREES/PLUS OR MINUS deS DEGREES/C
DEGREES) SYMMETRICAL , AMD (PLUS OR MINUS deS DEGREES)
SYMMETRICAL. THE STRESS WAVE FACTOR CAN INDICATE VARIATIONS
OF ThE TENSILE AND SHEAR STRE~IGTHS OF COMPOSITE MATERIALS.
THE STRESS tIAVE FACTOR WAS ALSO FOUND TO Ot. SENSITIVE TO
STREFiGTH VARiATIONS ASSOCIATED ~ITh I4ICROPOROSITY AND
DIFFERENCES IN FIBER—RESIN RATIO. (AUTHOR)
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56. NTIAC—1b200

HAGEMA1~ R.&J. .1.NOT OF OC—lO GRAPHITE—EPOXY RUDDER
MAY 78. 05P 

-

AVAILABILITY: PUBLISHED IN MATER. EVAL.$ 36. 61 MAY
39Th 1 57—611 5 REFS. -

GRAPHITc~
, EPOXY. COMPOSiTE MATERIALS. AIRCRAFT. AIRCRAFT

EQUIPMENT. MANUFACTURING. PRODUCTION. VISUAL INSPECTION.
ULTRASONIC TESTiNG. INSERVICE INSPECTION. PROCEDURES. FLIGHT
TESTING. ~JOINTS. PULSE ECHO TECHNI~UE. BOND TESTING. TEST
Lt~UIPMENT. INSTRUMENTATION. SKIN 

(STRUCTURAL). THICKNESS I

FLIGHT SERVICE EVALUATION OF GRAPHITE COMPOSITES IS REQUIRED
TO DETERMINE THE LONG—TERM BEHAVIOR UNDER ACTUAL SERVICE
LOADS AND ErIVIRONMENTS. TEN DC—3D RUDDERS WERE PRODUCED IN A
PREPRODUCTION MANUFACTURING MODE TO OBTAIN MANUFACTURING
COST DATA ANt~ PRODUCTION PROGRESS CURVE TRENDS. THE 

-

CULMINATION OF THE PROGRAM WILL BC A MONITORED FIVE—YEAR
EXPOSURE Of THE GRAPHITE RUDDERS IN ACTUAL AIRLINE SERVICE.

J ALL RUDDERS ARE ON A 100 PERCENT INSPECTION PROGRAM DUE TO
THE NATURE OF THE FIVE YEAR PROGRAM. AND THE LiMITED NUMBER
OF COMPOSITE RUDDERS IN SERVICE. VISUAL AND ULTRASONIC
INSPECTIONS OF THE RUDDERS’ INSERVICE. ARE DEFINE IN THE
DC—3D NONDE.STRUCTIVE ’ TESTING MANUAL. THIS PAPER DISCUSSES
AND iLL~JSTRATES THE INS~RVICE INSPECTION PROCEDURES TO BEEMPLOYED BY THE AIRLINE NOT PERSONNEL. (AUTHOR )

~1
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57. NT1AC I6322

BAILEY .C. Di I FREEMAN ,S. N. I HANILTON.J. N.
DETECTION AND EVALUATION OF IMPACT DAMAGE IP~ -
GRAPHITE/EPOXY COMPOSITES -

S*RI LIBRARY TL698.N.~B 1977 -
1977. 2~PAVAILABiLITY: PUBLISHED IN MATER. AND PROCESSES IN -

St.RVICE PIRFORMANCEI SOC. FOR ADVANCEMENT OF MATER. AND
PROCESSING ENG. 9TH TECH. CONF.I ATLANTA. GAl OCTOBER
19771 ‘e91—503

GRAPhiTE. EPOXY, COMPOSITE MATERIALS. IMPACT TESTS.
IMPACT RESiSTANCE. ULTRASONICS. ULTRASONIC TESTING. X RAYS.
FIãERS. ACOUSTIC EMISSIONS. MICROSCOPES. DELAMINATION .
PLiES. CRACKS. MECHANICAL PROPERTIES, FATIGLE(MECHANICS).
RADIOGRAPHY . MICROSTRUCTURE. FRaCTURE(MECHAPJICS). TENSILE
TESTS. FRACTQGRAPiIY. PULSE ECHO TECHNIQUE. DAMAGE. CROSS
SECTIOR, OPTICAL EQUIPMENT

TESTS ~ERE CONDUCTED ON GRAPHITE/EPOXY CO4POSITC TO EVALUATE
TIlE SENSITIVITY TO IMPACT DAMAGE OF ULTRASONIC. ENHANCED
X—RAY AND ACOUSTIC EMISSIO~ TECHNIi~UES. SPECIMENS WERE SUBJ
ECTED TO IMPACTS RANGING FROM 5 TO 50 IN—LBS (.057 TO .57
KG—N) iN ORDLR TO DETERMINE THE MINiMUM LEVEL NECESSARY TO
CAUSE PLY LELAMINATION AND FI6ER L3U1-JCLE FRACTURE. THE OEGR~E
OF DELAMINAIIONN WAS VERIFIED BY MICROSCOPIC EXAMINATIONS OF

- - SECTIONS CUT FROM THE I(I~PACTCD SPOTS. FiBER 8UNDLE FRACTURE
~AS VERIFIE.L) BY DC—PLYING THE CUMPOSITE MATERIAL ANDEXAMINING THE INDIVIDUAL PLIES. (AUTHOR )
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58. NTZAC I6Sde6 N

ViRGINIA POLYTECHNIC INST AND STATE UNIV BLACKSBURG DEPT
OF ElIGINEERING SCIENCE AND MECHANICS
STALNAIER.UAVID 0, ; STINCHCOrB,WAYI-IE W.

AN iNVESTIGATION OF EDGE DAMA GE DEVELOPMENT ~N -

QUASI—ISOTROPIC GRAPHITE EPOXY LAMINATES
INTERIM REPT.
SEP 77, 91P
VPI—E—77—24 

-

F33615—7b-C—5119
AD A045656

ULTRASONICS. PULSE ECHO TECHNIQUE. ULTRASONiC TESTING.
COMPOSiTE MATER1ALS. GRAPHITE. EPOXY. FIBER REINFORCED
COMPOSITES. FINITE ELEMENT ANALYSIS . THERMOGRAPHY . THREE
DIMENSIONAL. TEST METHOt~S. LOADS (FORCES). VIBRATION.STRENGTH(MECHANICS) • FRACTURE (MECHANICS) • STRESS ANALYSIS;

THIS INVESTIGATIOs I DESCRIBES AND DOCUMENTS IN DETAIL THE
- 

- INITIATION . GROWTH, AND INTERACTIONS OF DAMAGE ALONG THE
FREE EDGES OF TWO TYPES OF GRAPIIITE/EPOXY FIBER—REINFORCED
COMPOSITE LAMINATES. TilE DAMAGE IS INITIATED BY TENSILE
STATIC LOADING OF FLAT COUPONS FROM EACH TYPE TO THREE
DIFFERENT STRESS LEVELS. GRO~TH OF THE DAMAGE WAS CAUSED BYTENSIO~i—TCNSI ON FATIGUE LOADlI~G. THE LM ~INATES THAT WEREINVESTIGATED DIFFERED ONLY BY STACKING SEQUENCE. THE
ObSERVM IONS WERE MADE THROUGH THE USE OF THE REPLICATION
TECHNIQUE. A METHOD DEVELOPED FOR ThE PURPOSE OF THIS
INVESTIGATION. THIS TECHi-JI~UE ALLO*S FOR THREE—DIMENSIONAL .

/ iNSTANTANEOUS RECORDINGS OF THE ENTiRE SPECIMEN EDGE WHILE
IT IS UNDER MAXIMUM LOAD. THE RECORDINGS OR IMPRESSIONS CAN
BE STUDiED MICROSCOPICALLY AND PHOTOGRAPHED. THIS METHOD
PROVIDES FOR DETAIL AND AN OVERALL FIELD CF VISION THAT HAS
NOT BEEN ObTAINED IN PREVIOUS STUDIES. THE_DAMAGE
DEVELOPMENT WAS ALSO MONITORED BY TWO NON—DESTRUCTIVE
TECH14~UESI VIBROThERMOGkAPHY Arli) AN ULTRASONIC—PULSE ECHO

— METHOD.
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- 5~ . NTIAC—1b700

- SHELDON. W. H.
COMPARATIVE EVALUATION—OF POTENTiAL NDE. TECHNIQUES FOR

-

~~ 
- iNSPECTION OF ADVANCED COMPOSITE STRUCTURES

- 
- PUBL1SH~D BY THE AM. SOC. NON—DESTR. TEST.l 3200

RIVERSIDE DR.. COLUMBUS. OHIO 43221
FEB 78. 06P -

AVA 1LABILITY PUBLISHED III MATER. EVAL.I 36. 21
FEBRUARY 19781 41—46

COMPOSITE MATERIALS. EVALUATION. ACOUSTICAL HOLOGRAPHY.
PULSE ECHOES. C—SCAN. ULTRASONICS~ RESONANCE. FOCUSING.

-
~~ 

IMAGES . IMAGING. HOLOGRAPHY , THREE DIMENSIONAL. SCANNING.
- LASERS. SONIC TESTS. LOW FREQUENCY. RADIOGRAPHY . TEST

- EQUIPMENT. GRAPHITE. CORES. UNBOND. DETECTION.
DEFECTS(MATERIALS), B—SCAN. AIRCRAFT. PORTABLE EQUIPMENT;

- 

THiS PROGRAM SYSTEMATICALLY EVA LUATED POTENTIAL NDE
-

~ TECHNIuUES FOR DETECTION OF FLAWS IN GRAPHITE COMPOSITE
-
~ AIRCRAFT STRUCTURES. EMPHASIS WAS PUT ON APPLICATION OF AN

ACOUSTIC IMAGING SYSTEM WITH A PORTABLE X—Y SCANtiER AND A
FLEX—ARM MECHANICAL HAN D SCAN:~ER. GRAPHITE COMPOSITE- STRUCTURES USED IN THIS EVALUATION WERE: (1) A WING FLAP P
FUSELAGL BULKHEAD PANEL (2’i X 2~# X 1 IN.) AND T—38 WING
SECT1O~ WHICH HAD FLAWS THAT OCCURRLD DURING MANUFACTURING- - (2) A WING ATTACH TRUsiNIO;~ FITTING EXHIBITING A MAJOR

-‘ TRANSVERSE CRACK IN AD DIT ION TO BEARING FAILURE AT THE LUGI
(~ ) A WOVEN GRAPHITE COMPOSITE ACCESS BAY DOOR AND SEVERAL

-
~~ TEST PANELS WITH SIMULATED FLAWS (PRECURED ADHESIVE DISCS

-
~~ AND FOREIGN O13JECT iMPACT 1jAMA~-E)1 (4) A GRAPHITE COMPOSITE

- HORIZONTAL STABILIZER I AND (5) A GRAPHITE COMPOSITE PANEL
- : MQUNTE~ IN A FATIGUE TEST FIX1URE. EACH STRUCTURE WAS
- 

- 
INSPECTED USING EITHER ULTRASONiC RESONANCE. FOCUSED IMAGE

1 HOLOGRAPHY, PULSE—ECHO C SCAN. B SCUN AND 3D TECHNIQUES. -
SELECT STRUCTURES WERE ALSO iNSPECTED USING A .MORILE LASER
HOLOGRAPHIC SYSTEM. RADIOGRAPHY , FOKKER BOND TESTER AND A
SONDICATOR. (AUTHOR/NTIAC )

h1
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60. NTIAC~~Ô760 
- 

-

CRANE .R. L. 1 CHANG .F. I ALLINIKOV.S.
- — - THE USE OF RADIOGRAPHICALLY OPAQUE FIBERS TO A-ID THE

INSPECTION OF COMPOSITES -

PUBLiSHED BY AM. SOC. NONDESTR. TEST.1 3200 -

-- RiVERSIDE DR., COLUMt3US, OH 43221- -
— - 

SEP 78. OZP
AVA iLABILiTY: PUI3LISHED IN MATER . EVAL.$ 36. 101
SEPTEMBER 19781 69—713 4 REFS.

COMPOSITE MATERIALS. MECHANICAL PROPERTIES. FIBER
REINFORCED COMPOSITES. FIBERS. bORON. GRAPHITE. EPOXY.
RADIOGRAPHY . SHAPE. FAILURE. INTEGRITY. FLUORESCENT DYES.
AUTOMATION. OPTICAL IMAGES. OPACITY. ELECTROOPTICS. PLIES.
DEPTH. ~iAMAGC. NEUTRON RADIOGRAPHY . QUALITY ASSURANCE

SINCE THE MECHANICAL PROPERTIES OF FIBER REINFORCED
COMPOSITE MATERIALS ARE DOMINATED BY THE PROPERTIES AND
DISTRIbUTION OF THE FI~ LR CONSTiTUENT. THE DETECTION ANDMAPPING OF FI3ER RELATED FLAWS HAVE A HIGH PRIORITY. IT HAS
BEEN SHOWN THAT THE ADDITION OF BORON FIBERS TO THE EDGES OF
GRAPHITE—EPO> Y PREPREG TAPES FACILiTATES THE RAOIOGRAPHIC
INSPECTiON OF THE FINAL SHAPE FOR FIBER DISTRIBUTION RELATED
FLAWS. IF THE BORON FIBER USED IN THIS APPLICATION HAS A
FAiLURE STRAIN EQUAL TO THAT OF THE GRAPHITE FIBER. THEN

-— 
- 

— FI8ER INTEGRITY MAY ALSO BE MONITORED. (AUTHOR )

I!]

4

- 

i23 

;—~- - --—— — ---- - - - - ~ - —,—-5---~~~~~~~~ - - -——— -—~



w’ ‘ ~~~~~~~~~~~~ — — “fl ~~ ,r— ‘nF~ ~~~~~~~~~~~ — — 
~~ .5.5 ~_~_~__-~ ~‘ r . - r - .— _______

- -—-— 
.5 ~~~~~— —

61. NTIAC~’13748

CHANG .F. H. I GORDON .0. E. I RODINI ‘B. T. I .MCDANIEL,R.
- H.

— -: REAL—TIME CHARACTERIZATION OF DAMAGE GROWTH, 1N .
GRAPHITE/EPOXY LAMINATES
PUBLISHED BY TECHNOMIC PUBLISHING CO.. INC.. 265
POS1 ROAD WEST, WESTPORT. CT 06880

- 

JUL 76. lIP
- AVAILAB iLITY: PUBLISHED IN J. COMPOSITE MATER.; 101

JULY 76; 132—1921 
- 

5 REFS.

REAL TiME. DEFECTS (MATERIALS). GROWTH. CHARACTERIZATION.
GRAPHITc . EPOXY. LAMINATES. FAILURE. X RAYS, MONITORING,
DELAMINATION. TECHNiQUE, STRESSES. DISTRIBUTIONS, COMPOSITE

H I MATERIALS. LOAD ING, IMAGE ENHANCEMENT

ThE_QAIiA~E~~~P!IH.AND...FAILURE MECHANISM.JN..GRAPIIITE/EPOXY
- COMPOSITE SPECIMENS HERL- CHARACTERIZED BY USING A MODIFIEb
X—RAY NONDESTRUCTIVE EVALUATiON INDE) TECHNIQUE.--THE NDE. —

MONITORING WAS CONDUCTED IN REAL—TIME WHILE THE FRACTURE
SPECIMENS WERE UNDER TENSILE RAMP LOADING AND CONSTANT

— I AMPLITUDE CYCLIC LOADING. TL1~~~RoMOEThANE (TB~) WAS APPLIED
- - I - AS AN OPAQUE ADDITIVE AT THE TIPS OF A SLIT IN THE CENTER OF

- THE SPECIMENS TO ENHANCE THE FLAW IMAGE. DAMAGE INITIATION’
- GROWT H AND FAILURE ME CHAN i SM WERE OBSERVED FROM SEQUENCES OF

X—RAY PICTURES RECORDED DURING TESTING. LIMITED RESULTS
INDICATED THAT MATRIX FAILURE APPEARED TO PRECEDE

- DELAMINATION BETWEEN PLIES IN TrIE FAILURE MECHANISM STUDY.
- THE WOE TECHNIQUE ALLOWED THE ACTUAL STRESS REDISTRIBUTIONS

/ - IN THE COMPOSITE LAMINATES TO BE OBSERVED. (AUTHOR)
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62. .NTLAC 34893 -

MARTIN.b. 6.
AN ANALYSiS OF RADIOGRAPHIC TECHNIQUES FOR ME~5URING
RESiN CONTENT IN GRAPHITE FIBER REINFORCED EPOXY RESIN
COMPOSITES - -

- 
I PUBLISHED BY ASNT. 3200 RIVERSIDE DR.. COLUMBUS.

OHIO 43221
SEP 77. OSP
AVA ILABiLITY: PUBLISHED IN MATER. EVAL.; 35. 9;
SEPTEMbER 19771 65 68. 751 6 REFS. - 

-

RADIQGRAPHY , TECHNIQUE. MEASUREMENT. RESINS. X RAYS.
GRAPHITt.. FIRER REINFORCED CO~’POSITES. EPOXY. ANALYSIS.
RADIOGRAPHIC FILMS. DENSITY. THERMAL NEUTRONS. GAGING ;

AN ANALYSIS WAS MADE OF RADIOGRAPHIC TECHNIQUES FOR
MEASURING THE RESIN CONTENT (WEIGHT PERCENT) IN GRAPHITE
FIbER RaINFOI~CED EPOXY RESIN CO~POSiTES. LOW ENERGY X—RAY
AND THERMAL NEUTRON MASS ABSORPTION COEFFICIENTS WERE
CALCULATED AS A FUNCTION OF COMPOSiTE RESIN CONTENT. SOME
MEASUREMENTS OF X—RAY MASS ABSORPTION COEFFICIENTS WERE MADE

- FOR CO~ PAR1SON. Ir4 ADDITION . NEUTRON RADIOGRAPHIC FILM
DENSITIES WERE MEASUREU AND CALCULATED AS A FUNCTION OF
RESIN CONTENT. IT WAS CONCLUDED THAT A THERMAL NEUTRON
GAUGING TECHNIQUE SHOWS PROMISE FOR MEASURING COMPOSITE
RESIN CONTENT TO WITHIN PLUS OR MINUS 1 WEIGHT PERCENT.
(AUTHOR )
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63. NT1AC—14320

MOORE.~J. A. -
ACOUSTIC EMISSION MONITORING OF ADVANCED AEROSPACE
COMPONENTS

- - SL~ ALSO i-iT l’4294 
-

1977. 1~PAVA iLABILITY: PUBLISHED IN PMPER SUMMARIES. ASNT
SPRAi JG CO~iF.. 1977

ACOUSTIC EMISSIONS, MONITORING. AEROSPACE CRAFT.
COMPUI4LNTS~ STATIC TESTS’ FATIGUE (MECHANICS). PLOTTING.GRAPhITE. CO’POSITE MATERIALS . FLIGHT TESTING, WELDS.
CARBON. MATERIALS. WELDING. PROOF TESTS. PRODUCTION.
FAiLURE

THiS PAPER SUMMARIZES THE EFFORTS AT VOUGHT TO MONITOR THE
ACOUSTIC EMISSIONS FROM ADVANCED AEROSPACE COMPONENTS ~~RIt~G
STATIC AND FATIGUE_JESTING, IHE ACOUSTIC EMiSSION PI OTS
DERIVE FURIIIG FATiGUE TESTING OF A MULTILAMINATED FUSELAGE
FI1T1NG’ FATIGUE TESTII-lO OF A CONVENTIONAL FLAP ATTACH
FITTING. AND ST/TIC TESTING OF THE ATTACH LUG OF A STEERING
COMPONENT ARE REVIEWED. PLOTS WERE OBTAINED DURING FATIGUE
TESTING AND STATIC LOADING TO FAILURE OF GRAPHITE COMPOSITE
OUTER wING PANEL TEST ARTICLES. THESE DATA WERE USED TO
LVALUATG. PLOTS FOR PRODUCTION WINGS THAT ARE SCHEDULED FOR
EXTENSIVE IN FL1GHT TESTING. ALSO REVIEWED ARE THE RESULTS
OF MUNITORING PRESSURE GAS WELDS DURING THE WELDING

- - OPERATION AND DURING PROOF LOAD. PLUS THE RESULTS OF
MONI)ORING FLASH—W ELDED CONTROL RODS DURING PROOF LOAD.
FINALLY. THE REESULTS FROM MONITORING CARBON CARRON
MATERIA LS (S1’ACE SHUTTLE LEADING EU~,E) DURING STATIC LOADINGARE P~i~ ENTE1i. 

(AUTHOR )
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64. WT1ACIh14322 -

- 

bAILEY ‘C. 0. 1 HAMILTON..J. M. . JR. I PLESS.W, M.
ACOUSTIC EMISSION OF iMPACT DAMAGED GRAPHITE—EPOXY

- - 

- COMPOSITES -
SEE ALSO NT—1’294
1977. ObP
AVA iLABILITY: PUBLISHED IN PAPER SUMMARIES. ASNT
SPRING CONF.. 1977

ACOUSTIC EMISSIONS, GRAPHITE. EPOXY. COMPOSITE MATERIALS,
TENSILE TESTS. SPEC1MENS(TEST). SOURCES. TECHNIQUE. IMPACT
TESTS. FATIGUE(MECHANICS), CYCLIC TEST. TENSILE STRENGTH.
POSITION (LOCATION). DETECTION. DAMAGE ASSESSMENT

ACOUSTiC EMISSION SOURCE LOCATION TECHNIQUES WERE USED TO
MONITOR AN II’PACT DAMAGED AREA DURING ..TENSILE TESTS OF
GRAPHITE—FIBER REINFORCED EPOXY SPECIMENS. THE SPECIMENS HAD
ALSO BEEN FATIGUE CYCLED SOME HAD BEEN IMPACT DAMAGED

- PRIOR TO FATiGUE CYCLES ANi) SOME AFTER THE FATiGUE CYCLES.
THE SPECIMENS WERE 16 PLIES AND APPROXIMATELY .088 IN. (2.44
MM) THiCK. EIGHT PLIES V~ERE IN THE ZERO DIRECTION (APPLIED

= STRESS DIRECTION) AND EIGHT PLIES WERE IN THE PLUS OR MINUS
45 DEGREE DIRECTION. IN ALL ZERO—DIRECTION PLIES. FOUR 1 IN.

— (2b.4 MM) WICE STRIPS OF GRAPHITE EQUALLY SPACED 2 IN. (50.8
MM) APART. WERE REMOVED AND REPLACED WITH KEVLAR. THE AE
DATA GENERATED IN THE IMPACT DAMAGED AREA ARE ANALYZED AS A
FUNCTION OF THE FATIGUE CYCLING AND THE ULTIMATE TENSILE

k STRENGTH. THE RESULTS SHOW THAT THE KAISER EFFECT DOES NOT
HOLD TRUE FOR THE IMPACT DAMAGED AREA AND THAT AE TECHNIQUES
HAVE EXCELLENT POTENTIAL FOR LOCATING AND ASSESSING THE
DAMAGE IN LARGE GRAPHITE—EPOXY COMPOSITE STRUCTURAL
COMPONENTS. (AUTHOR)
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65. NT1AC—1b290 H - -

ViRGINIA POLYTECHNIC INST AND STATE UNIV BLACKSBURG DEPT
OF EI4G INEERIIIG SCIENCE AND MECHANICS 

-

RUSSELL •SAi4UEL S. -s HEMIEKE,EDMUND 6.
-: SIGNATURE ANALYSIS OF ACOUSTIC EMiSSION FROM- -

GRAPHITE—EPOXY COMPOSITES
SEP 77. 84P -

VI I—E—77—22
MSA NS~, 123dAVA iLABiLITY: FOR SALE DY NTIS. 5285 PORT ROYAL RD.,
SPRINGFIELD. VA 22161 (N77—30179)

ACOUSTIC EMISSIONS. GRAPHITE. EPOXY. SIGNAL ANALYSIS.
C.OMPOSLTE NATERIALS. FAILURE MODES. CRACK PROPAGATION.
SPECTRLh4 ANALYSIS. FAILURE. VIS~JAL INSPECTION.- TELEVISION

= (JISPLAY SYSTEMS. OPTICAL MICROSCOPES . LAMINATES

ACOUSTIC EMISSIONS HAVE BEEN MONITORED FOR CRACK EXTENSION
ACROSS AND PARALLEL TO THE FIBERS IN A SINGLE PLY AND
MULTI—PLY LAMiNATES OF GRAPHITE/EPOXY COMPOSITES. SPECTRUM
ANALYSiS WAS PERFORMED ON THE TRANSIENT SIGNAL TO ASCERTAIN
IF THE FRACTURE MODE COULD BE CHARACTERIZED BY A PARTICULAR
SPECTRAL PATTERN. THE SPECIMENS WERE LOADED TO FAILURE
QUASI—STATICALLY IN A TENSILE MACHINE. VISUAL OBSERVATIONS
WERE MADE VIA EITHER AN OPTICAL MICROSCOPE OR A TELEVISION

II ~ - CAMERA. THE RESULTS INDICATE THAT SEVERAL TYPES OF
CHnRACTLRISTICS IN THE TIME AND FREQUENCY DOMAIN CORRESPOND

-

~ - TO DIFFERENT TYPES OF FAILURE. (AUTHOR)
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66. NTJAC 645O M -

AVCO GOVERNMENT PRODUCTS GROUP LOWELL MASS AVCO APPLIED
TECHNOLOGY DIV -

SCHULT~.A. W .THE EFFECT OF VOIDS ON THE MECHANICAL PROPERTIES OF HIGH
MODULUS GRAPHITE FIBER/EPOXY—REINFORCED COMPOSITES
CONTRACT REPT. 27 MAY 60—26 AUG 69
26 AUG ~~ fl2P -

AVATh—0153 69—RR
N00 (J19—68C 0461
A0 860190

*~j~.FECTS (MATERIALS). *MECHANICAL PROPERTIES’ *COMPOS!TE
MATERIALS. GRAPHITE, FIBERS. EPOXY. REINFORCED PLASTICS.
DE~TRUCTIVE 1ESTS. TEST METHODS

NONDESTRUCTIVE TESTs .c~uT) WERE USED IN CONJUNCTION WITH
i~~ZCA ANrf~MECflANICAk PROPERTIES DESTRUCTIVE TESTS TO 

(A)
DETERMINE THE INFLUENCE OF VOIDS ON THE MECHANICAL
PROPERTiES OF THORNEL 50 GRAPHITE FIBER—REINFORCED EPOXY
COMPOSITES TESTED IN NORMAL AI~D HIGH HUMIDITY ENVIRONMENTSI

- :  (B) EXAMINE FABRICATION METHODS FOR INTRODUCING VOIDS INTO
THESE COMPOSITESS (C) INVESTIGATE METHODS FOR MEASURING
VOID CONTENT. WITH EMPHASIS ON NDT TECHNIQUES; AND (D)
DETERMiNE IF CORRELATIONS EXIST FOR MECHANICAL PROPERTIES
AND VOID CONTENT. -

-i 
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67. - NT1AC 7263 M -

t 

-
- 

AVCO CORP LOWELL MASS SYSTEMS DIV -

OLSTER,ELLIOT F.
-- EFFECT OF VOIDS ON GRAPHITE FIBER REINFORCED COMPOSITES

FINAL Rt PT. 1 APR 71—1 ~JUL 72 
- -

01 ~JUL 72, 162PNO0019 71~C O 3O5AL~—74656O

*DEFILCTS (MATERIALS), *FIBER REINFORCED COMPOSITES’ STEST
METHODS. GRAPHITE. FIBERS. POROSITY. LAMINATES. MECHANICAL

- 

- 

PROPERTiES. EPOXY

POROSITY HAS BEEN ARTIFICIAL4~Y iNTRODUCED IN GRAPHITE/EPOXYLAMINATES BY EITHER VARYING THE VOLITALE CONTENT OF THE
PREPREG OR BY ALTERiNG THE PRESSURE DURING CURING. A SERIES
OF TECHNIQUES WAS USED TO DETERMINE THE RESULTING POROSITY
AND ESTABLISH THE VARIABILITY WITHIN A PANEL. THESE
TECHi~I~UES INCLUDED DIRECT AND INDIRECT MEASURES OF THE VOID
CONTENT AND L~ERE COMPARED TO STANDARD NON—DESTRUCTIVETECHNIQUES FOR POROSITY DETECTiON. TENSILE. COMPRESSIVE.
SHEAR Ai4D FLEXURE PROPERTIES WERE OBTAINED ON UNIDIRECTIONAL
AND CROSS PLIED SPECIMENS. THE PROPERTIES SHOWED VARYING
SENSiTiVITY TO POROSITY. THE HORIZONTAL SHEAR STRENGTH BEING
THE MOST SEVERELY DEGRADED OF THOSE PROPERTIES MEASURED.
(AUTHOIc—PL)

L 
:- .

~~~~~~~~~~~~~~~~~ 

130 

- - —



- - —-~ --— 

~~~

—

~~~“~~~
- 

___

4

68. NT1Ac II99O 
- 

-

KAELbLL,DAVID H. -

DETECTION OF HYDROTHERMAL AGING IN COMPOSITE MATERIALS
2 REFERENCES; SEE ALSO NT—11960

-: DEC 7S. 16P 
- 

-

— AVAILABILITY: PUBLISHED IN PROC. OF ARPA/AFML REV. OF
QUANT. NDE DEC 751 549—564

*COMPOSITE MATERIALS, *ENV1RONMENTAL EFFECTS. -

SAGII-JG (MATERIALS), QUANTITATIVE TESTING. MOISTURE.
TEMPERATURE. GRAPHITE, EPOXY. MATHEMATICAL MODELS

THE TERM HYDROTHERMAL. MEANING SEPARATE OR COMBINED
COIMOITIUNS OF HIGH MOISTURE AND TEMPERATURE. DESCRIBES THE
COMPLEX PROPERTY DE6REDATION PROCESSES IN ThO GRAPHITE—EPOXY
COMPOSITES. IT BECAME EVIDENT IN THIS STUDY THAT IMPORTANT
HYDROELASTIC STRESSES DEGRADE COMPOSITE STRENGTH IN MUCH THE
SAME FASHION THAT THERMOELASTIC STRESSES DO. IN FACT THE
STUDY SHOWS THAT THERE ARE COMPLEX INTERNAL STRESS EFFECTS
WITHIN THE COMPOSITE, PROBABLY CONCENTRATED AT THE
FIBER—MATRIX INTERFACE. WHICH DEPENLi UPON THE DETAILED PRIOR
HISTORY OF MOISUTRE—TEMP ERATURE EXPOSURE. THE THREE PARTS
OF -THIS PROGRAM ARE: 1) PREPARE AND DEGRADE REINFORCED
COMPOSITE SPECIMENS WITH VARIED MOISTURE SUSCEPTIBILITY. 2)

H - CHARACTERIZE COt~PQS1TE~~~Y .NDE AND CORRELATE WITH MECHANICAL
- : - STRENGTH. 3) EVEi..OP A MATIjE IATICAL MODEL TO RELATE PHYSICAL

PROPERTY MEASUREMENTS WiTH MOLECULAR MECHANISMS OF MOISTURE
DEGRADATION. (NTIAC )

I-’
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70. NTJAC—lt.366 K

CLEVELAND PNEUMATIC CO OH
bILBE.R.MYRvN J. FRICKLR .~ ALTER W. -

GRAPHITE COMPOSITE LANDING GEAR COMPONENT —.UPPER DRAG
BRACE HARDWARE FOR F15 AIRCRAFT 

-

FiNAL REPT. JUL 75—JAN 77 - -

SEP 77. 154P
AFFUL—TR—77—68 - 

-
-

F33o15—75 C’3152 
-

AD’AUS2764 - 
-

EPOXY. COs4POSITE MATERIALS, GRAPHITE. DESIGN. AIRCRAFT
EQUIPMENT, AIRFORCE EQUIPMENT. COSTS. FEASIBILITY STUDIES.
FA1LURL (MECHl~NICS), LOADS(FORCE.S). EVALUATION. WEIGHT.OPTIt4I~ ATION

THIS RtPORT -SUMMARIZES WORK PERFORM~.L) TO DESIGN. FABRICATE
AND TEST A GRAPHITE EPOXY COMPOSITE MATERIAL UPPER DRAG
BRACE SUITA~LC FOR DIRECT REPLACEMENT OF THE CURRENTTITANIUi4 UPPER DRAG BRACE FOR THE F—15 AIRCRAFT LANDING GEAR
ASSEi~BLY. DESIGN. FABRICATION . TEST PROCEDURES. TESTKESULT~ , AND FAILURE ANALYSIS ARE PRESENTLD IN DETAIL. THE
COMP($ITE MATERIAI. BRACE FAILED AT LESS THAN DESIGN LOAD.
THE PROGRAM ESTABLISHED. AT THE PRESENT TIMC. THAT DRAG
bRACES AND SIMILAR LANDING GEAR HARO~ ARE CAN NOT BE
SAT ISFACTORILY FAj3RICATED FROM GRAPHITE EPOXY MATERIAL FOR
USE. AS A ~.)IRCCT REPLACEMENT OF EXISTING METALLIC HARDWARE INSOi~E APPLI(~ATIONS. THE VOLUME Al-JO SHAPE OF AVAILABLE SPACE
IN THLSL O1RECT REPLACEMENT APPLICATIONS DOES NOT NORMALLY
ALLOt~ THE USE OF OPTIMUM GRAPHITE EPOXY MATERIAL DESIGN ANDFA~.RICATION TEChNIQUES. HO~iEVCR. AS DEMO’~STRATEU BY THESUCC 1S~FUL OLVELOPMENT OF A GPAPH IIL  EPOXY SIt)E BRACE
SUITACsLE FOR DIRECT REPLACEr-lENT OF EXISTING ;~ETALLIC
HAK~ P:AR~ ON THE A—37B AIRCRAFT . WEiGHT AND COST SAVING
APr’LlCA11Os~iS TO CURRENT AiRCRAFT ARL FEASIBLE. THEREFORE.
EACH POTENTIAL APPLICATiON MUST BE iNDIVIDUALLY EVALUATED.
~.ORK IS REQUIRED TO IMPROVE ANALYTICAL , FAIJRICATION AND
NOIIDLSTRUCTIVE INSPECTION TEC~1NICUE~ FOR GRAPHITE EPOXY
MATERII~LS. IT CAN BE REASONADLY EXPLCTED THAT CURRENT AND
FUTUI~E LFFuRTS bY THE AIR fORCE. IIIL)USTRY AND THE
LLUCATJDf~AL COMWaU4ITY. AIMED AT TH~ SE IMPROVEMEhTS, WILL
1~,CR~ AsL THE PROFITABLE APPLICATION OF GRAPHITE EPOXY
t~ATCR1i~L TO LANDING GEAR HARDWARE. (AUTHOR )
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69. NIZAC—12099 
- -

HSU .T. R. 1 LEWAK,R. - -

MEASUREMENTS OF THERMAL DISTORTION OF COMPOSITE PLATES BY
HOLOGRAPHiC 1NTERFEROMETRY
11 HEFERENCES
MAY 76. O6P

- 

AVAILABILITY: PUBLISHED IN EXP. MECH.1 16. 51 MAY
761 182—187

*t4EASUREMENT. *THERMAL EFFECTS. *DISTORTION, SPLATES,
*COMPOSITE MATERIALS. INTERFEROMETRIC HOLOGRAPHY. OPTICS.
HOLOGRAPHY, LASERS. DIMENSIONS. GRAPHITE, FIBERS. EPOXY.
LAMINAT~S. MULTIPLE OPERATION. EXPOSURE(GENERAL)

LASER HOLOGRAPHIC—INTERFEROMETRY TECHNIQUE WAS USED TO
MEASURE TH~ DIMENSIONAL CHANGES OF6RAPHITE. FI~ RE EPOXY—RESIN LAMINATED PLATES SUBJECT TO
SIGNiFICANT CHANGES OF THERMAL ENVIRONMENT . A MULTIPLE
DOUBLE—EXPOSURE SCHEME BASED ON THE PRINC IPLE OF VARYING
INCWENT BEAM ANGLES WAS USED TO RECORD THE INTERFERENCE
FRINGES COVERING LARGE TEMPERATURE RANGES ON THE SAME FILM
PLATE. THiS FEATURE IS HIGHLY DESIRABLE FOR INDUSTRIAL
APPLICATIONS. (AUTHOR )
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71. • NTIAC L666G N

-- AIR FORCE FLIGHT DYNAMICS LAB WRIGHT—PATTERSON AFB OHIO- DEXTt.R.PETLR F. I SHUMAKER ,GERALD C. . -

DEVELOPMENT TESTS AND FLIGHT TEST OF GRAPHITE COMPOSITE
- - LANDING GEAR SIDE BRACE ASSEMBLY FOR A—37B AIRCRAFT

FiNAL TECHNICAL REP.T. 15 MAY 73—15 MAR 77 -

jU&. 77. 59P -

AFFDL”1K 77’56
AO AO4S7b1 -

GRAPHITE. COMPOSITE MATERIALS’ FLIGHT TESTS. DEVELOPMENT.
AIRCRAFT £~UIPMENT. EPOXY, RESINS. 

FATIGUE (MECHANICS),
L.OADS(FORCES)’ SAMPLING. DATA ACQUISITION. STRESS STRAIN
RELATIONS

THiS REPORT DESCRIBES THE SUCCESSFUL DEVELOPMENT. IN-HOUSE
TEbT1NG. AND FLIGHT TESTING O~ A GRAPHITE/EPOXY SIDE BRACE
FOR THE A—~7b AIRCRAFT LANDING 

GEAR. (AUTHOR )

NTIAC XI64D K

DOUGLAS AIRCRAFT CO . LONG BEACH CALIF
LEr$MAN.QEORGE. N.

DEVELOPMENT OF A GRAPHITE HORIZONTAL STABILIZER
SEE ALSO FEP-OR-T ~ATEO JUL 73. AD—768 869
~~TERIM TECHNICAL REPT. NO. 6. JUL 73—28 FEB 74APR 74. 46P

-
~~~~ ML)C—J6507

NO O 1~ 6—7O C ’1321
H AD—7d2646 . 

- -

SGKAPt4iTE, *FIBER REINFORCED COMPOSITES. *BOND TESTING.
A iRCRAFT. AIRFRAMES. STRAIN (t..CCHANICS), STATIC TESTS,
DAMAGE

THE FINAL ASSEMBLY BONDING. NONuESTRUCTIVLI~JSP~CyION, ANDSTATIC TESTING OF THE SECOND GRAPHITE—EPOXY HORIZONTAL
- - STABILILER FOR THE A 4 SKYHA~K ARE DiSCUSSED. THE FIT CHECKS.bONDIN~i TECHN IQUE. AND FOKKER bOND TEST RESULTS FOR THEFINAL ASSEMI3LY BOND OF THE UPPER SKIN PANEL ARE DESCRIBED.

STRAI II DATA ARE PRESENTED FOR STATIC TESTS IN TWO CRITICAL
LOAD CONDITIONS (I.E.. MAXIM UM ELEVATOR LOAD AND MAXIMUM
STABILli.ER LOAD). PREDICTEu AND ACTUAL STRAIN PLOTS
iNDICATING GOOD CORRELATION ARE PRESENTED FOR SELECTED
STkAIN GAGES. (AUTHOR—PL )
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73, NTIAC”13765 N

MICHIGAN UNIV ANN ARBOR DEPT OF MECHANICAL ENGINEERING
- SPKINGER.GLORGE S. I SHENrCHI—HUNG

MOISTURE ABSORPTION AND DESORPTION OF COMPOSITE
MATERIALS
ANNUAL TECHNICAL REPT. MAR 75—MAR 76

- i JUN 76. 72P
AFML—TR—76—102
F33615—75—C 51b5
A0 A031436 -

FIbER REINFORCED COMPOSITES. GRAPHITE. MOISTURE CONTENT.
WATER . ABSORPTION. COMPOSITE MATERiALS. EPOXY. DIFFUSION.
HOMOGENEITY. TEMPERATURE. ELECTRICAL RESISTANCE. HARDNESS.
ENVIRONMENTAL TESTS. COMPUTERS. PROCEDURES. DATA

EXPRESSIONS ARE PRESENTED FOR THE MOISTURE DISTRIBUTION AND
THE MOISTURE CONTENT AS A FUNCTION OF TiME OF ONE
DD.Et-iSIOr-4AL HOMOGENEOUS AND COMPOSITE MATERIALS EXPOSED
EITHE~R ON ONE SIDE OR ON BOTH SiDES TO HUMID AIR OR TO— - WATER. THE RESULTS APPLY DURING BOTH MOISTURE ABSORPTION AND
DESORPTION WHEN THE MOISTURE CONTENT AND THE TEMPERATURE OF
THE ENVIROM~IENT ARE CONSTANT. TEST PROCEDURES ARE DESCRIBEDFOR DETERMiN ING EXPERIMENTALLY THE VALUES OF THE MOISTURE
CONTENT AIH~ THE DIF~USIVITY OF COMPOSITE MATERIALS. A SERIESOF TESTS USING UNIbIRECTIOIJAL AND GRAPHITE T—300 FIBERITE
1034 COMPOSITES WERE PERFORMED IN THE TEMPERATURE RANGE
300—’2b K WITH THE MATERiAL SUBMERGED BOTH IN MOIST AIR
(HUMiDiTY U 10 100%) AND IN ~ATER. THE TEST DATA SUPPORT THE

- - ANALYTICAL RESULTS AND PROVIDE THE MOISTURE ARSGRPTIOM AND
DESORPTION CHARACTERISTICS OF SUCH COMPOSITES. EXTENSION OF
THE RESULTS TO MATERIALS EXPOSED TO TIME VARYI NG
ENVIRONMENTAL CONDITIONS IS INDICATED. ATTEMPTS WERE_MADE TO
CORRELATE THE MOISTURE CONTENT OF TI-sE MATERrAt~~ITH (i~~~~~~CHANGES IN ELECTRIC RESISTANCE AND (2) CHANGES IN THE
HARDNESS OF THE MATERIA L. THE LATTER METHOD PROMISES TO
PROVIDE AN INDICATION OF THE F”O~STURE CONTENT.
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DIALOG ,ile6 : NT IS 64—78/I$S20 (Copi’. NTIS ) (Item 131 of 383
t’T.

S”3A Graphite/Epoxy Spoiler Development ProOram, Volume II

LTV Aerospace Corp Dalla s Tex Vought Systems Dlv (408116)-
- - 

Fina l technica l rept. Jun 74 Ju I 75
AUT HOR: Blosser. E. 0.,; UcGov.rn. S. A.; Dhonau. 0. E.
C7782A2 F id: IC. 15*. lID. 71F. 51C GRA17626
Jul 75 61o
Rept No: 2 53443/4R—3172 V ol— 2
Contract : N62269 73-C—0610
Monitor: NADC—75141—30
See also AD—779 069.

Abstract: Af ter testing of the S—3A Graphite/Epoxy Spoilers
was satisfactorily comp leted , under Contract N62269—73—C-0610.
the contracted effort was extended to inc l ude the development
of ND) standards f~ r the composite spoiler to be inC lud.d In
Volume II. In addition to the fabrication of r•fer.nce
standards for this report. tne development of fjf]r4 thso.c,tjon
technigues was pursued using the ultrasonic unit ava i lable to
Navy~~nipection personnel. The in i tial Phase of dev!lOpin9~~~ I
~~anøards fo~~.jbe. ccirposite spoiler waS, accomplished through
the fabrication and evaluation of eleven experimental Quality
Control Defect Specimens (OCDS). These preliminary reference
panels were bui lt to Investigate the best material for
producing built-In defects. the minimum detectable defect
size . the influenc , of vary ing the n~ nber of skin plys. the
Influence on attenuation properties of the amount of resin Irs
honeycomb cells, and the Influence on attenuation and physica l
properties of the amount of bleeder material used. The fina l

- 
- standards were desIgned utiII Zi flQ the information pained from

- - the preliminary reference panels. These standards were
• fabricated In triplicate with two panels to be furnished to

the Navy for field use and one pane l to be r •tained bY VSD I or
use In future production i nspection. All reference panels were
characterized by radiography , ultrasonic through transmission
(iimsersion and contact ) and ultrasonic puls.”ec~.o methods.

Descriptors: .Antlsu~~ar4ne aircraft. ‘Spoilers. eUltrasonic
inspection . .Hoi’eycomb cores. Carrier based aircraft . Graphite
• Epoxy resins . Rad t ograpny. Sound transmission.
Nondestructive testing . Immersion

Identifi ers: S—3A Aircraft. S—3 Ai rcraft. Epoxy matrix
compos ite s . Graphite reinforced composites . Carbon fiber
reinforced plastics. NTIS000xA

AD—A031 066/4ST NTIS Pr i ces: PC A04/MF AOl
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75. Signature Anal y sis of AcoustiC Emissions from Composites

Vir g inia PolytechniC Inst. and State i k i iv ..  8lacksburg . Dept.
Of Engineering Science and Mechanics.

Final Report. 1 Oct. 1975 — 30 Mar. 1978.
AUTHOR : Hennepie. 5. 0. Ii - -

-: £190413 Fld: lID. 7IF STARI6I4 -

19 May 78 79p
R.pt No: NASA-CR l45373
Gcant NSG—1230 

- -

MonItor: Ia

- i Abstract: Acoustic emission data were obtained from a series
of tensile tests on special ly designed graphite—epoxy
unidirectional lamInates. The design was such that the

- 
- specimens would preferentially fail first by fiber breakage

and later by matrix splitting . The AE signals for each of
these events was ana l yzed and some typica l results are
repor ted. Patterns characteristic of each fa ilure mechani sir
were noted for both the time signatures and the correspond i ng
frequency spectra .

• Descriptors: .Acoustic sinIssion. •Tensil e tests. •Coirposite ,_~
materials. Epoxy resins. Graph i te. Failure codes. Noise
reduction . Signature analysIs. Splitting

Identifiers: Laminates . Graphite reinforced composites. Epoxy
matrix ComPosites. .AcOustic signatures. NTISNASA

N78 23148/7ST NTIS Prices PC A05/MF AOl

76. Effect s of Moisture in Infrar ed Thermography of Resin Matrix
Composites

Nationa l Aeronautics and SPace Administrat ion. Langley
Research Center . Langley Station. Va.
AUTHOR: $lnqh . J. .j . ;  Kantsios . A. 0.: Mcer l ean . 5. A.:

- 
- Babcock. R. A. Buckinghan . R. 0.

£0923A1 FId : lID. 70. 71F. 99A STARI6Q6
Jan 78 18p
Rap t No: NASA-TM-78649
Moni tor: ia

Abstrac t: Severa l mu ltiply graphite p oly im ide composite
specimens were examined by real—time infrared thermography in

-. order to study th~ effects of moisture on their thermograms.
Heat was injected from one sic’e and I R emission detected on
the opposite side using AGA Thermovislon System—680. No
differences between the thermograms of dry and water
containing snicimens were detected for defect—free specimens.
However , the presence of trapped water in defective specimens
modified the thermographlc contrast significant ly. It is
conc l uded that: (I) IR thermography Can be used to detect

- l moisture in defectiv e composites, and (2) because of t i-se
possibility of moisture camouflaging defec ts .  IR thermography
for subsurface defect detection should be supplemented by
other techn i oues — such as acoustical imaging and
*—radIogr.~phy.

Descriptors: .Composite materials. .In frared instruments.
•Moisture content . Resins . Temperature measur i ng instruments.
Defects. Nondestructive tests. Reliabilit y engineering

Identifiers: .Carbon fiber reinforced plastics . .Tpierpography.
Polyim ide matrix Composites. Graphi te reinf orced Compos ites.
Test equI pment. Defects. NT ISNASA

N78 i5464/BST NTIS Prices: PC *02/Nc AOl
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77. Development. Manufacturing , and Test of Graphlte4poxv

- 
Com posite Spoilers for Flight Service on 737 Transport
A i rcra f t

Boeing Commercial A irp l ane Co.. Seattle. Wash.

Final Report. 
-

AUTHOR : Stoocklln . R. L.
D2252C1 Fld : il D. IC. 71F. SIC STARI5O7
Oct 76 96p
Rapt No: NASA CR—132682 

-

Contract: NASI—l 1668
Monitor: 18

Abstract: A total of 1-1 4 s poIler units were fabr icated in a
production •hop environment, ~tilIzinQ three graph i te epoxy
material systems. Production planning paper was generated for
each Spoiler unit to co m p lete ly docu ment each production st~~of each spoiler unit. The ora phite epoxy skins were laid up on
product ion toolino using both mechanical and hand layuo
techniques. Inspection technigues utilized MPB type assessment
in the abscence of Qualit y r.oul rements. Each cosvpleted
spoiler was subjected to ultrasonic I nspection uti li zin g a
mu lticolor recording system that documented each i nspection
result. In addition , one static test sp oiler was sectioned
after the test to examine the adhesive filletI n g tci the
honeycomb core. Visual examination of the cured adhesives
showed excel lent result s.

— Descriptors: sBoeInq 737 aircraft. sCemposits materials.
•Epox y Compounds. ‘Graphi te. ‘Spo ilers. Control surfaces .
Static tests. Transport aircraft

- 
- Identifiers ‘Carbon fiber reinforced plastics. Gr.phfte

reinforced composites. Epoxy matrix comoositCs. Ultrasonic
te sts.  Adhesives . Honeycomb structures. NTI SNASA

N77 16023 /2ST NTIS Prices PC *05/MF AOl
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78. DIALOG Fi l.6: NTIS 64’78/ISS2O (Copr. NTIS) (Item 91 of 333

High Performance Composites and Adhesives for V/STOL Aircraft.

4 - - 

— Nava l Research Lab Wash i ngton 0 C (251950) 
- -

Rept . no. I (Annual). I Jul 75 1 Sep 76
AUTHOR: Bascom . Willard 0.: LOckhart. Luther B. Jr

• D1721E2 Fid: 110, h A ,  IC. 71F. 718, SIC GRAI77O9
Dec 76 129 

-

Rep t No: NRL-MR—3433
Project: F54593

- Task: WF54S932O1
Monitor : is -

Abstract: An Interdisciplinary program has been undertaken to H
- address the compos ite and adhesive materials requirements of

V/STOL aircraft. The primary tasks are to develop ani
characterize high modulus, high toughness resins with use

- 
temperatures of 350 F to 450 F or hi gher, to develop
fabrication techno l ogy for newly developed resin matr ice s for
graphi te—fiber reinforced compos i tes, to develop composite
failure cr i teria for design optimization and to establish
appropriate cuality Control parameters. The princ i pa l
accomplishments to date have been to demonstrate (a) the
variation in ,u eChan i ca l properties Obta i nable b~ the molecular

- 

- 
tailorin g of pol yph thalocyariine resins, (b) the effectiveness

- of NMR spectroscopy for chemica l characterization of resins of
complex Composition . (c) the viabili t y of rosin Cure using

- IonizIng radiation , and Id) the development of a unique
approach to determining failure criteria f or flaw growth in

• resin matrix composites. (Author )

• 
- Descriptors: •Flber reinforced Composites. ‘Adhesiv’s, ‘Short

takeoff aircraft. ‘Vertica l takeoff aircraft, Carbon fibers.
- - Matrix mater ials, Pol ymers. Curing, Ionizing radiation .

Nuc lear magnetic resonance, Spectroscopy. Chem i cal analysis.
-
~~ Thermal properties. MechanIcal properties, Synthesis (Cnemistr—

y). Experimental design. Optimization . Fabr i cation , Technology
-i . Cracklnqtcracturing), Detection . Phtria l ocyanines. Polyimide

resins. Epoxy resins

Identifiers: ‘Reinforced plastics, Carbon fiber reinforced
- plastics. NTISDODAA

AD—A035 92B/IST NTIS Prices: PC A07/MF AOl
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79. • The Fabrication , Test ing and Deliver y of Boron/Epoxy and
0raph~te/Epoxv Nondestructi ve Test Standards

Lockheed-Georgia Co.. Marietta.

-j Fina l Report .
AUTHOR: Pless . N . U.: Lewis , N . H.

-: C5115*4 FId : lID. 71F. 73 STARI3I6

• Dec 71 7Oa
Rapt No: NASA—Cfl—61374. ER—1119 9
Contract: NASB-27565
MonItarl 18

Abstract: A description is given Of the boron/epoxy and
graphite/epoxy nondestructiv, test standards Wh i Ch were
fabr icated. testfd and delivered to the National Aeronaut ics

• - and Space Acsiinistr ,t ion. Deta iled design drawings of the
standards are included -~o Show the general structures and the
types and location of sImulated defects built into the panels.
Th. panels were laminates with plies laid u~ i n the 0 ceo. 4
or — 45 deo. and RO dee orientations and containing either
titanium substrates or Inter l ayered titani um perforated Shims.
Panel thickness was Incrementally stepped from 2.36 mm (0.093
in.) to 12.? mm (0.~ OO In.) for the graphite/epoxy standards.
and from 2.36 mm fO.O93 in,) to 6.35 mm (0.25 In.) for the
boron/epoxy standards except for the panels with interlayeree
shims which were 2,9 mm 10,113 in.) maximum thickness. The
pane l Internal conditions inc l uded defect free reg ions, resin
variations, density/porosity variations, cure variations.
delaminations/d i sbo ids at substrate bondlines and between
layers. inc l usions , and interlayered shims. U-l-t.~~ssnlS eu-i-**--—
echo C—scan arid tow-kilovoltage X—ray techniaues wev e,jjSed.~.-IO--—-evaluato and verify ”thè ” inteliharcandTtions of the panels.
(Author)

Descriptors: ‘Composite materials. ‘Non destructive tests.
‘Pane ls. ‘Standards. Boron. Defects , Epoxy res i ns. Graphite

Identifiers NTISNASA

N75—24856/75T NTIS Prices: PC *04/HF *01
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80, DIALOG F$ le6: NTIS 64- 7BIISS2O lCOpr . NTIS ) (Item 110 of 383 )

Deve l opment of a Non—destructive Inspect ion TeChniQue fc~r
Advanced Composite Materials Using Cholesteric Liqu id Crystals

Nava l Postgraduate School Monteriy Cal if (251450)

Master ’s thesis
AUTHOR: ScMaum. Robert TrOy -

00403L4 Fid : lID . 14B, 71F, 94J GRA17703
Sep 76 64p
Monltor Is

Abstract: A new , relative l y simple and inexpens i ve
non—destructive inspection technique for advanced composite
materials is proposed and its feas ibility is -demonstrated.

- 
- This techniaue uses encapsulat ed choie ateric liquid crystals

to sense sma ll temperature differences which result from
nonuniform heat transfer through composites. Discont i nulties

— in p,eat transfer evidenced by Contrasting surface color
patterns Indicate material discontinu ltie s , i .e. flaws.
Preliminary investigations into the therma l conductivity of a
.041 in. thick graphite/epoxy laminated panel in tne direction
norma l to the composite laminae and in the direction paral le l
to the lamiflae are described. The coefficients of conduCtivity
in the two directions were found to differ by an Order of
magnitude. A qualitative test of tne technique in locatIng
embedded teflon triangles is reported , and a design for a
test ing device is proposed. (Author ?

Descriptors: ‘Composite mater ials. ‘Nondestructive testing .
‘Liquid crystals. ‘ChOlesteryl esters. Heat transfer.
Encapsu lat i on. Disco nt inu tt ies , Crystal structure . Crystal
defects. Surfa ce properties. Thirma l conduc t i v i t y ,  Graphited
materials, Epoxy laminates. Panels. Experimental design,

— Experimental data, Steady state. Thermocouples . Steel.
Aluminum. Theses

Ident if iers: Stee l 4130 . Stainless steel 17—7 PH, A luminum
alloy 2024. NTIS000XA

AD—A032 322/051 NTIS Pr i ces: PC *04/W AOl
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- ID NO. — 61780208759 808759
ol. NONDESTRUCTIVE TESTS FOR SHEAR STRENGTH DEGRADAT ION OF A

GRAPH ITE— EPOXY COMPOSiTE.
Kae%ble. D. Ii.; Ovnes. P. if.
Rockwell tnt. Tho~sand Oaks Cal if
ASTU Spec Tech Pubi n 617: Compos Mater Test and Des. 4th

Cent. Val le y Foroe . Pa, May 3 4  1976 . P~bl by AST M.
-: Phi ladelphia. P~ . 191 7 p 190— 200 COD€N *571*8 -

• DESCRIPTORS: (‘COMPOSiT E MATER iALS. •T .st ing ) . (PLASTICS
LAMINATES . Moisture ).

IDLNTIFIERS : GRAPHITE/EPOXY COMPOSITES. SHEAR STRENGTH
TEST lUG

CARD ALERT : 42). 422. 482 . 804. 817
The effects of hydrothermal ag i ng (100 SciegreeS C in water )

on the shear strength properties ot a laminated graphIte/epoxy
composite were invest igated . Fiber surface tr.at.ents were
employed to produce controlled rates and extents of
hydrothermal degradation . A study conducted to develop
methods of detect ing and identify ing the extent and mechani sm
of hydrotherma l aainq and its resu lt s are described, The
degradation state of the fiber matrix interface was detectea
through correlatIon of surface energetics analysis. ultrasonic
character iz at ion , ønd moistu re take—up . The state of the bu lk
epoxy was evaiuated by differential scanning calorimetry.
specific heat measurements. infra red and dynamic mechan ical
Spect rosCo py . and triermomechaniCal analysis. The fiber matrix

- 
- stress state was delineated by thermal ex p ansiv i ty ,  dynam ic

mechanical spectroscopy. and ultrasonic response. 17 ref 5.

82. lB NO.— £1751279421 579421
NONDESTRUCTIVE TESTING OF LIGH~WEIGHT GRAPHiTE—EPOXY

SAND~fICH PANELS.Dougherty. 1. A.: Epstein. 6.: A lliniko v , Sidney
Phi 1cm—Ford Corp. P~ lg Alto. Calif
SA MPE Natl Sy’r.p and Exhib. 20th. Proc. San Diego. CalIf. Apr

29—May 1 1975 p 117—12 9. PubI by SAf.~PE (Sd of *dv Ma ter- ano
Process Eng 5cr. v 20). Az usa. C a l i f .  1975
DESCRIPTORS: IsCOMPOSITE MATERI*i.S. •Mechanical Properties ).

- - - CARD ALER T : 415. 421. 817
An inves t b a t  ion of the use of photochromic coatings in

nondestructive testing of extremely lightwe i ght honeycomb
pane ls is d iscus sed . These coatings. when used in conjunction
with internal DresL j r f Zat iO n. appear to prov ide an aoeouate
assess Men t of Interna l f laws In structures of this type. 2
reVs.
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o 19 NO. 1376016253$ U2531
03. TpIERMOGRAPHIC EVALUAT iON OF COMPOSITE STRUCTURES.

(iDler . II. 0.
lien Dyii. Fort Worth, Tex
in frared Inf £xcPi (tRIll . 2nd Sienn , Proc . St. Louis. Mo.

Aug 27— 29 1974 p 23 26. PubI by Am Gas Assoc (*0*) Corp.
SecauCus . NJ. 1074 - -

DESCRIPTORS: ( ‘ PRINTED CIRCUITS. •Test ngl , THERMOGRAPHY.
CARD ALERT: 703. 7t3. 742
A var ied sampling of representative structures. inc iud i ng

bonded aluminum , boron skin-a lumlni.m honeycomb. Qraphi te epOxy
pameis. and gi apfli te tO—t it ani um panels was selected for
testing by th, rmOQriPt%i C nondos ruCt iv e evaluation techflioues.
The samples contained knoAn d..~cts Such as voids. dlsbonds.
and uns~rts . NO atteirpt was m’de to optimize results Dy using
so phi s t icate d test setups and neat 4n~.ctIon techniaues . The
resu lts are discu ssed .

84. J~ NO. — £ 171X i83095 183095
Nondestructive testing of graph ite fiber congositi

structures
HAGEU*IER Di: MCFA U L HJ: MOON 0
Doug las A ir cra ft Co. Long Beach . Cal i .f
Mater Eval v 29 n 6 June 1971 p 133-40 CODEN MAEV A
DESCRIPTORS: (‘COMPOSITE MATERIALS. .Test ing). (MATERIALS

TESTING. Nondestructive).
CARD ALERT: 421 . 422. 812
This paper discusses nondestructive testing (NOT ) wethods

and techniQues for detection ot material m d  manufacturing
anomalies in state— ot— the— art graphite composites. Visual.
liguid penetrant . radIogr8pbic. ultrasonic. sonic. ther,ra l and

- - acoustic— emission NOT methoOi arc used to evaluate graphite
fiber composite aircraft spec imens and structures. 7 refs.

1 85. ID ND.— £1780423825 823625
CORRELAIION OF ULTRASONIC ATTENUATION AND SHEAR STRENGTH ZN

GRAI’l-IITE—POLYIMIDE COMPOSITES.
Hayfot d. D. T.; Henneke. E. 0. 11: Stinchcomb . w. w.
Ve Polytech Inst & State Univ. Blacksburg
if Compos Mater v 11 Oct 197? p 429-444 CODEP4 JCOMBI
DESCRIPTORS : (‘COMPOSITE MATERIALS. ,NondestruCtive

Exarni nationl. (ULTRASONIC WAVES. Attenuation ). PLASTICS
LAMINATES.
CARD ALERT : 415. 817. 753
The buffer rod techn Ique for measuring attenuation in thin

spec imens is modified here to app ly tO specimens having
intermediate thicknesses ~fld high attenuation. Tn. described

procedure , whiCh reouir.s only one accessible surface of the
material. was used to determine the init ia l attenuation va l ues
of ultrasonic waves in short beam sheaf’ specimens of
graphite—po )y %mlde composite materia l, It is shown that there
Is good correlation between the ini tial  attenuation values ane
the shear st rengt hs of the specifl’ens determined by thc
standard short beam shear tes t method. The modif ice
ultrasonic bu ffer block tecllniaue offers much p o tential for
serv i ce as a quantitat ive. nondcstructive. ouality assurance
t est for compoSit* mater ia ls .  7 re fs .
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86. ID NO. — £1740846970 446170
• COMPOSITE APPLICA TIONS SEN DASNS TODAY’S A IRCRAFT SEN DASHS

2. PRODUCTION METHODS FOR COMPOSITE STRUCTURAL SHAPES .
Van Naaerve ld, John ; Pogg . Larry D.
Lockh.ed ’Ca 1 If Co
SAMPI if v 10 a 2 Nap—Api’ 1174 p 6—10 CODEN: -SAJUAX’ -

DESCRIPTORS: ‘COMPOSITE MATERIALS. (AIRCRAFT MATERIALS.
Compos ite Ma terials) . GRAPHITE . EPOXY RESINS. (PLASTICS.
REINFORCED. Pultrusion).
CARD ALERT: 415. 482. 652 . $16. SI?
This two— part series discusses a program to deve l op a

graph i te laminate beam—type Configuration of a floor support
post for commercial aircraft .  Par t I took up design
selections, structura l anal ysis me t hods , - material selection

- 
- and f l igh t test program results. Part II discusses prod uction

methods for autoc l ave molding and pultr us ion Processes, wit h
- - cost studies . The discuss i on Is presented under the following

headings AIM PASs-IS des i gn concept and structural analysis
stud i es: ma terial selection : fabricat ion and tooling
methods: pro~~ct Ion pu ltrusio n process ; nondestructive test
methods: and manufacturing Cost studies . wr.p~oj.aiw has

- - di strated that common multi—flanged structural shapes of
advanced composites are both feasible and highly effective
structurall y. Analy sis of the fabrication methods to produce
structura l shapes Indicates that the pultrusion process
substant iall y reduced the cost over the autoclave molding
process. 6 refs.

-

~~~-

87. 10 NO.— (174 1060987 46098?
SPECTRAL ANALYSIS TECINIQUE OF ULTRASONIC NOT OF ACvANCED

CO’.WOS)lI MATERIALS .
Chang. Frances H.: Yee. W . C. W .; Couchman . lames C.
Con Dyn , Fort worth , Tex
Non Dostr Tect i Lcnd) v 7 fl 4 Aug 1974 p 194—198 CODEN :

hDE I AS
- I 

DESCRIPTORS: ‘CO:~POS I TE MATE RIALS. ‘Tes ting). (ULTRASONIC
WAVES. Spectrum Anal ysis). (MATERIALS TESTING . Nondestructive
Testing).

CA RD ALERT : 415. 421. 422. 753. 81?
The authors describe an u ltra s on Ic—f reou ency—s oectra l

ana lys is method of detecting flaws in advanced co’rposite
raterials. m i s  non—destructive technique depends on the
pnenomenon of resonance interference of acoustical waves in

— mat er ia ls.  wnen tn. mate rial thickness Is an Integral
multiple of the half wave length of the souand waves.

- 

i dostruCtivi interference of a return echo Dy multiple
ref lections in the m ater ial produces anti—resonant dip s in tne
freouency spectrum f or the reflected signal. Tne period of

¶ these dips is related to the materIal thickness normal to the
beam path. Delamlnat ions or voids In a plane perpendicular to
the direction of propagation of tne sound waves may be
Observed through their characteristic anti—resonant
frequencies. Graphite SEN DASHA epoxy composite specimens
containing flat-bottom holes and small planar voids were usei~as examples of tne application of this t.chn$oue . The author-.
present analytical develcpnent, experImental procedures, end
spectral analysIs results In tnis paper. 8 reV s.
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BOC REPORT SISLIOGRAPHY SEARCH CONTROL NO. ISMIOD

88. AD’ $70 162 11/4 Il/S 20/11
‘ AVCO CORP LOWELL MASS SYSTEMS DIV

The Affec t of Voids on tne Mechanica l ‘

Proper ties of High Modulus GraØnit . Fiber!
Epoxy — Reinforced Composites . (U)

DESCRIPTIVE NOTE: Rept. for 26 aug 69—26 Mar 70,
VAR 70 191P Lenoe.L . N. ;

RIFT. NO. AVSD—O1?9-70—RR -

CONTRAC T) N00019’69—C 0209

UNCLA5,SIFIED REPORT 
-

DESCRIPTORS : (‘REINFOR CED PLAST ICS . CARSON USERS),
(‘CC%~POSlTE IIAT IRIALS . REINFORCED PLASTICS).(eMECHANICAL PROPERTIES, OEFECTS(NATERIALS)).
CL ASSI FICATION. GRAPHITE. EPOXY RESINS , NONDESTRUCTIVE
TESTI NG. LA~I1NA TED PLAS T ICS (U)
IDENTIF ERS ‘COMPOSITE MATERIALS . ‘GRAPHITE (U)

The report presents th C results of a detailed
investigat ion of various methods of characterizing
voidS in graphite epoxy co’f~pO$il~ s. The importance

-
~ 

- 
; of such St~adie5 is the necessity to describe voids

far our correlation of destructive and non—
dest ru ctive mea%ureIt%g flts and in order to apply
Current theoretical results. Studies of void
e ffects w•re extended Oy faoricatlon of mor. than
forty lam,nate panels with void fractions rang ing up

- - 
- to 11% and for fiber contents vary ing from SO to 73

voluxe percent. Subsequent destructive and non-
destructive testing provided correlations with Shear.
flexure, and compression response . T~e ma i n
contribution ncr. was the Iso lat ion of fiber content
anc void fraction infl.iences and lnter& c tio ns . Of
particular inte rest are the investi gations of shear
wave phenol9na. (Author) (U)
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89. ~~~ RL~ORT SIBLSOGRAPNV SEARCH CONTROL NO. SAMIOD

AD— SlO 069L 1/3 11/4 
-

DOUGLAS AIRCRAFT CO LONG BEACH CALIF . - -

Composite Wing Conceptua l Design. 
- 

(II)

DESCR IPTIVE NOTE: Fina l tecnnlcal s ept. I Foo 71—17
Jan 73,

MAR 73 3179 Nel son,W, 0. ;
REPT. NO. NOC—J438 ’ -

CONTRACT: F33615—71—C— 340 -

PROJ: AF—598Cw
NONITOR: AFVL TR—73—57

UNCLASSIFIED REPORT
D istributi on limited tO U.S. Gov’t. agencies only;
Test and (val uation; Mar 73. Otner request s for
this documen t must De referred to Director , A ir Force
Materials Lao., Attn: LC. Wri ght—Pat terson
AFB , Ont o 45433,

DESCRIPTORS: (.SwEPT SA CK WINGS. JET TRANSPORT PLANES) .
(‘CO? .iPOSITE MAT ERIALS.  SW EPT BA CK WINGS). DESIG N , SHORT
TA kEOFF A IR RA~ T . LOADSIFORCES). DIFFERENTIAL EQUATIONS.

— I WEIGHT , MANJFA CTLJRDIG, COSTS. LAMINATES, LOAD
DI STRIB UT IO 1 . ADHES IVE S. t~G~DIS-IRUC.flyE TESTJNC , QUALITYCO?~TROL . B0~ON . EPOXY RESts-iS, CRAPHITE~~’tOR5ION ,HCNEYCC .’B C~RES . SANDwICH CONSTRUCTION , BONDI NG,
FUSELAGES, bONDED JOINTS, REDUCTION (U)
IDENTIFIERS: •ADVAUCED MEDIUM STOL TRANSPORTS,
AMST (ADVANCEO MEDIUM STOL TRANSPORT), FILLET BONDING,
TR USS WEB C3NSTR UCTION - (U)

90. DOC REPORT •IeL OGRAPHV SEARCH CONTROL NO. SSMIOD

AD— 891 459t. 11/4
AIR FORCE YATERIALS LAB WRIGHT—PATTERSON APS OHIO I
Advanced Compos i tes Management and Plann ing
Review : A Summary. (U)

- 
- DESCRIPTIVE NOTE: Technical rept..

NOV 71 37P Fechek,Frank J. ;
RE PT. NO. AFML fR 71 144

UNCLASSIFIED REPORT
Distribut ion limited tO U.S. Gov’t. agenc i es Only; ,~~~~

Test and Evaluation; Jun 71. Other requests for 4,,,,
this document must be referred to Director , A ir Force a:ur~~M aterials Lab. , Attn LC. Wri ght—Patterson ~~~ ~~~

‘

AFB, Ohio 45433.
SUPPLEVISTARY NOTIT Papers presented at Sem i na r on
A øvanCed Co-riposites, 19—22 Jan 71 . Point Clear .
Al a.

DESCRIPTORS: I.CO’aPOSITE MATERIALS , SYMPOSIA).
!P.V l R~’~M(NTAL TESTS. 

MANAG (t,’EPJT PLANNING AN3 CONTROL.
PLANP4 I’.G, 1350’l. GRAPHITE . ALU~AINUM , PCINFCRCINC
MATERIALS , MANUFACTURING, QUALITY CO!iTROL. DESIGN.
CA RBON FIBERS, COSTS, AIR FORCE RESEARCH , FILAMENTS,
DEGR ADA TIO N . FIBE RS, AIR FRAMES , HONEYCOMB CORES,
SANDØICH CONSTRUCTION. 9~NDZNG. NONDE$TLJCTIVE-.TESTING.FLIG HT TES TI NG, JET FIGHTERS, WINGS, REINFORCED PLA$T(U)
IDENTIFIERS: DATA ACQUISITION (U)

-
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91. 000 REPORT BIBLIOGRAP HY - SEARCH CONTROL NO. 555*100

AD— 904 0394. 21/5 11/4
PRATT AND WHITNEY AIRCRAFT LAST HARTFORD COHN

Advanced Composite Engine Oevelopsont
Program. Part III. - (U)

DESCR IPTIVE NOTE: Ft~al technical sept.,
JUL 72 228P Boii ,K. 0. 1

REPT. NO. PdA 4474 Pt 3 -

CONTRACT F33615—69—C—1661 -
PROJI AF 4169CW -

MONITOR : AF W L T R—72— 108—P t— 3 -

UNCLASS IFIED REPORT
Distribution l im i ted tO U.S. Gov ’ t .  agencie s on ly;
Test and Eva luat ion; Jul 72. Other req uests for
t nls docu ment must be referred to Director , Air  Force
Material . Lab., A ;t n : LC. Wri g ht—Patterson
AFL Ohio 45433.

SUPPL(~ INTARY NOT E: Prepared In cooper ation with
Aerojet— Genera l Corp., A zusa . C a l i f . .  Structura l
Composi tes Industries. Inc., At usa , Calif. and
Hercules, Inc.. Magna. Utah. See a l so Part 1 ,
*3—903 997L.

DESCRIPTORS : (.TURSOFAN ENGINES, ‘COMPOSITE MATERIALS) .
(‘GAS TURBINE BLADES. CO’.:POSITE MATER IALS), (.FANS,
TLRBOFAN ENGINES), POLYAMIDE PLASTICS . HEA T RESISTANT
PLASTiCS . B~RON , GRAPHITE . SYNTHETIC FIeERS , CARBON
FiBE RS. REINFORC ING MATER IALS. MANUFACTURING. AIRFOILS,
MACHINE TOOLS, MOLDINGS, ØOMDING, EP4 INE COMPONENTS,
VIBRATIO N, WEIGHT . THICKNESS . NONDESTRUCTIVE TEST!NG,
TEST METHODS. TEST EQUtPt~ENT , FM~~ U t t ~~~~T~SiULTRASGNIC RADIATICN , RADIOGR APHY , TURBINE STATORS (U)

IDENTIFIERS: ADVA NCED COMPOSITE ENGINES, BORON ,
FIBERS, FAN BLADES. FAN INTER’~EOIAT E CASES. FAN DISKS,
CA RBON FIBERS, GRAPHITE. P 13N COMPOSITE MATERIALS .
POLYIM IDE PLASTICS. RESIN MATRIX COMPOSITES (U)
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92. DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. BSMIOD

AD— 919 115*. 11/4 
- 16/4 22/2 13/0

PERKIN—ELNER CORP NORWALK COHN OPTICAl, GROUP 
-. 

-

Advanced Com posite Miss ile and Space Design
-: Data. •

DESCRIPTIVE NOTE: Final technical se pt .  I Ju l 72—31
Dec 73, -

MAR 74 73P Ft’eund,Norbs rt P. ;
REPT. NO. PE—11240—41
CONTRACT : F33615—72 C—2033
,PROJ: AF—IIB9CW -

MONITOR: AFUI. TR—74--33

UNCLASSIFIED REPORT 
-

Distribution limited tO U.S. Gov ’t. agencies only;
Test and Eva l uation: Jan 74. Other requests for
this document must be referred to Director . Lii’ Force
M aterials Lab ., Attn: LC. Wright—Patterson
AF B, Ohio 45433.

DESCRIPTORS: (‘Composite materials, .Aerospace
• Craft), (‘Graph i te . Co’rposite mat erials),

(‘Epox y resiñS~~CCmP~site materials), I.Mirrors,
Manufactur ing). Gui ded m issiles , Sand,icn
Construction , Laminates , Hono~Co~b cores ,• - Aluminum . Lightwe ight . Spacecraft, Heat snields,
Spneres , Precision f.ni~ hing,
Tol eranCes (MeChaniCs). PolisheS , Processi ng,
Op tics , Optical coat .n~s. Metal lizing .
Mechan ical properties . Envi ror .mental tests.
Therma l expansion . Cr i enta tion(Direct i on).
C~rJ,Qn fibers , Syl)~ h5tIC flDörs , Y~e)d strength .
Creep. Rónoestructive testing, Holography
IDENTIFIERTI Repllc at~Ofl’
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93, DOC SEP05, SISLIOGRAPHY SEARCH CONTROL NO. .15*100

AD— 913 0794. 1/3 11/4
GENERA L DYNAMICS FORT WORTH TE* CONVA IR AEROSPACE OIV

Advanced Composite Technology Fuselage
— Program. Volume III. F 111 Aft Fuselage

Component — Manufacturing.

0(SCRXPTIVE NOTE: Technical sept. Feb 49—Aug 70 -on
Phase 1 , -

NOV 72 242P Swaz.y,E. H. ;Wennhold,W.
F. ;

CONTRACT : F33515—69—C—1494
MONITOR : AF~*L TR—71—41—Vol—3

• UNCLASSIFIED REPORT -

Dist ribut ion limited tO U.S. Gov ’t. agencies only;
Test and Eva l uat ion: 17 Oct 73, Other requests for
th is doCument must ~e referred to Director , A ir Force
Materials Lap.. At m : LC, Wri ght—Patterson
AEB . 0mb 45433.

SUPPLV*ENTARY NOTE: See also Volume 2, AD—888 183 and
Volume 5, AD 913 aaoL.

DESCRIPTORS: (‘JEt FIGHTERS, FUSELAGES). (‘AIRFRAMES .
COMPOSITE MATERIALS), (‘FUSELAGES, ‘COMPOSITE
MATERIALS) . MA~sUFACTURING . MACHINE TOOLS, ALUMINUM ,
8~R3,:, DIFFUSION BONDING. BRAZING. GRAPHITE , EPOXY
RESIhS, MACHINING , COMPRESSIVE PROPERTIES, MOLDINGS.

~3P~~ESTRUCT IV E TESTJJ4G, ASSEMBLY, SANDWICH CONSTRUCTION,
RES;STAt~CEThELDING. AIRPLANE PANELS , BONDING
IDENTIFIERS: COMPRESSION MOLDING. F—n i AIRCRAFT
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95. ACOUSTIC EMISSION SPECTRAL ANALYSIS OF FIBER COMPOSITE
FAILURE MECHANISMS

Williams , J’. H. Jr. and Egan , D. M. . -
-

Materials Evaluation
-: January 1979 - 

- -

A program to investigate the acoustic emission of graphite
fiber polyimide composite failure mechanisms with emphasis on
spectral energy analysis is described. A pa ired-sample t statisti-
cal analysis of mean normalized spectral energy distributions provides
quantitative discrimination between the acoustic emission from 10.,
90’ , and ~~~~ ±4~ °]. specimens. Comparable discrimination is not
obtained for 0° specimens.

96. NONDESTRUCTIVE TESTING OF ADVANCED COMPOSITES

— Hagemaier, D. 3. and Fassbender , R. H.
Douglas Aircraft Company
McDonnell Douglas Corporation
Long Beach , California
The Douglas Aircraft Company of the McDonnell Douglas
Cerporation has developed a comprehens~ve background in
advaaesd composite technology through numerous contracted
sad independently funded research programs. These programs
eonáted of fabricating selected aircraft structures from glass
fiber, boron fiber, and graphite fiber composites. Data
generated during nondestruct ive test ing INDTI of glass.
boron, and graphite fiber composite-skin aluminum-core
honeycomb specimens, the A.4 boron fiber composite flap
assembly, the boron filament composite landing gear strut, and
the fiberglass honeycomb box beam assembly were presented
to ASTM Committee D-30 In October 1969 ifleference 1). The
results at coot’°,”og aoadcstruetive testing of graphite/epoxy
composites used on the A-4 horizontal stabilizer and flap
assembly as well as on static load and fatigue test specimens
were presented to the SAE In October 1970 (Reference 2).
?Inaily, results of NDT of the graphite/epoxy composite DC.I0
upper aft rudder were presented to the ATA in October 1976
(Reference 33. Ia thin popes, we Will discuss the NDT of
advanced cesposita DC.10 structoms. e.g.. floor beams and
struts. sudical stabilizer frailbtg edge panel, centerline gear
drag.brse. tube, upper aft rudder, aileron access panel. no,.
badh’g par alt door, and fan cowl door (Figure 1). We will
also repor-t on the NDT of the DC—9 rudder trim tab and a study
program (or a composite wing.

Our comments wW concentrate on staI.-of~tjtart NDT
methods and the results obtained from the evaiua~~~o1j~i,rI-cste4 tructvres.

Douglas Paper 6774-

H 
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94. A0 $017 1511. 11/4 20/5
A IR FORCE F*.IGMT DYNAMICS AS WRIGIIT—PSTtIR$ON fF5
OHIO 

-

Response of Compression Loaded Graphite
Epoxy Laminates to Laser £n.r~y . (It)

-- 
DISCRIPTIVE NOTE: Final rept. 1 Jul 15—30 Sep 76.

— NOV 75 UP Camburfl,G(lbert I.. ;Uppo.g,
Jack N. ;Uaddux,G n s ; 

-
RIPY. NO. AFFDL—TR—76—127
PROJ : 4353
TASK: 01 

-

UNCLASSIFIED REPORT
- Distribution limited to U.S. GOv ’t. agencies only;
Test and Eva luation ; Sep 76. Other requests for
this document must be referred to Director. Air Force
Fl ignt Dynam ics Lab. Wr ight Patterson AFB,
OhIo 45433.

SUPPLEMENTARY NOTE: DOC Form 55 not necessary for document
request . -

DESCR IPTORS: ‘Fiber reinforced Compos i tes, ‘Laser
damage . ‘Epoxy resin s, ‘Graphite. •La” i rates .
Heating. Residua l stress , Compressive propertisS,
Strength (Mechanics), Test IrOtnOdS.
Nondestructive tosting, Orientation (Dlrect .en) (U)
IDENTIFIERS: PE62201F (U)

The cu iect iv e of the test program was to determine
the respons. of compress ..jn lObded G r a p i t te  Epoxy
laminates to ‘flood load i ng’ by low intens ity laser
energy . The test matrix inc l uded variations of the
lam i nate or ientat ion ( ( 0 )6T , (0/ 90)2S.
and (90/Q)2S) . inc i dent intensity (118 to 237
v/sQ cm ), duration of irraciation (0.18 to 0.74
seconds) and prestress (7 to 35 percent of tr.e
laminates ultimate lateral compressive Stren~ th at
room terperature). A - total of 42 test specimens
was coflstructed—— 14 each of the three different
lam i nate orientations. Of the fourteen test
specimens for each laninat e , two test s pec i rens iere
used for baseline tests to Ce~q~mine tne ultj—aj.e
latera l compressive strenqtri at ro:m co—nperat~ re )iQ~~the remainin g twelve test  speclir ens w ere Used in t~ela ser tests.  Prior to laser or base l ipe_ ..testing ,
all test s pec ithe ris w ere nenae %tr-uc tiv ely ins pe cted
using laser holograpnic tec!iniq~es. D,.~rt r’g tntlaser tests , the test specimens were prestressed to a
desired value and I rra diated w i t h  a hnc.n intensity (U)

— 
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97, NTIAC— 8954 
- 

-

r CONFERENCE ON NOT OF PLASTIC/COMPOSITE STRUCYVRES
INDIVIDUAL PAPERS NOT AbSTRACTED BY NTDSC
t9~9~ OIV -

— AVAILABiLITY: AIR FORCE MATERIALS LABORAT0RY MAMN)
CONFERENCE ON NDT OF PLASTIC/COMPOSITE STRUCTURES; -MAR
69

*CQMPOSITE MATERIALS, *TEST METHODS. *CONFERENCES, BOND
TESTINt.v. ACOUSTOOPT ICAL IMAGING. MICROWAVE TESTING . SOUND.
RADIOGRAPHY. 5TEREORADIC~GRAPHY. COMPUTERS, IMAGE PROCESSING.
SCHI.IERt.N PHOTOGRAPHY. HONEYCOMb STRUCTURES~ THERMALTLSTING

(4A1JOR PAPER TOPICS INCLUDE ACOUSTOOPTICAL IMAGING TECHNIQUE.
I4ICROWAVE TESTING. ULTRASONIC I.~SPECTION OF ADHESIVE BONDS.

- I THERMAL TESTING. ETC. OVERVIEW PAPERS ARE ALSO PRESENTED.

98. ‘WTIAC .116742 t,1

CAL I~OkNIA UNIV LIVERMORE LAWRENCE LIVERMORE LAR
hAf’STAU.M. A.

• PHILOSOPHY FOR NONDESTRUCTIVE TESTING (iF FIBER
COMPOSITES

- - APR 77. 14P
UCIL,—17454
AVA i LABILITY: FOR SALE ~Y NTIS. SPRINGFIELD

, VA 22161

F1UERS, CO~1POSITE MATERIALS. PHILOSOPHY, STRESSES.
ACOUSTiC Ltb I~ SIONS. ULTRASONICS . QUANTITATIVE TESTING ’
PREDICI IONS. STRENGTH(Mc.CHANICS). DEFECTS (MATERIALS ).
PERFORMANCL (ENGINEERING ). FILAMt~NT WOUND CONSTRUCTION .
CARBON ’ FID~R REINFORCEO COMPOSITES. MECHANICAL PROPERTIES’
FAILURE.. PLASTICS

A DISCUSSiON OF A NONDESTRUCTIVE TESTING PHILOSOPY FOR FIBER
CO~IPOSITES IS PRESENTED. THE POS~T1ON IS TAKEN THAT THE
NOI-JDESTRUCTIVE TEST iNDICATIONS MUST BE QUANTITATIVELY
CORRLLAIED TO THE REQUIRED ENOIIJEER1NG PERFORMANCE
PROPERTIES OF THE COMPOSITE ARTICLE. TH~ CURRENILY UNKNOWN
L~~FECT STRUC1URE IN MAY FIBER CiiMMPOSITES IS DISUCSSED WITH
RESPECT TO NONDESTRUCTIVE TESTING. A FEW EXAMPLES FROM THE
LiTERAT URE OF THE ABOVE OESCRIB~ D QUANTITATIVE
NOi~DESTsW CTP~E TESTING OF FIUER COMPOSITES ARE PRESENTED
PROM THL FIELDS OF ACOUSTIC EMISSION AND ULTRASONICS .
(AU THOR) -
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• 99. NTIAC-10663 .

BATTELLE COLUMBUS LABS OHiO METALS AND CERAMICS INFORMATION
CENTER
FLLCK.J. N. - . .

• 

- 

BIBLIOGRAPHY ON FIBERS AND COMPOSITE
MATERIALS~~ i16_9~.i.972 

- 

. -

JUL 72. 103P - -

MCIC 72 09
F~53ô3.5—71—C—1067AD 7’e621~ê
AvAILABILITY: NO COPIES FURNISHED BY DDC. ORDER
DIRECTLY FROM NTIS.

sCOMPOSITE MATERIALS. *BIBLIOGRAPHILS. *FIBERS, FIBER
REINFORCED COMPOSITCS~ INFORMATION

THE BIULIOGRAPHY CONTA iNS OVER 3000 REFERENCES. INCLUDING
TRANSLATED ITEMS FROM JAPAN. WEST GERMANY. U.S.S.R.. AND
OTHER COUNTRIES AS WELL AS REFERENCES OF ORIGINAL ENGLISH
LANGUAGE PUBLICATIONS OF THE UNITED STATES AND UNITED
KINGDOM. THE REFERENCES ARE CATEGOR IZED BY SPECIFIC FIBER
AND MATRIX MATERIALS. IN Ai)DITION. MANY REFERENCES ARE
GROUPED IN THE GENERAL CATEGORIES OF COMPATIBILITY STUDIES.
THEORY AND DESIGN. TESTING AND EVALUATION. APPLICATION. AND

• FABRICATION. A GROUP OF REFERENCES TO GENERAL REVIEW
- - ARTICLES 15 iNCLUDED. THE REFERENCES REPRESENT THE HOLDINGS

OF THE FORMER DEFENSE CERAMIC INFORMATION CENTER (DCIC) PLUS
THOSE OF THE FIBERS AND CO~1POSITCS CENTER (FCIC) ATBATTELLES COLUMBUS LABORATORIES AND MCIC. (AUT HOR)
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100. NTIAC—1b81b

H - - HAGEMAIE.R.DON -

ULTRASONIC APPLICATIONS IN THE AEROSPACE INDUSTRY
PUBLISHED BY SOC. AUTOMOTIVE ENGI(. 400
COMMONWELATH AVE.. ~ARRENDALE. PA 15096 

-

J 1974. 30P
AVAILABILITY: PUBLISHED IN SAE TRANS.S V. 83$ 1974$
PArtR No. 740811; P. 2767—2796

- t TITANiUM. ALLOYS. AEROSPACE SYSTEMS. AEROSPACE
APPLICATIONS. INDUSTRIAL APPLICATIONS. ULTRASONIC TESTING.
STATE—OF—ThE—ART REVIEWS. STA!IDARDS, ACCEPTABILITY. METAL.
TUBES’ PIPES. WELDS. THICKNESS. CORROSION. FIBER REINFORCED
C(i~SPQSlTES. ADHESIVE BONDS. ACOUSTIC HOLOGRAPHY,MAINTENANCE. ULTRASONIC SPECTROSCOPY. CRITICAL ANGLE.
ULTRASONICS. DELTA TECHNIQUE. PULSE ECHO TECHNZQUC

THIS PAPER DISCUSSES STATE—OF—THE—ART ULTRASONIC TESTING AS
USED TO INSPECT AND EVALUATE PARTS AND MATERIALS FOR
AEROSPACE SYSTEMS. THE PAPER IS DIVIDED INTO FOUR SECTIONS:
PURPOSE OF TESTING; BASIC RECUIREML.NTS FOR APPLICATION.

* SUCH AS EQUIPMENT. REFERENCE STANDARDS. AND ACCEPTANCE
CRITERIAI STANDARD APPLICATIONS. SUCH AS WROUGHT METAL
PRODUCTS, TUBING AND PIPE WEL~EO ASSEMBLIES. THICKNESS ANDCORROSION. FIBER—REINFORCED COMPOSITES. ADHESIVE—BONDED
ASSEt~BLIES. bRAZE0 AND OIFFUSION—BOUDED ASSEMBLIES. AIRCRAFT
MA iNTENANCE INSPECTION. ATTENUATION. AND GRAIN—BOUNDARY
REFLECTIONS; AND RESEARCH ANC DEVELOPMENT APPLICATIONS.
SUCH AS THE LIQUID—LEVEL DETECTOR. TITANIU4 HYDRIDE
CETECTOR. MEASUREMENT OF APPLiED STRESS. ULTRASONIC
LXTEtJSIO;€TER, ULTRASONIC MODULiJS VERSUS MECHANICAL
PRUPLRTLES FOR FIBER COMPOSITES’ ULTRASONIC SPECTROSCOPY.
ALOUST1C HOLOGRAPHY. AND CRITICAL ANGLE REFLECTIVITY.
(A UTHOR)

- 1  
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101. NTZAC ’I5697

- - I • JUDD .N. C. *. I WRIGHT,W. W. -

~
j f VOIDS AND THEIR EFFECTS ON THE MECHANICAL PROPERTIES OF

COMPOSITES——AN APPRAISAL . -
- -: PUBLISHED BY SOC. FOR ADVANCEMENT OF MATER. MID

- RPOC. ENG.I P. 0. bOX 613. AZUSA , CA 91702-

~~~ - 
FLB 78. O5P

- - 1  AVAILABILITY: PUbLISHED IN SAMPE J.I 14. 11
JANUARY/FEBRUARY 1978$ 10—14; 47 REFS.

MECHANICAL PI~OPERT1ES’ COMPOSITE MATERIALS. VOIDS.- - DE.FECTS(MATERIALS). FIBERS.. RESINS. STRENGTH(MECHANICS),
- 

- 

SHEAR. RADIOGRAPHY. ULTRASONIC TESTING. C—SCAN, DESTRUCTIVE
- TESTS. MiCROSCOPES’ WATER. ABSORPTION. DENSiTY.
- 

FOkMULAS (MATHEMATICS) • QUAr~T1TATIVE TESTING. ACCURACY

BRIEF ACCOUNTS ARE GIVEN OF THE ORIGIN VOIDS IN FIBRE/RESIN
- 

- COMPOSITES. OF THE AVAILABLE METHODS OF MEASUREMENT OF VOID
-- CONTENT AND OF THE INFLUENCE OF VOIDS ON THE MECHANICAL

PROPERTIES OF CO~.?OSITES. IT IS CONCLUDED THAT. REGARDLESS
- OF RESIN. FIL~RE TYPE. OR FIBRE SURFACE TREATMENT. THE1NTERLAMINAR SHEAR STRENGTH OF A COMPOSITE DECREASES BY
- 

- ABOUT 7 PER CENT FOR EACH 1 PER CENT VOIDS UP TO A TOTAL
VOID CONTENT OF ABOUT 4 PER CENT. OTHER MECHANICAL
PROPERTIES ARE ALSO AFFECTED, ALTHOUGH NOT TO THE SAME
DEGREE’ OR EXTENT. (AUTHOR)

- t t
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102. UltrasonIc Spectrum Analysis for NDT of Lay•red Composite
t Materials - 

-

Naval Air Development Cent., Warminster Pa Ai~ VobieVe -

Techno*ooy Dept 4407207) 
-

Fina l rept . - -AUTHOR: Scott. W i l li am R.
C7245G2 FId: 14B. 110. 73A . 71F 05*17522
31 Dec 75 40o
Sept No: NADC—75324—30
Project: N*OC-rR—5022—0I—0O1
Monitor : 18

Abstract s The structura l us. of advanced c~mpos1te mate rial s
ha; increased In recen t years and a numoer ~f prob lems have
arisen assoc iated w i th assuring the integr ity of Compos ite
st ructures . Because ultrasonics has ~~,erped as an important
tool for InsD.ctin~ composite materials. it has become
necessary to understand more about the interact ion of aCou; t iC
waves with composites and what i nformation can be obtained by
monitor ino this Interaction , in this paper a simple mode l Is
present ed whiCh pr .dicts the ultrasonic freauency spectra for
a broad class of layered composite ma ter ials havinq a finite
number of laminae . Experimental verification of this model is
Q~j i~ nstrated for arrays •xhibitin~ both periodic and aperiodicf recuency s pect ra. The relat ionship between the spectra of

* periodic arrays havinp both finite and infin i te numbers of
layers is discussed. Important results relatina to NOT which
have emerped from this study include methods for predict inc
the results of spectrum analysis studies on layered materials
and techniQues for mappine small Chances in the modu l us ano
thickness of compos~ te materials. Also discussed Is the
ex istence of forb idden I reouency bands at which ultrasouna

• cannot be transmitted thrpuoh thick layered composites.
(Author 1

Descr iptors : .Wondesteuctjye testinq . ‘U ltrasonic inspection.
‘Composite materials. ‘taminates. Spectrum analysis. Acoustic
waves . Bandstoo filter;. Interfaces. Pulses. Glass . Water.
Boron. A lum i num -

Identifiers : Periodic structures. NTIS000XA

AD—A028 85613ST NTIS Prices: PC A03/MF £01
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103. PIONDESTRUCTIVE TEST METHODS FOR REINFORCED PLASTIC/COWPOSITE
MAT ERIALS

Aerospace Coro El Segundo Ca lif Lab Operations 10095751 . 

-

AUTHOR s Epstein. Georoe - -

6044E4 F1d 110. 13H. III U5050R6912
3 Feb 59 37e’
Sept No : TR—0200142f10-2O% 4

- 
- Contract: F04701-68-C-0200

Monitoi: SAMSO-TR-69-78 -

Abstract s A review is pi esented of var ious met hods 10.
nondestruct ive testina INDT I of reinforced plastic/coepos i te
mater ials and structures. Visual inspect ions, ultrasonic
methods, sonic methods. rad ioaraphv . electrica l properties .
microwave techniQues , thermal technioues . and ot her NOT
methods are examined wit h regard to their characte ristics.

- instrumentat ion . ut ility , and limitations. Recent
developments are also discussed. d Author)

Descr ipto rs2 l .Reinforced plastics. ‘Non— destructive testino).
Re inforc i na materials. Visual Inspection . Defects (Mat .rialil.
Laminat es . Ul trasonic properties . RayleiOh waves . Crack
propaoat ion. Microwaves. RadioQraphy. Electrical properties .
Thermal stabilit y

identifiers : Evaluatio n

*0—686 466 CFSTI PriceSS PC A03/MF *01

104. Research and DevelO~~lent 
of Nondestruc tive Testing T.chni Ques 

-

f or Composites

North American AviatiOfl Inc LOS Ange les 
Ca lif Los Angeles Div

- 
~~~~~~ 1401 9491

Suwuxary Technical rept . 1 Jul 66—30 
Apr .67

AUTHOR : Moore. John F.; Martin. George

D1575C3 flu : 13H . liD d7708
Nov 67 142p
Sept No: NA—67-425
Contract: AF 33 (6l5)—2865
Project : IF 7360
Task: 7360
Monitor: AFML TR 67 166 -

- t  Dist ribut ion ) ,m lt at i o n now r emoved.

Abstra ct: No abstract availab le.

Descriptors : (ehondestruCt i ve testing . ‘Composite mate rialsl .

Filament wound construction. Ultrasonic radiation. Radiogr
aphy

• prob ,s (ElectrO maanet*CI. Reinforcing materials. - Fibers.

DefeCts (Matel’lats) . Boron. Titan i um. Tungsten. Copper . Silicon

carbides. Anom alies

identifiers : Eddy Currents. Ultraso nic Inspection. N1ISCODXD

AD $25 636/4ST NTIS Prices : PC A07/MF *01

157 

I 
-

- — 
- - —

~~ ---~ - -



_ _  

‘—~~~~~~~~~

105. ApplicatIon of Photochromic Coatings for Nondestructive
inspect ion - - -

-‘ 4 ;
A ir Force Ma teripl s Lab Wright—Patterso” AFB Ohio (0123201

Final technica l rept . Jan 59—Ju l 70
,_ AUTHOR: A lll n iko v . Sidney
- AISSIA3 Eld : 148. 1IC. 738 GRAI7 IO9

Dec 70 Sips -
Rept No: MML—TR-70 246 -.

Proiect AF— 7381
Task s 738101

Abstract - : The application of a photochromic compound to
prov ide a nondestructive inspection INDIl techniQue for

— aerospace materials and structures is discussed. The
photochr omi c compound , incor porated into a paint formulation.

— 
is converted fpom a white to a bright violet color uDon a
brief i rrad iatio n from an ultraviolet source. The colored
paint surface is then heated by any suitable means . such as a
hot air blower . Heat serves to bleach the paint t~ the

— oriqinal whi te  color . Defects are disclosed -because heat
conductivity at inc defect site 4; iff.~’ent from that of the
rest or the area under inspection . The select thus appears as
a colored or whi t e area dependent ~. 

- th nature of the
defc.~t and or i Q i nat i f l q d i rect i on of tne heat source. Some of

- 
- the tyoes of defects and kinds of structures to whiCh the ND I

paint has been app lied are discussed . along with advantages
and limitations of tne paint . (Author l

Descriptors: (.Non—destructlve testing . .Pho tocflromisml.
- - Defectsill.st erinls) . Therma l conduct ivi ty. Paints. Test methods

. Spiro Comoounds. Bonded loints. Composite materi als.
Laminated pl astics

- 

- 

- - identif iers :
.Soi ro(benzoovran in d o l l fl el /n it r o i’ 33 ’’trimethVl.
D ibbsml lw’  s iat o r i a l s  bonding

Ai~—7:’o ~~~ NTIS Prices: PC *04/LW Aol

I 1• 
-
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106. Methods for Nondestructive TestIng of Composite Mater ials

Technisehe Univ. Hannover U.S. Oiruiiny). (6131000)
AUTHOR: uhaawt. K. P.: Stel lin g . H. A.: Winkler. T. . 

-

4 C6425C2 Pld lID. 145. 71P £RAOIO3
1974 SOp
Monitor: 1$
Translated from Kunststoffe . -

Abstract : Nondestructi ve test i ng has become Increasinolv
important recently top quality assurance and oua lity control
in r Oord to the proof of reeu l red material properties ano -

iir equls rit $es which occur in plastics also. especiall y
composite materials. Nondestructive technioues are discussea

— which have given satisfactory results for a )png time in metal
testing . - and also newer techniques often used for compos i te:
mate rials. The further develoa ent of these methods and their
va lue are i l lustrated Dy exam ples .

Descrlptors I.Reinforced plastics. ‘Nondestructive testing) .
(‘P lastics. Nondestructive testing). Rev iews. Ultrasonic
test 109

Ident ifiers ERDA/360303. ERDA/430500. (RDA1360403.
Translations . West Dermanv . NTISERDA

UCRL—Tran s—10938 (Pt.l 2) NTIS Prices: PC A03/MF AO l

a
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10?. Non-Destructive £valuat ion of Materials w ith Cold Neutron( Beams

State Univ of New York At Stony Brook Dept of Materia ls 
-

Sciences 1401074 ) -

AUTHOR s Herman. Herber t -

-
— £143182 Fid: 148. 941. 71J• 71F. 71N GRAI7BIS

Dec 17 164p
Contract: N000I9—77—M-0418
Moni tor s is -

Abstract: A st~~~ is presented on the possibilitie s of using
cold neutrons for mon—destructive evaluat ion (NOEl . There are
shown to be two sectors where C~o~d neutrons can be effectivelyemp l oyed: I l l cold neutron radiography (CNRI; anø (2)
small—angle neutron scattering (SANS). CNR is an established
method of radiogra ph y with low energy. long wavelength
neutrons , enabl ing great ly improved cont rast and resolution
over norma l radlooraphic methods. This improvement wi ll be
especially important for hydrogenous raterials. for exam ple.
contained within thick stee l sections (e.g. . one mm of
ple xiglas i~~ edded between two 7 cm section of steel plates).
The main lim i tations to the use of CNR are port ability ~flC
expense of the cold neutron source. SANS is actually $
scattering method for detectin g hetero geneities (10-10.000 A )
imbedded within a matrix of diffe rent neutron scatterinC
pow er. SANS has been emp loyed by worker s in Ital y over a
remarkable range of appl icabil ity , from predi cting fai lu r e ill
ni cke l—base supera l loy turbine blades to a study of debond ing
of fibers in carbon—carbon fiber composites. Again , as with
CpiR . applied SANS suffers from the need of a high flux of cold
neutrons. The possib il ities and limitations of SANS for ND(.
with special reference to~Nava 1 needs. are examined.

Descriptors: ‘Neutron radiography . •Neutron scattering .
‘Nondes tructive testing. Meta llur gy . Defects (Materialsl.
M icrostructure . Alloys . Superalloys . Ceramic materials.
Plast ics. Hydrogen. Porous materials. Coatings, Cements.
Composite materials -

Identifiers Small angle neutron scattering, Small angle
neutron scatter ing. NTIS000ZA

AD—A053 073/3$T NTIS Pri ces: PC AO8i~ F AOl

I
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108. ig so.— E172X044191 24415$
J Inspection systim for the non— • destructive testing of

( Compos i tes
- COMPTON R .. -

Composites v 2 m 3 Scot 1971 p 152 3
- 

- DESCRIPTORS: t ’C~~POS1tE MATERIALS . •Testino). MATERIALS
T ESTING APPARA TUS. (MATERIA LS TESTING. Nondestructive) ,-

- ULTRASONICS. (PLASTI CS. Reinforced).
CARD ALERT: 421. 422. 753. 817
A new nondestructive test methods is described which is

based on the use of the ultrasonic technique for voia
detection. Test apparatus developed and its operation

— 
techniQue s are deta iled . 1 ref.

109. 40 NO.— £I72X034257 234257
• Advanced NOT methods for f i l ament wound pressure vessels and
Composi tes in general
MA IGRET JP: .1U8E G
AERSOPAT )ALE . Cour bevoie. France
Materials ~7l. SAMPE. 16th Nat Symp and Ixhib. Apr 21—23

1971. Soc Aerosp Mater Process Eng. (Sc i Advan Ma ter Process
Eng Ser. v 161. 1971 p 123—37

DESCRI PTORS: (‘PRESSURE VESSELS. •Plastics). (PLASTICS.
Filament Winding). (PRESSURE VESSELS . Testin o ) . X— RAYS.
Measurement. fRADIOGRAPHy. X—ray).

CARD ALERT: 421. 619. 817. 932
The ouality Control of filament wound pressure vessels

reQuires a develooxent of methods which can be very useful to
lamin ated and Compos ite materials. The problem of flaw
detection can be Considered as so l ved thanks to •dvanceo
inspection techniQues -with x ays and overall methods such as
the thermography process. More d iff i cult ,  but eoua i ly

- 
- 

necessary, is the detection of the material aging effect.
Microwaves should olve interesting future results. This J$ L
survey of existin g test procedures. Illustrated with a- - ray
photographs.

I - 

110. ‘ID’NO.— E172X013869 233869
Vibration respOn~o. A non— destructive test for fat igue

prack dam—toe in I il&nent- reinforced c~ i~ osites
SCHULTZ AB: WARWICK ON
Univ of I llinoi s at Chicago Circle
d Coinpoc Mater V 5 Jul y 1971 p 394—404 - CODEN: JCOMB
DE~ CR lPT O RS : (‘MATERIALS TESTING. sNondestructive). I

COMPOSITE MATERIALS. Mechanica l Propertiesl. (COMPOSITE
MLTERIALS . Vibrations). (COMPOSITE MATERIALS. Fatloue). (BEAMS
AND GIRDERS. Vibrations).

CARD ALER t : 408. 415. 421. 422. 931
Laminated, filament- reinforced epoxy beam specimens were

fatigued in vibrator y flexur e. The Complex modulus o1 the
spec imens w35 measured periodicall y as fatigue Crack damage
accumulated. Changes In the rea l and imaginary parts of the
modulus correlated with the amount of Crack darage. Tne
imaginary part of t he modulus ChAnQe~1 substan tiall y.
Measurement of tneso vibration response changes snows promise
as a moans to nondest ructively test the structu ral integr ity
of f i lament— reinf orcod composite structural members. 10
refs. -
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111. ID NO.— £170X148571 048871 
-Testing of fibr e bonded compos i tes

‘. REYNOLDS MN
A tomic £nerov Nes Estab. $erkshire. England
SN Rein t Plas/Compos Div . Proc 24th Annu Tech Conf

WasP~ington. DC. Feb 4-7 ,I.M9. Soc 148. 3 p
DLSCRIPTORS I ‘M ATER IALS TESTING. (PLAST ICS. Reinforced). •

: CARD AURU 42$. 616
N— ray and ultrason ic techniQues can prov ide a most detailed

picture of c~~~osi te struc ture. When co.bine~ with the well
known abilit y of these techniques to detect flaws and defects.
the value of suggested new developments becomes clear. At a
later stage electrical, thermal and opt i ca l methods may be
prescribed for use in par ticular situations. but results using
these met hods normall y contain intrins i cally less Inforuation.

112. ID NO.— £1770105130 705130
STRESS MIASUR EUtNT iN POLYMERIC MATERIAL S BY X—RAY

DZFrRACTION .
Barrett , Charles S.: Predecki. Paul
Univ of Denver. Cob
Pel yi. 1mg Sci v l S n  9 Sep 1976 p 602—608 CODEN: PYESAZ
DESCRIPTORS: (‘POLYMERS , ‘Stresses).
CARD ALER T : 815
The method i~ appl icable , when calibrated, to both applied

and resi ja l stresses, to stress r*laxat ion studies , to both
tensile and compressive stresses. to both interio r and surface
pOsi (4on~ in an object. an~ to comoosttea of various types aswell as to pol ymers tha t are su bsta nt ially homo geneous. In
the lower (Ho*ianl range , strains and stresses in metallic
embedded par ticles increase linearly with applied stresses and
strains In the matrix , When applied stresses exceed an
apparent yield point , whiCh cor relates with the y ield strength

- - 
of the metallic filler , the elasti c stra i ns in tie particles
increase only $lightly or even decrease as the matrix Strains
are increased, and with constant applied strain, the particles
revea l changes due to relaxat ion . 7 ref 5.

113 51776 07606513
POSSIBI LITIES OF USING LiGHT PROPAGATION FOR THE

NONOtSTRUCIIVE TESTING OF REINF0RC~I) PLASTiCSSAS4OALOV . A .V.: LIII. V.A.: MEDVEDEV. M.Z.
INST. or POLYMER T~ECH.. ACAO . OF SC!.. R ICA, LATVIAN SSR
t.ICKH. POLPM . 1USSRI VOL. 11. NO.3. 563—S NAY—JUNE 1975

Cuucn: I.IkI’LAG
Trans i.e: POLYM . MECH. (USA) VOL .11. -NO.3 485 7

MAY—JUNE 1975 Codcn PLYMAQ
treatment: p

H 02 -

( I I  Ref s )
Descripti,rS: NONDESTRUCTIVE TESTING: REINFORCED PLASTiCS:

OP1ILS: CU~’J’O5ITC MATERIALS: lEST £QUIP.’ENT
l ck.nt if ,U rS: LIGHT PI~OPAGAT IO~ : N INDESTRUCTIVE TESTING:

- - R(II.I ORCI.D PLASTICS : LABORA T ORY OPTICA L APPARATUS: MEASURING
T ECh NIQUE -

S~’t t$On Cla5~ Codos 03450, DB500
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114. ID NO.— £1771291411 791411

WORLD CONFERENCE ON NONDESTRUCTIVE T~STING. 8TH. SEPTEMBER
- ~ C 9. 1976 SEN DASHS THURSDAY AFTERNOON . -

, Anon .

~ ~ 
World Conf on Nondestr Test . 8th. Cannes. Fr. Sep 6 1 1  1971

Sponsored by world Conf on Nondestr Test. Paris. Fr. 1977 var
.- - paglngs 

. 
- -

.
~ 

-: DESCRiPTORS: ‘NONDESTRUCTIVE EXAMINATION . (ULTR ASONICS.
Measurements). (cOMPOSITE MATERIALS. Nonmetallic Matrix
Composi tes), -

CARD ALERT : 421 . 422. 753. 415. 81?
Proceedings of Sections 3F. 38 and 48 include 29 papers ob

the use of ultrasonic methods of nondestruct ive testing.
comparative stud i es of various methods of nondestructive

f testing . and methods of nondestructive testing of coirpos i te
_ai!,L!.rIA!s. The~~iSèi’s preseflted deal with freouency analysis
in ultrasonic testing . ultrasonic analysis of rough sur faces.
pulse—echo ultrason ic thickness gauging , the attenuation of
u ltrasonic waves in solids , the effect of heat treatirent on
ultrasonic wave behavior , determination of grain sire I roe
ultrasonic pulse Scattering , in—process monitoring of the
guality of metallurgica l products, the accuracy of equipment

4 used in nondestructive estimation of crack depth , ultrason ic
testin g of two—layer me tals , the crack detectio n capab ili ty of
Iiauid penetrafli inspection systems , structural aspects of
magnetic-particle crack detectors, properties of i n$pectinn
media for the maanet i c—part icle method. nondestruct ive
c learance measurement In Closed joints, nondestructive
exairinat i on of boron/epoxy structures after service testin g .
nondestructive testing of glass fiber reinforced plastics.
assessment of matrix and interface damage in fiber—r einforcea
Composites , radiographic monitor i ng of plastic materials.
acoustic emission testing of a carbon fiber reinforced epoxy
pressure vessel. -and nondestructive testing of solio
propellant rockets by holographic interferometry . liT French

- - and English. -

115. io NO.’ EI721316O74 294073
NONDESTRUCTIVE DETERMINATION OF FAT IGUE CRACK DAMAGE IN

COMPOSITES USING VIBRATION TESTS.
- - DiBenedetto . A . T . :  Gauchel . .1. V.: Thomas . R. L. Barlow.

J. W.
Washi ngton Univ. St. Louis. N0
J Mater v 7 n 2 dun 1972 p 211— 215
DESCRIPTORS: (‘PLASTICS LAMINATES. ‘Mechanica l Properties).

LAM INAT ED PRODUCTS. COMPOSITE MATERIALS. PLASTICS. REINFORCED.
MATERIAL tEST ING.

CARD ALERT: 415. 421. 817
The results of thi; i nvestigation show that the vibrat i onal

response of a fiber reinforced laminate changes with the
f ormation of cracks and microcavities . Sonic frequency
vibration testing show$ promise as a means of nondestruct i vely

• - eva luatin g in—serv ice degradation of strength and stiffn ess.
The vibration response changes correlated in most cases with
the visible changes that were attributed to crack dao.sq. that
occurred dur m a  fat iau ing. The changes in modulus and damping
were laroe enough to be detected easily. 9 refe.
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- 116. ID No .— £t7 ’~l2l o67I 288670

NONDESTRUCTIVE TESTING OF ADVANCED C~ APOSIIES.
.1 

• Anderson. Robert T .;DLacy . Tp~omas d.Met Prog v IO 2n2Aug l972 p St $2
- I 

- DESCRIPTORS: I’COMPOSITE MATERIALS. elnipect ion). INSPICTI~~I
. (MATER IALS TESTING . Nondestructive Testing). ULTRA S~dICS.

- — RADIOGRAP HY.
- 

- CARD ALERT : 415. 422. 753. 913 -

Radiographic and ultrasonic tests appear most effective for
inspecting rosin-matrix and metal—matrix composites for

• favroved noise suppression, fracture analysi,, detecting open
bonds, laminar defects. etc. Test procedures, data anal ysis
and alternative nondestructive testing methods are described.

117. -10 NO.~ £ 1751279430 579440
WAVES AND VIBRATIONS IN DIRECTIONALLY REINFORCED COMPOSiTES.
Achenbach. .1. 0.
North-jest Univ. Evanston. I ll
Cunpos Mater v 2. 1974 p 309—351 COOEN: C.IMTBM
DESCRIPTORS: i’COMPOSTTE MATERIALS. ‘Vibrations). PLASTICS.

REINFORCED. lf,tETALS ANO ALLOYS. Fi ber Reinforcement).
MECHANICAL WAVES. MATHEI.ATICAL TECHNIQUES.

CARD ALERT: 415. 421. 531. 817. 921. 931
This paper reviews some aspects of wave notions and

vibrations in directionally reinforced compositeS for small
deformations and linear behavior of the const ituen ts. Some of
the basic Concepts of the motions of elastic continua are
briefl y reviewed In Appendixes A and B. An Invest igatio n of
the propagation of mechanical disturbances is of importance
for bodies that are subjected tO high—rate loads SuCh as are
generated by imoact br by explosive charges, For a
d irectionall y reinforced compos i te the character of the
dynamiC response depends on the direction of propagation of
the disturbances. For wave motions propagating in the
direction of the reinforcements, the reinforci ng elements act
as wavepuidos. Mechanical disturbances are subjected to
attenuation when propagating in conposite mater ials. The
attenuati on is effected through geometrica l dispersion , and
dispersion due to other mechanisms , such as are related to
inelast i c material behavior, delamination , internal voids and
Cracks. and crushing of composite Constituents. Of the
various disoersiOfI mechanisms structura l dispersion and
dispersIon CuC to inelastic mater ial behavior are ana l ytically
trea ted by using mathematica l equations. Experimental results
obtained DV ultrasonic techn i ques , sock—tube tests. and
flyer- pl ate impact tests are presented and evaluated by means
of equations developed . Refs .

~
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118. ID NO.— E1750854358 - 554358
OPTiCAL METHODS FOR TESTING COMPOSITE MATERIALS.

1- Daniel. 1. M. -
i l l Inst of Technol. Chicago
AGARD Con! Proc n 163. 1975. 1 or Meet. Munich. Get , Oct

13—19 1974. Pap 9, 20 p CODEN: AGCPAV
DESCRIPTORS: (‘PLASTICS. REINFORCED. eDeformat ion).

“ COMPOSITE MATER IALS . Fracture). (STRESSES. Analysi s).
CARD M.ERT: 815. 817. 408 . 421
Optica l stress analysis techniques and their application to

the study of deformation and fract ure of Compos ite mater ials
are described and discussed. These include ohotOelastic
coat l ngs . mo i re grids , holographic interferometry. and liquid
crystals. All these techniques have different advantages and
limitat ions . The selection Of any one or more of ti,eae
depends on each particular application . 44 ref s.

119. DDC REPORT BIBLIOGR APHY SEARCH CONTROL NO. SSM1OD

AD— 915 592L 1/3 11/4 , 13/S
W.CDONI~ELi. A IRCRAFT CO ST LOUIS MO

Quality Assurance Procedures for Advanced
Composite AirCrift Structures. Volume II.

DESCR IPTIVE NOTE . Final rept. Mar 71—Jul 73,
JUL 73 326P Sanders,L. R. ;

CONTRACT : F33615’T1—C—1359
PROJ: A F—6 169CW -

MON i TOR : AF’.IL 7R—73— 162-Vol —2

UNCLASSIF IED REPORT
Distribut ion limited tO U.S. Gov’t. agencies only;
Test and Evaluation: iJul 73. Other requests for
this document must be referred to Direc tor , Air Force
Mate r ials Lab., Wr ight—Patte rson AFI, Ohio
45433,

- 

- SUPPLE?~ENTARV NOTE: See also Volume 1, AD-ItS
5911.

DESCRIPTORSI (.Airframes. Quality assurance), -

(‘Composite structures. Airf rames) . (.Composite
materials , Alrfrax4s), Instruction manuals.
Laminates. Boron, HoneycomD Structures, Epoxy
resinS, Honeycomb cores, Inspection ,
Non0estruCtivC~ tI5tiflO . Fabr i cation . Humi dity.

~ ef~cts~Matirials) . Fallure (M ,chan i cs).
Repair . Bonded Joints, Acceptability. Adhesion,
Sktfl (Getletal). Bonding, Effectiveness

1 - -  
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120. 
I 

DOC REPORT SiRLIO (~UAPNV - 
$IA*CH CON~ RO~ ~ O. SSm~ OD

:AO~~Q35 026 11/4 - 20/S
4 - 

t - 
AUBURN UNIV ALA ENGINEERING EXPERIMENT STATION

H - Techniques for Fl~ w. Detection in Composite 
-

— 
M ateria l Structures. - • -

- - 

DESCRIPTIVE NOTE: F inal rept. Dec 75 Dec 76.
•DEC 76 75P Ranson,W. F. ;Sw nson,W.

• F . ;
~~~~~ ~4O. ME— AMC-0467
tONIRLCT$ DAAHOI 7S—C—0467

- ! UNCLASSIFIED REPORT

DESCRIPTORS: .Defects (Materials), •Composi te
- 

- materials, ‘De tection . ‘Interferometry . ‘Specular
reflection , Fiber re .nforCed Composites,
Photocraphy. Shear properties . Cylindrical bodies,
Thin walls, Optica l nterferometer,,
IDENTIFiERS: Young’s fringes

This study concerns the nondestructive detection
and quantification of fla w s Sfld voids in thin ,
Cy lind ri cal , fiber reinforce d , cov’ooslte , structures.
Three types Of flaws were in vCstigate ~ usingH - shear i ng speckle and sin gle b*a’n spe :kl.
interferometry. The theory for each tecnnig~e an d
photographs Of the fringe pat terns are pre sented .
The Young ’s fringe metnod of speckle
int~ rf erometf’y was used to determine tne i urface
Strai rS in Inc fJ~~w repibn anø the rc sult ’n g flaw
georetry was prese nted in graphical ferm . Shearing
speckle interferometry was developed for a
qua litative ana l ysis only. The results show that
flaws in their fiber reinfo rced conpo site structures

— I  can ~e detected and the size determined by either
shearing speckle or single beam speckle
in terferometry . (Author)
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121. I ooc REPORT BIBLIOGRAPHY SEARCH CONtROL ND. I$~ iOD

~~ 
0 ~

- AD;0~~I~ A IRCRAFT ESTAeI.ISHMENT FARNBOROUGH (ENGLAND)

The Use of Radiography in the Nondestructive
Testing of Composite Materials.

~
: 

DESCRIPTIVE NOTE: Technical rept.,
,.- DEC 71 42P Stone,D. I. W. ;

REPT. NO. RAI TR 71235
• MONiTOR : DRIC SR 28324

UNCLASSIFIED REPORT
Distributio n DoD and DoD contracto r s only;

1 - others to B rit isn U ,riist ry of Technology via the 
-

approp riate Channel.

DESCRIPTORS: (‘RADiOGRA PHY . COMPOSITE MATERIALS) .
(sNONDESTRUCTIVE TESTING. RADIOGRAPHY). PENETRATION ,
CARBON FIBERS. REINFORCED PLASTICS , X RAY PHOTOGRAPHY.
GA*~MA RA YS. NEUTRONS. 

TRACER STUDIES, GREAT BRITAIN.
M1C*OPHOTDGRAPHY, DEFECTSt*ATLRIALS)

122. O~~’ REPORT BIBLIOGRAPHY SEARCH CONTROL ND. ISMIOD

AD— 739 750 11/4 11/9
ADVISOR Y GROUP FOR AEROSPACE RESEARCH AND DEVELOPMENT
PARIS (FRANCE)

- )~on—Destruct i ve Testing and Inspection
— Appl ied to Composite Materi als and

- 
* Structures ,

FEB 72 35P Owston,C. N. ;Jafte ,E.
H .;

REPT . NO. AGARD—R-590

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: Presented at the AGARD Structures
and M ateria ls Panel M eeting (32nd). London , 31
Ma r 71. NATO furnished.

DESCRIPTORS: (‘COMPOSITE MAT ERIALS, ‘NONDESTRUCTIVE
TESTING) . (‘RED~FORC ED PLASTICS , NONDESTRUCTIV E
TESTING), AIRFRAMES, CARBON FIBERS, BD~’3N, QUALITYCONTROL. ULTRASONIC RADIA TION . PADlOGO~ PHy - 

] 
-

IDE NT IF IERS: ‘CARSON FIBER RE iNFORCED PLAS TIC S , •FIB ER
COMPOSITES. ULTRASONIC TESTS, EDDY CURPENT TESTS

The two cOntributions contained in this report deal
with non—destructive testing applied to specimens and
structura l parts macj of composite mat .~ ia ls. In
the first paper , soc aspec ts of vari ou s inspect i on
methods such as ultrasonics .  r ad iogra;n~ . ecj y
Curren t and acoustic emission techn i ques ap pl ied to

• Carbon fiber compoa.tos are discribe d in connect Ion
wi th I discussien Of pos sibl , failure mecr~anisms .especiall y in fatigue. The second paper LnO~s the
possibilities and l ,mit&t ions of P.0! applied to the
Ouality Control of a primar y structural part made of
boron composite. (Au thOa’—PL) -
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123. DDC REPORT IZSLIOGRAPHV SEARCH CONTROL NO. 151100

*0— 741 236 11/5
GENERAL ELECTRIC CO PHILADELPHIA PA SPACE DIV

- investIgation of electronic Ceramic FiDirs for ‘

— Non—Desti ucilve Evalua tion of Advanced• Composites. (

DESCRIPTIVE NOTE: Fi~~sl ept . 16 Feb 71—15 FSb 72.
FEB 72 41P Ifenry .Edward C. ;

CONTUCI: N000I9—7I—C—4247 -

UNCLASSiFiED REPORT

DESCRIPTORS: (.CER AMIC FIBERS , PRODUCTION). (‘FERRITES
CERAMIC FIBERS), (.NIOBATES, CERAMIC FI6ERS~,(‘NONDESTRUCTIVE TESTING , COMPOSITE MATERIALS).
DIELECTRIC PROPERTIES. CRYSTALLIZATION , SODIUM
COMPOUNDS, LiTHIUM COMPOUNDS, DETECTORS . FERROELECTRIC
CR YSTALS, FILA MENTS . MAGNETOSTR ICTION , HEAT TREATMENT,
DRAW ING(FOR’4ING), TENSILE PROPERTIES (I

- I IDENTIFIERS: LITHIUM NIOBATEM, SILICA GLASS,
DEV ITR F I E D  GLASS (1

The Objective of this program Is to investigate tne
feasibility of developing and using crystal—bearing
fIls ients as sensors in t~e NOT of fiber—reinforced

• plastics and related composite s. The fibers or
V i la n e n ts contain Crystalline ox id ic materials
commonly referred to as electronic ceramic s. These
compositions include soft and hard magnetic ferrite ..
and ferroe l .ctric potassium sodium niobate and

- - li thium nlobate. A stud y was made of the
- - 

- devit ri fi c a t ion behavior of the key compositions, to
show the eltects of tire temperature, kind of glass
and Concentration of elctronic ceramic on tne
exsolut ion of tne active phase. Tne devit rif led
fiIae.ents were incorporated into composite tHe , with
an •poxy—novolac matrix. Data are presented for the
init ial tests of these eomposlt•s, (Author ,
medif led—FL) • (I
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124. FATIGUE MECHANISMS. CHA RACTERISA TION OF DEFECTS AND

THEIR DETECTION IN REINFORCED PLASTICS MA TERIA LS
- Sturgeon. 3. B.

British Journal of NDT
• November 1978 

-

-: When high performance composite materials come into widespread use
fatigue failures will almost certa inly occur. This paper presents the

- 

- 
princ ipal fatigue mechanisms whicb arise In these materials and also
reviews the important role that non-destructive testing techniques
have played in not only detecting damage but In determining which
mechanisms are present in particular circumstances. No one testing
technique is sufficient, by itael.f, to give all the information desired
and some need to be used whilst fatigue testing is in progress; however
for inspection of damage after dynamic fatigue loading ultrasonic
C-scanning techniques are probably one of the most useful method s,
at least as a research tool .

~ I-

f-
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125. NTIAC”1643’e 14

-, CALIFORNIA UNIV LIVERMORE LAWRENCE LIVERMORE LAB
HAI4STALI .14. A. S PETERSO(l.R. 6.

CONSIDERATIONS FOR ACOUSTIC EMISSION MONITORING OF
SPHERICAL KEVLAR/EPOXY COMPOSITE PRESSURE VESSELS

- :-
~ - .  NAY 77. 24P

UCRi..~79356 
-

AVAILABILITY: FOR SALE BY NTIS, 5285 PORT ROYAL RD., -

SPRINGFIELD. VA 22161

ACOUST1C EMISSIONS. MONITORING. EPOXY. COMPOSITE
MATERIALS. PRESSURE VESSELS. PREDICTIONS, PRESSURE. FILAMENT
WOUND CONSTRUCTION, INSTRUMENTATION. EXPERIMENTAL DATA.
DEVELOPMENT. DESIGN. CALIBRATIO~I, TRANSDUCERS. SENSITIVITY.PROOF TESTS -

WE ARE CONTINUING TO RESEARCH THE APPLICATIONS OF ACOUSTIC
EMISSION TESTING FOR PREDICTING BURST PRESSURE OF
FiLAMENT—WOUND KEVLAR ‘e9/EPOXY ~~~~~~~~~~~~~~ 

c. THIS STUDY
HAS FOCUSED ON Th E~5PE ii~~C~~äEAS. THE FIRST AREA INVOLVES
DEVELOPMENT OF AN EXPERIMENTAL TECHNIQUC AND THE PROPER
iNSTRUMENTATION TO MEASURE THE ENERGY GIVEN OFF BY THE
ACOUSTiC EhISSION TRANSDUCER PER ACOUSTIC EMISSION BURST.
THE SECOND AREA CONCERNS THE DESIGN OF A TEST FiXTURE IN
WHiCH TO MOUNT THE COMPOSITE VESSEL SO THAT THE ACOUSTIC
EMISSION TRANSDUCERS ARE HELD AGAINST THE OUTER SURFACE OF
THE COMPOSITE. INCLUDED IN THIS STUDY AREA IS THE
CALIBRATION OF THE ENTIRE TEST SETUP INCLUDiNG COUPLANT.
TRANSDUCER. ELECTRONICS. AND THE INSTRUMENT MEASURiNG THE
ENERGY PER BURST. IN THE THIRD AND FINAL AREA OF THIS STUDY.
WE CONSIDER THE NUMBER. LOCATIOI1~ AND SENSITIVITY OF THEACOUSTiC EMISSION TRANSL~UCERS USED FOR PROOF TESTINGCOMPOSITE PRESSURE VESSELS. (AUTHOR)
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126. NTIAC—11?61

- ‘ ~ HANSTAD .14. A. I~ TATRO.C. A.
RECENT ADVANCES IN UNDERSTANDING OF ACOUSTIC EMISSION
FROM FIBER COMPOSITES AND METALS

-

‘ ABSTRACT ONLY _ -

1976. O1P
AVAiLABILITY: PUaLISHED IN i. ACOUST. SOC. AM.1 VOL.
59. SUPPL. NO. 11 SPRING 19761 P S48

*ACOUST1C EMISSIONS. *FIBER REINFORCED COMPOSITES. -

*ALUMINUM. FREQUENCY. COMPOSITE MATERIALS, EPOXY. %
TRANSDUCERS. LOADS (FORCES). FATIGUE (MECHANICS). FRACTURE
TOUGHNESS. STRESSES. JASM -

- - 
THE TiME AND FREQUENCY LIOMAINS OF ACOUSTIC EMISSION 5I~UALS
GENERATED DURING LO_AD tG_OL1~~ J..ARJI9JERQX!_COMPOSITE~ HA~/€
BEEN STUDIED. THE EFFECTS OF CO(’IPOSITE THICKNESS~ TRANSCUCER
TYPE. AND LOAD LEVEL HAVE bEEN EXAMIt-JED. RESULTS INDICATE
THAT RELATIVELY LOi~ FREQUENCIES PREDOMINATE. A STUDY OF THE
FREQUENCY SPECTRUM OF ACOUSTIC EMISSION SIGNALS GENERATED
DURING FATiGUE TESTING OF FRACTURE TOUGHNESS SPECIMENS HAS’.
BEEN COMPLETED. IN PARTICULAR’ THE ~~~ENDENCE OF FREQUENCY 

-

~~~~~~~~~~~~~~~~~~~~~~~~ LEVEL WAS STUD~~~~~EXYENSIVE TEN�I~N
AND COMPRESSION TEST2I~~ OrWFLAWED 7075 AND 2124 ALUMINUM11 HAS BEEN UNDERTAKEN. AMONG THE RESULTS ARE (I) A CORRELATION
BETWEEN FRACTURE TOUSHNESS AND THE ACOUSTIC EZ.ISSION
GENERATED DURING A COMPRESSION TEST OF 212L&~T851; (II) THE
RATE OF ACOUSTIC EMISSION ENERGY SENSED AT STRAINS GREATER
THAN 1.5 PERCENT IS MORE THAN TwO ORDERS OF MAGNITUDE
GREATER IN TENSiON THAN IN SOMPRESSION ; AND CIII) ACOUSTIC
EMISSION CAN EASILY BE USED TO SORT OUT PLATES OF 7075
ALUMiNUM WHICH HAVE UNDESIRED 20—60—MICROMETER INCLUSION
PARTICLES. (THIS WORK WAS PERFORMED UNDER THE AUSPICES OF
THE U.S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION.
UNDER CONTRACT NO. W—7405—ENG—48.) (AUTHOR ) 

- -

171

4

ks&.g-i ---. ~~~~~~~~~~~~~~~~~~~~~~~~ - a - - - . 
- - ——-- -

~~~~ ——---—-- --~~~~~.a. ~~~~~~~~~~~~~~~ — —  —~~
- 

— — s~. -~~ ~~~~~~~~~~~ ~~~~



t - 
-_-

~~ ~~~~

—-— -. ‘—

~~ ~~~~~~~~~~~~~~~~~~~ 

w--,-~ -~-~~~ ~~~~~~- -~~ —~~~~~—_----~--~~‘— —~~~~~~ .— —.~---- 
~-~

-—---,-—v--.- -

~

~~~ 

,

~~

_ -j - 127 • PR OCEEDINGS OF THE WORKSHOP ON STRUC TU RA L COMPOSITES
-~ 

- AND NONDESTRUCTIVE EVA LUATION
~

. National Materials Advisory Board (NAS-NAE)
~ Prepared for Department of Defense -

; June 1974
- : — 

Distributed by Nat~onat Technical information Service,. U~ S. Depa rtment

- i - -
- ofCommerce -

I ~ 
. AD-781823 

-

- ~ 128. NTIAC”13284 14
- ~ AVCO CORP LOWELL MASS SYSTEMS DIV 

-

~ 
HASTINGS.C. H. S OLSTER.E. F. I LOPILATO.S. A.

I DEVELOPMENT AND APPLICATION OF NONDESTRUCTIVE METHODS FOR
PREDICTiNG MECHANICAL PROPERTIES OF ADVANCED REINFORCED
NONMETALLIC COMPOSITES
FINAL TECHNICAL REPT. 1. ~JUN 70—30 MAY 73
MAY 73. 96P

- 
-
. AFML-TR 73—157

AVSD’0183—73—CR
F33615—7O—C”1~2~AD—771774

- -

. 
DEVELOPMENT, APPLICATION . MECHANICAL PROPERTIES,

- REINFORCED PLASTICS. NONMETALS. COMPOSITE MATERIALS.
EVALUATiON, ULTRASONIC TESTING. VELOCITY. MEASUREMENT. - 

-

TECHNIUUEi BORON. EPOXY. LAMINATES. STRUCTURES. MATERIALS.
COMPONENTS, CORRELATION. STRENGTH(MECHANICS)

THIS REPORT CONCERNS ITSELF WITH A DETAILED EVALUATION AND
DEVELOPMENT OF ULTRASONIC INTERVAL VELOCITY MEASUREMENT
TECHNIi~UE. RESULTS INDICATE THAT IT IS A PRACTICAL ANDPOWERFUL 1001.. APPLICABLE TO THE EVALUATION OF BORON/EPOXY

1~LES FOR STRUCTURAL HARDWARE COMPONENTS. BEST RESULTS
- ARE ACHT~VED IN ThE 0 AND 90 CEGREE DIRECTIONS OF THE

LAMINATES STUDIED. UNBALANCED LAMINATES LEAD TO GREATER
ERRORS IN THE 45 DEGREE DIRECTION. MEASUREMENTS OFF—ANGLE
WiTH RESPECT TO REINFORCING FILAMENTS DO NOT NOW SEEM TO BE

-j RELIABLE. BASED ON INTERVAL VELOCITY MEASUREMENTS .
CORRELATIONS HAVE BEEN DEVELOPED FOR MODULUS CALCULATION AND
TENSiLE STRENGTH PREDICTiON. ACCURACIES APPEAR TO BE BETTER
THAN TENSILE TESTS FOR MODULUS (LESS SCATTER) AND AS GOOD AS
TENSILE TESTS FOR STRENGTH DETERMINATION. YIELD STRENGTHS
DID NOT APPEAR TO BE PREDiCTABLE BECAUSE OF EXCESSIVE
SCATTER IN THE DENSILE DATA. DEGRADATION OF BORON/EPOXY
LAMiNATES STUDIED. BECAUSE OF PRIOR TENSILE LOADING DID NOT
EXIST. (AUTHOR—PU
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129. 14T1AC 6364 14 -

~~ ~ -

~~ ~ ‘*VCO GOVERNMENT PRODUCTS GROUP LOWELL MASS AVCO APPLIED
H ~ 

lECHNOLOGY DIV 
,

- - I 
~ -- SCHULT2.ARNOLD W. . .

~ ! ~ 

- - THE DEVELOPMENT OF NONDESTRUCTIVE METHODS FOR THE
j~ ~ QUANTITATIVE EVALUATION OF ADVANCED REINFORCED PLASTIC

— - ~ 
. COMPOSITES

~ CONTRACT REPT. 1 AUG 68—31 OCT 69
- AUG 70. -165P

AFML—TR—70—20 - -

: AVATD-0195—69—RR
t, F33615—67—C—12a5 -

-
, 

*0875229
- - AVAILABILiTY: PUB. iN U.S. NAVY JNL OF UNDERWATER

~ 

- ACOUSTICS. V20N2 P339—35 1 APR 70.

- : *REINFORCED PLASTICS. *QUANTITATIVE TESTING. PLASTICS.
- ~ I COMPOSITE MATER IALS. GAMMA RAYS. ULTRASONIC RADIATION .
- 

I i EPOXY. CARBON FIBERS. BORON. MECHANICAL PROPERTIES

~ I THIS FINAL REPORT DOCUMENTS THE COMPLETION OF THE FIFTH YEAR
~ OF A CONTINUING STUDY CONCERNED WITH THE DEVELOPMENT OF

-
I 

• N9NDESTRU~CIIVE Tr~
Ti~~j ~~~~~~~~~~~~~~~ QUANTJTATIVELY

- ~ E VAkW~
) .1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ &T4~-.CO~4$~OSIIES.

- ~ - . ri-~ BOROt4/ .EPt~~N_YANELS ._ONE._PLADI_W EAVE CARBON/CARBQIj
PANELS AND A 3—0 QUARTZ/EHENOLIC SSPHERE WERE

- 

I NONDESTRUCTIVELY AND DESTRUCTtV~LY TESTED FOR MECHANICAL
- p.Rp~ ERT~ ES B~HAVIOR ANQ PHYSICAL PROPERTIES Ck~RACTERISUCS.IT WASiHE PIJRPO~E OF THIS PROGRR~ri-e1 (A ) E5TA~~~~ ,s

PREDICTIVE CORRELATIONS BETWEEN ULIRASONICALLY—DET~RMINED
- 

- :~-;- MQ~ULUS~~(ALUES AND DESTRUCTIVELY—MEASURED TENSILE.
COMPRESSIOW. FLEXURE AND SHEAR MODULUS AND STRENGTH VALUES
FOR THE 2—0 COMPOSITES (b) RELATE 2— 0 AND 3—0 ULTRASONIC
POLAR MODULUS VALUES WITH APREVIOUSLY—DERIVED
MICRO M~.CHANICS dASED THEORY FOR Gr.NERATING POLAR MODULUS
VALUES; (C) DE~ONSTRATE THE FEASIBILITY OF APPLYING ARECENTLY CONCEIVEO 6INTERVAL VELOCITY TECHNIQUE6 TO
REINFROCED COMPOSITES; (0) DEMONSTRATE THE CAPABILITY OF A
NONDESTRUCTIVE, MULTIPLE ENERGY, G~~;MA— RAY R

~
flIQMEiRIc.

~~NIC~UE FOR PREDICTING MIXTURE tOF:CENTRATIOUS ~N
~~~~

t
~~”~~P~UAI ~~~~~~~~~~~ ,~~ij ~t J  ~~VESTIGATE THE USE OF- WiDTH—AND A~ ~~~PL*~~tASUREMENTS OF ULTRASONIC VELOCITY FOR

PREDICTING THE MECHANICAL MODES OF FAILURE OCCURRING IN
COMPOSiTE TEST SPECIMENS. (AUTHOR . MODIFIED—PL) -
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i~ ~ 130. NTIAC ”14450

~ COOPER iT. D. S HARDY .G. L. I FECHEK.F.
- - NDE OF BORON/EPOXY STRUCTURES AFTER AIRCRAFT SERVICE

—
~ ~ TESTING (481)

- 
--  5 REFS.$ SEE ALSO NT—13951 - -

-t - - 

1976. ObP -

-: ~ ~ AVAILABILITY: PUBLISHED IN EIGHTH WORLD CONF. ON_

j ~ 

. NONi~ESTR. TEST.; CANNES. FRANCEI . 1976

~ ~ BORON. EPOXY. STRUCTURES. AIRCRAFT. FLIGHT TESTING.
~ ~ RADIOGRAPHY, EDDY CURRENT INSPECTIOt-~. THERMAL TESTING.ULTRASONIC TESTING. PENETRANTS. HOLOGRAPHY. OPTICS. ACOUSTIC

EMISSIONS. INSERVICE INSPECTION. X RAYS. CORROSION.
DEFECTS (MATERIALS), DAMAGE ASSESSMENT. UNBQNO. FIBER
REiNFORCED COMPOSITES 

-

RUDDERS FABRICATED USiNG BORON/EPOXY SKINS WHICH HAVE BEEN
FLOWN ON OPERATIONAL AIRCRAFT HAVE BEEN EVALUATED USING A
NUMBER OF NDE METHODS. ULTRASONICS. EDDY CURRENT AND
RADIOGRAPHIC METHODS HAVE BEEN SHO*N TO BE EFFECTIVE FOR
DETECTING BOt~DLINE FLAWS AND HONEYCOMB CORE CORROSION.(AUTHOR) 

-

- 

131. HTIAC B?97 -

- HENNEKE~E. G. ‘ II 8 HERAKOVICH .C. 1. 1 JONES .G. L.
$ RENIERI.M. P.

ACOUSTIC EMISSION FROM COMPOSITE—REINFORCED METALS
JAN 75. 07P -

• AvAiLABILITY: PUBLISHED IN EXP. . MECH. 15. 18 JAN
753 10—16

.*COUSTIC EMISSION, *COMPOSITE MATERIALS. ELASTIC- WAVES’
CRACK PROPAGATION. DEFECTS(MATERIALS). TENSILE STRENGTH.
P1EZOELECTRIC TRANSDUCERS. STRESS STRAIN RELATIONS

ACOUSTIC—EMISSION (AE ) COUNT RATES ARE PRESENTED FOR TENSILE
LOADING OF Ut IDIRECTIONAL BORON—EPOXY AND FOR ALUMINUM
SHEETS REINFORCED WITH UNIDIRECTIONAL BORON—EPOXY. It.J5

= SHO~U1~A _O.LEFERENL_PRE2RLG_I~A.TERIALL~~~VE DIFFERENT
CHARACTERI.S1I~c._AE_P.At1EaNS. RESULTS 

FROM
COMPOSITE RE1NFORCED METAL SPECIt4ENS SHOW THAT EARLY
FAiLURES ARE ACCOMPM4IW BY A SHARP INCREASE IN AE COUNT
RATE AT THE KNEE OF THE BILINEAR STRESS—STRAIN DIAGR AM. IT
IS FURTHER SHOWN THAT ThE COUNT RAThS ARE A FUNCTION OF
SPECIMEN FABRICATION AND THAT HIGHER TOTAL COUNTS DO NOT
NECESSARILY CORRESPOND TO EARLY FAILURES.
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. 132. 10 NO. £1741060977 460977

‘ QUAL ITY CONTROL IN CO~POSITE HARDWAR( FABRICATION .
~ Cook.-iI. V.-: Nus.~an. G. R. -

McDOnn.Il AIrCr Co. SI. Louis. Ito •

Coii’oos Mmter In (n~ Des. Syi’~p. 6th. Proc. Pep. Wash$ngton
(,I~$v . St. LOuIs . ?.IO. May 11—12 1973 p 430—440. Available learn.

~ 
—: 

~~~~ ~~~~~~~ Park. Ohio. 1973 -

~ ~ . D(SCRIPTORS: (.CQr~pOSIT( MATER IALS. •Qua1~ ty Control). - I
~ 

- 
AIRCRAFT MATERIALS . NOndeStruCtIve Testing), (JOINTS. ADHESIVE

~ 
- 

S Te.t~nà). PLAST ICS. REIN rOcCED . -
! CARD ALERT: 415. 421. 652. 517 , 9~3I Msthods of ~~~~~~~~~~ COflf~d~flCe ~n DQ~nde& ComposIt.

•$sembII•s by upgrading the OU3 Il ty a~sur$nc• I5~rocedures Ar •

~ 
I beIng studied . Surface •lec tröcat resi~ t~ v It y has been
~ 

IdentIfied as a potential Qua lóty contro l too l for tItan i um
Cleaning. Tj~~~~ 4pabiIitIu. and. ..l *mitatlons pjpresentJy .- ~ •vallabt e nondestruct i ve teSt Ing techniQues • r.IaUy . to

~ ~owposIte cmpennaq• hardmare have b~~n est ablished. It ~s
- ~hOwfl tha t surface elec tr~ Cal •

• ro$i$tiv$ty e~hib$ts

~ 
conslderaDle pe tent le t as a Quali ty control tool for titanium •

- 
- Clea rtl flQ pr Ior to a~i~ sive bonding. Defects in boron/epoxy

I laminat es and bor onh.pox~.— tita nIum splice joints Cà im ~~t
I ~ effect ivel y located bY trio Ultra soni c through transmIssion
~ r•ft.ctor plate C-scan test. Radsoqra~hy is most suitabl e f 0-
- InspectInQ Substructure. I. e. , h~noyCOmb Core and edge

~ : meniber—to—cOv ’e bond ljn~~. The ultrasonic through
transmission System with a fOCu*~~d sende r and a focussed- receiver is the best mathod of øet.ct*n~ Skin—to—honCyComb
core unbonds. I ref.

-~ - - 133. 1D NO.— c17213 1 905e 297056
- BI~OAD RANGE DETECTION OF INCIPIENT FAILURE USING THE

ACOUSTIC LMISSION PI ENOMENA.
B~ Ide,ston . H. L.BoeinQ Co. Seattle. Wash
ASTM Spoc Tech Pub I 505. 1972 p 297—317 CODEN: ASTTAB
DESCRIPTORS: (~ MATERI-ALS tESTING. .Non(jestructive Testing).

• (CO f~ROSION. Stress Cc,rrobion CracI~ing). (MATERIALS. Crack
PropagatioM .

IDENTiFIERS: ACOUSTIC EMISSION
cARD ALERT : 421. 422. 539. 631

- The acoustic emission phenomena are employed In the
detection of incip ient failure in all types of eou i pment
covered In this res crt . Specifically , the examples chosen are
struc tural. mechanical, pneumatic ond hydraulic components.
subassemblies. or specimens as applicable. From these
examples the broad ranoe Incipient failure detection concept
based on the acoustic emission phenomena it developed. The
cxpcrimonts covered include detection of incipient failure in

— . besrinas. hydraulic assemblies , pneumatic suUsystems . stress
corros ion in aluminum. ductile tensile failures in carbon
steel. 4330M steel, and in boron—epoxy composite materIal. 7
rofs. -
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- -- 134. ID NO.— E1750100915 500915

— ~ 
- MEASUREMENT OF THE ELASTIC MODULI OF CONTINUOUS—FILAMENT AND
- , tUIECTIC COMPOSITE MATERIALS.

-~ 
o Sachse. Wolfo ang

- Cornell Univ. Ithaca . NY - %
ii ConDos Mater v B n 4 Oct 1974 p 378-390 CODEN J~~~BI

1- DESCRIPtORS : (‘COMPOSITE MATERIALS. •Elas ticit y ) . (MATERIALS
~~, ~~~

— VESTING . Nondestr uct ive Testing). (ULTRASONIC WAVES. •

- I - ~ 
— Transmission),

IDENTIFIERS: ELASTIC MODULI -

I • 
- CARD ALERT: 121. 422. 753

Continuous filaments and eutect ic Composite materials have
— been trea ted as homogeneous and Ol thotrOpic and transver sely

— 
Isotropic elastic materials. respectivel y. fn Stress anal ysis
problems. Based on these assumptions th• elastic modul i of
boron—epoxy and A l AI//3Ni eutect-Ic composite materials are
measured us i ng pu l se-echo techniQues . The shear wave

- I maasurements Show that the elast ic an i sotropy assun.ed for each
: material 18 only an approximation. The measurements ar~ a l so
- influenced by defects in the fiber arrangement and. in the
~ eutect ic Com~Osite. bY the presence pf . a solidificat ion

substructure . The tangen t w~Odulus c//3//3 is determined from
Quas i stat ic compression tests on boron-epoxy spec imens whose
dimensions were similar to those used for the pu l se— .-~o- measurements. 21 refs.

135. ~~ NO. (1750422292 522292
- 

MEAS URE MENT OF F A T I G UE DAMA GE I N COMJ~OSITE MATERIALS.Marcus. L. A.: Stinchcomb. W. W .
Va Polytech inst and State Univ. Blacksburp

. Exp Mech V 15 n 2 Feb 1975 p 55-60 CODEN : EXWCAZ
DESCRIPTORS: (.COMPQSITE IIATERIALS . ‘Fat igue). LAWINATED

PRODUCTS.
1 CARD ALERT : 421. 409. 931 . 415

Numerical results for the stress state around a circular
bole in a boron-epoxy plate under tensile loading are
presented . This serves as a mode l for the initial stress
state around tne hole dur i ng fatigue loading . Comparison is
drawn with experimental results for a fatigued specimen

-I obtained from thermography and l’adiography . Using these
results. an 1nteroeetat~ on of the effects of the In it ia l
stress state on the therma l behavior and on fa i lure in i t ia t ion
i~ given . This interpretation shoes tha t the circumferential
norma l stresses are responsible for the initial beat
Qerieration and failure init iation In the fatioued specimen.
11 re fa .

136. ID NO. E172X0%3840 233840
Acousti ; O::;issiOn studies of boron— epoxy cuit~oSi teFRiTZ—RANDOLPH ~i: PHILLIPS DC: BEAUMONT PWR; TETELNAN AS

- 
Univ of California. Los Angeles
d Comnôs M,~tei’ v 5 Oct 1971 p 542-52 CODEN: JCOT.~fl
DESCRIPIORS : (‘COMPOSITE MATERIALS. •MeChanical Properties).

ACOUSTICS. -

- C.t~D ALCRT : 415. 421 . 751. 817. 931Acoustic om Ission and stress wave emission OrC termS used to
1 i~OScribO t,to ~‘~ t~ aço of stored acoustic eneray fro:n a mat erial

- ~hCn It underooos plastic defortr~’tion . phase transformation.-. or fracture . This ene’gy 15 ieleused In discrete p~ Ises
- characteristic of the process. Tn,~ note describes ho~acoustic emisSion has bc’en correlated with the b c b k i n ~ of

fibers dur i no the fracture of a boron- epoxy comp.~.it c.
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137. NTIAC~ 13658 N

~ ~ . W1LLIAMS.R. S. ‘
,.

~ REAL. TINE NONDESTRUCTIVE EVALUATION OF COMPOSITE
~ 

- 
-- MATERIALS DURING FATIGUE LOADING . -

—H - 
-- PRESENTED AT ASM . SM~. AND ASNTP WESTERN METAL AND

-

~~ 

-: TOOL EXPO. AND CONF.. LOS ANGELES . CALIF.. MAR. 1O—13~• 197b
19Th. 21P

- ~ AVAILA&ILITY FOR SALE BY TECHNICAL INFORMATION
SERVICE. 750 3RD AVE.’ N. Y. 10017 (A75—31264)

REAL TIME. EVALUATION . COMPOSITE MATERIALS . LOADING.
FATICUL (MECH ANICS), EXPERI1~ENTAL DATA. BORON. EPOXY.
ALUMINUfl. ACOUSTIC EMISSIONS’ DIGITAL SYSTEMS. CATA

~r l  

PR(eCLS$ilIG , CAMERAS. THt.RMOGRAPHS, CORRELATION . TESTING
~ METHODS. TEChNIQUE

~ I Ak NCE SYSTEM THAT EMBODIES THE CONCEPTS OF REAL TIME.
STRIC TLY PASSIVE NATURE DUE TO THE COMPLEXTY AND DYNAMISM OF
THE FATI GUE PROCESS IS DESCRII3ED IN DETAIL. VARIOUS
EXPERIMENTAL PARAMETERS ARE MONITORE.D DURING
STRAIN—CONTROLLED CYCLIC LOADING OF BORON/EPOXY AND -

BORON/ALUMINUM COMPojj1~~. A GATED~~~OUSTIC EMISSION SYSTEM
~TFTAT ELIMIN~ 1ES MOST EXTRANEOUS NOISES IS EMPLOYED. VARIOUS
MATERiAL PARAMETERS SUCK AS DAMPING. DYNAMIC COMPLIANCE AND

- ACOUSTIC EMISSION ARE CONTINUOUSLY MONITORED UTILIZING A
D1~ ITAL DATA ACQUISITION SYSTEM WHICH PROVIDES PROGRAMMABLECROSS—CORRELATiON BETWEEN THESE EXPERIMENTAL MEASUREMENTS. A
TI~E~R~SOLVED VJDEO THERMOGRAPHIC CAMERA IS USED TO PROVIDE
A MAP OF ThE SURFACE TEl.~PERATURE DISTRIBUTION DUE TO

-
~ LOCALIZED THERMAL EMISSiONS CAUSED BY CYCLIC LOADING.

CORRELATIONS DEThEEN BOTH STRUCTURAL AND LOCAL DAMAGE AND
RESULTiNG ACOUSTIC EMISSION At:D INFRARED HEAT PATTERNS ARE
ESTAbLISHED. THE GROUNUt ORK FOR RESEARCH LEADING TO THE

- 

DEVELOPMENT OF TESTiNG AND INSPECTION TECHNIQUES IS
DISCUSSED. (AUTHOR)
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~ 138. Non-Destructive Testing •fld Inspection Applied 10 Cow~ositS

~ ~ ~ 
Ma terials and Struc tures

-~ ~ ~ Advisory OrouD fof Aerospace Research and Development Paris
-~ ~ 

(f rancel (400043) 
-: ~ ~ AUTHOR: Owsion . C. N.3 Jaffe. E. H.

i — *4105144 FId : lID. 111. 71F . 738 GRAI72IO-
- ~ _ —

- — Feb 72 35,
I~ ~ ~ Rapt No: AGAR D—R-590

-~~ Presented at the AGARD Structures and Mate rials Panel Meeting
. (32nd1. London. 31 M~r 71. NATO furnished.

I ~ Abatract The two contributions con ta ined In the report deal
I with ncn dest ruct ive testing appli ed jo specimens and

- structura l parts mad. of composite ma tel’Thls. lir ine ri71t
~ ~~ per. some aspects of var i ous inspection me thods such as

- ultrasonics. radiography. eddy Current and acoustic emission
~ 

- techniQues aoolied to carbon fibre Composites are described in
~ ~ - Connection with a discussion of possibl• failure mechanisms.

espec iall y In fat icue. Tfle second paper shows the
po ssib ili ties and lim itati o ns of MDI app lied to the gua l ity
control of a primary structural part made of boron Composite.

- 
- 

(Authgri

Descr iptors: Istomposite ma terials. ‘Non-destructive testin g L
- (‘Reinforced plastics , Non—destructive testing). Airframes.

Carbon fibers. Boron. Quality centrol. Ultrasoni c radiation.
Radi ography

Identifie rs .Fiber Composites. •Carben fiber reinforced
plastics. Eddy current tests. Ultrasonic tests

AD—739 780 NTIS Prices : PC A03/MF *oi

139. ID PlO. — 1171*053681 153681
Practica l problems related to the therma l infrared

nondestructive tes ting of a bonded Structure
— 

- SNEE RINGER .1w: I4ACKE liP: ROEHR$ P.,?
McDonnell A ,rcraft Co. St Louis. t,le
Mater (va l v 29 n 4 Apr 1971 ~ 88—92 CODEN: MA (VA
DISCRIPIORS: (.ALU?JINUM AND ALLOYS. ‘Fi ber Reinforced).

META LS TEST ING. Nondestructive ) . (INFRARED. Devices) .
AIRCR AFT MANUFACTURE. Bonding).

CARD ALERT: 421 . 422. 541. 652
A number of practica l prob l ems encountered in the evaluation

of a bonded structure. Such as. boron composite/aluminum

Pioneycomb sandwich. Included in this discuss ion are surface
effects . such as. •mitt~ nCe and reflectance : inter nal

- structural effects. Such •5. Chancing cross section In the
produ ct. and the effects of instrur ’entation sensitivi ty.
Images of boron con posite/alun.inu~ honeycomb sandwich are
presented and discussed to ill ustrate jiie prob l esrs In

- evaluating the results. 7 refs.
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140. 10 NO. (I761282079 682079
• ACOUSTIC IMAGING TECHNiQUES FOR NONOESTRUCT IVE TESTING..

~ ~ 
-
‘ 

Vaugh. Thomas M.I lim o. Gordon S.; D $iie ts. Charles S.

~ 

— 

- - 

Fraser. John 0.
~ 

. Stanford Univ. Cal if
I Itu Trans Sonlcz~ Ultrason ~v SU SEN DASPIS 23 n S Sep 1976 p

- 
. 

313—317 COOEN IESUAU
DESCRIPTORS: l•MATERIALS TESTING. •Nond,s$ructiv. Testing).
CARD ALE RT : 423. 753:

~ A new t ypt of electronically scanned imaging device for
nondestructive test ing is described. This device uses •

- 32—element piczoelectric trlnsducer array which can be scanned
and focpsed to give rea l time images. The scan rates fpr th is
system are m .’2/min versus m”2/hr for Conventional systems.

- - The device has been operated at 2. 5 MHz in both B—scan and
transmission modes. This Sy5tem , when ooeratinQ in the B-t.can
mode, gives range and transverse def init ion of order 2 em In C
field 8 cm wide ano 30 cm normal to the array. Images taken

- with this system of boron fiber reinforced epoxy laminate
samples. cy)indric~T~~~Tj~~T?rm,ta4-Imsg,d..wtth shear waves.and Quasi three—dimensiona l images taken with a 8-scan system
mechanically scanned in the third dimens ion will be presented.

1 3 refs .

141. ‘W NO.-- (171*182633 182633
- - Ultrasonic inspect ion of a boron/epoxy aluminum coepes i ts

Pane l -

- MOOL 0: S7EP$ENSON fi
- Ioeina Co. Seattle. Wash

Mater Eva l v 29 n 7 tjulv 1971 p 159—64 CODEN: MA (VA
DESCRIPTORS: (‘AIRCRAFT .IATERI*LS. •Com DoSite Materials ). I

MAT ERIALS TESTING. Nond est ructive ). (ULTRASONICS. Measurement )
• 

CARD ALERT: 415. 421. 422. 652. 751
- Thuf~ investigation was und~rtaker% to determine the

t Inspectab ility of a Do-on/epoxy— aluminum panel: the pane l
consisted of a ten— ply unlalrectional boron/epoxy laminate
$dbe$ivel y bonded t o aluminum face sheets. The ab ility of
through— trans mitted ultras ound to detect and ident ify oetect .
Introduced into a test panel was assessed. S refs.

..

- - . - 
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142. EVA LUATION OF NONDESTRUCTIVE METHODS OF TESTING
- GRA PHITE -EPOXY LAMINA

i
: Yee, B, G.W. -

- 
Russell, D.R. -

Arnett , 3.B.

- 
Swint, 3.B. -

• Ptckering , J. T. -

Ashton, 3.H.

Applied Research Laboratory
General Dynamics, Fort Worth D ivision

August 1970 - 

-

143, IMMINENT FRACTURE DETECTION IN GRAPHITE /EPOXY
USING ACOUSTIC EMISSION 

-

Carlyle, John M.

:1 Experimental Mechanics, May 1978, pp. 191 - 195

- 
An experiment designed to detect incipient failure in graphite /

- epoxy tensile specimens is described. Tests using eighteen samples
of six d ifferent graphite/epoxy compositions in six-ply balanced
(0/ + 45/ - 45]~ laminates indicate that a fa ilure precursor doe s

1— exist. This precursor takes the form of a sudden reduction in the

- • acoustic-emission output at 99 percent of the ultimate tensile load ,
and evidence indicates that the reduction is the result of a change in
the fundamental fs~i1ure mechanism. The shape of the acoustic-
emission count-rate curve is analyzed and found to correlate well

- 

- 

with micro-meccianical fracture activity.
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144. AN ANA LYSIS OF RADIOG~~ P%31C TECHNIQUES FOR MEASURING
RESIN CONTENT IN GRAPHITE FIBER REINFOR CED EPOXY
RESIN COMPOSITES

:: 
Martin , B. G.

Mater~~1s Evaluation • September 1977

An analysi, was made of rad iographic techniques for measuring
the resin content (weight percent) in graphite fiber reinforced epoxy
resin composites. Low energy X-ray and thermal neutron mass
absorption coefficients were calculated as a function of composite
resin content. Some measurements of X-ray mass absorption

• coefficients were made for comparison. In addition 1 neutron
radiographic film densities were measured and calculated as a
function of resin content. It was concluded that a thermal neutron
gauging technique shows promise for measuring composite resin
content to within ±1 weight percent.

145. EDDY CURRENT METHODS FOR THE EXA MINATION OF CARBON
FIBRE REINFORCED EPOXY RESINS

Owston , C. N.

Materials Evaluation 1 November 1976

The unusual phenomena associated with electrical conduction
in non-conducting matrices reinforced with conducting fibres are
described and a theory linking fibre volume fraction with the
measured electrical properties is derived. The pra ctical detail s
of applying edd y current techniques of nondestructive examination
to carbon fibre reinforced polymers are discussed and the re sults
of tests for fibre volume fraction, fibre orientation and cracks in
the composite are given.

I
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146. DEVELOPMENT AND APPLICATION ~~ NONDESTRUCTIVE
METHODS FOR PREDICTING MECHANICAL PROP~ RT1ES OF
ADVANCED REINFORCED NONMETALLIC COMPOSITES

-: Schultz, A. W. 
-

AVCO Government Products Group, Systems Division
• Air Force S~.tsms Command , Aeronautical Systems Division

r Wright-Patterson AlT Force Base, Ohio

.AFML-TR-?1- 168
June 1, 1970-A pril 30, 1971

• 147. HELICOPTER RELIABILITY TESTING

House , Thomas L.

J. Am. Hel. Soc. , Vol . 20 , No. 4 , pp. 32-41
October 1975

148. FATIGUE PROPER’~1ES AND TEST PROCEDU RES OF GLASS
REINFORCED PLASTIC ROTOR BLADES

Jarornch , E.
Stepan , A.

J. Am. Hel. Soc. , Vol. 15 , No. 1, pp. 33-41.
January 1970

149. A FEASIBILITY STUDY. FOR MONITORING SYSTEMS OF FA TIGUE
• DAMAGE TO HELICOPTER COMPONENTS

• Johnson , R.B.
Martin , 0. L.

• 
• Moran , M. S.

Final Report, Janua ry 1975
Report No. USAAMRDL-TR-74-92

• Contract No. DAAJO2-73-C-0053
ADA OO6641
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150. NON-DESTRUCTIVE INSPECTION OF COMPOSITE MA TERIALS
FOR AIRCRAFT STRUCTURA L APPLICATIONS

Stone, D.E. W.

AGARD Conference Proc!.dings No; 234 -

Non-Destructive Inspection Relatio nships to A ircraf t Design
and Materials 

- -

Presented at the 45th Meeting of the AGA RD Structure s and
• Materials Panel ,

Voss, Norway
• September 27-28 , 1977

151. SOME INSPECTION PROBLEMS OF COMPOSITE MA TERIALS

Lovelace , Ala n M.
Tsai , Stephen W.

International Journal of Nondestructive Testin s, Vol. 2 , pp. 355-362 (1971)

Composite material s present special problems in inspection
pr ocedures. Concerted effor t covering both the fundamental

• princip les and field appl ication s must be further accelerated if
composite mater ials are to become engineerin g mater ials. Some
of the problems assoc iated with this maturing proce ss are closely
tied to the lack of positive inspection techniques. In th is paper,
the nature of composites and how they are assembled are reviewed
from the standpoint of in.pect~on. The advantag es and disadvan-
tages of composites from thi s sta ndpo int wil t be compared with• ordinary metals. Possible solutions of inspection problem s will
be cited .

152. BIBLIOGRAPH Y ON FIBERS AND COMPOSITE MA TERIA LS - 1969-1972

• Fleck , 3.N.

Jul y 1972
• MC IC-72-09

F33615-71-C- 1067
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