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ABSTRACT

Composite strength is an inverse function of the size oif the com-
posite. As the use of composites expands into larger applications,
such as airplane wings, missile components, and ship superstructures,
the ability to accurately predict composite performance for large
applications has become more important. The composite failure pro-
cess is sequential and initiates with early breaking of the weak fibers.
Concentration of breakage sites accumulates and leads to ultimately
catastrophic failure. Prestressing fibers prior to solidification of the
matrix has been demonstrated to increase the reliability of the com-
posite by minimizing the spatial concentration of the breakage sights.

This study concentrates on quantifying the level of preload and
gauge length to optimize the prestress effect. Computer simulations of
graphite bundle tests were used to validate the data analysis method-
ologies applied to actual AS-4 graphite bundle tests. The actual
experimental results are consistent with computer-simulated

behaviors.

jT —

Lic:(«:;:,.-- LT
NTIZ C.; : ‘.;‘ T EZ }
oric .

- Uther oo s - {'.]
N RS
O) RETAY
’c\ b . _ ——
. ! T e —
~— Ot ooy h e

I




TABLE OF CONTENTS

I. INTRODUCTION............ccconnunnicsmnsnernnsnnesasssssensassssesssssessesssssssssesssssssssassasssassasssass 1
II. BACKGROUND ........nntimnnnnnnninisiissasssisssmsissssssiismessisssssssssssssssssssssens 8
A COMPOSITE STRENGTH PREDICTION.....cccconvuierrineriesessusssnsscsenes 8
B.  PRESTRESSING.......coviemnrrsnnnnsisisismsmssesaisinmsmcssasinssssensisssaisssssssesses 13
C. TESTING METHODS..........ccoomnnminiiiininiiinniiinneinssisssissnsosseosssses 15
III. PRESTRESSING MECHANISM ... 20
IV. EXPERIMENTATION........cccccovcvmrrrsrurismssresssussrsnsssnssssessssisssssssssssssesissssssessas 31
A COMPLIANCE TESTING......cotvivtisinesecssecssenssnisessaessasssssssesssssssessssessesss 31
B.  BUNDLE TESTING ... 34
V. CONCLUSEONS..........coconvnnnennnnenininsssnisnssissesssmsssssssssssstsssssssssssssassasssssassssossnens 57
A, COMPLIANCE TESTING......ccccvcercrmrnerunorerssesssesssnesserssessessesssscsssesasssns 57
B. BUNDLE TESTING .....cviiniiincsnnsinnnniiassssissssnsssssssssssssssssse 61
VI. RECOMMENDATIONS .........cniisiesenssssssisissessssaoins 69
APPENDIX A  MODEL SELECTION ..o 71
APPENDIX B BUNDLE FAILURE SIMULATION ......cccccvmnnnniinnisnsannns 79
APPENDIX C = COMPLIANCE REMOVAL......uimeniisinssensissssssssssssensanes 93
APPENDIX D BUNDLE TESTING ... 104

APPENDIX E  TEST DATA. ...t ssasasasns 113




LIST OF REFERENCES. .........iiinisisassennsssssisssnissensasssesssssssesns 144

BIBLIOGRAPHY.......ccvvntimniniinisninssssisismmssenesssssssssisssnsssssassssssssssssssossessrensasssessssssans 145

INITIAL DISTRIBUTION LIST ...ccininninstinsmsiesenssisssnsisssnssssssnsssmnsnssssssrssssns 146
\




N

O O s W

10
11
12
13

14
15
16

17
18

LIST OF FIGURES

Typical Bundle Test Data Graph..........c.ooccveeireiinenniieneccnneesenesesesanscnene 16
Effect of Compliance on Long-Gauge Length vs. Short-Gauge
LENGHN...ootietriiiriiecritrccsisisnsisessscsesnssssesisissssssssssssssssssssssessnsossssssssasssnassssessaes 17
Effect of Preloading for Various Gauge Lengths..........cccccovevcinnnnnnnen. 21
Strength Distribution for Fibers (Weibull Model) ..........ccooeevrnnnee 23
Probability of Failure vs. Normalized Strength.......cccceceveverircrennens 24
Probability of Failure vs. Normalized Strength (Damaged
FIDETS)..c.cviiininneisinscssnntesssnanesssesssssssissssnssssessssastsasessssessasasssassssesssessassssencs 26
Probability of Failure vs. Normalized Strength (Improved
FIDEIS)...coiniiiniimninntsiisintosssssnensssssstssssssstsesssssnssssssnnsssssasssasasesasssssssassesesanss 26
Effects on Failure Probability Curves Due to Proof Testing.......... 27
Probability of Failure vs. Normalized Strength Prestress

Effect SIMUIAtON.......cccoivimriinrrniisccniinrae st reessessesesasssnessesssssasanns 30
Compliance Test SAMPIE ......ccccceeveiriernseserevsreiesssenenssnsssesssessssnsssereene 32
Compliance Test Load vs. Displacement Graph..........c.weernnne 33
Graphite Bundle Sample ... 35
Load vs. Percent Strain for Sample 100903 (Adhesive

FAIIUTE) wuvuiiiiciiccrctnieenenesessnsnsesesest st s s sesssesescsnassesasessssassessssnssesssssssssssns 37
Load vs. Percent Strain Sample 100901 Test Data.........ccocoereunnrueee 39
Load vs. Percent Strain Sample 100901 Compliance..........cc....... 40
Load vs. Percent Strain Sample 100901 Compliance

REMOVEd ..ottt senstsisssestssssscsssnssssnssssssessassssasssssesssessssasessossns 41
Load vs. Percent Strain Sample 090901 Test Data..........ccoceceverenne 42
Load vs. Percent Strain Sample 090901 Compliance.................... 43




19

20
21
22

23
24
25

26
27
28

29
30
31

32
33
34
35
36
37
38
39
40

Load vs. Percent Strain Sample 090901 Compliance

REMOVEQA ...ttt sssssesssssssessssseressssnsssnsassssssess 44
Load vs. Percent Strain Sample 100908 Test Data.........ccccoceurnene. 45
Load vs. Percent Strain Sample 100908 Compliance.........ccceuu... 46
Load vs. Percent Strain Sample 100908 Compliance

REMOVEd ...ttt esenssssssssesssssssssassssnsssessasssassnsoses 47
Load vs. Percent Strain Sample 100907 Test Data.........c.cccceerenrere 48
Load vs. Percent Strain Sample 100907 Compliance ...........ce0u.n.. 49
Load vs. Percent Strain Sample 100907 Compliance

REMOVEd ...t sisssssise s sssssestosesossanssnssasssns 50
Load vs. Percent Strain Sample 100904 Test Data........ccccererrurunnee 51
Load vs. Percent Strain Sample 100904 Compliance........ccceueunee 52
Load vs. Percent Strain Sample 100904 Compliance

REMOVEd....iiintsiiestsacncscsessssssssassesstssosessssssesssnnsens 53
Load vs. Percent Strain Sample 100905 Test Data.........cccoccueeun... 54
Load vs. Percent Strain Sample 100905 Compliance.................... 55
Load vs. Percent Strain Sample 100905 Compliance

REMIOVEd ...ttt sessssestssssssssessaansensssssensessssssenssesasanes 56
0 Gauge Length INSTRON Compliance Test........c.ccccerreeieeeeniiinvnneenes 58
INSTRON Compliance Curve Fit Function .......ccceceevevvervvnrirecrecnsennas 59
0 Gauge Length INSTRON Compliance Test and Curve Fit.......... 60
Bundle Test Simulation (Gauge Length— 10 cm)......ccveereecrerernnen 64
Bundle Test Simulation With +1 gm NOIS€.....c..ccvirrvernerenserencrnerasanns 65
Bundle Test Simulation With £10 gm NOISE€ .......ccocvevererrerernsereruerenes 66
Bundle Test Simulation With £100 gm NoOiS€........cocovvvneriiirecnnnnneen. 67
Effect of the Shape Parameter on the Weibull Distribution......... 73
Weibull Linearized Failure Prediction Graph ... 74

vii




- F'—
: 1}

41
42
43
44
45
46

47
48

Composite Model Without Size Effect........ccovimnnvnrernccnniicrcnnennne 77
Composite Model With Size Effect.........cccccovinnivinininnnencnncncnnececinneneenene 78
INSTRON Testing Machine ......nnnnincncsecncnenssesesenes 94
Typical Bundle Test Load vs. Displacement Graph...........ccceeevvneennns 94
INSTRON Testing Machine Equivalent Model.........cc.c.ccccvvueuniiinennn. 96
Typical Bundle Test Load vs. Displacement Graph

Compliance and Fiber Displacement Separated.........ccuerienenn 97
0 Gauge Length Sample Used to Test Compliance.............ccceceeecenes 99
INSTRON Compliance Test Load vs. Displacement Graph........... 99

viii




ACEKNOWLEDGMENTS

I would like to express my most sincere thanks and gratitude to
Professor Edward M. Wu for his guidance and effort during the period
I was fortunate enough to work with him in completing this thesis. He
has been a teacher, a counselor, and an inspiration whose influence
extends far beyond just the scope of this material.

I would like to thank Professor Gary Harlow for his assistance with
the statistical analysis on the effect on fiber parameters due to pre-
stressing and in modeling composite testing compliance.

I extend my appreciation to Mr. Jim Nagoette for his technical
assistance and cooperation during the year.

I also would like to thank Lt. Joseph A. Schmidt for his assistance
in the completion of this thesis. His assistance went far beyond com-
puter programming, and without his enthusiasm and dedication this

thesis might not have been completed.

ix




I. INTRODUCTION

In the 1980s, the capability of military equipment has increased
exponentially. Modern aircraft fly further and carry greater payloads,
missiles have larger warheads and greater ranges, tanks have bigger
guns and tougher armor, and ships have more capable but lighter
weapon systems along with improved armor plating. Engineering
improvements in the areas of electronics and composite materials
have been on the leading edge of this technological revolution.

As reported in the fourteenth edition of Ships and Aircraft of the
U. S. Fleet, the AV-8B Harrier II VSTOL attack aircraft “provides twice
the payload of the AV-8A with up to 9200 lbs of external stores.” The
primary difference between the AV-8A and the AV-8B is the extensive
use of composite materials in the wing and fuselage. This is just one
example of the use of composite materials in existing military applica-
tions. New applications include the VS-22 Osprey tilt rotor aircraft,
whose wing and fuselage will be entirely made of graphite epoxy com-
posite material. Emerging “stealth” technology and its application to
aircraft is a further new application of composites.

Composites offer designers many attractive features. These
include very high strength-to-weight ratios, high stiffness-to-weight
ratios, wear resistance, controllable heat expansion coefficients, cor-
rosion resistance, fatigue resistance, low price, and ease of manufac-

turing and repairability. The field is expanding rapidly and research is




bringing to the designer stronger, tougher, and stiffer materials every
day.

A hurdle to be overcome for composites, however, is the general
lack of understanding of the physics and mechanisms at work in the
composite which give these materials their unique properties. This
lack of understanding has restrained designers’ ability to accurately
predict composite strength. To compensate for this, large factors of
safety are being used in the design of composite structures, which in
turn adds weight and size and causes other related problems that
reduce design efficiency. As the application of composite materials has
expanded to larger and larger components, such as entire fuselages,
rocket motor cases, and gun turrets, this problems has become
magnified.

Composite materials are two or more dissimilar materials that
when properly combined form a new material whose properties
exceed either of the individual constituents. For the designer, com-
posite materials provide an ability not only to optimize his design but
also to optimize the material to be used for the design. Material prop-
erties of conventional materials that can be improved upon by using
composites include stiffness, corrosion resistance, wear resistance,
strength-to-weight ratic, and radar wave absorbability and reflectivity.
Composites in use today include fiberglass, WEST (Wood Epoxy
Saturation Technique), graphite-epoxy, Aramid-epoxy, and Boron-
epoxy. Composite materials also include graphite-aluminum and hybrid

composites of more than two constituents.




Commonly accepted types of composites are the fibrous compos-
ites, which consist of fibers in a matrix; laminated composites, which
consist of layers of various materials; and particulate composites, which
are composed of particles in a matrix. The composite is fabricated by
combing the reinforcement material into a generally ductile matrix
such as epoxy. This lay-up is called a lamina. Several layers of lamina
may be combined in prescribed geometrical orientations to create a
laminate. The designer specifies his materials and then designs the
laminate to meet his requirements.

Until the early 1980s material properties of composites were
predicted by a simple principle called the “rule of mixtures.” This
approximation assumed that each constituent of the composite con-
tributed to the overall composite property in direct proportion to its
property weighted by its volume percentage in the composite. This
linear weighting method was satisfactory for composite physical prop-
erties, which are averaged combinations of the constituent properties
such as density and stiffness.

However, the “rule of mixture” is very inaccurate for those physi-
cal properties which are governed by extreme values such as perme-
ation and strength. For such properties, considerable testing of a
specific composite is needed to achieve representative material prop-
erty values suitable for engineering design and reliability assurance.
Not only are large amounts of data required for each specific
composite but the designer’'s material selections become limited to

only those composites which have been tested. This characterization




methodology could not keep up with the rapid pace of the

introduction of new materials.

Clearly, a characterization method was needed to be able to
predict composite material properties, particularly strength, if the full
advantage of composites was to be obtained. Much work has been
completed in the area by researchers such as Phoenix, Rosen, Harlow,
and Wu. The most current papers on reliability and strength predic-
tions of composites may be found in References 1, 2, 3, and 4. The
most significant part of their efforts is that they have identified that
the strength of composites is a probabilistic manifestation of the sta-
tistical strength of the fiber strength. The statistics of the fiber
strength govern the number of failure sites in a composite. The proba-
bilistic spatial distribution of the failure sites together with the failure
mechanism govern the strength of a specific composite.

Different probabilistic models have evolved to capture the essence
of the failure mechanisms. The simplest model is the “weakest link
model,” which envisions the entire composite as a long thin fiber; the
entire chain (the composite) fails when the weakest link of the fiber
fails. This model does not account for the redundancy provided by the
matrix and as a result grossly underestimates the strength of the com-
posite. The “equal load-sharing model” accounts for the redundancy
provided by the matrix through definition of an effective length, an
isolation parameter for the initial breaks. However, this model does
not account for the stress concentration around the breaks and, as a

result, over-predicts the composite strength. Finally, the “local




load-sharing model” accounts for both the matrix redundancy and the
local stress concentration. These refinements lead to the most
realistic predictions to date.

There are two phenomena relating to the statistical strength of
composites. The first is that the larger a composite becomes, the
weaker it gets. The second phenomenon is that the larger a compos-
ite, the less strength scatter among such large structures. This is due
to the the lower weak tail of the strength distributions of the con-
stituent fibers. This effect has been demonstrated in the latoratory
and in the field.

An extension of this theory then becomes that if the fibers are
preloaded to break the weak sections of the fiber prior to their lay-up
into the matrix, then the lower tail of the composite strength
distribution is reduced and, in fact, becomes bounded by a value. This
process is called prestressing. For a prescribed value, the strength and
reliability of the composite may then be theoretically calculated for a
given fiber and the magnitude of preload based on the modified fiber
distribution. The variables to be determined to prestress a composite
include the magnitude of the preload, the gauge length to which the
load is applied, and the modified fiber parameters.

The ability to accurately recover the fiber strength parameters for
small (less than 2.5 cm) gauge lengths is very important if the pre-
stress effect is to be optimized. The bundle testing done in the labora-
tory yields data that includes not only the fiber data but also machine

compliance, slack, and friction. For short gauge lengths, the




contributions of slack and friction are small but compliance becomes
relatively large. The portion of displacement contributed to by the
experimental system compliance in a bundle test needs to be removed
from the data if the true fiber parameters are to be obtained.

This study entailed the mathematical simulation modeling of
strength prediction for a bundle of fibers with no matrix. This simula-
tion was run on an IBM Personal Computer using Microsoft Fortran
4.01 for source code and Lotus 1-2-3 for graphing. When the simula-
tion program had been validated, a zero gauge length bundle test was
completed to measure the INSTRON fiber bundle testing machine
compliance. A set of procedures was written to optimize a curve fit of
the compliance data to provide an explicit equation which models the
INSTRON system compliance.

When this procedure had been validated, bundle tests of varying
lengths were tested at the Mechanics of Materials for Composites Lab-
oratory at the Naval Postgraduate School. The displacement con-
tributed to the test data by the INSTRON system compliance was
removed from the total displacement. Under another thesis effort, this
rectified data was analyzed in order to extract the fiber statistical
strength distribution parameters.

The purpose of this investigation was to validate the experimental
procedures and data analysis methods with the use of computer simu-
lated data. Data generated from Monte Carlo simulation using known
parameters is then utilized to assist in experimental design and the

associated prediction theory. Experimental design and data




interpretation methodology provide a proven foundation toward iden-
tification of an optimum gauge length for prestressing in order to

guarantee the reliability of composite structures.
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II. BACKGROUND

The tensile failure process of composite materials is a complex
sequential combination of many different processes. These processes
are controlled by the statistical strength of the fiber and the relative
spatial clustering of the broken fiber sites within a composite. Given a
probabilistic model which is capable of characterizing the sequential
failure mechanisms, a formula can be derived to predict the
probabilistic strength of the composite in terms of the statistical
strength of the fiber. The parameters for such a probabilistic models
can then be expressed in terms of other common measures of central
tendencies (e.g.. mean composite strength) and dispersions (e.g.,

strength scatter).

A. COMPOSITE STRENGTH PREDICTION
The prediction of the probabilistic strength of a composite as a
function of fiber statistics was first introduced by B. W. Rosen in
Reference 5, in the early sixties. He refined the simple weakest link
model (which is essentially a series model) by accounting for the
redundancy introduced by the presence of a matrix binder. The com-
posite geometry he examined is shown below:
* a single layer of fibers
¢ evenly distributed throughout the matrix
e no fibers are in contact with other fibers

¢ the load is purely axial and in tension.




The strength of a single lamina of composite material is con-
trolled by four factors:
¢ The strength and modulus distributions of the fiber.
¢ The strength and modulus distributions of the matrix.

* The interaction between the fiber and the matrix with respect to
load sharing and stress concentration.

¢ The location distribution of relative strengths of the fibers with
respect to the location distribution of relative strengths of the
matrix.

When a composite is pulled in tension, because the fiber generally
has a much higher modulus as compared to the matrix (e.g., graphite
108 Psi versus epoxy 104 psi), the fibers will carry most of the load.
The load-carrying capability of the matrix can be neglected.

As the load is increased, each fiber will carry an equal amount of

load that is equal to the applied load divided by the number of fibers.

Pf=P¢/n (1)

The load on each fiber will be equal, but because the diameter of
the fibers is not constant, the stress carried at each point in the fiber
will be different. The stress will vary inversely to the diameter of the
fiber. Some of the variations are regions of gradual thinning, others are
indentations or nicks. These areas of reduced thickness or indenta-
tions or nicks are called “flaws.” These flaws reduce the load-carrying
capability of the fiber by reducing its thickness and introducing stress

concentration areas in the fiber.




A great deal of study has been done in identifying and quantifying
the effect of these flaws on a microscopic scale. The work of Phoenix
and Harlow proposed that on a macroscopic scale, if the flaws are dis-
tributed randomly with respect to location on the fibers and normally
with respect to the severity of the flaw, then the strength of a fiber
can be modeled as a long chain of segments. The strength of the seg-
ments may be modeled using the Weibull distribution. The model
selection is expanded in Appendix A. The Weibull distribution is an
appropriate model for the probability of failure of a chain with many
links.

F(x) = 1 - exp [-(x/Bx) (2)

Where x =1is the load applied to the fiber (the chain)
o = is the shape parameter characterizing the variability

Bx = is the scale parameter characterizing central location
of the failure strengths.

The Weibull distribution for strength predicts the “size effect.”
That is, if the parameters are known for one given length, the
parameters for any other lengths of the same material can be com-
puted. This is also expanded in Appendix A.

As the load increases on the material, the stress on each segment
of the fiber will increase as well. When the load reaches a point where
the resulting stress is equal to the ultimate strength of a segment, that
segment of fiber will break. This break will release a certain amount of

strain energy into the composite. It will also cause an immediate local
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load concentration that will be felt by the adjacent and surrounding
fibers.

The matrix, via its shear stress carrying capability, will attempt to
absorb the released strain energy and distribute the local load concen-
tration to the surrounding fibers. The actual values of the stress con-
centration factors caused by the fiber break are not known, but shear
leg analysis yields reasonable approximations.

Once one fiber segment breaks, many events can occur. The first
is that the matrix is strong enough to absorb the released strain
energy and the surrounding fiber elements are capable of carrying the
local load concentraticn. If this occurs, the material is stable and the

load on each fiber will increase to

Pr=P¢/(1 - n) (3)

Where n represents the number of broken fibers.

Another possibility is that the matrix can not absorb the released
strain energy. In this case the matrix will split as it fails in shear. The
material will continue to tear until its radius is such that the stress
concentration decreases to a point below the ultimate strength of a
section of the matrix. The fibers in this region will then be subjected
to additional stress as the matrix pulls away. If the segments of the
matrix are strong enough to carry the additional load, the material will
then again become stable.

A further possibility is that the adjacent fiber segment may not be
able to withstand the stress caused by the first fiber failure. In this

11
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case, that fiber segment will break and cause additional strain energy
to be released. This reaction is called auto clustering. The process will
continue until it is interrupted by a fiber segment that is strong
enough to carry the stress or the entire piece fails catastrophically.
Some observations of the description above: The composite may
fail due to either the local strength of the matrix or the local strength
of the fiber or a combination of both. The likely initiation of the failure
process will occur with a fiber break because the strength scatter or
variance of the fiber is typically greater than that of the matrix giving
rise to nucleation sites at already high stress regions. The chain of
events that occur after that first break {s dependent on the strength
statistics of the adjoining matrix and fibers. If there are many strong
segments surrounding a weak segment that fails, then additional
material will not fail. If, however, this is not the case, then further
damage occurs which may lead to final unstable catastrophic failure.
From the previously described failure process, it can be observed
that the strength of the composite is dependent on the nucleating
weak segments and the probability of there being another weak seg-
ment nearby. Therefore, the shape factor of the fiber strength distri-
bution is the critical element that controls composite strength and
reliability. Because of the mechanism of failure, as a composite
becomes larger, the number of the population of fiber segments
increases and the likelihood of the existence of very weak segments
becomes larger. This causes the strength of the entire composite to

decrease.
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Another observation is that because the strength of the composite
is controlled by the weak fiber segments, the strength may not be
solved for explicitly because the actual value of the weak segments is
probabilistic. The strength of adjoining segments is probabilistic, as
well.

Prestressing solves two critical problems. First, it sets the lower
limit of the strength of the segments by eliminating the weak seg-
ments by causing them to break prior to the application of matrix.
Second, prestressing causes the weak segments to be broken without
local load stress concentrations affecting the adjacent fibers and with-
out the localized dynamic strain energy release because the weak seg-
ments are broken before the matrix is solidified. This results in auto
clustering being minimized.

The critical implementation problem is then to find the “segment
length” to ensure that the majority of the weak segments are elimi-
nated and then determine a prestress level. The prestress level may
be optimized to a level where the advantages of breaking the weak

segments is balanced by the introduction of clusters to the matrix.

B. PRESTRESSING

G. J. Mills and associates, under an United States Air Force-spon-
sored project, conducted prestress tests on Boron fibers in the early
1970s. In his reports, documented in References 5, 6, and 7, he
detailed how his work demonstrated the feasibility of the concept and
provided data from early experiments that supported his expectations.

His paper did not attempt to model or predict the effect of

13




prestressing. He did note the effect of varying prestress gauge length
and that as the gauge length decreased, the strength of the fiber
increased, but he did not attempt to quantify an optimum length. He
described the strength increase of the composite purely in terms of
removal of weak segment and reducing the tail-end scatter of the
fiber. He did not attempt to predict the performance of the composite
once the matrix had been set. He did report that the strength did
increase.

In 1986, Lt. David Bell and Professor E. Wu of the Naval Postgrad-
uate School conducted prestress tests on AS-4 graphite/epoxy. The
results are published in Reference 9. The report’'s experimental data
confirmed the phenomenon of strength improvement after pre-
stressing. This was in concurrence with Mills’ laboratory data. Both
papers accounted for the improvement by theorizing that the process
of prestressing improved the strength of a composite because it
reduced the strength scatter of the composite. The work done by Bell
and Wu was only done with one gauge length, 10", and even with the
problems encountered in handling the samples, the material did show
a significant reduction in scatter and therefore an increase in the
usable strength reliability.

Implementation of these findings to a practical application
requires a model that can adequately predict the effect of prestressing
as a function of prestress level, gauge length, and fiber strength

parameters.
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C. TESTING METHODS

There are two methods in which fiber strength statistics can be
measured. One method is to prepare and perform a breaking strength
test on one individual fibers. The second method is to form many
fibers into a bundle of parallel fibers and then perform a controlled
strain rate failure test.

The first method is very time consuming and error prone. The
fibers are very thin (in the order of 10 pm) and handling requires
delicate treatment. Laboratory conditions must be carefully monitored
as the small fibers are susceptible to damage caused by temperature,
wind, abrasion, and other disturbances. In addition, each test only
provides one single point of data. If failure probability data is required
down to .001 failure rate, then at least 10,000 samples should be
tested.

Obviously, the second method is the preferred method. The bun-
dle test, performed in our case on bundles of 1,000 filaments, will
yield 1,000 data points with one test. The handling problems, while
still present, are on a much more manageable level. The data analysis
of the load vs. displacement data will yield the strength distribution
parameters for the fiber that is equal to 1,000 individual filament
tests.

It is important then that we measure the true load and displace-
ment for just the fibers. The displacement that the testing machine
measures is the sum of the fiber displacement, machine compliance,

electronic noise, slack in the individual fibers, and friction between
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the fibers. Figure 1 demonstrates that test data is the combination of
all of these factors.

o 4

<4-Compliance 4—— Test Data

| Friction

§<—Slack

Figure 1
Typical Bundle Test Data Graph

The compliance is due to the mechanical construction of the
testing machine. The machine operates with gears, clutches, and
motors. Each of these has an initial start-up slip or backlash. The
machine also has grips which hold the samples and the bases which
will elongate under load. They are very stiff and the elongation is small
when compared to the bundles, except when the bundle gauge length
is short. This is illustrated in Figure 2, where the displacement is

shown as percent strain. The compliance for the long sample has a




greater slope than the short sample because the slope of the compli-

ance in displacement multiplied is by the gauge length for percent

strain.
compliance
P 4 b 4 g
compliance
¥ bundle test
bundte test
} > } >
% Strain 3 % Strain 3
GL = Long (> 25 cm) GL = Short (<25 cm)
Figure 2

Effect of Compliance on Long-Gauge Length
vs. Short-Gauge Length

The compliance of the machine can be measured if the there is no
contribution to the displacement from the fibers. This is achieved
using a zero gauge length sample. A sample must be utilized to include
the sample grip mechanism in the compliance. A curve-fitting
approximation is then applied to the data to create a continuous func-
tion of d in terms of P. This function may then be subtracted from the
test data to eliminate the effect of compliance. This procedure and

testing is expanded in Appendix C.
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The effect of noise is sensed in the load cell. The sensitivity of the
load cell is 1 out of 10,000. This is due to the limit of the analog-to-
digital converter, which can only manage four bits of data. The amount
of noise in the machine sensed by the load cell is very small when
compared to the sensitivity of the load cell. As the load increase and
the output changes in order of magnitude, the noise is not even
noticeable. The noise in the machine is considered to be random
electrical white noise due to interference in the data transmission
lines. Observation of the data indicates that the noise is not very
significant.

A simulation program was written during this study that allowed
the user to input random noise up to any level. This will allow simula-
tions to be run and investigate the effect of noise on the fiber strength
parameters recovered from the simulated test.

The slack is due to the limitation of the sample preparation that
all the fibers do not have exactly the same gauge length. This problem
is found to be greater with the longer samples as compared to the
short samples. The slack can not be eliminated by current sample
preparation techniques, but extreme care by the technician in
preparing the sample can minimize the effect.

Lt. Joseph Schmidt is examining the effects of slack on the calcu-
lated fiber parameters and expects to publish the results of his study
in September 1988, from the Naval Postgraduate School, Monterey.

The effect of friction in the bundle test cannot not be definitively

characterized. The presence of friction is manifested by large vertical




drops in the load displacement curve, perhaps due to the tangling of
broken fibers with unbroken fibers. The friction also will cause a fibers
to break more than once. The effects of friction do increase with
longer gauge lengths and are reduced with shorter gauge lengths.

With these factors that affect the data of the testing machine
accounted for, the true fiber strength statistics may be recovered from
the bundle tests. These statistics may then by used to optimize the
prestress effect by calculating the effect prestressing will have in
altering the fiber strength distribution.




,

III. PRESTRESSING MECHANISM

The prestressing process is to preload the composite fibers prior
to solidification of the matrix to cause the weak segments of the fibers
to break. The load that was carried by the broken filaments is then
shared equally among the remaining fibers. Equal load sharing is in
effect because the pre-solidified matrix cannot support a shear load
and cause stress concentration cells to form. Upon solidification of the
matrix, however, local load sharing is in effect, thereby increasing the
local redundancy. Becausc the weak segments of the fibers were
broken prior to solidification of the matrix, the local load concentra-
tion stress cells are not as severe as if the fibers had broken while in
the matrix. The reduction in the severity of the stress concentration
cells provides the reliability enhancement of the composite and is the
motivation for prestressing.

The parameters that affect the prestress effect are gauge length,
prestress magnitude, and the fiber strength distribution statistics. The
optimum gauge length to prestress the fibers would be the ineffective
length. The ineffective length, as described by Rosen in Reference 5,
is a function of both the tensile strength of the fiber and of the shear
strength of the matrix. This makes the ineffective length unique for
each composite, and because both strengths are random variables, the
ineffective length for a particular location in the composite is random

as well.
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As the gauge length increases, the likelihood of breaking all of the

weak segments in the fiber decreases. This is because using the equiv-
alent load sharing model, it is only possible to cause one break in each
fiber over the gauge length. The break occurs at the weakest flaw,
which may occur before reaching the desired prestress level. As illus-
trated in Figure 3, this allows other flaws weaker than the prestress

level to remain unbroken.

INEFFECTIVE L PRESTRESS

LENGTH GL = GAUGE LENGTH
L (&[4
T ol %32

6L GL -
T L !
T LT LT
Flaw Flaw

< Broken D Not Broken

M=1 M=3 ™

h
o

Figure 3
Effect of Preloading for Various Gauge Lengths




When the prestressed fiber is placed into a matrix, the local load-
sharing model becomes applicable. With this model, the weak flaws in
the composite will break under load and generate the larger stress
concentration cells which prestressing is designed to minimize. The
mathematical modeling of solving for the probability density function
of remaining weak flaws given gauge lengths greater than the ineffec-
tive length and prestress levels is very complex. This problem is being
treated in a separate project.

The preload level has two effects on the prestress effect. For
higher prestress levels, more fiber breaks are introduced and more
stress concentration cells will be created in the the composite once
the matrix has solidified. The severity of the concentration cells is a
function of the ineffective length. The shorter the ineffective length is,
the smaller the stress concentration cell is because of less local load
sharing. Second, the higher the preload level, the more difficult it
becomes to grip or maintain the desired gauge length. The fibers by
their nature have a small diameter, on the order of 5 microns for
graphite, and are very susceptible to handling damage.

The underlying fiber statistics also have an effect on the prestress
effect. The fiber strength variability ({the Weibull model shape parame-
ter a), has the greatest influence on the prestress effect. As seen in
Figure 4 , if the shape parameter is very high (a¢ > 20 ), i.e., the fiber
has low variability, then the prestress effect will not be very helpful.
This is because the range of the distribution of the fiber strengths is

very small and the weak tail that prestressing eliminates or reduces is
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inherently not present. Fibers of this strength uniformity, however,
are not available at this time. If the shape parameter is small, then the
scatter is much greater. With this scatter, the weak tail may be altered

or removed by prestressing.

4
PDF

Alpha = 20

F(x) Strength

Figure 4
Strength Distribution for Fibers (Weibull Model)

The quantification of the prestressing effect can be written as a

function.

PS=f(D, ¥, a, B) (4)

where @ = Gauge Length
¥ = Preload Level
o = Fiber shape parameter, Weibull
B = Fiber scale parameter, Weibull
The functional interrelation between these functions is presently

not known and appropriate probabilistic modeling will be required.
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One approach is to optimize each variable separately where possible.
For example, the Weibull strength parameters characterize the fiber
strength distribution. The prestress effect of the preload level and the
gauge length will alter these parameters. The optimization of the
effect on the alteration of these parameters on the reliability of the
composite can be investigated as one means of optimizing the pre-
stress effect.

The probability of failure (F*) vs normalized load (x*/B) graph for
the fibers (F) and composite (C) with the Failure Probability Density
Function superimposed is shown in Figure 5. This figure demonstrates
how the PDF can be transposed to a linear curve. The linear curve is
much easier to use and because it reveals in great clarity what is hap-
pening at the weak tail. This graph will be used to show the effect of
prestressing with respect to failure probability.

Fiber Statistics,f + Failure Model
= Composite Failure Probability

: : For Composite Service Risk, Fq
f°c : : Fiber Statisitcs Must be Assured
el / : H_ forx2xc

Xe | —=-—

Normalized strength

Figure 5
Probability of Failure vs. Normalized Strength
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The probability of failure for the composite (C) is calculated from
the fiber parameters. The composite reliability will diverge from the
fiber reliability at X, because of the local load-sharing stress-concen-
tration cells. These cells cause the composite fibers in the matrix to
break earlier because the fibers adjoining a broken fiber have to carry
the load carried by broken fiber by themselves, not spread equally
amongst all of the remaining fibers. Until the load X., the two curves
do not diverge and the reliability of the composite is equal to the reli-
ability of the fibers.

If the fibers have been damaged so that their distribution curve is
modified to appear like that shown in Figure 6, the result on the com-
posite strength can be seen. As the composite graph swings upward,
its reliability is decreasing. The composite is stronger than the fiber
due to the load sharing but its reliability for loads greater than X. has
diminished. The composite reliability for loads below X: has not
changed at all.

If the fibers’ strength distribution could be improved, the failure
probability curve would be shifted, as shown in Figure 7. The impact
on the composite strength is that the curve swings downward. This
downward swing reflects greatly increased reliability. In fact, the
composite will not fail theoretically at all for any load less than X.

A method to achieve the fiber distribution in Figure 7 would be to

proof test all of the composite fibers up to X; and then remove any
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Prob. Failure
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X

Xe B

Normalized strength

Figure 6
Probability of Failure vs. Normalized Strength (Damaged Fibers)
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Normalized strength

Figure 7
Probability of Failure vs. Normalized Strength (Improved Fibers)
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broken fibers from the bundle prior to adding the matrix. The effect of

this process on the failure probability curve is shown in Figure 8 as

curve R. The cost of this operation, considering the extreme thinness

of the fibers, the susceptibility
extreme amount of fibers that

process in reality impossible.

Xp

to damage due to handling, and the

make up the composite, make this

Xp ~ Proof test Fibers
f - Original distribution f
R - Remove broken fibers

Resultant distribution

NRL - Not Remove broken fibers
Long Gauge Length
Resultant distribution

NRS - Not Remove broken fibers
Short Gauge Length
Resultant distribution

Figure 8

Effects on Failure Probability Curves Due to Proof Testing

Instead, what may be done is to preload the fibers to X; on a gauge

length equal to the ineffective length of the fiber. Because of the han-

dling difficulties, the broken fibers will not be removed. The effect of
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this process on the failure probability curve is shown in Figure 8 as
curve NRS.

The NRS curve has swung downward as compared to the original
fiber curve, but it has not swung as far down as if the broken fibers had
been removed. The reason it does not swing as far is the local load-
sharing stress-concentration cells that are created when the matrix is
added.

If the fibers are preloaded to X; but on a gauge length that is
greater than the ineffective length, the effect on the failure probability
curve is shown on Figure 8 as curve NRL. This curve swings downward
from the original fiber curve even less because of the probability that
some fibers remain with segments that are weaker than the preload.

As previously stated, the strength of the composite may be calcu-
lated from the strength of the fibers. If the the fiber strength distribu-
tions are altered as shown in Figure 8, the composite strength
distribution will be altered in the same direction as well. Using this, a
designer of a composite may then use a failure probability curve to
determine whether his design meets his reliability specifications. If it
does not, he may then decide to improve the composite by prestress-
ing the fibers to a critical load to alter the failure probability to come
within the requirements.

The movement of the failure probability curve can be predicted by
probability modeling based on the preload level, the gauge length, the
ineffective length, and the original fiber strength parameters. The

results of such an analysis (by Wu and Harlow) on the fiber swing for a




fiber preloaded at the level 0.3 * B, for an a of 5.0 and prestressed at
multiples of its ineffective length, are shown in Figure 9. The graph
demonstrates that even if the prestress gauge length is very large
compared to the ineffective length, significant improvement of fiber
strength distribution can be achieved.

The optimization of the prestress effect is to identify the ineffec-
tive length or to find the shortest prestress gauge length that can be
applied.
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% IV. EXPERIMENTATION

The experimental work was directed in two areas. The first was to

measure the machine compliance of the INSTRON 4206 ( a universal
materials testing machine) in order to characterize the testing
machine system compliance denoted by the function §. (P). Once this
was completed, the second portion of the experimentation was to
perform failure tests on AS-4 Graphite bundle samples of various
lengths in order to determine the strength characteristics and to
observe the effects of gauge length on the test results with respect to
compliance, slack, noise, and friction. Bundle samples were tested
with no oil and then with oil in an attempt to reduce the effects of
friction, particularly on the longer samples of 50 and 25 cm. Small-
gauge lengths of 2.5 and 1 cm were tested with particular interest

with respect to the examination of their suitability to preloading.

A. COMPLIANCE TESTING

The compliance testing was accomplished using a sample illus-
trated in Figure 10. The copper tabs were prepared and washed with a
dilute acid to enhance the performance of the adhesive. The graphite
bundle was glued to the lower set of copper tabs with acetylene adhe-
sive. The upper tabs were then set so that the distance (d) between
the the upper and lower tabs was as near zero as possible. The

graphite bundle was then glued into place with the same adhesive. The
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sample was prepared by Composites Laboratory Technician, Jim

Nageotte.

Copper Tabs

Adhesive »
<

Graphite - d=0
Bundle N

Adhesive ———>

Copper Tabs

Figure 10

Compliance Test Sample

The tensile test was performed on the INSTRON 4206 testing
machine and associated INSTRON software, version 4.01 . A plot of the
load vs. displacement is shown as Figure 11. The data and test sum-
mary forms generated by the software are enclosed in Appendix E.

The compliance data was then fit to the function shown as Equa-
tion 4. This was done in accordance with the procedure for curve fit-
ting detailed in Appendix C. The curve fitting was accomplished with
the use of LOTUS 1-2-3 spreadsheet program and an IBM/AT. The
resulting coefficients for the curve fit of the compliance are listed in

Table 1.
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Compliance Test Load vs. Displacement Graph
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INSTRON 4206 Compliance Curve Fit Function

For 0 < 6 < Dcl 6 (P) =A1(P)n + Ay
For Dcl < & 5 (P) = Az(P) + A4 (4)
TABLE 1

INSTRON 4206 COMPLIANCE CURVE FIT COEFFICIENTS

Coefficient Value Units
A .0512 mm
As -.0217 mm
n .1975 —
A3 .0064 mm/kg
Aq .0242 mim

B. BUNDLE TESTING

The bundle testing was accomplished with the use of samples as
illustrated in Figure 12. The copper tabs were prepared and washed
with a dilute acid to enhance the performance of the adhesive. The
graphite bundle was glued to the lower set of copper tabs with acety-
lene adhesive. The upper tabs were then set so that the distance (d)
between the the upper and lower tabs was the target gauge length.
The graphite bundle was held straight with a 2 kg weight while the
upper tabs were glued in place. The samples were carefully stored in
the Composites Laboratory until use. As in the case of the compliance
test sample, all of the samples tested were prepared by Laboratory
Technician, Mr. Jim Nageotte.
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Copper Tabs

Adhesive —iji—p

f
Graphite
GL
Bundle
. A
N
Adhesive

Copper Tabs

Figure 12
Graphite Bundle Sample

The bundle tests were performed on AS-4 Graphite bundles of
3,000 filaments. The tests were run in accordance with the procedure
outlined in Appendix D. The displacement due to compliance was sub-
tracted from the total displacement and a summary of the the results
is listed in Table 2. The data and test summary forms generated by the
software are enclosed in Appendix E.
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TABLE 2

BUNDLE TESTING RESULTS (COMPLIANCE REMOVED)

Material: AS-4 Graphite (3000 filaments)

Test #

090901
090902
090903
090904
090905
090906
090907
090908
090910
080901
100901
100902
100903
100904
100905
100906
100907
100908

* Adhesive Failure

Dry/
oil

Gauge

5.0 cm
S em
S5 cm
5 cm
S5 cm
S5 cm

5.0 cm

5.0 cm

2.5 cm

70.0 cm
2.5cm

2.5 cm

2.5 cm

Modulus
Length
(kg/mm)

1068

912

915

905
959

932
917

(0]

3.214

4.465

3.000

3.035
3.660

3.964
3.180

{mm/mm)

.0135

.0145

Comments

® % & 2 ® =

*

Test Validation

.0157
.0077
.0085

.0101
.0097

Not Analyzed

Examination of the load vs. percentage strain plots revealed the

fact that for the shorter gauge lengths, 2.5 and 1 cm, the copper tabs

failed to grip the graphite bundle uniformly. This caused some of the

fibers to slip out of the tabs and the data from these tests were of no

validity. The tests that had this phenomena are listed as adhesive fail-

ure in the comments section of Table 2. Figure 13 shows a represen-

tative example of this phenomenon as the load remains constant while

the percent strain increases beyond the limit of the experiment.
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Load vs. Percent Strain for Sample 100903 (Adhesive Failure)
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An examination of Table 2 shows that seven of the 18 samples
L resulted in satisfactory tests. The seven successful tests results have

g been summarized into Table 3.

TABLE 3

BUNDLE TESTING RESULTS (COMPLIANCE REMOVED)
SUCCESSFUL TESTS

Material: AS-4 Graphite (3000 filaments)

Test # Dry/ Gauge Modulus o B

0il Length (mm/mm)

(kg/mm)

100901 Dry 2.5 cm 915 3.000 .0157
090901 Dry 5.0 cm 1068 3.214 .0135
090908 Dry 5.0 cm 912 4.465 .0145*
100908 Dry 25.0 cm 917 3.180 .0097
100907 Oil 25.0 cm 932 3.964 .0101
100904 Dry 50.0 cm 905 3.035 .0077
100905 Oil 50.0 cm 959 3.660 .0085

* Data not plotted
Figures 14 through 32 are the graphs of load vs. percent strain of

the test data, of the compliance, and of the test data with the fiber

removed.
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Load (K@)

AS-4 BUNDLE TEST TEST DATA

SAWPLE 100301 GAUGE LENGTH = 25 MM

25
24 -

26
18 1
18 1
14 1 g
12 1
1¢
8

¢ 0.4 08 1.2 1.6 3 2.4
Percent Stroin X

Figure 14
Load vs. Percent Strain Sample 100901 Test Data
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Load (<q)

AS—4 BUNDLE TEST COMPLIANCE

SAWPLE 100801 GAUGE LINGTH = 25 MM

) 3 T 1 I 1 L 1 1]
(+¥] 1.2 1. 2 24
Percent Stroin X
Figure 15

Load vs. Percent Strain Sample 100901 Compliance




AS—4 BUNDLE TEST COMPLIANCE REMOVED

SAWPLE 100901 GAUGE LENGTH = 25 MM
26

24 -

2 -

Load (1<@)

¢ 04 cs 1.2 1.6 2 14
Percent Stroin X

Figure 16
Load vs. Percent Strain Sample 100901 Compliance Removed
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Load (Kg)

AS—4 BUNDLE TEST TEST DATA

% SAWPLE G30301  GAUGE LENGTH = 50 MM

24 -
9 4
20 -
18 -
16
14 - 3

12 1

-

Percent Struin X

Figure 17
Load vs. Percent Strain Sample 090901 Test Data

42




AS-4 BUNDLE TEST COMPLIANCE

SAPLE 030801  GAUGE LENGTH = 5C MM
26

24

2 -
18 -
16
14

12

Load (Kg)

10 4

e T T T T T T T T 7
0 0.4 1+X.) 1.2 1.8 2 2.4

Percent Qrain X

Figure 18
Load vs. Percent Strain Sample 090901 Compliance
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AS—4 BUNDLE TEST COMPLIANCE REMOVED

SAWPLE 030901 GAUGE LENGTH = 50 MM

2B
24 1
99
20
18
16 1
14 1

12 1

Load (@)

18 1

Y Y T ] T ) T T T T T T
g c.4 0.8 12 1.8 2 2.4

Percent Strain X%

Figure 19
Load vs. Percent Strain Sample 090901 Compliance Removed




Ltoad (K@)

AS—4 BUNDLE TEST TEST DATA

SAWPLE 100908 GAUGE LENGTH = 250 W

12 1 2 24
Percent Stroin X

Figure 20
Load vs. Percent Strain Sample 100908 Test Data
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AS-4 BUNDLE TEST COMPLIANCE

SAVPLE 100308 GAUGE LENGH = 250 MM

25
24
99
20'1
18 -
16
14

12 4

Load (<gd)

10

&

¢ C4 ¢8 1.2 1.8 2 24
Percent Strain X

Figure 21
Load vs. Percent Strain Sample 100908 Compliance
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AS—4 BUNDLE TEST COMPLIANCE REMOVED

SAWPLE 100308 GAUGE LENGH = 250 MM

2
24 -
23 4
30 -
18 -
16 -
14 -

12

Load (Kg)

10

8-1

¢ T | T T T T T T 1 T ] T
¢ c.4 3.} 1.2 1.8 2 2.4

Percent Strain X

Figure 22
Load vs. Percent Strain Sample 100908 Compliance Removed
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AS-4 BUNDLE TEST (OIL) TEST DATA

SUMPLE 100807 GAUGE LENGTH = 250 MM

2
24

20
18 1
16
14 1 K

12 1

Load (@)

+) C.4 0.3 1.2 1.
Percent Strain X

Figure 23
Load vs. Percent Strain Sample 100907 Test Data
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AS—4 BUNDLE TEST (OIL) COMPLIANCE

SUPLE 1003907 GAUGE LENGTH = 250 MM

26

24 -

20
18
16
14
12

1

Percent Qroin X

Figure 24

Load vs. Percent Strain Sample 100907 Compliance
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AS—4 BUNDLE TEST (OIL) COMPLNC REMOVED

SAMPLE 100807 GAUGE LENGTH = 250 MM
26

24
22
26
18 -
18
14 - K

12 4

Load (@D

16

8

¢ 0.4 c3 1.2 1.6 2 24
Percent Strain X

Figure 25
Load vs. Percent Strain Sample 100907 Compliance Removed
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Load (<q)

AS-4 BUNDLE TEST TEST DATA

SAWPLE 100304 GAUGE LENGH = 50G M

2
24 -
23 -
30 -
18
16
14
12
10

8-4

C.4 ¢ 1.2 1. 2 24
Percent Stroin X

Figure 26

Load vs. Percent Strain Sample 100904 Test Data
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Load (Ka)

AS—-4 BUNDLE TEST COMPLIANCE

SAPLE 100804 GAUGE LENGH = 500 MM

24 -

20
18
16
147
12 1
10
8-

C.4 (+3.} 1.2 1.8 2 24
Percent Sroin X

Figure 27

Load vs. Percent Strain Sample 100904 Compliance
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AS—4 BUNDLE TEST COMPLIANCE REMOVED

SAPLE 100304 GAUGE LINGH = 500 MM
26

24
93 -
20
18 -
16 -

14

Load (Kg)

12

10

a—l

5-4

v} 04 8 1.2 1.5 2 2.4
Percent Stroin X

Figure 28
Load vs. Percent Strain Sample 100904 Compliance Removed
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Load (Kad

AS-4 BUNDLE TEST (OIL) TEST DATA

SAWPLE 100305 GAUGE LENGH = 500 Md

2B

24

20 -
18
16
14 -

12 1

0.4 ¢’ 1.2 1.6 2 2.4
Percent Stroin X

Figure 29

Load vs. Percent Strain Sample 100905 Test Data
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AS—4 BUNDLE TEST (OIL) COMPLIANCE
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Figure 30
Load vs. Percent Strain Sample 100905 Compliance
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AS—4 BUNDLE TEST (OIL) COMPLNC REMOVED

SNAPLE 100305  GAUGE LENGTH = 500 MM
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Figure 31
Load vs. Percent Strain Sample 100905 Compliance Removed
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V. CONCLUSIONS

A. COMPLIANCE TESTING

The curve-fitting procedure outlined in Appendix C was successful
in arriving at a continuous function to describe the load-induced dis-
placement of the load train for the INSTRON testing machine. Figure
32 shows the data points measured during the zero gauge length test.
Figure 33 shows the curve fit function using the parameters listed in
Table 2. Figure 34 then shows the data points and the curve fit
superimposed on one another. The greatest deviation in load is
.0017 kg.

Based on the small deviation of the data points to the curve fit
function, the curve fit of the compliance is satisfactory to be used to
subtract the displacement due to compliance from bundle test data.

The curve fit solution for the machine compliance is satisfactory
for loads greater than .1 kg. The curve fit does not do a good job in the
region below this load. This is due to the inconsistent zero displace-
ment length. The zero point for displacement is very difficult to
achieve for bundle testing. The sensitivity of the load cell is insuffi-
cient to consistently identify an actual zero load level on the bundle.
The effect of this on the fiber strength distribution parameters is that

some elements of the lower tail are distorted.
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0 Gauge Length INSTRON Compliance Test
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INSTRON Compliance Curve Fit Function
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0 Gauge Length INSTRON Compliance Test and Curve Fit
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The compliance testing method for the INSTRON has been
demonstrated to be feasible and to provide realistic results. Testing
should continue to determine whether the compliance is repeatable or
whether it is a function of other factors such as temperature, humid-
ity, or age of the machine. Full understanding of compliance is impor-
tant because of the magnitude of compliance effects on short gauge

lengths; it is the short gauge lengths to which stressing is applied.

B. BUNDLE TESTING

The bundle tests demonstrated the difficulty in obtaining test data
for short gauge lengths. Table 2 illustrated the fact that no successful
1 cm tests were completed and only one 2.5 cm test was completed.
An improved technique of sample preparation to prevent the slipping
of the fibers through the tabs is needed. Possibly an adhesive with bet-
ter wetting qualities could be tried.

The difficulty in testing the small gauge lengths highlights two
important effects on prestressing. The first is that the shorter the
prestress gauge length, the more difficult the process becomes due to
the difficulty in maintaining gauge length. The second important effect
is that the prestress effect on fiber parameter improvement will have
to be based on a gauge length less than the ineffective length. The
optimization process will now include another variable, the minimum
possible gauge length due to machine constraints. As the minimum
gauge length, increases the effectiveness of the prestress will

decrease.
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The ifmportance of accurately removing the displacement in the
test data for short gauge lengths was demonstrated by the bundle
tests. Figures 15, 18, 21, 24, 27, and 30 show that as a function of
percent strain, the shorter the gauge length, the greater the percent-
age of test displacement is due to machine compliance. Figure 15
shows that the percent strain displacement due to compliance for the
shortest gauge length (2.5 cm) was greater than .6 percent, or nearly
25 percent of the total test displacement. Figure 27 shows that the
percent strain displacement due to compliance for the longest gauge
length (50 cm) was less than .02 percent, which is less than 1 percent
of the total test displacement.

The inaccuracy incurred in not eliminating the compliance dis-
placement for long samples before reducing the data to determine the
fiber strength parameters is minimal. In the case of short samples,
however, this is not the case. If the compliance displacement is not
removed, the effect on the strength parameters will be the same as if
the gauge length was actually longer than what was tested. This results
in the fiber parameters being conservative in the prediction of fiber
strength. While this is safe, it defeats the purpose of prestressing.

Figures 25 and 31 are the graphs of the oiled bundles. Comparing
these graphs to Figures 22 and 28, which are the dry or not oiled
samples, the effects of friction can be seen in the shape cof the curves
after the maximum load has been reached. The dry sample load drops

in large vertical jumps. These large jumps correspond to many fibers




breaking at once instead of sequentially. Figure 35 shows the
simulated test data for a 100 mm sample. The curve is very smooth
and does not show the sharp vertical drops the actual test data shows.

The large vertical drops in the actual test data are noticeably
reduced, but not eliminated, in the oiled samples. The oil, a soybean
derivative, reduces the friction but does not eliminate all of the effects.
The effect of friction on the test does appear to dominate the tail end
or the final 30 percent of the percent strain. The effect of friction on
the fiber strength parameters is difficult to predict. One effect that is
clear is that the data for the first 50 percent to 60 percent of the
breaks in the long samples do not appear to be affected by friction as
the remaining breaks. In addition, Figures 16 and 19 indicate that the
effect of friction declines as the gauge length becomes shorter.

The need to eliminate friction between the fibers in a bundle test
is important if long-gauge length tests are to be accurately completed.
Different oils may be tried as lubricants to improve upon the perfor-
mance of the soybean oil. If the friction cannot be eliminated, it must
be brought down to a minimal level.

The effect. of noise in the bundle tests appears to be minimal. Fig-
ures 36, 37, and 38 are graphs of simulated bundle tests with noise
added to the load data. Figure 4 is a graph of the same simulation with
no noise present.

A noise level of 1 gm is equivalent to .002 percent for the 50 kg
load cell used by the INSTRON. The difference in the curves from
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Figure 35
Bundle Test Simulation (Gauge Length—10 cm)
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BUNDLE SIMULATION DISCRETE DATA
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Figure 36
Bundle Test Simulation With +1 gm Noise
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Figure 35 to Figure 36 is barely noticeable. A noise level of 10 gms is
equivalent to .02 percent. Figure 37 shows some effects of noise, but
they are minimal. A noise level of 100 gms is equivalent to .2 percent.
This is an excessive amount of noise and the effects of a noise level
this high are clearly shown by Figure 8.

The INSTRON manual specifies the sensitivity, or noise level, of
the load cell to be .01 kg. This corresponds to roughly the noise level
of Figure 37. An inspection of Figure 37 demonstrates that the effect
of this noise level is barely discernable when compared to Figure 35, a
simulation with no noise.

This research has demonstrated that the physical process of
preloading fibers with a short gauge length is difficult due to the
physical limitations of the sample gripping mechanism. More work is
required to find an adequate means to grip or restrain the fibers for
short gauge lengths.

The removal of the displacement due to compliance in the test
results is significant for gauge lengths shorter than 2.5 cm in order to
determine accurately the fiber strength distribution parameters. The
effect of compliance diminishes with longer gauge lengths. The fric-
tion between the fibers in bundle alters the shape of the load vs. dis-
placement curve. Friction has more of an effect on longer samples
than on short samples. Friction may be reduced by using oil on the
samples, but it does not entirely eliminate the effect. Noise is not a
significant factor in altering the data and does not interfere with the

strength distribution parameters.




VI. RECOMMENDATIONS

Further study into the magnitude of the machine compliance for
the INSTRON 4206 testing machine should be initiated. The effects of
temperature, the gripping devices, and repeatability should be investi-
gated. To complete this, a quicker method to determine the curve fit
coefficients needs to be developed. A Fortran program that can accu-
rately and quickly solve the curve-fitting routine in Appendix C should
be written and validated. A series of compliance tests may then be
completed to build a database.

The methods for sample preparation and bundle testing need to
become less technician dependent. There are too many areas where
mishandling of the samples may introduce errors into the data by
damaging the fibers. The reliance on the laboratory technician to build
the samples, align the samples, and then set the gauge length all add
variability to the data that should be reduced if not eliminated.
Hydraulic grips can eliminate the hand- and wrench-tightening pro-
cedure required by the current grips. A brace or stand should be
designed and built to hold the sample during loading into the
INSTRON. This will eliminate much of the handling the sample must
now endure.

The prestress effects of preloading the fibers to a load greater
than the critical load should be investigated. This is a probability

problem whose solution could be integrated into the bundle simulation

69




program. This program could then be used to predict the prestressing
performance and then validated with tests performed in the laboratory
on gauge lengths that can be successfully tested. This is very important
because the poor test results of the short samples indicate that a short
preload gauge length (< 1 cm) may be difficult to achieve.

The effects of prestressing with respect to long-term reliability
and composite fatigue failure should be investigated. The impact of
local load stress cells on long-term reliability needs to be addressed
quickly. The urgency of this aspect of prestressing is that due to the

nature of fatigue failure, data taking is a very long process.
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APPENDIX A
MODEL SELECTION

Composite fiber materials such as graphite, aramid, or boron are
characteristically long and thin when compared to the dimensions of
the composite. For example, the diameter of a graphite fiber is on the
order of 5 microns, while the fiber length can extend to hundreds of
feet for a 1 square foot pressure vessel. Under tension, the fibers fail,
or break, at positions where flaws or imperfections exist. These flaws
cause the fiber to break at loads much below the theoretical strength
of the fiber, which is the chemical-bonding strength. The type of the
flaw may be scratching, chemical erosion, contamination, or one of
many others. The source of the flaw may have come in production,
handling, or service use. The spatial location, density, and severity of
these flaws determine the strength of each fiber.

A single fiber or filament may be visualized as a chain made up of
many links. These links, or segments, each have a unique strength
that is limited by the severity of the flaws contained in that segment.
The more severe the flaw, the weaker the segment. For a long fiber,
one with many segments, the strength of that fiber is only the
strength of the most severe flaw, or the weakest link. If the severity of
the flaw is known to fall within a certain probability distribution and
the location of the flaws are randomly distributed along the fiber, then

71




a “weak link” model can be assumed for predicting the strength of a
fiber.

From statistics, the Weibull distribution best fits the “weak link”
model. Phoenix and Wu, in Reference 2, describe the Weibull statisti-
cal model as it applies to composite fiber strength prediction in detail.
In general, the fiber is partitioned into a series of segments (m). The
shortest limiting length segment is equal to the ineffective length or
effective load ‘ransfer length of the fiber. This is on the order of mm
for graphite/epoxy. A bundle is then formed by joining several, (n),
fibers in parallel. For example, in this project, AS-4 bundles where m
equals « and n equals 3,000 were tested in the laboratory.

Based on the Weibull weak link model, the failure cumulative den-
sity function (CDF) of a fiber can be explicitly written as a function of
the two Weibull parameters o and 8. The Weibull failure CDF is written

as Equation 5.

F=1-exp -&x/p)) (5)

The two parameters, a and B, correspond to the distribution
shape and scale. a adjusts the shape of the distribution by altering the
skew and range of values. As shown in Figure 39, a high shape para-
meter, or o, corresponds to a very narrow distribution; an a equal to
3.5 approximates a normal distribution; and a smaller a corresponds
to a very wide distribution with large tails. When « is large, the scale

parameter [ is approximately the mean. The AS-4 that was tested in
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this project for a gauge length of 25 ¢m has an accepted o equal to 4

and a B equal to 16 gm/(mm/mm).

1.04

/a>10

o= 3.5
a< 2.0

B X
Figure 39
Effect of the Shape Parameter on the Weibull Distribution

The Weibull distribution is not only a physically appropriate model
for fiber strength, it has an additional advantage in that its failure
cumulative distribution (CDF) can be written as an explicit equation. In
addition, the CDF may be linearized with respect to B. This results in
Equations 6 and 7. These two equations may then be graphed together
to form a graph such as the one shown as Figure 40. This graph of the
F*/x* function allows direct graphical correlation of strength to failure

probability.
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Figure 40
Weibull Linearized Failure Prediction Graph

F* = In(-In(1 - exp {-(P/B)2})) (6)
x* = In (P/B) (7)

where P is the load subjected to the filament.

To predict reliability, which is one minus the failure probability
for a fiber, the o and B must be known for that fiber to a sufficient
degree of accuracy. Fiber bundle failure tests are performed in the lab-
oratory to arrive at the parameters. A difficulty arrives with the fact
that the parameters are a function of the length of a fiber. This corre-
sponds to the fact that a long chain is weaker than a short chain
because the longer chain has a higher probability of having a weak

segment.
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The Weibull model provides a means to normalize the parameters
between different lengths of a commoun fiber if the parameters are
known for any one length. This allows for the laboratory results to be
applied to fibers of lengths different than the lengths tested. This fea-
ture of the Weibull function is commonly called the size effect.

If the strength distribution parameters f1 and al are known for a
fiber of length 1; and the parameters B2 and ag are desired for the
same fiber but of a different length 15 the following derivation provides

the relationship:

F1=1-exp {-x/B1lai] (5)
R=1-F
(Reliability = 1 - Failure) (8)
Ry = exp {-(x/B1)% (9)
m=1;/1p (10)
Rr=IIR; Ry ........ = (R;)m
Rr = [exp {-&x/By)*1}Im (11)
R2 = exp {-m(x/B1)%1) (12)
R2 = exp {-(x/B2)}*2} (9)

Equating Equations 9 and 12 then:




exp {-m(x/B1)*1} = exp {-(x/B2)%*2)
(-m(x/B1)%*1) = {-(x/P2)%*2}
(x/(m)1/%1 ;)% = (x/By J*2 (13)

Solving Equation 13 results in Equations 14 and 15.

a2 = 0 (14)

B2 = B1(m)"1/% (15)

An implication of the size effect relations, Equations 14 and 15, is
that a long composite made up of many segments may be reduced to a
composite of one segment. This simplification provides for easier
mathematical modeling of the composite as a large composite model
shown in Figure 41 with many segments may be reduced to the much
smaller model shown in Figure 42. This greatly reduces the amount of
computational effort required to model composite strengtn or bundle
strength as the model matrix has been reduced from a (m X n) to a (1

X n).




N = 10
Figure 41
Composite Model Without Size Effect
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M =1

N 10

Figure 42
Composite Model With Size Effect
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APPENDIX B
BUNDLE FAILURE SIMULATION

The purpose of the bundle failure simulation was twofold. The first
was to allow the user to readily produce simulated bundle test data
with variable fiber strength distribution parameters. The resulting data
could then be graphically presented into load versus displacement or
load verses percent strain representations. These graphs were utilized
to gain understanding and insight into the effect of fiber strength
parameters and gauge length on fiber failure process.

The second purpose of the bundle failure simulation was to
provide a means of verification for data interpretation and reduction
software being developed for use in conjunction with the INSTRON
Testing machine used in the Composites Laboratory, Naval
Postgraduate School. The simulation could be used to ensure that the
software returned the parameters from the simulated test data that
were used as inputs to the bundle simulation. For this project, the
compliance removal procedures and software described in Appendices
C and D were validated with this program. Lt. Joseph Schmidt, in a
separate project, used this program to validate software that reduced
bundle test data into the fiber strength probability distribution
parameters.

The bundle failure simulation program “T2" takes fiber strength

distribution parameters o and P for the length of the bundle, the
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number of filaments, the length of the bundle, the fiber modulus, and
testing machine settings of cross-head speed and sampling rate, and
then produces two sets of load vs. displacement data. The first set is
the loaded and displacement determined for each individual filament
break. This is referred to as the analog data. The second set, which
simulates fiber testing machine data, is the continuous load and
incremental displacement data, which is referred to as discrete data.
The program also has the added feature of inputting a noise range. The
maximum number of filaments is 1,000.

The program solves for the strength of each filament based on the
Weibull distribution and the size effect. An explanation of the Weibull
function and of the size effect is detailed in Appendix A.

A. ANALOG DATA SIMULATION

The analog data was determined by using a random number
generator to to generate a random strength of each fiber, determine
the displacement of each break, and then compute the load of the
bundle at each break.

Equation 16 was used to determine the strength of each fiber.

Pr = In(-In(1 - exp {-(x/B)%})) (16)

where Py = failure load of the the fiber
x = random number 0 < x < 1
Equation 17, which is a manipulation of Hooke’s law, is used to

determine the displacement of each fiber at the failure load.
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dr=Pr*1/E (17)

where df = Displacement of the Fiber

1 = Length of the Fiber (Gauge Length)

E = Strain Modulus

The displacement at each break was stored in an array and then

sorted in ascending order. The load of the bundle at each break was
then determined by using Equation 18. This is also a manipulation of
Hooke's Law. At each break, because the simulation is for a controlled
displacement, the load in the bundle drops by a factor of 1/n. This
data point is solved for by Equation 19.

(Po)1 = ((dpi * E * (n-1 +1))/1 (18)

(Pp)i+ = ((dg); * E * (n-i))/1 (19)
where i=1,2,3,...n (Number of Breaks)

B. DISCRETE DATA SIMULATION

The discrete data was found by utilizing the analog data. The
analog data was transformed into a continuous function by connecting
the data points. The displacement between data points is found by

Equation 20.

Deld = CHS/SR (20)




where CHS = Cross-head Speed (mm/min)
SR = Sampling Rate (pts/sec)

The discrete data displacement is in increments of Deld while the
discrete data load is the intercept of the analog continuous data for
that appropriate displacement. Equation 21 is used to compute the
discrete displacement points. Discrete data points are solved for until

the load reaches zero.

d =Deld *1 1=012,...Load =0 (21)

C. NOISE SIMULATION
The user has the option of simulating the effects of noise in the
load transducer of a bundle test. If desired, the noise is added to the

discrete load data by Equation 22.

Pnotse = P - ((Ph - P1)/2) + X * (Ph - P) (22)

where P = Original Load
Pn = High Noise Range
P; = Low Noise Range

D. PROGRAM LISTING

The program was written in Microsoft Fortran 4.01. It is designed
to be operated from any IBM/Compatible computer with two floppy
drives or hard disk and one floppy drive. The executable program is
run from the A: drive or the hard disk and the data is written to the B:

drive. To execute the program type: TS <enter>.
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SUBROUTINE LISTING:

INIT
INPUT
RAND
SLOAD
SORT

ANLDAT
DISDAT

NOISE

OUTPUT

Initializes arrays to zero

Prompts user to input required value

Random number generator (user must input seed)
Solves for the breaking stress of each filament

Sorts the filaments by breaking stress and then
solves for breaking displacement

Creates the analog load and displacement file

Solves for the continuous and creates the discrete
load and displacement file

Allows user to input random noise to a specified
threshold into the discrete load data

Writes the analog and discrete data to floppy
disks

VARIABLE LISTING:

DATA(0:1000,7)
ADATA({0:2000,2)

DDATA(0:2000,2)

ALPHA
BETA

CHS

Workspace array

Analog data output file; Displacement, Load, listed
sequentially by first break to last

Discrete data output file; Displacement, Load,
listed as a function of sampling time

Weibull shape parameter for the given length
Weibull scale parameter for the given length
Modulus of fiber

Length of the Fiber

Number of filaments in the bundle (max. = 1,000)

Simulated testing machine cross-head speed

83




SR
DELD
POINTS
SEED

SEED1

SEED2

BREAKS

LIMIT

PH
PL

OUTPUT FILES
ADATA
DDATA

Simulated machine sampling rate
Distance between data points for discrete data
Number of discrete data points

Random number generator seed for strength
computations

Random number generator seed for discrete data
load during break generator

Random number generator seed for noise
generator

Counter that is used to find slope of analog data
for up to n-1 breaks

Maximum strength of fiber § used in solving for
the maximum displacement for n-1 breaks

Upper noise range

Lower noise range

Analog data; displacement, load

Discrete data; index, displacement, load

84




PROGRAM T2

---------------

E e I e A o T Y R  d g o B S r R ey S e Y S A LA R L e R L T SRR S TV Ty

* PROGRAM T2 WILL SIMULATE A BUNDLE TEST FOR N FIBERS IN PARALEL *

% FOR GIVEN FIBER STRENGTH PARAMETERS AND LENGTH OF THE BUNDLE. R
W THE PROGRAM WILL OUTPUT ANALOG DATA THAT IS A LISTING OF THE *
s DISPLACEMENT AND LOAD OF EACH FIBER BREAK. THE PROGRAM WILL W
¥ OUTPUT DISCRETE DATA THAT SIMULATES MACHINE TESTING DATA FOR THE *
* BUNDLE. THE OQUTPUT IS BY INDEX, DISPLACEMENT AND LOAD. THE %
K NUMBER OF DATA POINTS IS A FUNCTION OF THE SIMULATED CROSSIEAD *
* SPEED AND THE SAMPLING RATE. ¥
o %
*  THE OUTPUT IS WRITTEN TO DRIVE B: ADATA. AND DDATA. >
% %

Sevevedvededb e Yeredede e et de v v e e deat s vt e dede vk Yo e v de v dede e sk s v b s a b e e e e e s ve v e e e v e dle ke ve ek

* DECLARATION STATEMENTS
REAL DATA(O; 1000,7), DDATA(O;5000,2),ALPHA,BETA,L,CHS,PH,PL,
1E,DPELD,SR,ADATA(0; 2000,2)
INTEGER N, I,J,K,POINTS,Q
1 CONTINCE

% PRINT BANNER AND START PROGRAM
PRINT*, 'COMPOSITE BUNDLE TEST SIMULATION PROGRAM'
CALL INIT(DATA,DDATA,ADATA)
CALL INPUT(ALPHA,BETA,L,CHS,E,N,SR)
CALL RAND(DATA,N)
CALL SLOAD(DATA,N,ALPHA,BETA)
CALL SORT(DATA,N,E,L)
CALL ANLDAT(DATA,N)
CALL DISDAT(DDATA,DATA,N,E,L,CHS,SR,POINTS)
CALL NCISE(DLATA,POINTS)
CALL OUTPUT(DATA,DDATA,N,E,L,ALPHA,BETA, POINTS,ADATA)

* ALLOW USER TO RERUN PROGRAM
FRINT™
PRINT*,'RUN CG:{FLETE, DO YOU WISH TO RUN ANOTHER SET OF DATA'
PRINT=,"' IF YES TYPE 1, ELSE TYPE O TO EXIT PROGRAM'
READ®, Q
IF(Q .EQ.1) GOTO 1

“* PRINT BANNER AND END PROGRAM
PRINT
PRINT*,' END OF RUN, HAVE A NICE DAY'
E\D

won' satontanton’snlast, .'..‘..' ! o n'su! -'. -'a '-.‘.- B ' ‘ .
Yesodrdes VedevesedeYedelest e D)

B SLBROLTI\L I\IT

estetese et e tentete e Senle denie e fe e e donie St adosSontnteatonteatoutonts oo alast
sTeve e Yedededleds Sedevedededede e e e Y e ke S leste

SUBROUTIAE IVIT INITIALIZES THE ARRAYS TO ZERO ¥

Yevededess SeveveveYeTive ey Ty ey e e e e Ty ey ey ey Ve Y YT e Y e e ey e e e Y e v ve e v ven s

* DECLARATION STATEMENTS
SUBROUTINE INIT(DATA,DDATA,ADATA)
REAL DATA(0; 1000,7),DDATA(0; 5000,2),ADATA(0; 2000,2)
INTEGER I.,J

“* PRINT BANNER AND START SUBROUTINE




PRINT*
PRINT?, '¥riedrdess RUNNING INITIALIZATION SUBROUTINE cevrvesdes’
PRINT*
PO 10 I = 0,1000
Do s J =1,7
DATA(I,J) = 0.
9 CONTINUE
10 CONTINUE

DDATA(I,J) = O.
19 CONTINUE
20 CONTINUE
DO 30 I = 0,
DO 29 J = 1,
ADATA(I,J) = 0
29 CONTINUE
30 CONTINUE

END
Fevedede ey v v s vl s Y ve e s Yo e de e e e e Yo de v e dle s e v de e sledlr b ok Seledle e vele s e e e v sk ey e Sk el st
*  SUBROUTINE INPUT #
i SUBROUTINE INPUT PROMPTS THE USER TO INPUT THE REQUIRED W
* DATA TO PERFORM THE SIMULATION. INPUTS ARE: W

ALFHA, BETA, N, L, E - FIBER PARAMETERS
CHs, SR - TESTING MACHINE PARAMETERS

D T T e S T e U YO JL A AFC LTI SO FO0 SR L K SO SIL  SOL SO N
i S A TRt i > d RTINS et it TN TITTITICITITNINTITNN

* DECLARATION STATEMENTS
SUBROUTINE INPUT(ALPHA,BETA,L,CHS,E,N,SR)
REAL ALPHA,BETA,CHS,L,SR,E
INTEGER N

% PRINT BANNER AND START SUBROUTINE
PRINT
PRINT, '#riiciese RUNNING INPUT SUBRQUTINE driseese’
PRINT

PRINT®,' INPUT ALPHA AND BETA FIBER PARAMETERS'

READ*, ALPHA,
PRINT*, ' INPUT
READ*, N
PRINT*, ' INPUT
READ¥, L

L = L*10
PRINT®, ' INPUT
READ™, E
PRINT?*, ' INPUT
NEAD*, CHS
PRINT*, ' INPUT
READ*, SR
PRINT*
PRINT*, ' INPUT
PRINT

BETA
NUMBER OF FILAMENTS IN BUNDLE (MAX = 1000)'

MEAN BUNDLE LENGTH (CM)'

LOAD MODULUS OF FIBER (GM/MM/MM)'
SIMULATION CROSSHEAD SPEED (MM/MIN)'

SIMULATION SAMPLING RATE (PTS/SEC)'

COMPLETE'

Sh




END
Peevededeode s Todesedys Yo de de st v e ve vk Tl S v e e Yo v dededevedededede st v b e e dede v vt st e db e e ae e de e e de e et
* SUBROUTINE RAND *
W% W%
W SUBROUTINE RAND GENERATES A RANDOM NUMBER FROM O TO 1 FOR EACH *
i FILAMENT IN THE BUNDLE. THE RANDOM NUMBER GENERATOR IS STARTED  *

*  FROM THE INITIAL INPUT SEED. THE FUNCTION RAND IS USED TO *
*  ACTUALLY FIND THE RANDOM NUMBER. *
% %

Yedededesevedededeveddevesdevevelee do e etk e e vt a de vtk de ok b bk ar ek dled b sk e v de vk de v vk dle de vk dle de et de e dede kel
SUBROUTINE RAND(DATA,N)

* DECLARATION STATEMENTS
REAL DATA(O; 1000,7),RNG
INTEGER N, SEED, I

* PRINT BANNER AND START SUBROUTINE

PRINT*
PRINT?, '#die’e RUNNING RANDOM NUMBER GENERATOR SUBROUTINE e
PRINT
PRINT

PRINTY, ' INPUT ANY ODD INTEGER (STRENGTH RNG SEED)'
READ*, SEED

PRINT

DO 160 I =1, N

DATA(I,1) = I
DATA(I,3) = RNG(SEED)
100 CONTINUE

END
Jegesedleds e Tyt Yo e e ey ek S Yt e Pk e e s Yo de e e s e sl e e de v e v e e ve vl sk sl Yo v vk sede e vede Y e e e ve deveve vt
%  SUBROUTINE SLOAD *
k] o
W SUBROUTINE SLOAD WILL GENERATE A BREAKING STRENGTH FOR EACH W
* FILAMENT AND FROM THE MODULUS FIND THE CORESPONDING DISPLACEMFNT. *

e e e e e e e e e e e e e e S e e e e e e e e Y e e e Vel v e e e e e e e e e e Yea e e e et

SUBROUTINE SLOAD(DATA, N,ALPHA,BETA)

o
by

DECLARATION STATEMENTS
REAL DATA(G; 10CC,7),ALPHA,BETA
INTEGER N

% PRINT BANNER AND START SUBROUTINE
PRINT*
PRINT?, "srsesese RUNNING SIMULATION LOAD SUBROUTINE ks !
PRINT

DO 100 I =1, N

o,

* BREAKING STRENGTH EQUATION BASED ON WEIBULL ALPHA AND BETA PARAMETERS
DATA(I,4) = EXP((LOG(-LOG(1-DATA(I,3)))+ALPHA*LOG(BETA))/ALPHA)
100 CONTINUE

END
FeveTedeevev e e e Yo s el e e Y e e v v e e My S e Yo e T Yo v vkl ak et e e e v e et b e e e e s e sk Yoo e S e Ve e sk e
i SUBROUTINE SORT
¥ ¥t

*  SUBROUTINL SORT USES A BUBBLE SORT METHOD TO SORT THE FILAMENTS
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¥* FROM LCWEST TO HIGHEST BY BREAKING POINT DISPLACEMENT. *
* 14
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SUBROUTINE SORT(DATA,N,E,L)

* DECLARATION STATEMENTS
REAL DATA(0; 1000,7),T4,T5,E,L
INTEGER N,PAIRS,T1
LOGICAL DONE

* PRINT BANNER AND START SUBROUTINE
PRINT-*
PRINTY, '#ddick RUNNING SORT SUBROUTINE v’
PRINT
PAIRS= N-1
DONE = .FALSE.
20 IF(.NOT. DONE) THEN
DONE = .TRUE.
Do 30 I = 1,PAIRS
IF(DATA(I,4) .GT. DATA(I+1,4)) THEN
T4 = DATA(I,S)
T1 = DATA(I,1)
DATA(I,&) DATA(I+1,4)
DATA(I,1) DATA(I+1,1)
DATA(I+1,4) Ta
DATA(I+1,1) T1
DONE = | FALSE.
ENDIF
30 CONTINUE
PAIRS = PAIRS - 1
GOTO 20
ENDIF
PRINT*
PRINT, "#%% SORT COMPLETE, NEW INDEX BEING ADDED TO DATAw '
PRINT
DO 40 I = 1, N
DATA(I,2) =1
40 CONTINUE
PRINT*
PRINT®*, '#¥t SOLVING FOR DISPLACEMENT BASED ON BREAK LOADS v’
PRINT*
Do 501 =1,N
DATA(I,5) = (DATA(I,&4)*L)/(E)
50 CONTINUE

END
Yevederlede v vevertveseak s dr ok rerk e ve skt de vt e ve s vt de s ook st sedleveve sk e vk e vedt de dedeak o vk e v sk de v sk v de e sk e dle e e sl
* SUBROUTINE ANLDAT *
W %
% SUBROUTINE ANLDAT WRITES THE DISPLACEMENT AND LOAD OF EACH BREAK
* INTO ARRAY ADATA %

o ¥
ST Yeveeveveteaevedededleatye e v v s dle skt v e dr e e e sk v e v s s dle sl sle v devedle el e e e de e e e ve e de de e St v de e Ve de e e dle e de e

SUBROUTINE ANLDAT(DATA,N)

* DECLARATION STATEMENTS
REAL DATA(0; 1090,7)

o
)




INTEGER N

* PRINT BANNER AND START SUBROUTINE
PRINT*
PRINT*, '#diie RUNNING ANALOG DATA FILE SUBROUTINE s’
PRINT*
DO 100 I =1, N
DATA(I,6) = (N-I+1)*DATA(I,4)
= (

DATA(I,7) N-I1)*DATA(I,4)
100 CONTINUE
END
Fedededriedestievedede e deslddtdededededeabv v st deab e de v e Fedeae e v de devedede e v e e de de v e v de v e dede v dede b abraeabe v de e o dte st
% SUBROUTINE DISDAT *
*® W%
* SUBROUTINE DISDAT CREATES LOAD AND DISPLACEMENT BASED ON THE R

* DATA BUT THE DISPLACEMENT IS CONTROLLED BY THE MACHINE CROSSHEA *
* GSPEED AND THE DATA SAMPLING RATE. A RANDOM NUMBER GENERATOR IS *
* USED TO SOLVE FOR THE LOAD IF THE DISPLACEMENT OCCURS AT A BREAK *
% POINT. *

.....................

SUBROUTINE DISDAT(DDATA,DATs,N,E,L,CHS,SR,POINTS)

* DECLARATICN STATEMENTS
REAL DDATA(O; 5000,2),DATA(O; 1000,7),E,CHS,SR,DELD,DISP,LIMIT,
1 RANGE,RNG,L
INTEGER SEED1,BREAKS,POINTS,N

% PRINT BANNER AND START SUBROUTINE

PRINT

FRINT, '#iriee. RUNNING DISCRETE DATA SUBROUTINE dedcdeses:’
PRINT™

PRINT®,'INPUT ANY ODD INTEGER (RNG SEED)'

READ*,SEED1

DELD = CHS/(SR*60)

BREAKS = 0

* SET LIMIT EQUAL TO DISPLACEMET OF FIRST BREAK

LIMIT = DATA(1,5)
DO 100 I = 1,5000
DISP = DELD*I

150 CONTINUE
IF(DISP .LT. LIMIT) THEN
DDATA(I,1) = DISP
DDATA(I,2) = ((N - BREAKS)*E*DISP}/L
GOTO 199
ENDIF
IF(DISP .EQ. LIMIT) THEN
RANGE = (((N - BREAKS)*E*DISP)=-((N-BREAKS-1)*E*DISP))/L
DDATA(I,2) = (RNG(SEED1)*RANGE)+(((N-BREAKS~1)*E*DISP)/L)
DDATA(I,1) = DISP
GOTO 199
ENDIF
BREAKS = BREAKS + 1
IF(BREAKS .EQ. N) GOTO 200
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* INCREMENT TO NEXT BREAK DISPLACEMENT
LIMIT = DATA(BREAKS+1,5)
GOTO 150
199 CONTINUE
100 CONTINUE
200 CONTINUE

* POINTS = NUMBER OF DISCRETE DATA POINTS

POINTS = 1

END
Federededeidedeedbdedededvederbdeeve R s b vk ek s dese ek vesk b dedede sk e ab b sk s R e Ve de ks e v ek b ek e e
* SUBROUTINE NOISE *
% %

* SUBROUTINE NOISE ALLOWS THE USER TO SIMULATE MACHINE NOISE IN THE =
% DISCRETE LOAD DATA. THE USER INPUTS THE RANGE OF THE NOISE AND *
* A RANDOM NUMBER GENERATCR IS USED TO FIND A NOISE FOR EACH DATA *
* LOAD IN BETWEEN THE GIVEN RANGE. ¥

L] e
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SUBROUTINE NOISE(DDATA, POINTS)

* DECLARATION STATEMENTS
REAL DDATA(O; 5000,2),PH,PL,RNG
INTEGER I,Q,SEED2,POINTS

* PRINT BANNER AND START SUBROUTINE
PRINT*
PRINT, s RUNNING NOISE SUBROUTINE desedeiesc!
PRINT*
PRINT*,'DO YOU WANT TO ENTER NOISE INTO DISCRETE DATA'
PRINT*,'IF YES TYPE 1, IF NO TYPE 0’
READ*,Q
IF(Q .NE. 1)GOTO 200
PRINT*,'INPUT ANY ODD INTEGER (RNG SEED)'
PRINT*
READ*, SEED2
PRINT", ' INPUT HIGH NOISE RANGE AND LOW NOISE RANGE (GMS)'
READ*, PH, PL
DO 100 I = 0, POINTS
DDATA(I,2) = (DDATA(I,2) ~((PH-PL)/2)) + RNG(SEED2)*(PH-PL)
100 CONTINUE
200 CONTINUE

END
FededededederdeTevede Yedede vk derdb vl dedralve sk e et ab e ek e dese e de sl v e e db s e de sk b e e st s db e e s e e e e st e ey b oot
* SUBROUTINE OUTPUT *
e %
% SUBROUTINE OUTPUT WRITES THE ANALOG DATA AND THE DISCRETE DATA %
* ONTO DRIVE-B OUTPUT FILES *
% L3

Yededeiedededededededededededededededn e e e dede de et e e de e e S e de e el e e M e et e e e e e e e e e e e dete e e
SUBROUTINE OUTPUT(DATA,DDATA,N,E,L,ALPHA,BETA,POINTS,ADATA)
REAL DATA(O; 1000,7),DDATA(0; 5000,2),E,ALPHA,BETA,L,
1ADATA(O; 2000,2)
INTEGER N,POINTS,Q1,Q2,I,11
PRINT?, "seieicieis. RUNNING OUTPUT SUBROUTINE dededcdex !
PRINT*
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* WRI

960

105

106
961

* WRI

951

110

901

Fearededest
e

PRINT*,'DO YOU DESIRE A LISTING OF THE ANALOG DATA'
PRINT*,'IF YES TYPE 1, IF NO TYPE ZERO'

READ*,Q1

PRINT*,'DO YOU DESIRE A LISTING OF THE DISCRETE LATA'
PRINT*,'IF YES TYPE 1, IF NO TYPE ZERO'

READ*,Q2

IF(Q1 .EQ. 1) THEN

TE THE ANALOG DATA

PRINT*

OPEN(15, FILE='ADATA')
WRITE(15, 960)

FORMAT( / ' DISP LOAD')
Do 105 I = 1,N

I1I = (2*I)-1

ADATA(II,1) = DATA(I,S)
ADATA(II+1,1) = DATA(1,5)
ADATA(II,2) = DATA(I,6)
ADATA(II+1,2) = DATA(I,7)
CONTINUE

DO 106 I = 0,2%N

WRITE(15,961) ADATA(I,1), ADATA(I,2)
CONTINUE

FORMAT( TF10.6,2X,F10.4)
CLOSE(15)

PRINT*

PRINT*,' ANALOG DATA IS IN FILE "ADATA FILE"'
PRINT?

ENDIF

IF(Q2 .EQ. 1) THEN

TE THE DISCRETE DATA
OPEN(15, FILE='DDATA')
WRITE(15,951)

FORMAT(/ 'POINT DISP LCAD")

DO 110 I = 0,POINTS

WRITE(15,901)I, DDATA(I,1),DDATA(I,2)

CONTINUE

PRINT*,' DISCRETE DATA IS IN FILE "DDATA FILE"'

PRINT>

CLCSE(15)

ENDIF

FORMAT( 15,2X,F10.6, 4X,F10.4)

END
Yoy vedededevestdodt et de deveve v de e e etk e s e vede e de Yevke sk akr e e de st e ve vk e sk e e de e e e e e e ealedte
FUNCTION RNG(SEED) RANDOM NUMBER GENERATOR ¥

FUNCTION RNG(K)
INTEGER K,M,CONST1

REAL RNG, CONST2

PARAMETER(CONST1=2147483647, CONST2=.4656613E-9)
SAVE

DATA M /0/
IF(M .EQ. 0) M
M = M¥65339
IF(M .LT. 0) M

K

(M+1) + CONSTI1

9]




- RNG = M * CONST2
END




APPENDIX C
COMPLIANCE REMOVAL

The objective of the analysis of fiber bundle testing data is to
determine the fiber strength distribution parameters. To this end, the
actual fiber displacement data must be obtained from the total test
displacement data. A significant portion of the test displacement data
is due to machine compliance. This appendix describes a method to
determine this displacement and subtract it from the test displace-
ment data consisting of the load train displacement and the sample

displacement.

A. ISOLATION OF COMPLIANCE

Fiber bundle testing is accomplished with the use of the Instron
Universal Testing Instrument Model 4206 (INSTRON) machine. The
fiber test records displacement and the load measured by the
INSTRON load cell. The test is controlled by software that operates
the machine on a controlled cross-head speed and takes data at a
user-selected sampling rate. The machine is schematically illustrated
in Figure 43.

A typical bundle test load vs displacement graph is shown in Fig-
ure 44. The curve may be partitioned into three regions. Region I is
the concave non-linear region. This is concavity is due to the compli-
ance on the load train and the variation in gauge length (slack) amount

of each filament.
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Figure 43
INSTRON Testing Machine

Figure 44
Typical Bundle Test Load vs. Displacement Graph
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This is due to each filament of the bundle not having exactly the
same gauge length; the curve becomes progressively steeper as each
filament starts to carry the load. Region II is the linear region. Here all
of the filaments are carrying the load equally. The bundle displace-
ment is a linear function of displacement due to Hooke's Linear

Stress-Strain law shown in Equation 23.

P = nE3
3 =P/nE (23)

where P =load
n = number of filaments
E = filament modulus
d = displacement

Region III is the faiflure region where the load fluctuates as each
fiber breaks.

The load data that the INSTRON records is derived from an elec-
trical signal from the load cell. This load is the load taken by the
fibers, but also includes the load taken up by the testing machine load
train. This load causes deformations in the load train consisting of the
gears of the machine, the grips, grip base, and all other structural
components. These components of the load train combined to form
machine compliance. The INSTRON shown in Figure 43 may now be
modeled as shown in Figure 45. The INSTRON is equivalent to two

springs in series, the machine compliance and the fibers.

95




T

; System Compliance
F Back lash, Load Cell,etc.

Bundle
Sample

Figure 45
INSTRON Testing Machine Equivalent Model

With the spring in series model, the total displacement of the
system due to a load is equal to Equation 24. The load due to the fibers

is Equation 25 and the load due to compliance is equation 26.

8t = 81 + 8¢ = P/(Kr + K¢) (24)
of = P/Kr (25)
3¢ = P/K¢ (26)

where & = total bundle displacement
&r = fiber displacement
8¢ = compliance displacement
Kr = fiber stiffness coefficient
K¢ = compliance stiffness coefficient
Equations 25 and 26 demonstrate that the fiber and compliance

displacements are functions of load. If the stiffness coefficients and
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the load are known, then the displacement due to the fibers may be
found by Equation 27. It is important to note that the stiffness coeffi-
cients for the fibers and the compliance are likely to be nonlinear. The
fiber nonlinearity is primarily due to the slack in the early displace-
ment. The compliance will be nonlinear due to the physical processes
that contribute to form the compliance. Many of these processes are

directional in nature.

8(P)f = 8(P)t - 8(P)¢ (27)

From Equation 27, the typical bundle test graph in Figure 1 may
now be represented as Figure 46 with the compliance displacement

being subtracted from the fiber displacement.

/ Compliance

-

Bundle -
Compliance

o
o
0
¢
0
0
0
U
o
4
o
o
!
v
¢
o
o
0
,
o

Figure 46

Typical Bundle Test Load vs Displacement Graph Compliance
and Fiber Displacement Separated
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To determine the fiber displacement, a means to subtract the
compliance displacement is required. An equation must be deter-
mined to fit §(P)c to implement Equation 27.

If K. were linear, it would be a simple matter to solve for the §(P)¢
function. However, as mentioned above, the function will not be linear.
Because of this, 8(P)c must be measured by experimentation. The data
must then be curve-fit to form a continuous function; this function may

then be used to implement Equation 27.

B. COMPLIANCE TESTING

From the model {llustrated in Figure 45, a means to eliminate the
displacement of the fibers would be to set the gauge length of the
bundle to zero. The fibers may not be eliminated because the gripping
mechanism to hold the bundle in place is a part of the compliance, but
the gauge length can be brought very nearly to zero. To do this, a sam-
ple is prepared like the one shown in Figure 47. If there are no fibers
that displace, all of the displacement recorded must be due to
machine compliance.

To measure 8(P)c. a bundle test is completed with the O gauge
length sample in accordance with the procedures outlined in
Appendix D. A typical INSTRON compliance test load vs. displacement
graph is shown as Figure 48.
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O Gauge Length Sample Used to Test Compliance
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Figure 48
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INSTRON Compliance Test Load vs. Displacement Graph
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The first region, O to Dcl, is very nonlinear. This is due to the
directional compliance in the INSTRON as the displacement is first
applied. Physical processes include the backlash in the gears, nonlin-
ear friction and damping as the gears and clutches engage, and noise
below the sensitivity of the load cell.

Region two, Dcl to Dc2, is the linear region. The compliance in
this region is due to linear spring tension of the machine as modeled
in Figure 44. The K is very high, which is expected for a testing
machine. It should be high so that the load it absorbs is very low when
compared to the load being absorbed by the sample.

Region three is nonlinear. It is believed that in this region the
grips are beginning to fail and that the fibers are actually slipping
between the copper tabs. The data in this region does not reflect the
machine compliance and is not utilized in the analysis. It is assumed,
however, that if the sample had not slipped the compliance curve

would have continued, extending the linear region.

C. CURVE-FITTING PROCEDURE

The fitting of a curve to approximate P(3)c was completed by
separating the function into two regions, selecting a power series
model, Equation 28, for region I, a linear model; Equation 29, for sec-

tion II; and setting boundary conditions at Dcl, Equations 30 and 31.

for O < D¢ < Dcl Dc = A1(P)n + A2 (28)

for Dcl < De Dc = A3P + A4 (29)

100




Boundary Conditions
(1) Dcl (Equation 28) = Dcl (Equation 29) (30)
(2) Dcl' (Equation 28) = Dcl' (Equation 29) (31)

If Dc2 and Dcl are known, then from Equation 29 for region two:

A3 = Dc2 - Dcl/P; - p(Del) (32)

A4 = -AgP) + Dcl (33)

From Equations 28, 29, and 31, an equation for A; can be derived:

d Dc/d P = nA;(P)n-1
d0Dc/dP=A3
A3z = nA,(P)n-1
A1 = Az/n (Py)n-1 (34)

From Equations 29, 30, and 34, an equation for A2 can be derived:

Dcl = ((Ag/n (Dcl - DcO)P-1) * (Dcl - DcO)/A3 + Ag
Az =Dc) - AgP1/n (35)

This gives us five unknowns and four equations. Equations 32 and
33 can be solved directly from information gained from the O gauge

length data. Equations 34 and 35 are coupled by n, so A3 and A; may

be solved for by optimizing the variable n. To optimize n, an error
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function is created and its derivative is taken and then summed for all
the data points between zero and Dcl for different values of n. When
the error function is minimized to approximately zero, n is known.
The n can then be substituted into equations 13 and 14 to yield the
constants Az and A4.

Substituting Equations 32 and 33 into Equation 28 gives Equation
36.

Dc(P) = (AgP1/n) * ((P/P1)7-1} + Dcl (36)

d Dc(Py/d N = (AgP1/n) * In(P/P;) * (P/P;)n
+ AgP1n-2(1 - (P/Py)") (37)

The error function becomes

H(n) = X (Dc(P) - Dy 0 Dc(Py)/0 N (38)

for { = 1,2,3 ... number of data points from O to Dcl. Equation 38 is
then iterated until H(n) goes to zero (.0000).

The process of solving for the coefficients is greatly enhanced by
the use of spreadsheets and microcomputers. Programs such as Lotus
1-2-3 and Microsoft Excel allow the user to import the data directly
into a spreadsheet and manipulate the data. The results for the
INSTRON compliance used in this project were found using Lotus
1-2-3.
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A Fortran program is in development to solve this procedure but

is not functional at this time.
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APPENDIX D
BUNDLE TESTING

The failure load for graphite bundles was determined with the use
of the Instron Universal Testing Instrument Model 4206 (INSTRON)
and associated IBM INSTRON control software, version 4.01. The fiber
strength statistics were found by removing the compliance displace-
ment with the software developed in this appendix. The compliance
displacement function was approximated by the curve fit detailed in
Appendix C. The modified data was then used with software developed
by Lt. Joseph Schmidt to determine the fiber parameters a and p for
the given gauge length.

All testing was completed in the Advanced Composites Laboratory,
Naval Postgraduate School, Monterey. Laboratory Technician Mr. Jim
Nageotte and Professor Edward Wu assisted with the preparation of
samples and the testing.

A. BUNDLE TESTING PROCEDURE

The testing was completed in accordance with the following

procedure.
¢ Tum on INSTRON and allow 60 minutes to warm up.
e Calibrate the INSTRON in accordance with posted procedures for
mechanical and electrical calibration (only required for first test
of the day).

e Turn on attached IBM AT and enter INSTRON test software. From
C prompt, type: MT\DATA\MT <enter>

e Load sample into machine.
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Ensure sample is vertically aligned correctly; adjust if necessary.
Set zero load level.

-  Depress Load Bal button and then enter on the INSTRON.
Set cross-head speed to .2 mm/min.

Set gauge length.

- Run cross-head up until a load of .2 +.02 kg is achieved.
-  Depress Gauge Length button on the INSTRON.
- Run cross-head down until a load of zero is achieved.
- Run cross-head up until a load of .2 +.02 kg is achieved.
-  Extension should read 0.0. If it does not, repeat all steps.
- Run cross-head down until a load of zero is achieved.
- Depress jog down switch twice.
-  Depress Gauge Length button.
*(Crosshead Speed may be adjusted if necessary)

Select appropriate test method.

Enable IEEE interface.

- Depress IEEE button on the INSTRON.

Run the test.

Plot the results.

Plot on HP plotter using Plot option in INSTRON software.
Put data into ASCII file.

Dump data to hard disk or floppy disc using Utilities option in
INSTRON software.

Exit INSTRON software.

Remove Compliance displacement.

Rename test data file to TEST.DAT and put onto floppy disk.
Place data disk in drive B:
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¢ Place compliance removal program disk in drive A:
e Type TS <enter>
The disk in drive B: now contains the data with compliance
removed and the data with compliance not removed. The data is now

ready to be run in the software developed by Lt. Joseph Schmidt that

will retrieve the fiber parameters a and .

B. PROGRAM LISTING

The compliance removal program “program T5" takes the five
coefficients for the curve fit compliance function and then for the cor-
responding load subtracts the displacement from the data due to
compliance. The method for determining the compliance curve fit
coefficients is detailed in Appendix C.

The program is written in Microsoft Fortran 4.01. It will run on
any IBM/compatible personal computer. To operate the program,
place the program disk into the A: drive. The data disk must be placed
into the B: drive. When this is completed, type: TS5 <enter>.

PROGRAM T5
SUBROUTINE LISTING:

INIT Initializes arrays to zero

LOAD Opens the data file and reads in the machine data

CONVERT Converts machine data into SI units

REMCON ¢ Prompts the user to input the compliance curve
coefficients

* Removes the displacement from the data due to
compliance
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OUTPUT Writes to the B: drive the modified data

VARIABLE LISTING:

DDISP(6000) Test displacement data

DLOAD(6000 Test load data

INDEX Test data point counter

XCONV Displacement conversion factor

YCONV Load conversion factor

Al Compliance curve coefficient

A2 Compliance curve coefficient

N Compliance curve coefficient

A3 Compliance curve coefficient

A4 Compliance curve coefficient

DC1 Transition displacement between two curve fit
equations

ZERO Noise level of load cell
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PROGRAM T5
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% PROGRAM T5 *
% %

* THIS PROGRAM WILL TAKE INSTRON 4200 SERIES BUNDLE RAW DATA OUTPUT =
*  AND ALLOW THE USER TO CONVERT THE DATA INTO DESIRED UNITS AND TO *
* TO REMOVE MACHINF. COMPLIANCE DISPLACEMENT. THE INPUT DATA FILE *
* MUST BE PLACED IN THE B- DRIVE. THE INPUT DATA FILE MUST BE ¥
*  NAMED TEST.DAT. A MAXIMUM OF 6000 DATA POINTS IS ALLOWED. TO *
*  EXECUTE THE PROGRAM, PLACE THE PROGRAM DISK IN THE A DRIVE, *
*  TYPE A-T5 AND HIT ENTER. tHE USER SHOULD THEN FOLLOW THE SCREEN *
* PROMPTS. *
* THE REQUIRED INPUTS ARE- %
* - NUMBER OF DATA POINTS *
¥ CONVERSION FACTOR FOR LOAD AND DISPLACEMENT *
* - COMPLIANCE CURVE PARAMATERS (IF DESIRED) %
% o
*  THE OUTPUT DATA FILE WILL BE PUT ON THE DISK IN THE B DRIVE AS
* FILE EXPER. OUT. A SUMMARY PRINTOUT OF THE INPUT IS PLACED ON o
*  THE DISX IN THE B DRIVE AS DATCON. PRT . *
% %

REAL XCONV,YCONV,A1,A2,A3,A4,N,DDISP(6000),DLOAD(6000),
+ZERO
INTEGER I1,J,DP,INDEX(6000),Q
PRINT:, "#¥% RUNNING PROGRAM T5 e’
PRINT
CALL SUBROUTINE INIT TO INITIALIZE ARRAYS
CALL INIT(DDISP,DLOAD,INDEX,XCONV,YCONV)
CALL SUBROUTINE LOAD TO LOAD IN DATA INTO PROGRAM
CALL LOAD(DDISP,DLOAD,INDEX,DP)
*  ALLOW USER TO CO!VERT DATA INTO DESIRED UNITS

o
X

*

o,

PRINT,' DU YOU NEED TO CONVERT DATA INTO [SI] UNITS'
PRINT*,' THIS SHOULD ONLY BE REQUIRED FOR MACHINE TEST DATA'
PRINT*,' IF YES TYPE 1, ELSE TYPE O TO CONTINCUE'
READ*,Q

IF(Q .EQ. 1) THEN
* IF USER DESIRES TO CONVERT UNITS CALL SUBROUTINE CONVERT TO CONVERT
*  DATA
CALL CONVERT(XCONV,YCONV,DP,DDISP,DLOAD)
ENDIF
* CALL SUBROUTINE REMCOM TO REMOVE COMPLIANCE FROM DATA
CALL REMCOM(DDISP,DLOAD,A1,A2,A3,A4,N,DP,ZERO,DC1)
CALL SUBROUTINE OUTPUT TO OUTPUT DATA INTO DATA FILES ON DISK B
CALL OUTPUT(INDEX,DDISP,DLOAD,A1,A2,A3,A4,N,DP,ZERO,XCONV,YCONV,

%

st
-~

+DC1)
PRINT*, '#¥%% END OF PROGRAM '
END
Yededesedede v e ve e vedeve s b e dededle Tt v de v e el de v v e s sk sk de v e s el s de e e s deakeae v s e st S dese s e e sle e e ot
* SUBROUTINE INIT 3
% ki
¥ THIS PROGRAM WILL INITIALIZE THE DATA ARRAYS, INDEX AND CONVERSION *
* FACTORS PRIOR TO INPUTING NEW DATA. *
Sedrdedeededevieryedede e v ae vt e e Yo Ve Yr e ve e v v e ve v Yoo vt Yo v e el Yeve Yoo ve v s e e s vl e S S st veven e e e e et s

SUEROUTINE INIT(DDISP,DLOAD,INDEX,XCONV,YCONV)

[0S
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REAL DDISP(6000),DLOAD(6000) ,XCONV,YCONV
INTEGER INDEX(6000)
* PRINT HEADER
PRINT¥, '#%% RUNNING SUBROUTINE INIT i’
PRINT™
% RUN LOOP TO SET DATA ARRAY INDEX, DDISP AND DLOAD TO O
DO 10 I = 1,6000

INDEX(I) = 0

DDISP(I) = 0.

DLOAD(I) = O.
10 CONTINUE

* SET CONVERSION FACTORS TO 1.0
XCONV = 1.

YCONV = 1.

END
Ferrabdr kot sl dedrdrrb e e v s e olevh e ot e s st e b ook e ok ar e a b s e e e s de ol Yk St st s e e Yesb e el deveseate e
*  SUBROUTINE LOAD *
% W%
* SUBROUTINE LOAD WILL OPEN DATA FILE B-TEST.DAT AND READ IN THE *
* DATA WITH AN UNFORMATTED READ STATEMENT. THE NUMBER OF DATA %
% POINTS (DP) TO BE READ MUST BE ENTERED CORRECTLY OR PROGRAM WILL =
* ERROR OUT IN THIS SUBROUTINE. W
e e e e e e e e e e Y e e e e e e e e T e e e s v e e e e Ve S e e e e e e e e Y e e e de TS e denk e e ey

SUBROUTINE LOAD(DDISP,DLOAD, INDEX,DP)
REAL DDISP(6000),DLOAD(6000)
INTEGER I,DP,INDEX(6000)
% PRINT HEADER
PRINTY, ' RUNNING SUBROUTINE LOAD s
PRINT
* OPEN DEVICE 15, FILE B-TEST.DAT
OPEN(15,FILE='B-TEST. DAT')
% INPUT NUMBER OF DATA POINTS (DP)
PRINT", ' INPUT NUMBER OF DATA ELEMENTS TO BE READ'
PRINT*,' @22 MAXIMUM INPUT VALUL IS 6000 @@3'
READ™ ,DP
* RUN LOOP TO READ IN DATA POINTS INDEX, DDISP AND LOAD
DO 10 I = 1,DP
READ( 15,*)INDEX(1),DDISP(1),DLOAD(I)
10 CONTINUE
* CLOSE DEVICE 15
CLOSE (15)

END
Verrdelrdesevedeve e ety e ey e Yo re e e e e e e de s v v v v s e de e e e e st e v e e v Y e S el e e e
* SUBRGUTINE CONVERT *
e bid

% SUBROUTINE CONVERT WILL CONVERT THE DATA FROM FILE TEST.DAT INTO *
% WHICHEVER UNITS THE USER DESIRES. THE USER MUST INPUT CONVERSION
¥ FACTORS WHICH WILL BE DIVIDED FROM THE ORIGINAL DATA. THE X CONV
% CORRESPONDS TO DISPLACEMENT AND THE Y CONV CORRESPONDS TO LOAD OR =
# FORCE. IF NO CONVERSION IS DESIRED, ENTER 1 FOR THE CONVERSION ¥
* FACTORS. R
VevededededevedeveVedede e deve e e dededode Ve de Ve e de et ve et de e e e v e e e Ve e de e Ve e de e e el e e e e de el e e e e e e e dedle e e

SUBROUTINE CONVERT(XCONV,YCONV,DP,DDISP,DLOAD)

REAL DDISP(6000),DLCAD(6000),XCONV,YCONV

INTEGER I,DP
**  PRINT HEADLR
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PRINT®, '¥%% RUNNING SUBROUTINE CONV e’
PRINT=
PRINT*, 'PROGRAM T5 WILL CONVERT DATA INTO [SI] UNITS'
PRINT*
INPUT X OR DISPLACEMENT CONVERSION FACTOR
PRINT, ' INPUT X CONVERSION (DISPLACEMENT)'
READ*, XCONV
INPUT Y OR LOAD/FORCE CONVERSION FACTOR
PRINT*,' INPUT Y CONVERSION (LOAD/FORCE)'
READ¥*, YCONV
CONVERT DATA
DO 10 I = 1,DP
DDISP(I) DDISP(I)/XCONV
DLOAD(I) DLOAD(I)/YCONV
10 CONTINUE
END
Fedededededede v desk e dededrdede e e de el abdeak dede devesedkak e dededrde de ve e et b st b e et e vk yede e e e ve s bt Yo vkl

* SUBROUTINE REMCON *
W% %
* SUBROUTINE REMCON WILL IF THE USER DESIRES REMOVE THE MACHINE e
** COMPLIANCE DISPLACEMENT FROM THE DATA. THE USER MUST INPUT THE *
* COMPLIANCE CURVE PARAMETERS AND THE DATA ZERO LOAD LEVEL. K
* THE USER SHOULD TAKE CARE TO ENSURE THE COMPLIANCE PARAMETERS ARE *
* THE SAME UNITS AS THE CONVERSION FACTORS. W

.........

ST e e e e T e e e e e e e e e e e e e e e e e e e e e e e e Ve e v e v v v Y e s e e v e Yo st ek e veste
SUBROUTINE RVWCO‘(JDISP,DLOAD Al,A2,A3, Aq,N DP,ZERO,DC1)
REAL DDISP(6000),DLOAD(6000),A1, A ,A3,A4 N ZERO DC1
INTEGER I,DP,Q
PRINT HEADER
PRINT, "% RUNNING SUBROUTINE REMCOM ¥’
PRINT
e ALLCW USER TO REMOVE COMPLIANCE FROM THE DATA
PR¥NT*,'DO YOU DESIRE TO REMOVE THE MACHINE COMPLIANCE FROM THE DA
+TA
PRINT,'IF YES TYPE 1, ELSE TYPE O TO CONTINUE'
READ™,Q
IF(Q .EQ. 1) THEN
* IF USER DESIRES TO REMOVE COMPLIANCE, INPUT COMPLIANCE PARAMETERS

£ +

*

o,
b

-,

PRINT*, '
PRINT,
READ™, Al
PRINT™, '

READ™* A2

PRINT>, '
READ*,N
PRINT* '

INPUT COMPLIANCE CURVL COEFFICIENTS'

"INPUT A1’

INPUT A2'
INPUT N'
INPUT A3'

READ*,A3

PRINT, '

INPUT 44'

READ™*,A4

PRINT, '

INPUT DC1'

READ*,DC1

PRINT*,'

INPUT ZERO NOISE LEVEL (LOAD IN KG)'

READ*,ZERO
* REMOVE COMPLIANCEL DISPLACEMENT FROM THE DATA

PRINT
PRINT*

* REMOVING MACHINE COMPLIANCE FROM DATA -
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PRINT
DO 100 I = 1,DP
* DETERMINE IF DISPLACEMENT DATA IS IN COMPLIANCE POWER CURVE OR
* LINEAR REGION AND SUBRTRACT CORRECT AMOUNT OF DISPLACEMENT
IF(DLOAD(I) .LT. ZERG) THEN
GOTO 99
ENDIF
IF(DDISP(I) .LT. DC1) THEN
DDISP(I) = DDISP(I) - ((A1*(DLOAD(I)**N)) + A2)
ELSE
DDISP(I) = DDISP(I) -~ ((A3*DLOAD(I)) + A4)
ENDIF
99 CONTINUE
100 CONTINVUE

ENDIF

CONTINUE

END
kdedobak ki sab s dlababal oty ot b s sk sear ok ab s bale b sk ot ab sk v sl sk b ot s e sk sk dedle e s et e b sl e sl e v sl v st sl abe e sk st e oot
* SUBROUTINE OUTPUT o
[ wc

% SUBROUTINE OUTPUT WILL WRITE THE DATA TO FILE EXPER.OUT. IT WILL =
* ALSO CREATE A DATA SUMMARY FILE AS DATCON.PRT . THE OQUTPUT FILES =
% ARE PLACED ONTO THE DISK IN THE B DRIVE. *
SUBROUTINE OUTPUT(INDEX,DDISP,DLOAD,A1,A2,A3,A4,N,DP,ZERO,XCONV,
+YCONV,DC1)
REAL DDISP(6000),DLOAD(6000),A1,A2,A3,A4 ,N,ZERO,XCONV, YCONV
INTEGER I,DP,INDEX(6000),Q
PRINT HEADER
PRINT, ¥ RUNNING SUBROUTINE QUTPUT der!
PRINT
10 PRINT™,'DATA WILL BE OUTPUT TO FILE B-EXPER.OUT'
“* PROMPT USER TO PLACE TARGET DATA DISK IN DRIVE B-
PRINT*, 'ENSURE A DISK WITH SUFFICIENT SPACE IS IN DRIVE B-'
PRINT*, 'TYPE 1 TO CONTINUE'
READ*™,Q
IF(Q .NE. 1) GOTO 10
«  OPEN DEVICE 12 AND WRITE DATA TO FILE B-EXPER.OUT
OPEN(12, FILE='B-~EXPER.OUT')
DO 100 I = 1,DP
WRITE(12,900)INDEX(T1),DDISF(I1),DLOAD(I)
100 CONTINUE
* CLOSE DEVICE 12
LOSE(12)

b3

w

% ALLOW USER TO CREATE A DATA SUMMARY FILE
PRINT*,'DO YOU DESIRE A SUMMARY PRINTOUT FOR THE DATA CONVERSION'
PRINT*,'IF YES TYPE 1, ELSE TYPE O TO EXIT'
READ*,Q

%

IF USER DESIRES DATA SUMMARY FILE, OPEN DEVICE 12 AND WRITE
* PARAMETERS TO FILE DATCON. PRT

IF(Q .EQ. 1) THEN

OPEN(12, FILE='B-DATCON.PRT')

WRITE(12,910)

WRITE(12,911)DP,XCONV,YCONV

wRITE(12,912)ZER0,DC1

WRITE(12,913)A1,A2,N,A3,AL

11




CLOSE(12)
ENDIF
CONTINUE
% WRITE FORMAT STATEMENTS
900 FORMAT( 16,1X,F9.4,1X,F9.4)
910 FORMAT( 'COMPLIANCE REMOVAL DATA CONVERSION COEFFICIENTS',//)
911 FORMAT( 'NUMBER OF DATA POINTS',8X,17/
1 'X CONVERSION FACTOR ',5X,F10.7/
2 'Y CONVERSION FACTOR ',5X,F10.7//)
912 FORMAT( 'ZERO NOISE LEVEL (KG)',10X,F7.4&4/
'DC1 -LINEAR SECTION- ',8X,F9.4//)
913 FORMAT( 'COMPLIANCE CURVE COEFFICIENTS'//

—

1 "POWER FACTOR PORTION'//
2 'Al = ' ,F6.4/

3 'A2 = ' ,F6.4/

4 "N= ',F6.4/

5 "LINEAR PORTION'//

6 'A3 = ' F6.4/

7 'Ab = ' F6.4/)

END

i X
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APPENDIX E
TEST DATA

A. COMPLIANCE TEST DATA

The INSTRON compliance test data forms are contained in this
appendix. They are tabulated in Test Number sequence. The raw data
is stored on the IBM AT personal computer in the Composites Labora-

tory, Naval Postgraduate School, in director MT/DATA/ as file (Test
Number).MAD.
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NPS Cospesites Lab
U.5.Naval Pestgracuate School
Menterey, CA

Fiber Burndle Cospliance Curve
Zero quage length
A5 se/ain

Test type: Cosplrance Curve Instron Corporaticn
Series 11 Automated Mater:als Testing Sysiee vi.0jc

Gperator name: Jia Test Date: Mugust S,1968
Sa~ple Identification: OGLICSOR Seeple Type:  bndl
Interface Type: 4200 Series
Machine Faraeeters of test:

Sasple Rate (pts/cec): 10,00 Huatdity ( X )2 60

Crosshead Speed (sa/min )¢ 150 Terperature {deg. Fi: 4

Dirensiors:

Spec. |
Lin. Censity (der) [ ING
Bauge length (es) §.0000
Cut of ! speciesns, 0 exCluded.
Lrad Displceent X Strayn  Dicplesent Lead
Fedulus at at at at at
Specinen latel? Karigye Breat Breck Maxieus Mavieus
Nuater {ge/den) tkg) (ea) (X (eq) (rg!
| gecd $9.935 25.97 L3011 36,41 2742 29.%7
Mean: 93.95 ¢3.57 301 39.11 2942 2%.97
Standarg
Deviatipn:  mmmmmmmmes mmesseccee momssieios eoieieoen msoiooions cessseseee
Mean -
2,00 ¥ Sdvi memmecoms ecmeemes emmeemies cememeweo Sesacsooee oocnooneeo
Mezn + ’
2.00 ¢ Sdv: e T T L TP L e e
Hinieun: 63,93 £3.57 L2011 3.1 R&LYd £3.%7
Marimua: 93.9% 27.57 .30 KA gha? 27,87
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VERGTON 4,01
Sannle a1d @ QGLIOGSGE Test date @ August U190
Vors)on @ 4.01c Versicen date @ O&70%/780
Repert file#t @ 34 Operator : Jim
X conversaon e 03T T7O0E X A/ offert L 000
Y conversicn @ 2.20462300 Y A/D cffset : SO0
Sample rate @ 10000 Extensometer ¢ ND
A/D range (%] Autcerntart @ OrF
Calab type @ AUYOMNAY IC Gecomrtry @0 CYLINDRIOAT
Calab Yeoad @ 110,031 Calabh e teyen 2 AU
Trmpereture o 70 Humidity @ 60
Test type : DENIER # specimens ot 1
Eear type : bndl Entry dimens @ YES
Breal chech 100, 00000 Threaoh delay @ NOtiaralig
toad Limit ¢ 11, 823110 Ertens Yimit e RIS
Sample diaevsions
e L0354 Fr 203600000 C: L0354 e L0354 B0
Specimen o 1 Stop coll. status ¢ BRENY DETFCT
Maimuam Yoad S.019 Ma: Jeoad point # s 100
Hec: ettens L0113 Max extens pnt 4 : JRCIRAS
Hunbiee of elomentes o 1309
SpecImen gimmn jons
i LOIFA70Y B 2034 000000G U L03TEH701 D LORTZT701 F O

sy lrery Input Arveoy #0

LR X ENE R AN NI IR I I R A gD E 2 IR RN A LR R R RS E X X P N I 'R RN IR ¥ akS¥ Sy
Aunrilaiary Toput Moray # 8
HNN A AFERFERR HPYREIY

BAUFFRS BEIRIEE FABIREE FEAAAUE REFEEID AR
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B. BUNDLE TEST DATA

The INSTRON bundle test data forms are contained in this
appendix. They are tabulated in Test Number sequence. The raw data
is stored on the IBM AT personal computer in the Composites Labora-
tory, Naval Postgraduate School, in directory MT\DATAN\ as file (Test
Number).MAD.
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CONFOSITES LABORATORY
NAVAL POSTGRADUATE SCHOOL
NONTEREY CA 93940

GRAPHITE BUNCLE TEST METHID (70 CW)
Test sethod for Instron 4206, Used for testing AS-4
Graphite bundles (appx 1000 fibers)

Test type: OIL BUNDLE
Operator name: MARK JONES

Sarple ldentification: 080901

Interface Type: 4200 Series

Nachine Paraseters of test:
Sasple Rate (pts/sec): 6.67
Crosshead Speed (ma/min }: 7,000

'RATCH 1D’ 066901 70 TN WITK OIL
Dirensions:
Spec. |
Lir, Density ftex) 2035.0
Baug. .engs (am) 709,00

Out of 1 specimens, 0 excluces.

Instron Corperation

Series 11 Autowated Materials Testing System vi.01c

Test Date: Septester

Sasple Type:  AS-4

Husrdaty X )¢ 50
Teaperature (deg. Fi:

Displceent % Strain Load
at at at

Specimen Kaxioua Kax1ioua Maxioua
Kusher (rn) (9] (KN}

] 5.240 BT 1359
Hean: 5.240 L7486 L1359
Standard
Deviatient womce-s-ee chmcmmiiie eoeieoloo

B, 1524

73

-



COMFOSITES LABORATORY

NAVAL POSTGRADUATE SCHOOL
MONTEREY CA 93340

GRAFHITE BUNDLE TEST (5 Cmi

Test type: Yarn/fiber
Operator mase: Mark Jones

Sample Identification: 090901

Interface Type: 4200 Series

Hachine Parasrters of test:
Sasple Rate (pte/sec): 3,33
Crosshead Speed (aa/ain }: 500

Instron Corperation
Series 11 Autosated Materrals Testing Systes vi.0lc
Test Date: Septeaber 9,1588

Sasple Type:  AS-4

Hemidity ( % )¢ 30
Tesgerature {deg. F); 73

'BATCH 1D' 070701
'GIL OR NO OIL NO OIL
Dieenstons:
Spec.'l
Lin. Derstty (tex) 2036.0
Gauge length (mae) 50.000
Out of 1 specaimens, 0 excluded.
Displesent ¥ Strain Load
at at at
Specieen Maxieun Rarisus Maxieus
Nymber (na} (%) (KN}
1 6500 1,300 L2349
Mean: 657D 1.300 2349
Standard
Devigtion: ---eseeomc cocceeee el
Mean -
R CL T
Mean +
2,00 8 Svs mmmmeemene emeecoooe alaeloll
Minisue; 6500 {.300 2349
Maxieua: k500 1.300 .2349
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VERSION 4,01c

Sample id : 070901 Test date : Septomber  2.1700
Verosion @ G.o0lc Vercion date @ 06/09/00
heport file#t : 12 Operatcr : Mark Joves
X conversion L0E237008 X A/D offget o L0
Y crmversion @ 2.,20462300 Y A/D offset NUURLRLE]
Sample rate 3.33 Estonsometer @0 NO
A/D range 0 Autostart @ OFF
Calib type : AUTOMNTIC Geometry @ CYLTNDRICAL
Calib load : 110.2311 Calib entens 3 LOOOO
Tempevatue @0 74 Hirmidity 0 S0
Test typr @ DENIER # specimens 1
Har type @ AS-4 Entry dimons @ YES
teal chreok e 10, Qg Thresh delay @ L2uE
Load limit 112406050 Extens limit LO74 3
Sample dimensions @
A L0394 ft: 18324 ,0000 C: 1.9468% D: L0394 FE: 119
Specimen # : 1 Test end ctatues 10
Masirmun Yooad s GR.7467 Flas Tead peant 4 : RN
Mas entens LONT7 Maws extens pnt # @ [OER
fumher of elements 463
Spociamn dimenTions 2
N LOUPI201 ke 1GBD24A 0000060 G 1.96850400 1! LOHQET708 0

Auvilaiary Inpub Avvay #01
FARAEFY RABUEFE FEIFIEPE WP IAIEE FEYAFIE FUEBAIIE RBFPpAIE PP P AIIE VYN
Awtiliary ITnput prrey # 2
FAFBHI R BFEBPER PeBaPp RN FRREPAY B AFAVEF FULIRET FHIVRINE RTEIRIS S ¥ a3
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COHFOSITES LARORATORY
NAVAL FOSTORADUATE SCHOOL
MONTEREY CA 93940

GRAPHITE BUNDLE TEST (.5 (M)

Test type: Yarn/Fiber
Cperator name: Mark Jones

Sasple fdent:fication: 070902

Interface Type: 4200 Series

Michine Paraseters of test:
Saeple Rate (pts/sect: .33
Crosshead Speed (za/win ): 050

‘BATCH 1D ¢99902
‘BIC OR MO OIL° KO 31t

Dieensions:
Spec. )
Lin, Density (tey) 203,90
Gavge length (ae) 5.0060
Out of | specirens, 0 excluded
Digpleceert & Strain
at at
Speziren Maxisue Naxieus
Noater (re) [33]
i .2500
Fean: 290 5.000
Standard
Deviation: --------on oceeconen
Mean -
2,00 # Sdyr ~---emeems —omoonesee
Mean +
2,00 % Sdvy ~o-oomoe mmmomeene-
Kinimua: L2500 5.000
Marisum: 2500 5.000

120

Instron Corporation
Series IX Automated Materials Testing Systea v4.0lc
Test Date: Septeader 9,1783

Sasple Type: AS-4

Kumidity (¥ ): 1Y
Tesperature (deg. F): K|

Load
at
Karinum
{EN)

L2024

2034

2034




COMPOSITES LARCFATORY
NAVAL POSTERADUATE SCHOOL
MONTEREY Ch 93940

GRAFHITE BUNDLE TEST (.5 CM)

Test type: Yarn/Fiber Instron Corperation
Series 11 Automated Materials Testing System vi,0lc
Ooerator narze: Mark Jones Test Date: Septesber 19,1982
Sarple Tdentification: 090903 Sarple Type:  AS-4
Interface Type: 4200 Series
Machine Paraseters of test:
Sasple Rate (pts/sec): .33 Humidity (% }: 50
Crosshead Speed (se/ain ): 050 Teeperatyre (deg. F): 73
‘BATCH 1D’ 050923
‘DiL OR KD OIL’ NG Q1L
Dirensions:
Spec. t
Lin. Density (tex) 202¢4.0
Gauge length (es) 5.00%0

Out of 1 specimens, 0 excluded.
Sarple cearents: Karisua Lead 22.36 kg Relaxtaron Load to 21,33 #gq

Displesent X Strain | Load
at at at

Specieen Marisun Naxrinue Mavimua
Nusker (e} (x) (¥%)

i 2300 5.039 ©L219
Fean: €300 5.000 2194
Standard
Ceviation: --wemconoe cocccconon coconaoooo
Mean -

2.00 8 Sdvi mmeesmmmen cemeocmaes aoeciaooee
Mean ¢+

2,00 # Sdvi ----m-oen semomoooee oimsees
Kinipge: 2500 5.000 2194
Max;mye: .23r 5.000 2196
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COMPOSITES LABORATORY
NAVAL FCSTGRADUATE SCHOOL
MONTEREY €A 93940

BRAPHITE BUNBLE TEST (.5 (M)

Test type: Yarn/Fiber
Operator nase: Mark Jones

Sasple Identificatien: 090704

Interfaze Type: 4200 Series

Machine Farameters of test:
Saeple Rate (pts/sec): ks
Crosshead Speed (ma/oin ): ,050

‘BATCH 1D’ 094704
‘01L OR ND OIL' NO 0L
Diaensions:
Spec. 1§
Lin, Density {tex} 2036.0
Gauge length (as) 5.0000

Out of 1 specinens, 0O excluded.
Sasple comsents: Specimin is stipping and test stopped at .4t e

Instron Corportion
Series 1X Autowated Materyals Testing Syster v4.0ic
Test Date: Septesber 19,1988

Sasple Type: AS-4

Husidity (X )¢ 50
Temperature (deg. Fl: 73

Displcrent X Strain Lead
at at at

Specieen Marinue Kaxiaue Maxium
Husber (us) (R3] {¥N)

1 ,2700 5.400 .2397
Mean; 2700 5.400 .2357
Standard
Deviation: ---co-eooe comcoemeoe e
Hean -

2.00 # Sdvy comemmenn momeeomeon e
Kean +

2,00 # Sdvi mm-eeceemn cmeenmeene eeeeneil
Minjeur: 2700 3,400 .2337
Narieye: 2700 $.400 2357
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COMPOSITES LABORATORY
NAVAL PGSTGRADUATE SCHODL
MONTEREY CA 93940

GRAFHITE BUNDLE TEST (.5 €M)

Test type: Yarn/Fiber
Operator neme: Kark Jones

Saeple Identificatien: 030943

Interface Type: 4200 Series

Machine Paraseters of test:
Sample Rate (pts/sec): ARX]
Crosshead Speed (as/ein ): 050

'BATCH 1D 090903
"0IL CR NO OIL' NO O!L
Dimensicns:
Spec. 1
Lin, Density {tes) 2036.0
Bauge length (sm) 5.0070

Out of 1 specieens, 0 excluded,
Sasple cosserts: Saenle slipped

Instren Corporation
Series IX futonated Meterials Testirg Syctes vi.Clc
Test Date: Septesber §,1GE8

Sample Type: AS-4

Husidity £ X ) 59
Tesperature (deg. Fi: 73

Displement X Strain , Lead
at at at
Specimen Naxigua Mariaue Marieun
Nusher (ea) (§3] (hN)

! L2500 5.800 2992
Mean: ,29900 5.800 2992
Standard
Peviation: -o-o--omoo crceeeees e
Mean -

2,00 # Sdvy smmommoims e e
Moan ¢

2.00 # Sdvy mewesromes cmemcmes ameeieeee
Minimys: 2900 5.800 c79e
Maxisue: L2500 5.800 2952
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COMPOSITES LABORATORY
NAVAL POSTGRADUATE SCHOOL
NONTEREY CA 93940

GRAPHITE BUNDLE TEST (.5 CR)

Test type: Yarn/Fiber

Operator name: Mark Jones

Saeple Tdertification: 090904
[nterfaze Typa: 4209 Series
Kachine Parassters of test:

Gasple Rate (pts/sec): .33

Instron Corporation
Series 11 Auteaated Materials Testing Systes vé.0lc
Test Date: Septesber 9,1988

Saapie Type: AS-4

Humihity 13D S0

Crosshead Speed (om/min )@ .050 Tescerature (deg. F): 73
oATEM 1D 69790
*GIL OR NO OSL' N2 DIL
Dinensions:
Spec. 1
Lin. Density (tex) 2036.0
Gauge length {sa) 5.0000
Out of 1 specawens, O excluded,
Sasple coeaents: SAMFLE SLIFFED
Displement X Strain ,Lead
at at at
Scecinen Kaxisue LTSI Rariaum
Nusber (as) [$3] (KN}
1 2400 4.800 2664
Mean: 2400 4,800 .2kb%
Standard
Deviaion: -eecesmcs mcocccmens cceesoccen
Mean -
2.00 # Sdvr mmmmmmeoe cmmoooomn eeanenese-
Mean +
2.00 8 Sfv: seesocsoe emecsoces cecceemees
LTI 2600 4,800 264
Karisue: 2400 4.6800 R{1L)




COPFOSITES LABIRATORY
RAVAL POSTGRATUATE SCHOOL
MONTEREY CA 93940

GRAFHITE BUNDLE TEST (5 CM)

Test type: Yarn/Fiber Instron Corporation

Seraes 11 Autcmated Materials Testing Systes vi.Djc
Operator name: Mark Jones Test Date: Septesber 9,662
Sasple Identification: 070997 Sasple Type: AS-4

Intorface Type: 420¢ Series
¥achine Paraseters of test:

Sasple Rate lpte/secd: 3,33 Weardaty (% 4 o
Crosshead Speed (em/min ): 500 Tewperature (dey, FI: 72
CRAICHOID! 09007
*0IL CR ND DIL LIEUIE

[imersione:

Spec, |
Lir, Density (lex) FEET
Bauge lengtn (mai 50, 600

0ut cf 1 epecimens, 0 excluded,
Saaple coeeentsr SAMTLE SLIFFED AT END OF TEST TEST STOFFED BY [SERATCR

Pizpiceent 2 Stiarr . Leag

at at at

Spezymen Miriaue Mixipue Nz-reve
Neeber {ea! () (e

{ €500 1,339 3N
Fean gn 1.3% 272
Stardard
Deviatinn: =-er-emcee mmmccecioe coeeaelo.
Kean -
200 4 vt meemeieis eemeeie e
Mear 4
.00 # Sdve cemeocesan emmeaeoon eeeeenolo
Kiniaus: L4579 1.329 .20¢h
M3vieus: RV 1.3% i)
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€GAPOSITES LABGRATORY
NAVAL FOSTERACUATE SCHOOL
MONTEREY [A 93940

GREFRITE BUNDLE TEST (5 CM)

Test type: Yarn/Fiber
Operator name: Mark Jores

Sample Identification: Q70902
Interface Type: 4200 Series
Machine Faraeeters of test:

Sampie Rate (pisisec): 3.33

Crosshead Speed (w=/pin ): s
RATCH 1) 03nGrg
'GIL OR &3 OIL- NO 0L

liesrsions:

Spec.,
Lin, Lengity fteq) 2034.0
Eauge lergth (am) S0, ¢on
Qut of 1 epecamers, 0 ercluded
Displceert X Strain
at at
Srecieen Faxie:n Fivieon
Nuster fast [§4]
! e 1.280
Nean: 4490 .68
Standard
Deviatien: —---ecoooe oeeiiol
Mean -
2,00 # Sdvy —--eeacen e
Kean o
2.00 8 Gdvr —ooemeees el
Mirinyag LS00 1.280
Maxieuy: L6400 1.280
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Instron Corporation
Series [T Automated Materials Testing Systre vir.0lc
Test Dater Septeater 91688

Sasple Type: AS-4

Husrdyty (X ) 50
Tesperature (deg. Fi: 73

Load
, ot
Marinue

(EN)




VERSION &,01c

Sample id
Version
Report filed

X cenversion
Y conversicon

Sample rate :
A/D raonge
Calib type :
Calib load s
Temperatmre
Test type @
EBav type @
Breab chiect
f.oad Timit s

0e0O908
4.01c
iz

. 03937008

2.20462300

3.33
%)
ALTOMATIC
110.8311
73
DENIER
AS—4
1o,
112.404050D

Deoaple dyemgions

Nt LORGG B 18ZE24G.0000 C:
Specimen # o 1

P v Yeeseh 1L 400
May oxtong o D

Momber of elements 030

Sprocimen dimensions

2] LOAT 700

Fre 18304.0000000 (0

At liary Input Avray # 1

Test date
Versicn date
Operatcr

X A/D cffset @
Y A/D coffect

Extensommter
Nutostart
Geomotry
Calib e teons
Himidity

# specimeng
Entry dimens
Threoh deloy
Extens Timit

1.9685 D:
Test end statue
Mas Joond point
Masy extens pnt

1.94685040 D:

Soeptomber Go1onl
067097808
Marl Jones

RS IRTET !

IERIRISIN

N
OvF
CYLIMDIRITAL

N0

0
1
Y2
L28aG
LOP8G3
LOTG G e i

H H AN
it H ater

UG IVACIVERD B S A N 1]

LR R XK LI B LR R R ) FAEBHIE PRUSPBEE AREBEE FUBAYEE HESEI A YIS A
Arciiliary Input Avvay #2
XY PP BYE U AP LR R R X E R "U“O')’ AN EIN Y YUY L
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COMFOSITES LARORATORY
NAVAL FOSTERADUATE SCHOOL
MONTEREY CA 93940

GRATHITE BUNCLE TEST (5 (W)

Test type: Yarn/Fiber
Dperator raze: Mark Jones

Sasple Identification: 090909

Interface Type: 4200 Serjes

Kachire Paraseters of test:
Saeple Rate (pts/seci: 3,23
Crosshead Speed {an/min )¢ 500

'BAICH I 077909
'BIL OR ND OIL 0IL
Disensions:
Spec. |
Lin. Density (tex) 2035.0
Gauge length fee) 0,000

Out of | specieens, 0 ercluded
Sarple cozcenter OIL SEM°LE

Pisplement X Strain

at at
Specisen Havioun Mavieun
Nueter (r) (%)

{ 6500 1.300
Kean: 6500 1.309
Standard
Peviatien: w---mecems cecmwooooo
Mear -

200 Sdvi ---emeiie emmmeeoe
Fean +

2.00 # Sdvt ---cmmmmen meceoioeon
Minieun; L6309 1.300
Facime: 8500 1,300

128

Instron Corporatien
Series 11 Autoaated Materials Testing Systea vi.0lc
Test Cate: Septeaber 9,1989

Sasple Type:  AS-4

Humidity 0% ) 0
Terperature {deq. F): n

bead
at
Maxieus
(Ph}




VERSTION 4 .01c
Sample 1d : 0OYOFN9 Test daote @ September  9,1700)
Version : 4.01c Versicon date : 0&/709/88
Report fileft @ 1@ Dperator : Mart Jones
X conversion 03937008 X A/D offsect ¢ LOGao
Y conversion 1 2.20462000 Y A/D cffact RURIRINTE]
Sample rvate 3 3.33 Extensometeor ¢ NO
A/D range Q Autostart ¢ OFF
Calib type : AUTOMATIC Geometry ¢ CYLINDIRICNL
Calib load : 110.2311 Calib esxtens ¢ RULSIRIR)
Temprratire @ 73 Humidity : SO
Tret type : DENIER # specimens b}
Barvr tvpe 1 AG-4 Entry dimens @ YES
Fread chect 10 Gaeng Thre«sh delay @ Loaany
Loead limit s 112.140400 Extens limit : LOSEAT
Sample dimonsions
Az L0394 E: 183024.0000 C: 1.2685 D: L0374 e 1N
Gpecaimer s ] Test end ctaturn 10
Moacamum Toad HS A ftae leoadd point H H P
Fhas ettenes g RN Max esxtens pot 4 : [FIAN
Muamber of el monts e 603

Specimen dimeonsions
Az LO353701 b

""" C: 1.S5685040 by UG AC AR B SE S RN

frcir Liary
PR I I I

Ivpuat
LI IR

[ATRERECRCENE LIS
L R X RS R

LR R X
Auiliary Tonput Avrvay # 2
BHAHAAED FIPBANAY RAAETRAY PS5BS

AP B REE PR BRS SR BAEY FUREANESL EDPUNS ¥




b COMPOSITES LABORATORY
NAVAL POSTERADUATE SCHOOL
MONTEREY CA 53940

GRAPHITE BUNDLE TEST (2.5 Cm)

Test type: Yarn/Fiber '
Operator name: Mark Jones
Sample Identification: 050910

Interface Type: 4200 Series
Machine Paraseters of test:

Sasple Rate (pts/sech: 1,87
Crosshead Speed {mn/min §: 250
'RATCH 1D 0510
'0IL 08 NO OILY NG OIL
Dirensions:
Spec. |
Lin, Density (tex) 2035.0
Gauge length (es) 25.000

Out of | specirens, 0 exciuded.

Displeeent % Strain

at at
Specieen Maxinus Maxipue
Nueber (on) x)

1 L4600 1.840
Mean: Ryl 1.940
Standard
Deviation: -----co-ee cecoooonoo
Mean -

2.00 # Sdvi soemcnioe aaeecaennn
Mean ¢

2,00 # Sdy; mm-mocmeme oo
Miniaug: KY14) 1.840
Kaxiaus: L4s00 1.840
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Instron Corporation
Series 1X Automated Materials Testing Systes vé.0fc
Test Date: Septesber 9,1988

Saeple Type:r AS-4

Heaadity X 3 50
Teaperature (deg. Fi: 73

Load
, ot
Marieue

1L

2f7h

2174

2174




GRAPHITE BUNOLE TEST (2.5 CM)

Test type: Yarn/fiber

Operator name: Mark Jones

Saeple Identification: 100901

Interface Type: 4200 Series

Hachine Parameters of test:
Sasple Rate (pts/sec): 1|
Crosshead Speed (en/ein )

"RATCH 1D*
'0IL Ok KD OIL"

100901
NO DIL

Disensions:

Lin. Density ftex)
6auge length (g}
Out of

| specisens, 0 exclude

CONFOSITES LARDRATORY
NAVAL POSTGRADUATE SCHODL
MONTEREY CR 93940

.87

250
Spec. 1
2036.0
25,090
d.
Lisplceent ¥ Strain
at at
Speciren Maxieun Naxisus
Nusber (an) [§9]

! L4300 1.720
Fean: 4370 7e)
Standard
Deviatien: ---moeeee emeeoiloo
Mean -

2.00 ¥ Sdyt mmmmmeeian ieaieons
Mean +

2.00 # Sdvr ~mmmeeoeen lemeaoool
Firieun: 4300 1.720
Maxieue: 4309 1,720
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Instron Corporation

Serves IX Automated Materials Testing Systea v4.0ic

Test Date: Septeaber 10,1988

Sasple Type:  AS-4

Humidity € X )¢ 50

Tesperature {deg. F): 73

Lead
at
Maxisue

(LK}

213

2130




VERSION 4.01c
Sample 1d : 100901
Version @ 4.01c
Report file#t : 14
X conversion : L 03937008
Y conversion @ R2.20662300
Gample ralke 1.47
A/ range : O
Calib type : AUTOMNTIC
Calib lcad : 110,2311
Temperatuwe @0 73
Test type @ DEMIER
Bar type : AS-4
Breal chech 10, 00000
Lead limit @ 1182.4065%0
mple dimensions

Sa
At L0394

128

18324, 0000

C:

Specimen Ko 1
Mavmiom leooaed 07,50

Man ontogr, SOy
Muner of elcoments 305

Specinen dimmcnelons
Ax LOBPDBTOL e

Teet cdate : September 10,1700
Version da‘e : Q6L/09/88
Operatocr : Mark Jones
X A/D offset RIRIATY
Y /D offert @ L 000
Cutensemetlor ¢ Ni)
Autostart ¢ OFF
Geometry ¢ CYLINDIRICAL
Calib extenrs : < OO0
Humidity ¢ 50
# specimens )
Entry dimens @ YES
Thresh delay : 1.12404
Extens limit 1 FLRLIL Jant
.9843 D: L34 e HO
Test end status @ 10
Mo lead poant # : 14
Moz esttone poat # H ey
LGRA2TRY D RERIC KR IEIRD U RS A

1833P L 0ONN000

C:

Aucir b rary
FHARIYY

Inpal Moaray 0t
FESHTUFE A BPBYEFE FYPRARES
Autiiary [nput Arvay B2

FAUPF IR BUPFIRFN FHNI PPN YA IY

EE R R R

FIIUP s FEPA P AAXEBUNS

E¥IY e

FEYFARIEE ZHPREPn Fp PP FIF FLFAAAK S¥>a ¥y
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COMFOSITES LABORATORY
NAVAL FOSTGRADUATE SCHOOL
MONTEREY CA  93%40

GRAFHITE BUNDLE TEST (2.5 M)

Test type: Yarn/Fiber
Operator name: Mark Jones

Saeple Identification: 100502

Interface Type: 4200 Series

Machine Paraeeters of test:
Sasple Rate (pts/sec): 1.67
Crosshead Speed {(ma/ein ): 230

'BATCH 1D’ 196702
‘DIL OR NO DI oit
Dieensicns:
Spec. |
Lin. Densyty (tex) 2034.0
Gauge Jength {sa} 25.600

Dut of 1 specimens, O excluded.
Sasple coerente: SAMPLE AFFEARED TO SLIF

Dieplcment X Strain

at at
Specimen Maxinva Maxisue
Nusber (rw) (X}

i ,5090 2.000
Nean: 5000 2.000
Standerd
Deviation: --w-meeses mseoooemec
Mean -

2,60 ¥ Sdy: -oromemmes coenmmo-e-
Mean ¢

2,00 ¥ Sdys -mmmeeemie memeeenes
Binimus: L8080 2,660
Marieye: L5000 2.000
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fnstron Corporation
Series IX Automated Materials Testing Systee v4.0lc
Test Date: Septeaber 10,1988

Sasple Type: AS-4

Humidity ¢ % ) 50
Teaperature (deg. Fu 73

Load

at
Maxiaun
- {IN)

.19¢2

1922




CONPOSITES LARDRATORY
NAVAL POSTGRADUATE SCHOOL
NONTEREY [A 93940

GRAPHITE BUNDLE TEST (2.5 CN)

Test type: Yarn/Fiber
Operator nase: Mark Jones

Saeple Identification: 100702

Interface Type: 4200 Series

Hachine Paraseters of test:
Sasple Rate (pisscec): {47
Crosshead Spees (an/min 1: 250

"EATCH 1D* 193903
'0IL OR NO OIL' {8
Dieensiges:
Spec, |
Lin, Density (tex) £035.0
Gauge length (ma) 25.000

Out of 1 specieers, 0 grcluded,
Sarnle coseents: SAMFLE SLIPFED

Dispiceert X Stragn

at at
Szecinen Fitiaue Marisue
Nyster (ra) (%)

i 4300 1.720
Mean: 4340 {.729
Standard
Deviatien: ~o-someoe cooeeenoos
Mean -

03 4 SAv: memmemms e
Moan +

S0 ¥ Gdvt mmremmones e
Kinimye: L4200 1.723
Haximie: L4309 1,788
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Instron Corporation

Series 11 Autosated Naterials Testing Systee vi.0lc
Test Date: September 10,1588

Sasple Type:  AG-4

Humidity { ¥ )¢ 50
Teaperature (deg. F1: 3

Lead
at
Maxieus
(KN}




£OMFOSITES LABORATORY
NAVAL POSTBRADUATE SCHOOL
MONTEREY €A 93940

GRAPHITE BUNDLE TEST (50 CM)

Test type: Yarn/fiber Instron Corporation
Seryes IX Autoaated Materials Testing Systea v4.0lc
Bperataor name: Mark Jones Test Date: Septesber 10,1988
Sample Identification: 100704 Saeple Type: AS-4
N Interface Type: 4200 Series
Machine Paraneters of test:
Saeple Rate (pts/sec): 6.87 Hupidity (% ) 50
Crosshead Speed (ea/san )i 5,000 Teaperature (deg. Fi: 73
'BATCH 1D 160904
‘CHOCR ND OIL NO DL
Dimersions:
Spec. 1
Lin, Dersaty itex) 2036.0
Gauge length (we) 500,00

Qut ¢f 1 specimers, 0 excluded.

Dicpleeent ¥ Strain Lead
at at at
Specieen Harie.e Kaxtaun Nax1eua
Nunber (an} %) (KR}
1 3.370 8740 L1059
Mean: 3.370 4740 L1030
Standard
Deviation: =--==------ —omosoc-os -e-osoooes
Mean -
2.00 # Sdy: —--eocsown semescoooe ecocosonos
Mean ¢
‘I! 2,00 # 8dvt m-mocem-es emsmmmeseeoooseone
Kineur: 3.300 4740 1050
Haxiaum: .11 Jb740 039
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VERSION 4.01c
Sample id
Version
Report file#

X conversieon
Y conversion

Sample rate
A/D range
Calib type
Calib load
Temporature
Test type
Rar type
M-eal. check
Lead limit

Sample dimensico
A: .03

Specimen i
Macvmn Toood

Mact entens
Mumber of eleme

Specimen dimons
[AH] LOH373701

Nuriliary Ingput
LR AR S A 0 E R R X B |
At liary Diopat
HE AW EIE NAFEEREY

100904,
4.01c
11

LO3P37008

2.0 62300

bH.67
%)
AUTOMATIC
110.2311¢
73
DEMIEK
AL~4

112.40450

ns 3
B: 18324 .0000

j
LN
895
nts @ &0
jons

ke 18224, 0000000

Forray #01
AN EHN RN
Array B2

AF B REIE 4PpWEYEE

I ZE R

Test date
Version date
Operator

X A/D offaet @
Y A/D affset

Extensometer
Autostar t
Geometry
€Calib extens
Humidity

# specimens
Entry dimens
Thresh delay
E:tens limit

as es er ax Be e en as s

Teast end status
Mo Yeoad poant
Ma: extens pnt

19.68506G00 D

HUBREAFF HRTERAY

XFHAPEE YW PUAN

Septembor
0&/09/788
Mark Jones

1o,1708

L O0O00
L0000
NO
OFF
CYLINDRICAIL
L OO0,
S0
1
YES
.ot
LA
LO3TF B N0
10
PRV
£

LODRTITY N0

FHAR LS B MB ¥

yENRREY




COMPOSITES LAPQRATORY
NAVAL POSTBRADUATE SCHOOL
KONTEREY CA 93940

BRAFHITE BUNDLE TEST {50 (M)

Test type: Yarn/Fiber Instron Corporation
Series IX Automated Materials Testing Systea vé.0ic

Operator nase: Mark Jones Test Date: Septesber 10,1988
Sazple ldentification: 100905 Sasple Type:  AS-4
Interface Type: 4200 Series
Machine Paraeeters of test:

Saspie Rate (pts/ecec): 4,47 Hupidity ( X ) S0

Crosshead Speed (es/ein )i 5,000 Teaperature (deg. F): 73
'R4TCH 1D 101995
'0IL GR NO QIL” olL
Dizensions:

Spec, 1
Lin, Bensity (tex) 2036.0
Gauge length (ee) 560,00

Gyt of i specimens, O excluded.
Saepie cereents: Q1L SarFLE

Dicplenent X Strain Lead
at at at

Specieen Haxirun Maximua Raximus
Nuvher (pe) [£3] (FN)

1 3.910 7820 1359
Peen: 3,910 .7820 1399
Standard
Deviation: —--seemes coemeonnn eeeelll.
Mean -

2,00 # Sdyr memeeicen aeeiiien el
Hean ¢

2,00 # Sdvi —mmmemmmen eeceeeeoee el
Ninisus: 3.510 L7820 1399
Marieea: 3.9t0 . 78ed 1399
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VERSION 4.0)c
Sample id
Version
Report file#t

X conversion
Y conversion

Sample rate
A/D range
CAalib type
Calibh load
Tempevature
Teset type
Fiar type
Bireal check
Load limat

sa ee e we v es we em e

Sample dimensico
Ar 03y

1 OO90Y
4.01c
11

L 03937008
2.20462300

&5.67
%)
AUTOMATIC
110.2311
73
DENIEFR
AS—-4

112, 606450

N
b 1832400

Test date
Versicn date
Operator

. e e

X A/D offset
Y A/D cffset

E:itensconmeter
Autostart
Geometry
Calib extens
Humidity

# specimens
Entry daimens
Thresh delay
Extens limit

192.68770 D:

Scptember 10,1708
06709 /039
Martk Jones

RIRIATH
RERIRTSIN
NO
OFF
CYLINDIRICAL.
RERISIRIN]
S0
1
YES
LE2ut]
FRAG

Specoamen #
Masamum load
Ha entras

tumbor of eleme

Specirmen dymenes
5 LB T70Y

Accctlvary Inpat
FPUABEFUE B2 EEEES
Mrizitiary oot
AR LY ENE HEBAYFY

]
31.1h7)
L3ALé
nte @ &Ehly
E AR b R

P 182224 andhnr

Neray #O

BEH4FIIN FNIuERS

M-ray It 2

A R R N R

C:

T nenan

FeEEEup

Test end status
Manr loard poaint
Ma; e=xtens pnt

19, ANT0H00 D

AP BFABAN HNEE RS

YEAL %I XuvEEEE

1 H RAED
H H &N

LOVBTey ot

ADTADBD W EERAN

¥PB O NPN AEEIF UL




ERAPHITE BUNDLE TEST (50 CM)

Test type: Yarn/Fiber Instron Corporation
Series 11 Automated Materials Testirg System v3.00¢
Operator name: Mark Jones Test Date: Septesber ;,:5623
Sample Identification: 102906 Saeple Type: AS-4
Interface Type: 4200 Serjes
Machine Faraseters of test:
Saeple Rate (pts/sec): 6.47 Husidity ¢ % ) 50
Crosshead Speed (ma/min }:  5.040 Teaperature (deg. F): k]
TRATCH IQ* 190994
'CIL OR ND DI oIt
Gieers:ions:
Spec, 1
Lir, fensity (tex) 2036.0
Gavge length tar) 500,00
Out of 1 spezimers, © excluded
Displcesnt ¥ Strain Load
at at at
Sperisen Haxisue Marirue Kixiaus
Nunber {x1) (% (KN}
i 3.6L0 7320 1329
Fean: 3,440 L7320 1329
Standard
Deviation: -me-ssceme cemiemees ol
Mezn -
2,00 # Sdyr meememmms ceeecemen el E
Near ¢+
2,00 # Sdvi mmecomomee cmmeemei el
Miniaye: 3.L60 L7320 327
Maieym: 3,440 7320 1329

CONPOSITES LABORATCRY
NAVAL POSTBRADUATE SCHOOL
HONTEREY CA 93940
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COMPOSITES LABORATORY
NAVAL POSTGRADUATE SCHOOL
NCKTEPEY CA 93740

SRAFHITE BUNDLE TEST (25,0 M)

Test type: Yarn/Fiber Instron Corgeration

Series 1Y Automated Haterials Testing Systes vé.0lc
Operator name: Mark Jones Test Tate: Septeaber 10,1988
Sasple ldentification: 100907 Saaple Type:  AS-4

Interface Type: 4200 Series
Machine Parameters of test:

Saenle Pate (pls/sech: 5.00 Humidity € X ) S

Crosshead Speed fee/ain }:  2.509 Terperature {deg. fi: K|
YERTCW D! 190307
'0IL OR NO DIL' 0IL
Gisenzions:

Spec. |
Lin, Gensity (tex) 203¢.,0
Gauge length (ze) 250,00

Out of | specisens, 0O excluded.

Displceent X Strain Lead
at at at

Specisen Mavinue Maxieye Kaxtimus
Kuther {ee) {5 {3}

1 2.370 9480 JATHE
Rogn: 2.37% L5480 718
Standerd
Deviation: ---em-omee sesmmooooo ooieeeocen
Kean -

2.00 # Sdvi mmmm-eeos eccmconenaiciecoos
Fean ¢

.00 # Sdv: memmecmens eevsesesie cmceconos
Minieus: 2.370 9480 1718
Marximue: 2.370 L9430 1718
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VERSION &4.01c
Sample i1d : 100907 Test date : September 10,1988
Version : 4.01ic Version date : 06/0%9/88
Report file# : 19 Operatcor : Marlk Jones
X conversion : L03R3T7008 X A/D offzet : ALY
Y conversion 1 2.280462300 Y A/D offset
Sample vrate : 5.00 Estensometer : NO
A/D range @ (o] Autostart : UFF
Cailb type : AUTOMATIC Geometry : CYLINDRDRICAL
Calib lcad : 110.2311 Calib extens : L QD00
Temperature ¢ 73 Humidity : SO
Test type @ DENIER # specimons 1
Har type @ AGS-4 Entry dimens @ YES
Frealr checkh 31O O00N0 Thresh delay L2601
Lead YTimit 112.4600650 Extens limit L9210
Sample dimenaicne g
A L 037 Ty 1RH24G, 0000 C: ?.80427 3] LD3AF4G [SET N §!
Specimen # o 1 Test end status @ 10
Maszimum lond s ayLev3 Ma lood point 1t : o0
Mact ertens 2 179 Mo extoone pnt 8 : s
Number of elements s Sn7
Specimen dimensicons
[ LOJ53701 L 18324, 0000000 Tt G.86025200 D: LOTYF 7O B

MAciiliary

Input Array

# 1

KV RPN FUNABY P NAXNCQT PABAIRS B EEFHy U
Avvray # 2

AP WY UIYE APy

XFEFFFE PUAEPEE VRAIIE F¥ 2y

Avviiliary Inmpuk
FEE TR TR

BT PR B AN Y LR R RN RN
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' COKPOS TES LARORATORY
NAVAL PCSTERADUATE SCHBIL
[ NONTEREY CA 93540

BRAPHITE BUMCLE 1257 (25.0 €M)

Test type: Yarn/Fiber Instron Corporation

Series {X Automated Materials Testing Systee v4.(lc
Dperater name: joe Test Date: Septeaber 10,1988
Sample ldentification: 100908 Saeple Type:  AS-4

fnterface Type: 4200 Series
Machine Parameters of test:

Sasple Rate (pis/sec): 5,00 Humidity ¢ X ) 50

Crosshead Speed (re/min }: 2,550 Tesperature (deg. F): 73
"BATCH 1D 106903
'BiL OR KO OIL” NG TIL
Dirensions:

Spec. 1
Lin, Density (tex) 2036.0
Gauge Tength () 255,00

Qut of 1 specirens, 0 ercluded,

Displesent % Strain Load
at at at
Sperisen Maxiaup M3xinum <Kaxieun
Nusher (na) o (kN3
i 2.370 9560 1694
Fean: 2.3 950 16%%
Stardard
Deviatiep: -------m-m memmmsmeso omemecoees
Mean -
2.00 ¥ 8dvi wmemeimiom someemoioe eeceeconan
Fean ¢

2.00 8 8dvy mrmmeemenn cmmmmmeme cmeccevans
Minjaue: 2.330 9550 1654

LI 2.33¢ ,9560 169
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VERSION 4.01c

Sample 1id 100908 Test date

H : September 10,1980
Version @ 4.01c Version date @ 06/09/868
Report filet#t ¢ 1S Operater : jeoe
X conversion ¢ L0O3237008 X A/D offsct RERIRINTN
Y conversion @0 2.806462300 Y A/D cffsetl : LO000
Sample rate : 5,00 Extensometer @ NO
A/D range : 8] Autcstart : OFF
Calib type : AUTOMATIC Geometry @ CYLINDRICAL
Calib leoad : 110.2311 Calib e:rtens : RATRIRT
Temperatuwre @0 73 Humidity : TS0
Test type : DENIER # specimens @ 1
Bar type : NS~y Entry dimens : YES
Freal chech s 10, QOOO0 Thresh delay : eeail
tcad limit 1i2.4045%0 Extens limit 09213
Sarple dimevcions
e L OHRG Fro 133240 .,0000 C: F.8425 D: L0354 E: MO
Specimen § s 1 Teast end statun 10
Mavimom Joad e R0t Mase Yead peint H Py
e estens @ 174 Ma extens pnt # H HOC T
Mumber of elements O30
Gpocimen dierasions
N: RICIICIAAD NN CERS B £ 30 ML S R TR T T L T Q.8620800 D1 RIS IPICIFIRD I S S N ¥
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