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PREFACE

This summary report covers work performed during the

period from 1 September 1978 to 30 September 1981 under Air

Force Contract F33615-78-C-5172. Th"e contract was initiated

under Project Number 7381, "Materials Application". The work

was administered under the direction of the Systems Support

Division of the Air Force Wright Aeronautical Laboratories/

Materials Laboratory, Wright-Patterson Air Force Base, Ohio.

Mr. David Watson (AFWAL/MLSA) acted as Project Engineer.

This work was conducted under the general supervision of

Mr. D. Gerdeman, Project Supervisor. The Principal Investigator

for this program was D. Robert Askins. Research Technicians

who made major contributions to the program include:

R. J. Kuhbander, D. Byrge, R. Glett, R. Rondeau, D. Pike,

D. Miller, and W. Miller.

The author is also indebted to Dr. Fred Bogner for the

analysis and computation of normal edge stresses in the multi-

- directional laminates.

This report was submitted by the author in October

1981. The contractor's report number is UDR-TR-81-85.
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SrCTION 1
INTRODUCTION

Fiber reinforced composite materials have been used in
Aerospace structures for many years. The use of these materials

is continually growing, and as new fiber zeinforcements and matrix
materials become available, the problem of selecting materials

becomes an ever-growing task for aircraft buildets and designers.
In order to screen and select materials for a particular air-

craft structure, a certain minimal amount of engineering data
must be available to the aircraft designer. The data base from

which this information is extracted must be continually updated
and supplemented so that the spectrum of available candidate

composite systems for consideration be broadened in step with

the latest technological advancements. Data such as this are
intended to reduce the time lag between the development of a

new composite material system or component and its eventual
use in an aircraft system. The general objective of this

program was to develop engineering data on advanced composite

materials. These materials were to be newly developed composite

materials systems which were commercially available, but which
at the sane time were new enough that little data was available

for the purpose of evaluating their potential. The purpose

was to generate physical, mechanical, and thermophysical
properties on a number of these advanced composite materials.

The data generated in this program are not sufficient to

eliminate the need for more detailed and more comprehensive
design data programs. Rat-her, an initial data base is developed

to facilitate the selection of candidate materials, and which

provides a basis for developing subseq.vsnt design allowable

* efforts on selected materials. It provides the information

required to make preliminary assessrerts. of composite materials

for potential aerospace service.

*I
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SECTION 2

SELECTION OF MATERIALS

The initial portion of the program involved an identifi-

cation of avaLlable candidate composite materials. Both written

and verbal contact was established with a wide cross-section of

industry and government representatives who are active in the

area of composite materials research, development, and applica-

tion. Letter questionnaires were sent to individuals representing

all the services, all the major aircraft companies, and nearly

all of the major material suppliers. The questionnaire was

directed toward obtaining each individual's feelings as to

what materials should be considered for inclusion in this

program, what their assessment of the current data availability
on the various materials was, and their feelings as to potential
applications for which the various advanced and newly available

composite material systems might be considered. In addition,

these representatives were asked what they felt the most useful

and most needed type of engineering data were, as well as their

feeling about the effect of manufacturing processes required for

a specific composite material or its potential usage by the

Aerospace community. These letter-questionnalres were sent to

a total of ill individuals. A total of 16 written responses

were received, representing 14 percent of the total mailing.

In addition to the written inputs numerous telephone contacts

were made with individuals who did not respond in writing to

our questionnaires and to obtain additional information to

that requested in the letter. All the verbal as well as written

inputs to this phase of the program were tabulated and discussed

with Air Force Wright Aeronautical Laboratory/Materials Laboratory

(AFWAL/ML) representatives prior to the establishment of a list

of tentative candidate materials for possible inclusion in the

proqram.

The criteria employed to determine and select these
candidate materials included (a) the present or inminent commercial
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availability of the material, (b) the degree of interest in
- the material expressed in the written responses and telephone:1 contacts, (c) the material's potential to overcome specific

problems of current concern to the United States Air Force (USAF),
and (d) the potential value to the USAF if the material proves
applicable to Air Force weapons systems. The candidate material
identification and selection process was a continuing activity
throughout the program. As new materials were learned of they
were added to the candidate list and telephone inquiries were
initiated to learn as much as possible about the material.
A total of six composite systems were ultimately selected
from among the candidates for inclusion in the data generation
effort. These six selections were made approximately every

six months starting qt the beginning of the program. Table 1
lists the candidates which were considered at one time or
another. In most cases a fiber or resin matrix candidate

is listed alone.

The six composite material systems ultimately selected
were:

(1) T300/AFR800 by Hexcel,
S(2) SiC/5506 by AVCO,
S(3) HyE 2034D by Fiberite,

(4) T300/V378A by U.S. Polymeric,

(5) HyE 1076J by Fiberite, and

(6) 6535-1 by AVCO.

The T300/AFR800 system was selected because it is an
epoxy system which does not require refrigerated storage.
It was developed by the Aerotherm Division of Accurex Corporation
under contract to the Air Force Materials Laboratory to compete

with 350OF (177WC) epoxy systems.

The silicon carbide/5506 system was selected because of
the silicon carbide fiber. This fiber, on a carbon substrate,
was developed by the AVCO Corporation and provides properties
essentially equivalent to boron fiber but has a potentially

3



TABLE 1

CPANDIDATE MATERIALS

Material Comments

1. PKXA A silane terminated polysulfone. This
feature permits some end group cross-
linking which improves solvent/moisture
resistance and temperature capability.

2. HyE 1076E A graphite/epoxy system alleged to be
more moisture resistant than Narmco's
5208. Also supposed to be a higher
elongation matrix than other 350°F
(177*C) class epoxies.

3. HMF-351/76 Same as #2 except a woven fabric.

4. CPI-2272 A polyimide resin alleged to have
equivalent or better moisture resistance
and temperature capability than F178.

5. NCNS Developed to replace the M4-720 base
resin used in 3500 F (177°) class
epoxies. It is fire retardant,
generates little smoke, and is water
resistant.

6. PMR-II Second generation material claimed to
have higher temperature capability
than IMR-15.

7. X904B A non-proprietary 3501F (177*C) epoxy
system developed under USAF contract.
Reputed to have low moisture absorption.

8. E788 An elastomer modified epoxy system.

9. LARC 160 A 5500F (288C) polyinide supposed to
have better handling and processing
characteristics than PMR-15.

10. AS/3006 A graphite/polyphenylsulfone (Radel PPS)
system which processes easily and has
good water resistance. Mai.A short-
coming is solvent resistance leading
to stress-cracking.

11. DAPI Diaminophenylindane. A thermoplastic
with 500°F (260C) iervice capabilji w •
and which processes easily. Its sc'
resistance is principal problem.

4



TABLE 1 (Continued)
CANDIDATE MATERIALS

Material Comments

12. Pitch-based graphite Three grades are being developed,
fiber having nominal modulii of 55 msi,

75 msi, and 100 msi. This fiber
is potentially very inexpensive.

13. Glass matrix High temperature capability.
composites Excellent dimensional stability.

Water and solvent resistant. Not
yet commercially available.

14. FP alumina fibers Potential for low cost makes it
a candidate to replace boron.

15. SiC/epoxy Silicon carbide on a carbon sub-
N strate has properties equivalent

to boron but has a much lower cost
potential.

16. Phthalocyanine A new matrix system being developed.
It is alleged to have high tough-
ness and good elevated temperature
capabilities.

17. V378A A polyimide system with improved
wet high-temperature properties.
Microcracking is supposed to be
substantially reduced.

18. Thermid 600 Acetylene terminated polyimidesystem with 550-6008 F (288-3160C)
service capabilities.

19. XPL 1056 This vinyl polyester resin system
cures very rapidly at relatively
low temperatures and pressures.
Preliminary tests indicated very
good moisture resistance. The
material also appears to form a
better bond to aramid fibers than
epoxy resins, leading to higher
shear and compression properties.

20. H*'igh filament end Larger graphite tows now being
graphite tow developed reduce prepreg preparation

costs.

-6..



TABLE 1 (Concluded)

CANDIDATE MA •RIALS

Material Comments

21. AFRSOO An epoxy resin system developed under
Air Force contract which has a long
room temperature shelf life.

22. NR15OB2 Probably the highest service tem-
perature organic matrix system
available. Very difficult to process.

23. RX-6450 N-cyanosulfonamide. An addition type
resin that cures like conventional
epoxies but offers better temperature
capabilities and greater environmental
resistance.

24. PSP 6002 This polystyrilpyridine resin is a
heterocyclic aromatic polymer which
appears to offer very good high
temperature performance. It was
developed in France.

25. Ryton This polyphenylene sulfide material
-f retains good mechanical property

levels up to 3000F (149 0 C), has
excellent chemical resistance, and
is relatively easy to process.

6
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much lower cost. The 5506 resin system was developed by

AVCO as a 3500F (1770C) epoxy and was recommended by them

for use with the SiC fiber.

The HyE 2034D material consists of Union Carbide's

VSC-32 pitch-based graphite fiber in Fiberite's 934 epoxy

resin system. The VSC-32 is a low cost 75x10 6 psi (517 GPa)
modulus fiber which can favorably compete with boron in many

applications.

The V378A resin is a 450*F (232*C) polyimide system
which was developed by U.S. Polymeric and was of interest

to many respondents to our mail and telephone inquiries.
Initially, it was intended to characterize the resin on
Celion 6000 graphite fiber with a polyimide (NRl5OB2) size

but initial testing by U.S. Polymeric indicated that epoxy
sized T300 produced better property levels with V378A. Rather

than wait for further development work with other fiber finishes
on Celion, it was decided to go ahead with T300 as the reinforce-

ment.

The fifth material selected was HyE 1076J and consisted

of Thornel 300 (15,000 filament tow) in Fiberite's new 976

epoxy, a 3509F (177 0C) rated resin with better moisture
resistance than the 934 system. Originally the fiber desired

in this prepreg was Hercules' AS4 graphite in a 12,000 filament
tow. This fiber, however, was not readily available at the
time and in order to avoid a delay of uncertain duration, the
T300 was substituted.

The last material tested was AVCO's 6535-1 graphite/epoxy

prepreg system. This consisted of a 160,000 filament tow
graphite fiber in a 350*F (1770C) class epoxy resin. Both

components were AVCO products.
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SECTION 3

TEST PROGRAM AND PROCEDURES

The laboratory efforts required during this program con-

sisted of four generally sequential steps for each of the six
materials characterized. These consisted of prepreg physical

property characterization, laminate fabrication and specimen

machining, laminate physical property characterization, and

laminate mechanical and thermophysical property neasurements.
Each of the test methods and types of specimen used in the de-

termination of these various properties, as well as the panel

fabrication and specimen preparation procedures, are described
in this section. Procedures or circumstances which were unique

to a particular material are discussed in detail in the

appropriate part of Section 4.

3.1 PREPREG PHYSICAL PROPERTY CHARACTERIZATION

The standard prepreg physical properties which were

measured consisted of volatile content, resin content, and

gel time. In addition, flow was measured on some of the

materials and high pressure liquid chromatographic (HPT.C)

analyses were conducted on all but one of the prepregs. The

specific test methods used to determine these properties are

identified in Table 2 for each prepreg system. Detailed step-
by-step procedures for each of the prepreg test methods listed
in Table 2 are presented in Appendix B. The suimarized prepreg

properties themselves are presented in Section 4 for each

specific material. These prepreg physical property charac-
terizations were not intended primarily as a means of accepting

or rejecting a particular batch of material. Rather, they were

conducted to provide the reader with an indication of the normal
property levels and variability encountered in purchased pre-

preg and also to provide a basis for the subsequent assessment

of laminate properties obtainable from such prepreg.

8



TABLE 2

PREPREG PHYSICAL PROPERTY TEST AND SPECIFICATIONS

Test Specification Identificationi
Prepreg Volatile Resin Gel

Material Content Content Time Flow

T300/APRSOO HD-SG-2-6006C HD-SG-2-6006C ID-SG-2- HD-SG-2-6006C
(5.1.2); (5.2); 006C(5.5) (5.3.2B);
iHercules Hercules iercules Hercules

SiC/5506 4.2.3.3 4.2.3.2.1
Adv. Comp. Adv. Comp.
Des. Guide Des. Guide

HyE 2034D QCI-C-V-14 RI5 G2 QCI-C-F-42
Fiberite Fiberite Fiberite Fiberite

T300/V378A QCI-C-V-14 R15 G2
Fiberite Fiberite Fiberite

HyE 1076J QCI-C-V-14 RI5 G2
Fiberite Fiberite Fiberite

6535-1 QCI-C-V-14 R15 G2
Fiberite Fiberite Fiberite

]Each of the procedures identified in this table are presented in their
entirety in Appendix B.

Reverse phase HPLC was used to separate the epoxy and

polyimide resins into their constituent components. A 4.6 mm

diameter by 25 cm long column packed with Zorbax ODS (by DuPont)

was used in conjunction with a mobile phase of dioxane and water.

A programmed concentration gradient for the mobile phase was

selected for optimum peak separation and analysis time. In

this program, the mobile phase started as 100 percent water

to precipitate the resin at the head of the column. Increasing

* percentages of dioxane were added to separate and move the resin

components through the column. Since reverse phase chromatography

uses a non-polar support and a polar mobile phase, the more polar

compcunds elute first followed by less polar components as the

mobile phase becomes less polar.

I.9



Samples for the prepreg physical property tests were ob-
tained from each roll of prepreg tape and three specimns were

used for each test. A complete tUbulation of these prepreg

test results is presented in Appendix B. All of the prepreg
used in this program except for the T300/AFRS00 was stored at

-30F (-34*C) when not in use and all of the laminates needed

for the program were prepared prior to the expiration of the

manufacturer's stated storage life of each specific material.
In addition, a written record was maintained for each roll of

prepreg which noted the cumulative total time the material was

exposed to room temperature conditions during tihe period in
which laminates were being fabricated from the tape. The

T300/AFRS00 material was stored at room temperature since

this material was formulated to have extended room temperature
storage life.

3.; LAMINATE PROCESSING AND SPECIMEN FABRICATION

When laminates were to be made, the roll of prepreg
waa (except for the T300/AFR800 material) removed from the

freezer and allowed to warm to room temperature without
opening the sealed bag in which the prepreg was contained.

This was done in order to eliminate the chance of moisture
condensation directly on the prepreg material. After the
prepreg had warmed thoroughly to room temperature, it was
removed from its package and unrolled on a clean countertop.

Pieces were cut from the tape in the required shape and size

with a razor and after removing the release paper, carefully
layed up in the desired stacking sequence for a particular

laminate panel. This stack was then carefully rebagged and

returned to the freezer for storage until lamination and
curLng. Normally ten or more laminates were layed up at the
same time to minimize "out time" with the prepreg. When a

laminate was to be cured, it was removed from the frsezer and

warmed to ambient before reopening its storage bag. The prepreg
was then removed from the storage bag and incorporated into a

- 10



L. +
layup stack similar to that illustrated in Figure 1. This
iayup stack was assembled on the table platen in an autoclave.

The detailed curing schedules for each specific prepreg
material are presented in Section 4. After lamination and

cure, machining diagrams were sketched onto the panel surfaces
and individual specimens were cut out of the panels with a

diamond cut-off wheel and finish machined to the required
dimensions on a Tensile-Cut belt sander. In the case of the

silicon carbide reinforced panels, the hardness of the fiber
made final specimen machining so difficult that the laminates

were finish cut to final dimensions on a special diamond cut-
off wheel equipped with an accurately positioned movable table.

Specimens from each panel were set aside for measurement of

panel physical characteristics.

Most of the mechanical test specimens required doubling

tabs in the grip sections. A 1/16-inch thick glass fabric
reinforced phenolic laminate material was used for this purpose.

Scotchply is specified in the Design Guide for tab material but
it proved unsatisfactory for the elevated temperatures. Several

adhesives were used to bond the tabs to the specimen. Originally

Loctite 306 was used for all tab bonding. When multidirectional
ply orientations, which required high loads, were introduced
into the program; however, it was found necessary to switch to

FM400 as a tab adhesive. M-Bond 200 was used as a tab adhesive

on specimens which were humidity aged prior to testing because

these specimens did not require high loads and this adhesive

cured rapidly (three to five minutes) at room temperature,
thereby minimizing specimen dryout. The PM400 was cured at

3250F (1630C) for one hour. The Loctite 306, when it was used,

was cured for 15 minutes at 2750F (135 0 C). All tabs were
clamped in place with spring clamps during adhesive cure.

3.3 LAMINATE PHYSICAL PROPERTY CHARACTERIZATION

Four different physical properties were measured on each

laminate to insure acceptable laminate quality. These were

11i
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specific gravity, resin content, fiber content, and void content.
Each of the procedures used for these mRasurements is identified

* and discussed in t.e following paragraphs. The laminate
physical properties obtained for each of the materials investi-

* gated are sunmauized in tables in Section 4 and are presented
* in their entirety in Appendix C.

3.3.1 Specific Gravity

Three specimens from widely scattered locations
on each laminate were selected for specific gravity determina-
tions. Specimen size depended upon both panel size and the
number and size of mechanical test specimens required from the
panel, but in general ranged from a minimum of 1/2" x 1/2" to
a maximum of 1" x 3/4". The method used was ASTM D792, a weight-
in-air/weight-in-water technique.

3.3.2 Resin Content

The same specimens which were used for specific
gravity measurements were used for resin content determinations.
The procedure used involved the digestion of the matrix resin
in an acid solution at elevated temperatures. For the five
epoxy matrix systems, the acid solution was 70% nitric acid

at 145OF (639C). For the polyimide matrix system (V378A),
the digestion solution consisted of a mixture of 96% sulfuric
acid and 30% hydrogen peroxide (80:20 volume ratio, respectively,
in the mix) at 1750F (78%C).

3.3.3 Fiber Content

The fiber contents of the laminates were computed,
as percent by volume, from the same data used for the resin
content determinations. The computational procedure is
illustrated in AFML-TR-67-243 and employed values for fiber

and resin specific gravity reported by the respective manufacturers.

3.3.4 Void Content

The void contents, just as the fiber contents,

were computed, as percent by volume, from the same data obtained

- 13



in the resin content determinations. The computational pro-

cedure is described in ASTM D2734, method B. The result of

this procedure frequently gives negative values for laminates

having low void contents. This occurs because minor inaccuracies

in the values used for resin, fiber, and composite specific
gravities become significant at low void contents. A negative

result was obtained for numerous laminates made in this program,
even though photomicrographs did sometimes reveal the presence

of low levels of porosity. Figure 2 illustrates typical laminate

cross sections for each of the composite materials characterized.

3.4 SPECIMEN CONDITIONING

Three different types of conditioning were involved in this

program. The first was simply a dry dessicated storage of

finished specimens at ambient temperature until they were to be

tested. This provides a data base for the dry material to which

both humidity aging data and data for other materials systems

can be compared.

The second type of conditioning was the elevated and re-
duced test temperatures. In all of the mechanical testing except

for specimens which were humidity aged, the specimens were soaked
for one-half hour at the test temperature prior to loading.

Thermal conductivity specimens were soaked at temperature for

periods of from one to several hours in order to provide suf-

ficient time for the test stack to reach thermal equilibrium

before readings were taken. The thermal expansion and specific

heat specimens were soaked for various periods of time at the
endpoints of the test temperature brackets in order to permit

stable baseline recordings to be achieved. These periods

typically ran from five to 30 minutes in the specific heat

tests to one-half to one hour in the thermal expansion tests.
The glass transition temperature tests did not involve an

ijothermal soak since the specimen was heated at a constant

rate throughout the test.

1• 14
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The third type of conditioning was an elevated texperature,

high humidity exposure. The specimens involved in these tests

were exposed to conditions of 1609F and 100% R.H. until they

either reached saturation, as evidenced by constant weight, or

about 50% of their saturated weight gain. Specimens were

removed from the humidity cabinets for weighing periodically

to determine weight gain. The frequency of removal varied from

material to material depending upon whether the aging was being

carried to saturation or half-saturation and upon the rate and

extent of moisture absorption by the particular matrix system

being aged. The half-saturation agings, for example, typically

required between 18 hours and nine days, depending upon the

size of the specimen and the material. Normally two to six

weighings were made during this period at various intervals.

The fully saturated agings, on the other hand, required from

one to 12.weeks to complete, again depending on specimen size

and material. Specimens were removed from the aging cabinet

and weighed between four and ten times at intervals of three

to 14 days. After final removal from the humidity aging, the
specimens were tested at both 720F and at one of the elevated

temperatures for which data on dry specimens were obtained.

After removal frcm the humidity aging cabinet, the specimens

were kept in a 720F, 100% R.H. environment until tested

(less than one-half day). During this period the specimens

* were exposed to ambient conditions for a maximum of about

45 minutes, during which time strain gages and gripping tabs

were mounted on the specimens (interlaminar shear, short beam

specimens of course, did not need this). The specimens tested
at elevated temperature were placed in a preheated test oven

and tested after a five to ten minute soak at the test tem-

perature. The insertion of the specimens for elevated tem-

perature testing into the grips in the test oven required less

than one minute, during which time, the oven temperature fell

about 50%F below its setpoint. The five to ten minute soak. time
was counted from the time the oven temperature returned to its

4
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set point. The test oven required about five minutes to return
to its set point. Hence, the humidity aged specimens which were

tested at elevated temperature were actually in the test oven

for a maximum of 10-15 minutes before testing. It is recognized
that any elevated temperature soak of a "wet" composite produces
a drying effect so that the test results are not actually

representative of a truly "saturated" material. A compromise
must be made, however, between the length of time required

for a specimen to heat up to the test temperature and the rate

at which a specimen dries out. Ideally, a steam test chamber

would eliminate the requirement to make such a compromise.

- Few organizations have such a test chamber, however. The

dryout which does occur during this period in the test oven
results in a moisture concentration gradient through the thick-

ness of the specimen, with the surfaces being "drier" than the

interior. Several investigations[I-6) have conducted measure-
ments on various composite materials and developed analytical
expressions, based on diffusion studies, which can be used to

compute moisture content profiles in "wet" laminates exposed

to elevated temperature dryout conditions. No attempt was

made in this work to measure the degree of moisture loss which
occurred during testing of the "wet" specimens.

With the T300/V378A material, the effect of time-at-

temperature (350*F, 177 0 C) before testing was examined on 900

compression specimens which had been humidity aged to saturation.

Two specimens were tested after 10 minutes and three were tested

after 5 minutes at 350oF (177*C). The 10-minute soak produced

an average strength of 17.0 ksi (117 MPa), while the 5 minute

soak produced an average strength of 20.1 ksi (138 MPa). This

would seem to indicate that the specimens after 10 minutes may

have been nearer to the test temperature than after 5 minutes.

As far as the effect of drying out is concerned, the 5 minute

Svalues should have a higher retained moisture level than the

10 minute values.
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3.5 LAMINATE MECHANICAL AND THERMOPHYSICAL PROPERTY

CHARACTERIZATION

A total of eight types of mechanical property tests were
performed on the composite materials evaluated during this pro-
gram; tension, compression, flexure, inplane shear, inter-

laminar shear, tensile creep, tensile stress-rupture, and
tensile-tensile fatigue. In addition, four thermophysical
properties were measured; specific heat, thermal coaductivity,
coefficient of thermal expansion, and glass transition tem-
perature. Tables 3-6 summarize the test matrices for the various
types of tests conducted in this program, indicating the
number of specimens tested for each test and test condition.

It can be obse.rved from Tables 3 and 4 that the test
matrices for the static and dynamic mechanical tests were not

the same for each of the six raterials tested. Two basic
changes were made during the program, each of which imposed

different requirement for various numbers of certain tests

and ply stacking sequence t.n the composite systems subsequently
tested. These changes affected only the static tensile and
the creep and fatigue tests.

It was determined early in the program that there was
very little interest in or use for, creep and fatigue data on
unidirectional 00 or 900 laminate orientations. Rather, it
was determined there was considerably more inte3rest in data
on a multidirectional layup consisting of something on the
order of 50% 00 plies, 45% +450 plies, and 10% 900 plies.
Even though the stacking sequence, and amount and direction of
each ply orientation nay be unique to a particular application,
there was considerably rare interest expressed in creep and
fatigue data on any multidirectional layup corresponding
roughly to the composition expressed above than in 0* or 900
unidirectional data. Consequently, it was decided to
discontinue creep and fatigue tests on the unidirectional
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TABLE 3

STATIC NECHANICAL PROPERTY TEST MATRIX

__________ Test Material ___

TT300/AFRO00 SiC/5506 HyB2034D T300/V378A HyE076J 6535-1

0* Tension1  20 20 20 20 20 20
900 Tension' 20 20 20 20 20 20
±450 Tension1  20 20 20 20 20 20
(0/±45/90) Tension2 )5  0 15 15 15 15 5
(0/±45/90) Tension

with hole& A1 p 0 5 5 5 5 0
(0/±45/90) Tension 1• 0 0 0 0 0 5
(0/±45) Tension3 )7  0 0 0 0 0 5

0 Compression 1  20 20 20 20 20 20
90' Compression1 20 20 20 20 20 20

0 C Flexurei 20 20 20 20 20 20
900 Flexure1  20 20 20 20 20 20

Inplane Shear 1  20 20 20 20 20 20
Interlaninar Shear" 25 25 25 25 25 25

'Five tests each at four different test temperatures.2Five tests each at three different test temperatures except for
6535-1, in which case all five were at room temperature.

4 Al five tests at room temperature.

'Ten tests at room temperature, five tests each at other three
test temperatures.

5 Tweaty-ply with stacking sequence (0,45,-45,0,0,-45,45,0,90,0)S.
Twenty-ply with stacking sequence (0,90,45,-45,0,0,-45,45,0,0)s.
Sixteen-ply with stacking sequence (0,45,-45,0,0,-45,45,0)$.
Specimens had a 0.1935 inch (4.91 mm) hole in center of gage section.
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TABLE 4

DYNAMIC AND TIME DEPENDENT MECHANICAL PROPERTY
TEST MATRIX

Test Type Test MaterialTest Tpe T30/A•RO0 SI/5506HvE20o4 TI00/V378RA EI7••551

00 Tensile Creep/ 18... ..
Stress Rupture

900 Tensile Creep/ 2717g ... ...
Stress-Rupture

+45o Tensile Creep/ 27 27 27 27 27 27

Stress-Rupture

(0/+45/90) Tens. Creep/ --- 27 27 27 27

Stress-Rupture'

(0/+45/90) Tens. Creep/ --- 6
Stress-Rupture

(0/+45) Tensile Creep/ ---- 6
Stress-Ruptureo 0

00 Tensile-Tensile 3 02-

Fatigue

900 Tensile-Tensile 30
Fatigue

4450 Tensile-Tensile 30 30 30 30 30 30
Fatigue

(0/+45/90) Tensile- --- 30 30 30 30 15;
Tensile Fatigue$

(0/+45/90) Tensile- 15 15 15 15
Tenmsile Fatigue
with hole

8

(0/+45/90) Tensile- 15
Tensile Fatigue'

(0/+45) Tensile - --- ---..... 15
Tensile Fatigue

1 o

'Three tests per stress level.2 Five tests per stress level.
3Two stress levels per test temperature.
4Three stress levels per test temperature.
"5One test temperature.
6 test temperatures.
7Three test temperatures.
Twenty ply with stacking sequence [0,45,-45,0,0,-45,45,0,90,0]s

1 0 Twenty ply with stacking sequence [0,90,45,-45,0,0,-45,45;0,0]s
Sixteen ply with stacking sequence [0,45,-45,0,0,-45,45,0]s
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* TABLE 5
THERMOPHYSICAL PROPERTY TEST MATRIX

Test Temperature'
* Test Type ;:;70F 172F T3  T4

Specific Heat 3 3 3I 3
00 Thermal Conductivity 3 3 3 3
+450 Thermal Conductivity 3 3 3 3
S04 Thermal Expansion 3 3 3 3

-90 Thermal Expansion 3 3 3 3

+450 Thermal Expansion 3 3 3 ._ 3

Glass Transition Temp. 2 (dry) 3
(wet) 3

'The two elevated temperatures varied, depending upon the
matrix resin.

2Dry refers to the as-fabricated composite condition, while wet
refers to the condition of the specimen after it has reached
"an equilibrium weight gain during humidity aging at 160 0 F and
100% R.H.

TABLE 6

TEST MATRIX FOR STATIC MECHANICAL PROPERTY
TESTS AFTER ELEVATED TEMPERATURE,

HIGH HUMIDITY AGINGS

T tTyeSaturation Level.• ~~Test Type 5% .0
__ __ __ __ __ __ __ _50% 1100%

'Test est •mnIratuia.
72oF T3  720F

900 Tension 5 5 5 5
900 Compression 5 5 5 5
Interlaminar Shear 10 5 10 5

'This temperature varied depending upon the specific material.
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00 and 900 orientations after completion of the work on the

first material (T300/AFRS00) and to substitute a multidirectional

(0,45,-45,0,0,-45,+45,0,90,O)s orientation instead. In addition,

some specimens with this orientation were also to be prepared

with a hole in the center of the gage section to ob)tain an

indication of notch sensitivity. The resulting t. •t matrix

was maintained for the next four materials which were charac-

terized (SiC/5506, HyE2034D, T300/V378A, and HyEI076J). At

that point another change was made.

During the testing of the multidirectional specimens

discussed above, it was noted that the specimens exhibited

delamination along the edges at the mid-plane during tensile

loading. The point at which this delamination occurred was

not recorded until the testing of the last material but

occurred at a stress level well below that needed to fracture
the specimen. In fact, during fatigue testing, these delamina-
tions were usually dramatically evident long before final

failure, or, in the case of some specimens, termination of

the tests for residual strength determinations.

The reason for this delamination was the development of
tensile stresses, at the free edge of the specimen, normal

to the plane of the specimen. These stresses, in turn, arise

because of the relative position of the various ply orientations,
and the differences in the Poisson's ratio of these different
plies. A seemingly innocuous shifting of the position of the

90* plies, or the elimination of them altogether, can drastically
change the normal free-edge stress levels in specimens such as

those under discussion. Several authors have addressed this
issue in the literature and an analysis of the orientations
tested in this program anid discussion of the effects of

alternative ply stacking sequences is presented in Appendix A.

As a result of this consideration, two additional multi-
e idirectional orientations besides the original LO,45,- 4 5,0,0,-45,

45,0,90,O]s orientation were added to the static and dynamic
test matrix for the last material. In order to offset these
additions, the number of tests to be run for each orientation
was reduced, as indicated in Tables 3 and 4.
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In addition to the number of specimens indicated in

Tables 3-6, however, numerous instances were encountered where

extra or replacement specimens had to ba tested. These situa-
tions included instances where failures occvxred in the tabbed

grip areas rather than in the gage section, where instrumentation

* failures prevented full data acquisition or aborted a test, or
simply occasions when anomalous results were obtained which

dictated rechecking. Another source of extra specimen testing

involved the creep and fatigue tests. In these tests it was
found on several occasions that the stress levels initially

selected produced premature failures. Consequently, the stress
levels at which these tests were conducted were lowered and extra
specimens tested so as to provide the full complement of results

required. It will be noted in the summarized results in Section 4
that the number of specimens for which the average property

values are reported varies from property to property. As dis-
cussed above, in some cases extra tests were conducted which

raised the number of specimens above the original plan. In

other cases, the behavior of the test specimen during test

prevented the acquisition of one or more properties from that
particular specimen. If, for example, the specimens underwent

excessive elongation before failure, the strain gages were lost

and ultimate elongation data were not obtained, even though
strength, modulus, proportional limit, and Poisson ratio values

were.

In the succeeding sections, descriptions of each of the
test methods used to obtain the mechanical and thermophysical
properties are presented. The summarized test results for

each specific material system are presented in Section 4 and
a complete tabulation of all of these test results is presented

"in Appendices D thru 0.

3.5.1 Tension

Tensile tests were conducted in general accordance1 with ASTM method D3039. The doubling tabs were a glass fabric/
phenolic laminate material as discussed previously (Paragraph

3.2). The tensile tests were conducted at an extension rate
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of 0.05 inch/minute (1.3 mm/minute) on an Instron Universal
Testing Machine. All of the tensile strains were monitored
with strain gages. This test procedure corresponds to ASTM
method D3039 except for the tab materials. In the ASTM specifi-
cation, the tab material called for is a non-woven 0°/90°

Scotchply material 1/8 inch thick, while in this program a woven
glass/phenolic material 1/16 inch thick was used satisfactorily.

Unidirectional 00 specimens were one-half inch
(12.7 mm) wide while specimens with all other orientations
(90°, +450, or multidirectional) were one inch (25.4 mm) wide.

The tensile proportional limits were determined
with the understanding that the proportional limit should rep-
resent the point at which a significant departure from linearity
in the slope of the stress-strain curve, presumably indicative
of damage to the specimen, occurs. This can produce a sub-
stantially different value than if one were to simply take the
point of first deviation from linearity. The first deviation
of the stress-strain curve from linearity on the 00 fiber

orientations actually occurred at roughly one-third of the
ultimate stress but at this point the slope of the curve increased
rather than decreased. It is generally conceded that this

phenomena is due to the behavior of the reinforcing graphite
fiber since the same behavior is noted when testing bare graphite
fibers. Consequently, this is not felt to indicate damage to
the specimen. No decrease in the slope of the stress-strain
curve was in fact noted for most of the 00, 900 or multi-

directional fiber orientations prior to failure except for the
high temperature tests on the 900 fiber orientations, and for
this reason the porportional limit is reported as equivalent
to the ultimate strengths. On some of the high temperature tests
with the 900 fiber orientations, on all of the +45° fiber
orientations and on all of the SiC/5506 specimens, a significant
decrease in the slope of the stress-strain curves was observed

below the ultimate strength. Whether this indicates the onset
of real and significant damage, at least at the point of first
departure, or simply the onset of nonlinear behavior, is a moot

point.
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The Poisson's ratio values were experimentally measured
on all but the 900 fiber orientation. For this, it was computed
from the relationship:

""21 = v 1 2 (E), where

V2 1 = Poisson's ratio of a 900 fiber orientation,
V1 2 = Poisson's ratio of a 00 fiber orientation,

E2 2 = Elastic modulus of a 900 fiber orientation, and
Ell = Elastic modulus of a 00 fiber orientation.

3.5.2 Compression

Compression tests were conducted in accordance
with ASTM method D3410 except that the tab material was the same

glass/phenolic material that was used in the tension tests. The
compression tests were conducted at a speed of 0.05 inch/minute
(1.3 mmn/tinute) on an Instron Universal Testing Machine. Prior
to adoption by ASTM, this test method was widely referred to as
the Celanese compression coupon test method.

Compression testing has traditionally been the
subject of considerable controversy because of the various
types of failure modes one can encounter. Not only can one
obtain different failure modes with different types of test
specimens and fixtures, but one can also experience different
types of failure modes from the same type of test specimen and
fixture. Irnerent in the question of what is or is not a
desirable failure mode is the requirement to avoid a gross
specimen buckling-type of failure. This is different from
what is called miLrobuckling, which consists of longitudinally
oriented reinforcing fibers undergoing individual, localized.
buckling due to compressive stresses within the composite ex-
ceeding the capability of the resin matrix to support the fiber
and maintain its axial alignment. Microbuckling is generally
considered a legitimate compressive failure mode, while gross
specimen buckling resulting from column instability is not.
In order to eliminate the occurrence of column instability
failures, specimens are designed with a slenderness ratio
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sufficient to insure compressive failure before the load
necessary to initiate column buckling is reached. Clark and

Lisagor=[7] recently examined three different compressive test
methods for graphite/epoxy composites. The effects of specimen

size, support arrangement, and method of load transfer were
investigated. Their conclusion was that no single test fixture
appeared to be universally adequate. Each of the three
techniques studied exhibited the potential to provide reliable

compressive properties data in certain instances. A method
using what is designed as an IITRI (Illinois Institute of
Technology Research Institute) fixture was found to provide

the most consistent data for unidirectional and quasi-isotropic
laminates while a face supported fixture provided the most

consistent results for (+45/;45)s specimens.

The compression test described in D3410 is similar
to that described in Clark and Lisagor using the IITRI fixture.
The principle difference is that the IITRL fixture utilizes
flat wedge type grips while the grips in D3410 are conical

wedges. One objection to this test method which has been raised
is that the mated conical surfaces make line rather than surface
contact during testing and that this produces frictional and
alignment problems which affect the recorded results.[ 83 Our

experience has been that the frictional problems are minimal
except when testing at reduced temperatures. In this case,
frost accumulates on the fixture and the sliding surfaces do
not slide freely, producing some spurious load recordings
although use of a low temperature lubricant reduzes the problem

substantially. Misalignment has proven to be a problem,

however. Although the specimens were designed to eliminate
buckling instability, it has been found that buckling sometimes
occurred anyway at stresses between 75% and 100% of ultimate.
This behavior was indicated by strain reversals on the load-
strain curve and by nonsyrmetrical deformations present in
failed specimens. The misalignment is induced by the nonuniform
seating of the fixture cone in the conical socket. This non-
uniform seating, in turn, results from the distortion imposed
upon the split cone by the thickness of the specimen. The
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principal advantage of the IITlI flat-wedg fixture over that
called for in D3410 is the elimination of the wedge-socket

seating and alignment problem.

We have found, however that increasing the
specimen thickmesa does redme the aunt of buckl which
occurs with the conical wedge fixture of D3410. Apparently,
the increased column stability btaliied with greater tkness

more than offsets alignment problems due to the increase
distortion of the split cone produced by the specimen thickness.
An increase in specimen thickness from 0.080 inch C.ZA =4 to
0.110 inch (2.8 mm) resulted in a reduction of the incidrncw
of specimen buckling from 60% to only 15% of the total nuater
of specimens tested, and the bulk of these remaining cases of
buckling occurred at -67*F (-550 C), where frictional problems
with the sliding surfaces are greatest. Consequently, it is
believed that the use of sufficiently thick specimens, with a
lubricated surface at temperatures below freezing, makes this
test method quite satisfactory for specimens made with uni-
directional tape prepreg. Another advantage to using this
test method is that the data will be directly comparable to

results obtained by other investigators and on other materials
since the technique is widely used in the aerospace industry.

3.5.3 Flexure

Most of the flexural testing in this program was
conducted using the four-point loading method described in the

January 1971 issue of the Advanced Composite Design Guide.E 9 ]

In this volume, a three-point technique is recommended for 0*

fiber orientations and a four-point technique for 90 fiber

t orientations. It has been observed, however, that with a
three-point loading scheme, one frequently encounters .ndesirable
failure modes under the loading nose and subsequent anomalous
strength values on high modulus composite materials with a
00 fiber orientation. For this reason, the four-point method
was used, with a few exceptions, for Loth fiber orientations
in this program. The reason for the exceptions is that shear
failures were obtained on some of the materials, particularly
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* 4.

at elevated temperatures, when the four-point method was used.

The ratio of shear stress to flexural stress is greatly reduced

in triee-point loading versus four-point loading, thereby

reducing the likelihood of shear failure before flexural failure.

t four-point loading metbod described in the

Desig Gnxid- is essentially lidetical to the Asm fisue test

(D790) except for the testing speed and the locatims of the

load application points in four-point loading. The Design Guide
racmnmnds a blanket testing speed of 0.05 inch/Inn. (1.3 aW/in.)
while UM recommends a speed whick. is dependent upon specimn
t kness and span-to-thickness (L/d) ratio. For the thicknesses

usedin this program and a 32:1 L/d ratio, D790 calls for a

testing speed of 0.11 inch/minute (2.8 zmn/minute) for three-

point loading and 0.13 inch/minute (3.3 nm/minute) for four-

point loading, although a maximum variation of up to +50% above

or below these speeds is permitted. The spacing of the upper
loading noses the Design Guide method is equal to one-half the
span between the lower supports, while in D790 the spacing of

the upper loading noses is equal to one-third of the span. The

major difference is that the ratio of shear stress to flexural
stress is 33% greater in the Design Guide arrangement than in

the D790 arrangement.

While a wide range of specimen thickness is

permissible according to D790, recent studies at Rockwell[I0]

on graphite/polyimide laminates indicated that at both room

temperature and 6009F (3160C) flexural strength decreased with
specimen thickness in the 0.06-0.10 inch (1.5-2.5 mm) thickness

range. Our specimens were 0.070-0.076 inch thick on all of

the materials we tested except for the SiC/5506, in which case

the specimens were 0.100 inch thick. All of the tests were

conducted at a crosshead speed of 0.05 inch (1.3 nw)/minute

and at a L/D ratio of 32:1.

3.5.4 Inplana_ Shear

The inplane shear data were computed from longi-
tudinal and transverse load-strain measurements on a uniaxial
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tensile test on a +45* crosaplied laminate. This method is in
accordance with AST* D3515.

The tinplane shear stress-strain curve is obtained
by a point-by-point conversion of the tensile load and strainI data. This converts tensile stress-strain (a-c) information to

[ shear stress-strain (t-y) data. The shear modulus (G) can
then be obtained from the initial slope of the T-y curve.

SThe shear modulus can also be computed directly from the

tensile elastic modulus (E) and Poisson's ratio (V) of the
+45* specimen using the basic relationship,

3.5.5 Interlaminar Shear

Interlaminar shear is another property for which
no simple or problem-free test exists. The most widely used
test is the short beam shear test described in ASTM D2344.

Another test is the opposed double notch specimen with side
supports and a third test utilizes torsional loading of a rod

but requires special fixturing. Each of these tests is subject
to certain objections. The notched specimen is known to have
nigh stress concentrations at the notch edges. The torsional

specimen is not felt to have a straight line stress distribution
at the higher stresses even though this assumption is made in

computing the failure strength. The short beam specimen pro-

duces high strength values becauze of its short span and the
compressive stresses introduced by the loading nose and
supporting points. The stress concentrations and complex stress

states present in the short beam specimen are aggravated by the

use of a thinner specimen than that illustrated in D2344, a
practice commn to nearly everyone who conducts this test.
Whitneyt 1 11 has found that short beam shear specimens tested at

a 4:1 span-to-thickness ratio produce higher strengths in
0.125 inch (3.2 mm) thick specimens than in the 0.250 inch (6.4 mm)
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thickness recczinxed by D2344. He further feels that csmmon

failure nodes for specimns of this type, particularly in thinner

sections. is mot mnrmally in interlasinar shear at the Ui4•9pui

but rather near the top of the spacien and de to a Complex

ti stress state. An alternative test method for inter-

laainr shear, which has prodced clear mid-plane shear failures

at stres levels near those achieved with a 0.250 inch (6.4 mm)
D2L4 pecnimen, has been investigated by Whitney. It consists

of a ft bending test with a 16:1 span-to-thickness

ratio for graphite composites. The upper l6adi-ng noses are

apaved hlalf as far apart as the two lower suppcfzts. It is felt

that the mid-plane stress state is simpler and more nearly

pure shear on this type specimen than on the short beam

specimen and that so long as the ultimate failure mode is indeed

a mid-pllane shear failure, one generates realistic shear strength

values. The only problem which has been encountered with this

test is that ductile matrices (i.e., polysulfone) produce tensile

failures on the lower surface before shear failure occurs at

the mid-plane.

In spite of the admitted shortcomings with the

short beam shear test using specimens thinner than 0.250 inch

(6.4 rm), it was decided in this program to use a thin short

beam shear specimen for interlaminar shear because it would

better enable the generated data to be compared to other

composite material data.

3.5.6 Tensile Fatigue

Fatigue tests were conducted on the fiber orien-

tations indicated in Table 4. Where 30 specimens are indicated,

15 tests were conducted at room temperature and 15 at elevated

temperature. Where only 15 specimens are indicated, all were
* conducted at room temperature. Each group of 15 was subdivided

into three groups of five, each of which was tested at a different

maximum stress level. Five replications were run for most

6 conditions. In some cases, however, the 15 specimens were

distributed differently due to an effort to avoid lifetimes

that were either too short (<5,000 cycles) or too long (>2x10 6
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cycles). In these cases, data were obtained at more than three

stress levels and less than fiye specimens were tested at some

of the stress levels. The same type of specimen was used for

fatigue as was used for tensile tests. All of the tests were
constant load amplitude at a frequency of 10 Hz with the minimum
stress equal to one-tenth the maximum stress. The specimens
were cycled to a maximum of 107 cycles, at which time, if no
failure had occurred, they were removed and tested for residual
tensile properties. All residual property tests were conducted
at 72'F, regardless of the temperature at which the specimens
were fatigue loaded.

The fatigue lifetimes (iumber of cycles) reported
in Tables 17, 31, 44, 58, 71, and 86 represent log-mean values
of the individual specimen values for each stress level.
Similarly, the straight lines plotted through the individual
data points in Figures 20, 21, 22, 38, 39, 40, 55, 56, 57, 71,
72, 73, 87, 88, 89, 104, and 105 represent a least squares fit

of the maximum cyclic stress versus log (cycles to failure),
with maximum cyclic stress considered the independent variable
(x) and log (cycles to failure) considered the dependent
variable (y) in the least squares linear equation y = a + bx.

The fatigue tests were carried out on MTS, closed-
loop, electrohydraulic, servo-actuated testing machines. Specimen

gripping was by means of wedge-type Instron grips. The grips
are locked into place on the loading ram and load cell to insure
constant alignment. Axial and concentric alignment of the ram
and load cell was verified with a dial gage to within 0.001 inch
and grip alignment was insured by the use of a specially machined
straight aluminum bar in place of a specimen. Spacers were
utilized to center the one-half-inch wide 00 specimens in the
one-inch wide jaws and periodically, a specially strained gaged
specimen was placed in the grips and the strains on opposite

sides and edges monitored during loading to insure that eccentric
loading was held below 1 percent.
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Both room and elevated temperature tests were

conducted in instron circulating air environmental test cabinets.

Temperature control in elevated temperature tests was maintained

with Instron oven proportional temperature controllers with chro-

mel/alumel thermocouples positioned directly adjacent to the

specimen gage section.

An additional thermocouple was taped against the

specimen surface in the center of the gage section to monitor

specimen temperature. This was done because fatigue loading

cf specimens with off-axis ply orientations resulti in the

generation of internal heat due to large repetitive deformations.

Specimen surface temperatures as much as 25-30 0 F (14-17 0 C)
greater than surrounding air temperature have been observed

on +45" layups on the matenials tested in this program. On

the multidirectional layups (0/+45/90), specimen surface tem-

peratures a- much as 601F (33 0 C) above surrounding air temperature

have been measured.

3.5.7 Tensile Creep

Creep tests were conducted on the fiber orientations

indicated in Table 4. Where 18 specimens are indicated, nine

tests were conducted at each of two elevated test temperatures.

Where 27 specimenn are indicated, nine tests were conducted

at each of three test temperatures (room temperature and two

elevated temperatures). In each of these cases the nine-specimen

groups were further subdivided into three grour' of three E)ecimens

each and each of these tested at a different st ýss level. Where

only six specimens were indicated, all tests were conducted at

room temperature. Each of these groups of six were subdivided

1< into two groups of three and these were then tested at two

, different stress levels.

The same specimen design used in tensile testing

was used for the creep tests. Creep strain measurements were

recorded using one-inch long strain gages and were carried out

to a maximum of 500 hours, at which time, if a specimen had not
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fractared, it was unloaded and creep recovery measurements recorded
* for a period of three hours. Each of these surviving specimens

was then tested for residual tensile properties at 726F. It
will be noted that the creep recovery data are not included

Sin the tabulated summaries of Section 4. The recovery data are
presented, however, in Appendix J.

The creep teuts were carried out on Arcweld creep
frames. Each frame has the capacity, through a 20:1 counter-
balanced lover arm, of putting loads of up to 12,000 lbs. on
the test specimen. Each frame is also equipped with an electric
timer and automatic shutoff switch, which monitors the total
creep time as well as time to failure. Each frame also has an
electrically driven load weight elevator and self-aligning
couplings.

Specimen gripping was by means of serrated face
jaw type grips. The 900 and +45* orientations were held in
"grips where the serrated grip faces were tightened against the
loading tab material by means of set screws. The 01 and (0/+45/
90) orientations were held in wedge-type jaw grips.

Elevated temperature creep tests were conducted in
short tube-furnaces (Figure 3 )

z..

Figure 3 Short Tube-Furnace Used in Elevated Temperature
Creep Tests.
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With these short furnaces (four inches long and
one and one-half inches diameter tube), only the gage section
of the specimen was in the heated zone. Temperature control
on these tube furnaces was maintained with a thermistor actuated,
time-pro'portioning controller employing a zero crossover switching
triac, and transient fluctuations were less than +30F around the

setpoint. The temperature controlling thermistor was mounted

on the side of the one inch wide test specimens and the specimen

centered in the uniform temperature region of the furnaces.

Additionally, three thermocouples were attached to the specimen,

one next to the thermistor and the other two at a distance of

one-half inch on either side of the thermistor to insure that

.2. the thermistor was at the optimum location. Figure 4 presents
a typical temperature profile of the tube furnaaes used for these
tests. It can be seen that the central two-inch portion of this
type tube furnace maintains a relatively "flat" temperature

profile which is within +5*F of the setpoint. Specimens were

stabilized at the test temperature for at least two hours before

the load was applied.

Strain measurements were obtained from one-inch

long strain gages mounted on the specimen surfaces and wired

into a Vishay model P-350A digital strain indicator through a

Vishay model SB-l ten-channel switch and balance unit. Compen-

sation for thermal expansion during elevated temperature tests

was achieved by utilizing a compensating gage on a short section

of unstressed specimen material taped to the gage section of

the actual test specimen. The output from this compensating

gage was fed into an adjacent leg of a half-bridge circuit.

M~any of the creep specimens were tested in a series

loading arrangement of up to three specimens in order to increase

the rate of data acquisition. Figure 5 illustrates such an

arrangement. In cases where one of the specimens in a series

broke prior to the 500-hour termination point, the remaining

specimens were replaced and new tests conducted.
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Figure 5. Stacking Arrangement for Testing Three Creep
Specimens Simultaneously.

It will be noted in the tables in the text, as

well as in Appendix J, that many creep specimens failed on

loading even though the applied stress was less than the strength

obtained in the static test at the same temperature. The only

factor to which this can be attributed is that the creep load

was applied at a considerably more rapid (though not instanta-

neous) rate than the load applied during the static test. The

reason for this is that the load pans on the creep frames are

raised and lowered by a motor driven elevator, which operates

much more rapidly than the 0.05 inch (1.3 mm)/minute rate

utilized during static testing.

3.5.8 Tensile Stress Rupture

'I~ Stress rupture data were obtained from the same

specimens used for the creep tests, the only difference being

that time-to-failure rather than strain as a function of time

was the measured variable of interest.
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3.5.9 Specifia Heat

Specific heat was measured with a Perkin-Elmer

DSC-2 differential scanning calorimeter. This technique

compares the rate of heat input required to maintain a constant

rate of temperature rise in an unknown sample to that required

to maintain the same rate of temperature rise in a known

reference material.

The tests conducted in this program utilized

sapphire as a reference material for tests at room temperature

and above and benzoic acid for subambient tests. Samples con-

sisted of a single ply of cured prepreg material. A small

(10 mg maximum) circular piece was cut from the single ply of

material. The test was conducted by equilibrating both sample

and reference material at a temperature about 25 0 C (456F) below

the temperature at which a specific heat value is desired. Both

_ *i are then heated at a rate of 100 C (18°F)/min. to a temperature

about 25°C (45 0 F) above the measurement temperature and re-

equilibrated at this new temperature.

Relative heat capacity values were measured on the

ordinate scale of a strip chart recorder for both the sample

and reference material. Specific heat of the sample is

computed from:

Cps = Cp,r

3~ where:
Cp,s = specific heat of the sample
Cpr = specific heat of the reference

Ws = weight of sample
Wr = weight of reference

D, = displacement of sample curve from baseline
V Dr = displacement of reference curve from

baseline

The displacement of the respective curves from

the baseline are illustrated in Appendix L, which also illustrates

the treatment of a sloping baseline and a sample calculation.
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3.5.10 Coefficient of Thermal Expansion

Thermal expansion was measured using a Perkin-
Elmer 14odel TMS-2 Thermomechanical Analyzer (TMA). The TMA
instrument has been specially modified to isolate it from
external vibrations and has been fitted with a special chamber
to house the sensitive electronic components in an isothermal
environment. With these modifications, the instrument is

capable of coefficient of thermal expansion (CTE) measurements
as low as l0-7/oC. Without these modifications, at least one
order of magnitude sensitivity is lost.

The instrument basically measures the change in
one dimension (i.e., length) of a material, as a function of
temperature. For low CTE materials (less than 10- 5 /°C) it is
important for the test sample to have its ends carefully machined
to a flat and parallel condition. A free-floating probe,
attached to a linear variable differential transformer (LVDT),
rests on the test sample, contained within a stationary sample

tube. A furnace can be raised or lowered around the sample tube.
A thermocouple is located as close as possible to the sample
for temperature measurement independent of the furnace control.

The test is time-consuming since the sample and
system must be brought to thermal equilibrium before the
measurement is made. This requires from one to seven hours,

depending on the temperature level and sensitivity level at
which the test must be conducted. For materials with low CTE
values, the system must be calibrated by conducting a run without
a sample. The change in probe position must be subtracted from
that measured with the sample in place in order to obtain an
accurate value for the sample alone. This Is necessary because
of sensitivity of mechanical linkages in the system to tem-
perature changes. As CTE increases this component becomes

negligible.

The CTE values reported in Section 4 for the
various materials were obtained by equilibrating the sample
at a temperature 400C below the temperature at which a value
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was desired, and heating it to an equilibrium condition at
a temperature 40*C above the desired temperature. The difference

in recorded probe position for the two equilibrium positions

is converted to a change in sample length (AL) and for the

80 0 C temperature change (AT), a CTE value is computed from

the standard equation:

ALL.= - where: a -CTELoAT
AL = change in sample length

Lo= original sample length

AT = change in temperature.

3.5.11 Thermal Conductivity

Thermal conductivity was measured in the direction

normal to the laminate surface for both unidirectional and +450

fiber orientations. A comparative technique was employed in

which the sample is sandwiched between two identical reference
materials of known conductivity. These, in turn, are held

firmly between a heater and a heat sink. The heat flux through

this stack establishes a temperature gradient which is measured
with thermocouples placed on the upper and lower surfaces of both

reference plates and the specimen plate in small precisely

machined grooves. Radial heat flow to and from the test stack

is minimized with a cylindrical guard heater in which a linear

temperature gradient, closely matching that of the test stack,
is maintained. A Dynatech Model TCFCM-N20 thermal conductivity

instrument was used for these measurements. Data points were

taken at approximately equal temperature intervals over the
range of interest and a "best-fit" curve (or straight-line)

plotted through these data points. The reported values in

Section 4 were taken from these plotted curves at the specific

temperatures. The maximum scatter of the individual data points

on either side of the plotted curves was about +151 of the

reported values.
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3.5.12 Glass Transition emperatulre

Glass transition temperatures(Tg) were measured

with a DuPont Model 981 Dynamic Mechanical Analyzer (W%).

A schematic diagram of the DMA system is shown

in Figure 6. The mechanical portion of the system consists

of two parallel balanced sample support arms made of stainless
steel, and free to oscillate around flexure pivots. The arm-

pivot system is constructed in such a way to give it a very

low natural free oscillating frequency (less than 3 Hz).

The sample, in the form of a rectangle, is clamped

between the arms as shown to form a compound resonance system,
the resonant frequency of which is dependent almost entirely
(because of the low natural resonant frequency of the arm-pivot

system) on the configuration and modulus of the sample. In

oscillation, the sar-ple is deformed as illustrated by the

geometry in Figure 7. In the equilibrium position, before

oscillation, the sample, the centerlines of the two arms, and
an imaginary line connecting the centers of the two flexure

pivots form a rectangle represented by the broken lines.

If the compound resonance system is deflected

away from the equilibrium position to a new position (represented

by the solid lines in Figure 7). the two ends of the sample
remain parallel to each other and perpendicular to the arms.

The center of gravity of the sample and of the arms, however,

translate to new positions. During each cycle the sample is

subjected to an alternating flexural deformation. The solution

for the dynamic equation of motion for the system gives the

relationship between Young's modulus and frequency:

(4rt2 f
2J-K) LAi 3

E =where
2W rf + D]2

E = Young's modulus (Pa),

f = DMA frequency (Hz) ,
J = Moment of inertia of arm (kg-m2 ),
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Figure 7. Sample Deformation in DuPont 981 DMA Apparatus.
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K = Spring constant of pivot (N-m/rad),:1 D = Clamping distance (in),]w = Sample width (m)

T = Sample thickness (W), and

L = Sample length (W).

Sample loss factor, n, is calculated from

cv
'Q qwhere

V = DMA Damping Signal (mV),
f = DMA Resonant Frequency (Hz), and

C = System Constant ("iO.25 Hz 2/mV).

To make a measurement, a sample of known dimen-
- - sions is clamped between the two sample arms. The sample-arm-

pivot system is oscillated at its resonant frequency by an

/ electromechanical transducer. The frequency and amplitude
of this oscillation are detected by an LVDT positioned at the
opposite end of the active arm. The LVDT provides a signal to
an electromechanical transducer, which in turn keeps the sample
oscillating at constant amplitude. Sample resonant frequency

(measured to 0.01 Hz) and damping (measured to 0.1 dB) signals

are supplied to the temperature programmer/recorder where they

are graphically recorded as a function of the measured sample

temperature or time. Young's modulus for the sample can be
obtained from resonant frequency by using the relationship

in the Equation and loss factor can be obtained from the Equation.

In this program, Tg values were defined as that
temperature at which the loss modulus is maximum. Loss modulus,
in turn, is defined as

E - where

E' = loss modulus,

E = Young's modulus (from the first equation), and

n = loss factor (from the second equation).
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Specimens were run both "drya and "wetm, the
"wet" condition implying that the sample was humidity aged
at 160*F and 100% R.H. to an equilibrium weight gain prior
to the determination. Unfortunately, there was no way to

prevent the "wet" specimen from drying somewhat during the
test. Hence, the specimen was no doubt at some moisture
content less than saturation when the indicated T was

observed. Nonetheless, the "wet" values were lower than

the "dry" values in five of the six cases, indicating a

definite softening due to whatever moisture level still
remained in the sample. In the one exception, the T300/V378A

system, the composite gained weight during moisture aging very
rapidly compared to the epoxy systems, although the total

weight gain was only slightly higher. It would not be un-

reasonable to assume that, when heated, this material would
lose absorbed moisture much more rapidly than the epoxy systems
also. This, coupled with the fact that the T. value for the
V378A resin is substantially higher than those measured for

epoxies (by 200-3000P) would make it reasonable to speculate
that the so-called "wet" V378A sample has completely dried

out by the time its T. is reached, thereby resulting in

identical T9 values being determined for both the "dry" and
"wet" samples.
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SECTION 4
SUMMARIZED COMPOSITE DATA

This section presents tabulated summaries of all the data
Sgenerated for each comp:osite system evaluated during the pro-
Sgram. Also presented are the averaged stress-strain, creep,

and fatigue S-N cu s for each of the systems.

In addition to the simmarized data and averaged mechanical

property curves, pertinent observations made during the charac-
terization of each material are discussed.

4.1 T300/AFRSOO

The matrix resin in this system was developed under USAF
contract by the Aerotherm Division of Accurex Corporation.[ 1 2 ,13]

The objective was "to achieve state-of-the-art performance
(350F [177°C]) from graphite fiber reinforced composites coupled

with prolonged prepreg flow life under ambient shop conditions."
This was basically achieved by utilizing aromatic diamine curing

agents with "attenuated reactivity and limited solubility in

the resins."

The resin was prepared according to the Aerotherm recipe
by Hexcel (Dublin, California) and was also prepregged by

Hexcel.

- I Tables 7 through 18 present the data generated for

this graphite-epoxy composite system. Figures 8 through 22
illustrate the stress-strain, fatigue, and creep behavior
of this material as well as the effects of humidity aging
upon selected composite properties.
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TABLE 7

PROCESSING CONDITIONS FOR T300/AFlBOG COMPOSITE LAMINATES

Composite Processing Information

Material System - T300/AFR800 Graphite/Epoxy
Fiber - T300/ Matrix - AFRS001
Maximum. Rated Temperature - 350*F Prepreg by - Hexcel

Laminate Processing Schedule

ii Layup Procedure: The prepreg was stored in a closed wrapper at
room temperature. Prepreg was removed from wrapper and plies
cut to desired size using a razor knife. Plies were stacked
in the desired sequence (release paper removed from each ply).
The stack was placed in the autoclave according to the layup
system, illustrated in Figure 8. The corprene edge dam serves
to restrict fiber flow.

Cure Schedule: Apply full vacuum and hold for one hour at
room temperature. Heat to 275 0 F in 60 + 5 minutes under at
least 10 inches Hg vacuum. Hold at 275TF for 50 minutes less
than the gel time. 2 Apply 75 psi and vent vacuum at the end
of this hold time. Heat to 325OF in 30 + 5 minutes. Hold
at 325'F for four hours. Cool under pressure to 1200F.

Postcure Schedule: The panels were placed, unrestrained, in
an oven at room temperature. The oven was brought tu 3750F
at rate of about 50 F/min. After a four-hour hold at 375 0 F,
the oven was turned off. When the oven was cooled to near
room temperature, the panels were removei.

1Resin development and composition is described in AFML-TR-

77-158.

2 This cure schedule is given in AFML-TR-77-158, where it is
stated that -the key processing parameter is the point of
pressure application at the 275'F hold temperature. This,
in turn, depends upon the gel time. We have found that gel
time has dapended upon the method used for the measurement.
The Hercules method (HD-SG-2-6006C, para. 5.5), in which a
prapreg sample is rolled up in alumin'm foil, gave a gel
tinte of 140 minutes. The Fiberite method (Fisher-Johns
melting point apparatus) gave a gel time of 87 minutes.
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TABLE 8

PREPREG AND COMPOSITE PHYSICAL PROPERTIES

Composite Physical Property Information

Material System - T300/AFR-800 Graphite/Epoxy
Fiber - T300 Matrix - AFR-800
Raxim.un Rated Temperature - 3509F Prepreg by - Hexcel

Prepreg Physical Properties

(Property) (Stnd.Dev.) (Range) (Test Method) (Ref.)

Volatile Content- 0.11% 0.07-0.18 HD-SG-2-6006C(5.1o2)
Resin Content- 40-1% 39.1-41.5 HD-SG-2-6006C(5.2)
Resin Flow- 15.51%2 15.49-15.53 HD-SG-2-6006C(5.3.2B))
No. of Rolls Involved- 1
No. of Batches Involved- 1 ercules test methods

Laminate Physical Properties 1

(Stnd.Dev.) (Pange) (Test Method) (Ref.)
No. of Panels- 36
Fiber Content- 69.1% by vol. 3.7 61.1-77.0 Acid Digestion
Resin Content- 26.6% by wt. 2.8 23.5-33.1 AFML-TR-67-243
Void Content- 0.2% by vol. 0.8 0- D2734 ASTM
Laminate Sp. Gr.- 1.60 0.04 1.54-1-71 D792 ASTM

Faber Sp. Gr.- 1.70 As reported by manufacturer.
Matrix Sp. Gr.-1.24 As reported by manufacturer.
Thickness per ply-0.0052 inch ...

1 The properties reported here represent averages for all panels of this

material used throughout the program.
2 After 30 days storage at R.T., flow was remeasured and found to have

increased to 19-32%.
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TABLE 9

TENSILE PROPERTIES OF T300/AFR800 COMPOSITE LAMINATES

Colposite Materia1 Properties

Y-9torial System - T300/Alt 8O0 Prepea9 by -HU0xoel Grapite/g~woy
.Fibr - T300 MEtrix - Ara 800

Resin Content 25.0% by wt. Nomi•r•, Ply Thickness - 0.0051 1nch

•ibr Content- 67.6% by vol. wMo. of panels from which spacisns mre test*4

Void Content - -0% by Vol. i •iv tble -10
Thickness of each type sap himen 0' - 6 ply , 90* - 15 ply

-67iFI-55"s) 72'r(22*C) 260 F(U27c) 350

rtu |ksiltmft) 1186.7) (12"') 1179.6) (1237) 1193.91 (1336) 1173.5) (1195)

S-,Mr. Deý . I ks0 (Ma) [15.81 (109) 111.0) (117) 117.41 (120) |21.01 (145)

Range ksi)3(,PA) 1172.2-212.1) 1169.6-205.6] 1174.3-213.3) 1159.7-Z00.91
e1187-1461) (1169-1417) (1201-1470) 1100-13t)

No. of Specimes 5 5 5

5o f t•.Dev. tksi](xP&) jib-$I (109) 117.0) (117) J17.4) (120) 121.0) (145)

tE |nsi)(?ta) |:0.873 (143,800) |18.691 (128.800) 120.401 (140,6001 119.97) (136,900)

5tnd.Dev. (hs1) (X) 10|49) (3380) 10.98] (6750) 10.441 (3030) 10.43) (2950)
No. of Specimns 5 5 5 S

jx Win/?In3 (1x~cm) 8520 8700 904D 8380

stbd0Dev. 572 648 620 870
No. of Specimens 5 5 5 5

%1y 0.319 0.312 0.)07 0.355

Stnd. Dev. 0.010 0.034 0.022 0-037
00. of Specimens 5 5 S S

'Test method AMT4 D3039
Reference

"2SNSZON. 90'

F kbi) ()Ja] (4.69) (32.3) 14.58) (31.6) 14.68) (32.2) (5.423 (37.3)

Stnd.oev. (ksl) (MWe) (1.271 (8.7S) 11.011 (6.96) (0-501 (3.45) 10.67) (4.62)
Range (2.890-.31) 13.20-5.75] 14.33-5.56) 14-80-6.533

Mo- of Specimens

C F•P
1  

lksej (Wa) 12.89) (19.9) 14.171 (28.7) 0-7s) 126.1) (2-86 (19.7)

st..d.ev. ksil (Mph) 11.34) (12.7) 10.65) (4.49) 11.213 (8.33) 11.171 (0.06)
Wo. of specimens

St [Hsi) UVa) (1.63) (11.230) 11.481 (10.200) (1.36) (9370) 11.191 (3200)

5.nd.Dev. (.(4si I)(a) 10.073 (480) 10.04) (276) 10.04) (260) LO.U., (551)

h6. of Spocivfena 5 5 5

(31,i/in)(Ujcm/cm). 2970 3110 3510 4"10

Etnd. 7v. 330
Uo. of Specimens 5 5 5 5

yt 0.+0251 0.025• 0.0201 0.0211
II

Tts% fethod DJO39
-4rerexnce

ICrmput..d using elastic modulus &aa longitudinaAlel Pie•m s ratio,
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Figure 9. Tensile Stress-Strain Curves for Unidirectional
T300/AFRS00 Composite Laminates: 00 Fiber
Orientation.
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Figure 10. Tensile Stress-Strain Curves for Unidirectional
T300/AFR800 Composite Laminates: 90' Fiber
Orientation.
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TABLE 10

TENSILE PROPERTIES OF T300/AFRS00 COMPOSITE LAMINATES

Composite Yaterial Properties

Material System - T300/AFR 800 Prepreg by - HeXcel Graphite/Epo.x
Fiber - T300 matrix - APR 800
Maximum Rated Temperatuire - 350F (1770c) Nominal Ply Thickness - 0.0057 inch
Resin Content - 30.5k by w, oia •.ices- .07icFRber Content - 593.% by wt. No. of panels from which specimens were testedVoid Content - 5 0% by vol. in this table - 5Thickness of specimen - 8 ply

TENSION: +45*

_-6_•;_____ _........ 7.(--559C) 72F(22.C) 2609F (127•C) 350sF(177*C)

tu [ksi)(Mpa) [26.4) (182) 123.2] (160) [16.8] (116) [16.3) (112)
F;

Stnrd.Dev.tksil (MPa) [1.001 (6.9) [1.03] (7.1) [1.12] (7.7) [0.863 (5.9)
Range [ksi) (Mpa) 125.2-27.81 [21.5-24.13 [15.4-18.0] 115.3-17.11

(174-191) (148-166) (106-124) (105-118)
No. of Specimens 5 5 5 5

[tpl [ksi](Mpa) [9.37) (64.6) [4.69) (32.3) [4.93] (34.0) 12.131 (14.7)
x

stn•d.Dev. fksi3(MPa) [2.36] (16.3) 1.1.4] (7.85) [0.36] (2.48) [0.341 (2.34)
No. of Specimens 5 5 5 5

't 1Msij(GPa) 12.28) (15.7) 12.35] (16.2) (2.14) (14.7) 11.62] (11.2)

5tnd.fDev.iMsi](GPa) [0.12) (0.83) [0.16] (1.10) [0.11] (0.76) 10.12] (0.83)
No. of Specimens 5 5 5

Etu L•in/in ] (PCrA/C•, >12,0801 17,630 >21,5w1 >39,4501IX
Stnd. Dev. --- 1,630 > 7,090 ---
No. of Specimens 5 5 5

vt 0.69 0.75 0.78 0.88

Stnd. Dev. 0.04 0.04 C.01 0.06
no. of Specimens 5 5 5 5

Test Method ASTM D3039
Reference

iSoue strain gages lost before completion of test.
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TABLE 11

COMPRESSIVE PROPERTIES OF T300/AFR800
COMPOSITE LAMINATES

Composite Material Properties

material System - T300/AiF5R00 Prepre by - Rexcel Graphite/Epoxy
Fiber - T300 Matrix - ArRSOO ...

Maximum Rated Temperature - 350*F(177*C) Laminate Sp, Gr. - 1.61

Resin content -24-7% by wt. NOminaX Ply Thickness - 0.0050 inch
esin Content 71.1-% by vol. No. of panets from which specimens were tested

Foier Content - 71.1% by vol. in this table -2Void Content - & 0% by vol.
Thickness of each type specimen: 0* - 20 ply ; 90* - 20 ply

COMPRESSION: 0'

-67"F(-55"C) 72-F(22-C) 260"F(127*C) 350'r(17YOC)

Wu [ksi](MPa) (205.6] (1417) [174.6] (1203) (I.2) (1297) (1642] (1131)

Stnd.Dev.[ksi](MP&) [17.01 (117) E23,03 (158) (29.4) (203) 127.2] (187)
Range [kzi] (Mia) (186.4-224.81 [145.6-192.91 [149.5-220.51 [130.4-206.3]

(1284-1549) (1003-1329) (1030-1519) (898-1421)
No. of Specimens 5 5 5 5

FOPl [ksil(MP&) [66.1] (455) 144.81 (309) [75.41 (520) [71.3] (491)

Stnd.Dev.[kEsi](MPa) (15.0] (103) (38.7] (267) (33.31 (229) [53.01 (365)
No. of Specimens 5 5 5

PC [Msi](GP&a) E19.151 (132) [15.98] (110) (18.38] (127) [20.71) (143)
x

Stnd.Dev.[Msi• (Ma' (2.19] (15.1) (2.8$] (19.6) [3.24] (22.3) [2.64] (18.2)
No. of Specimens S 55 5

C" Elin/in) (l)cu/ca 18,300 14,700 14,400 8,300
2,000 1,400

Stnd. Dev. 5,600 2,430 5 14
Mo. of Specimens 5 2

Test Method ASTK D3410
Reference

COMPRESSION: 90*

[cu ksi](MPa) (44.2) (305) 139.71 (274) (28.4] (196) 127.7] (191)

Stnd.Dev.[ksiJ(ZMa) 113.8) (95) [4.8] (33) (1.5] (10) [3.9] (27)
Range [23.9-55.8] (32.4-45.71 (26.7-29.9] E23.0-32.71

(165-384) (223-315) (184-206) (158-225)

no. of Specimens 5 5 5 5

F [ksi](MPa) (13.7] (95) (32.83 (226) [18.9] (130) 122.3] (154)

Stnd.Dev.(ksai](KPa) [6.8] (47) (15.71 (108) [12.4] (85) (11.01 (76)
No. of Specimens 5 5 5 5

E [(i] u ) (1.70] (11.7) 12.501 (17) [1.501 (10.3] [2.02] (13.9)
ystnd. Oev.[~si] , M) Jo.241 (L.7) [0.271 (1.9) [0.09) 40.6) i [-S71 (3.9)

No. of Specimens 5 5 5 5

E Cu in/inl(ljcm/cm) 31,500 17,900- 1Z 1 2 ,700+'],' 25.800

Stnd. Dev. 6,600 9,00 4,400T 9,800
No. of Specimens 5 S 5

Test Meth4 ASTU D3410
RN ference

lultimaet stxiai~ values reprasent manazm obaezvod strain rather th&a ultinaet valum..
T'wo of five speci•ens "bib.iad evidence of buckling.
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Figure 12. Compressive Stress-Strain Curves for Unidirectional
T300/AFR800 Composite Laminates: 00 Fiber
Orientation.
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Figure 13. Compressive Stress-Strain Curves for Unidirectional
T300/AFR800 Composite Laminates: 901 Fiber
Orientation.
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TABLE 12

FLEXURAL PROPERTIES OF T300/AFR800
COMPOSITE LAMINATES

Ca•mposite xaterial Propetiets

msaterial Systan - 13W/Amf &W6 prepree by - Hascl2 GrapidtAf/pazY
*ibex - T300 mGatrix -A AMXSO

a NTe0 ¶ rat~ - 30 1 Lazinte Sp. Gz. - 1.69
i Fate Temperate - F177tC) WyP ly thickness - 0.0049 i-b

Sctent - 75.5F by Va. 00. of panelS fX0W which SpOcimAs we0e tested

void awstet - &O byr ••l. in tbis takle - 2

vc1ms of each type specimen: 0* - 14 Ply ; 900 - 14 plY

SFJ2LZ0•: 0°

,_-_-_-_____"____ 72 ?122-C) 200F (127'C) 350*(177C)

"x fu• [lk,•) WA~) 1291-6) (2009) 12W.,1) (1930) |218.2| [1503)* (186ý83 (1287)*

Stnd.Dew. •ksi) (Wa) 18.2) (56) (4.4] (30D 110.9) (75) 15-3] (37)
Nange jkSi) (9al 1278.1-2"9.71 [272.9-284.93 1206.5-230.0] 1181.3-192-51

(1916-2065) (1880-1163) (1423-1585) (1249-1326)
No. ot Specimens 5 5 5

Ef Imsi) IGPa) 120.11)(136.5) [20.701 142.6) 120.82](143.4) 119.947(137.4)

StPa.De• [si)CNl a) 11.17) (803) 10.741 (5.10) 10.421 (2-89) 10.216 (1.45)
No. of Specimens 5 5 5 5

Test Method 4 pt. flexure Cor•esponds to ASTM D790 except for

"Reference Design Guide. Jan. 1971 loading points and loading speed-

FLEOM 90*

'at the9)(027 1t4mo0 (97.e) te0s68 C73-a6) the.21 t77s.2)aifale

Stnd. Dev.- ksi) (Va) 11.753 (12.1) 10.36) (2.48) 10.441 (3.03) 11.311 (9.03)
Range [1"i) C(.•a) 113.02-17. 71] 113-57-14.431 1I0.21-11. 21] 19.68-12.80]

(89.7?-122.0) (93. 5-99.41 (70.3-77.2) (66.7-89.2)
ft. of Specimens .5 5 5 5

E " f tmSi)(Gra) 11.673 (11.51) 11.271 (8.75) [1.171 (10.53) 11.13) (7-791

SStnd.Dev.1Msi3(GP&% 10.06] (0.41) 10.04) (0.28) 10.07) (0.49) 10-a8] (0-.51
No. of Specimns 4 S 55

STest Method 4 Pt. flexure Correspnd to ASTM D790 exept forSReferece- Design Guide. Jan. 1971 loading points and loading speed.

e-At the two higher test temeratures, the 01 specimwý* failed

by delamnation rather than fracture at the lower plies.

Vt 7A



-.

TABLE 13

SHEAR PROPERTIES OF T300/AFR800
COMPOSITE LAMINATES

-Composite raterial Properties

Raterial System - AFRS0O/T300 Prepreg by - Hexcel j Graphite/Epoxy
Fiber - T300 Matrix - AFR&00 Laminate S --

Paximum Rated Temnerature - 350'F(177*C) Lennate Sp. Cr. - 1.58
Resin Content - .4% by t. Nominal Ply Thickness - 0.0054 inch

Fiber Content - 65.5% by vol. No. of panels from which specimeas were tested

Void Content - -0.4% by vol. in this table - 6

Thickness of each type specimen - Inplane - 9 ply Interlaminar - 15 ply

INPLANE SHEAR
-67-F(-55-€) . 72°_F(22-C-) 260"P11270C) i 350*"(177*C1 _

xsu [ksi)(Mpa) [13.2] (91.0) 1116.] (79.9) 18.4] (58.0) 18.1] (55-8)

Stnd.Dev. rksil MPa) 10.501 (3.45) [0.523 (3.58) 10.55] (3.79) 10.43) (2.95)
Range lksi] (MPa) 112.6-13.9] [10.8-12.0] 17.7-9.0] 17.7-8.6]

(87.0-95.5) (74.4-82.7) (53.0-62.0) (52.5-59.0)
No. of Spectmens 5 5 5 5

Gs fMsi](HPa) 10.68) (4.66) 10.68] (4.69) [0.611 (4.22) [0.43] (2.94)

Stnd.Dev.Ilsi](MPa) 10.033 (0.18) 10.05] (0.34) 10.03] (0.23) [0.02) (0.14)
No. of Speciaens 5 -j .5 5

Test Method ASTM D3518
Reference

SINf•lLA•dNAR SHEAR

Fisu (ksi](mPa) 118.17] (125.2) [15.27] (105.2) 111.771 (81.1) t9.63] (66.4)

Stnd.Dev. [ksi] (!Ta) [0.92) (6.34) 10.79) (5.4) [0.69] (4.75) [0.33] (2.27]

Range [ksi] (Ma) 117.27-19.271 114.37-17.16] 11.02-12.81] [9.27-10.00]
(1-19.0-132.8) (99.0-118.2) (75.9-88.3) (63.9-68.9)

NO. o1 Specivens 5 I0 5 5

Test Method ASTM D2344

Reference

58
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TABL.E 14

TEUStLE, COMRnxSSMv MW SMfl3 PROPE~nES OF T300/APRBOO
CCMPWSTrE LANMULTES AETER EMUM==Y AGING

-wmd Was-U -olo~
U3W4 T#;wom - WMR Too""o %W -0-0

mmusi .0 **t Mw in

a2$ - i. -=f e15 *%f

rao me-. WI2 w 0 MSmoo
me"~ wom(m - f. Va Air vok-

wtad. Sww - -

all n0Q..$0. 11.0 10.54 tz-OlM

OMW~~100 ~mow2 ".2-.1.0)41I M*1 ~ ~ ~ *V. O'Rsi00

me .41iwesms 4 4

TO.1 1043101

00.4. 10". (k3 2.4m 0.2 .10 0.02
u.o oewm5 4 4

r thai3U(w 125.1)157 f uun(.0 gss.2iias 124.13£xoo)

atot-no. Mail3 (MO) 15-531) U 1.5 IM0 js.23 () 153 1 2.1(03
mom!U.-36.61 (24.4-10.1 [29.7.3391) iza.0-2110

1313. U4.331 t" 10.731 73 P7.1)(3161 11.5311,

WA IW. ) Lw 11.2)710)u 3.'* 11.61039 112)

[m3, sým w U&I31 1.911 I1.03 it".

110- .511164 0.3 Il) £0.93 463 '.3141 1) 0.4) 73)

*8 op"Lasao1 5 J, 3 4

-se I *o w-0.. 34.0 U6 0.0 14.606
m. -a5o-m 3 4

5104.0... (%.1 sets. fvf 0.10) 15' 9I.44 110 00)144 3.0 4.0

*V.vý 1 .10 03 0.1 40.013.0

at30al

0.14 -o 1374M.9 Iom flU.5

s54, ., 7.t m oot.S1 to.k43 10 ,4 1 10.43 30 41(.1 1.0 t"

60.4j.A ~ow .j Alkc11 03-.3
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TEST WEIGHT GAIN DURING
CURVE TEMP HUMIDITY AGING

(OF) (% BY WT.)

A 72 0 - DRY CONTROL
B 72 0.66
C 72 1.25 - SATURATED

o50 D 260 0 - DRY CONTROL
E 260 0.81
F 260 1.34 - SATURATED._40I A

030 B

.IV

w
r 20

1. 10

00 0.005 0.010 0.015 0.020 0.025 0.030

STRAIN(IN/IN)

Figure 16 . Compressive Stress-Strain Curves for Unidirectional
T300/AFR800 Composite Laminates After Humidity
Aging at 160*F (71*C) and 100% R.H.: 900 Fiber
Orientation.
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TABLE 15

V CREEP PROPERTIES OF T300/AFRS00 COMPOSITE LAMINATES

) ~cowosit& material rroporzi~es

-aLcrial Syesta - T30/UAU*OC Preapro by - NNOXC1 GrCPtVXPOJY

V' e."x Temperature, Rating - 350*P(177*C) LAXIIA"t Sp. Cr. -

ksnContn 27.S% by wt. a.i~l Ply Tikes 0.0052 inch~

)*iksr Content - 6A-0% by Val. An. of panels from, which specimen& were tastedf
)2Jd Content - ot by Vol. inthst" - 2

viitnase of each type speciman.
Test method Stta±;ht-fided Refrence -AM7 02290 & 0, - 6 Ply

tension D3039 90- - 15 Ply
+45* - F ly

Tmspqnatora riber orientation 0.50

72*.(22"C) Stress Lael|iksi](Npa) )163.8) (112•) 13.21] (22.1) J16.27) (112)
Creep Strain, 500 h;f%) 0.00•7 .-- 0.4039
No. of SpecLens 3 3
Res.idual Strangth~ksi) (HW 211.51 .0457 -- ([23.4- (262)

No. of Specimens 0 3

Stress, Lewel~ksi1(X&) 1143.4) (907) (2.71) (18.9) (13.94] (961

Creep trxan, 500 hbr[) 0.0002 0.0355 0.2693
No. of Specimens 3 2 2

Residual Strongthtkszi)UO') -- (6.181 (42.6)
no. of Specimens 2

Stress 1eveliksai )4PA) E2.29) (15.4) [1,623(80)

Creep Strain, SOO hr(%) 0.0342 0.2046

No. of Specimens 3 3

Residuasl Strenqthdkzi)tNPft) (5.603 (36.6) 322.07 (258)
M•;. of Spocmens 3

26•,r(127,C) Stress Level )ksiH(0a) 1174.5) 412021 [2.61.) (39.54) 113.44)(93)

Creep Strain, $00 hr(%) 0-13o0 at 31C .hr., -- i 4

No. of Specimens 1i 3)

Residual Strength lkasil(N@a) (209.6) U429) 16.1-1 (42,11

No. of Specimens 1 0

Stress Ls•e1vIka.] (NPa) [1.55.13 (1068) (2.681 (r7,81 (3.1.763(81,)

Creep Strain, 500 bhr() 0.0715 0.061 ".1214

Wo. of Specimens 2: 3

Resial Stzen9gthjksi)(•P&) (199.i] 1176) 15.061 3E.03 ::-.081 (Us-)

No. of Speci•maen 3 3

Stress 6evoliksil] (ma) 1.35,7) (935) 12.34] U16.31) fo.08) (701

Creep Strain, 500 bhr•) 0.0054 0.0606 o.536

Mo . of Specimens 3 i

Residual Strengt•lksail]4a) 1221-3 (1523) [4.9e) (34.3) (23.5ý3 (16.n)

No. o! Specimens 2 3

2.3*F(177C) Stress ).vellksi]l(tPh) [156.3) 3.076) [2.71) (18.7) 19.76)(67)
creep 96.rein, 5OO hz(S 0.0646 -- -- 4.6
N. of Specimens 2S 3

PAes*idl Sirasngthiksl.) (9 [217.1) (U496)
no. of Specimens 3 0 0

Str•es$ Level ikso) (HW) 1[2.3.7) (156) (2.37)315.0) (6.14) (56,

SCreep Strain, 500 hr(%) 0.0142 0_.77721 1.399 at I hr.'
go. of speciswns 4 2

Aseidu&a Strengthiksi) (N~a) (316.-9 (1494) (5.01) (34.5) [f.?.351 (1-33)

me, of specimenas 4

St Xts LavellkaisH |f) (021.5.] (837) (1.6.1 (.1.2) (6.51] (41)
Creep Strai• . 500 hr(%) 0.0494 0.3629 2.372 at 12C hr.'

no. of Specimens V 3 2

J~ieajlui Strangtblkai)(l s 1( .01 (121@21 (3.521i I!,.1) 3021 1
me. of Specimens 3 3 2

,tO..: All VaIues represent sarithestl average.
A41 residual s(rltrt4 determined by tensile test at

1. 4* salf unctitoned before and of test om an epecime..
2, one specimen failed ov loe"inq or during test.

2. T- specismes fatied on 10"Urq or during teat.

4. Three speciames failed on loading at duings -eat.
S- est OW&e sAlfUnCIOred during toot on one SpeerMef.

6- Strain exceeded qeqe limats on all apecimens.
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91000"

8,000o 163.8ksi

• 72°F

7,000

1 I43Ahsi

10,000-

174.5 ksi

9,000-

2600 F
ZL"-"8,000 T

8,000.I 1155.1 ksi

I-.
U' 7,000

S..... ; DI 135.7 ksi

6,000 -- a

9,000

156.2 ksi

8,00 0-
350° F

121.5 ksi

6,000 ';=. ..

0 100 200 300 400 500

TI ME(hrs.)

Figure 17. Tensile Creep Behavior of Unidirectional T300/AFR800
Composite Laminates: 30 Fiber Orientation.
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2,500

2.75 ksi

2,000
2.29ksi

1,500 72"F

-6IDOF

2,500 . 2.57 ksi

:2. 2.5 ksi

•! =• zj:,~ioo J ~-

7,000

" ; 2 7! "1.63 ksi

3.000 2.17 ksi 3500 F

1,000
0 100 200 300 400 500

T!IME (h. r)
"Figure 18. Tensile Creep Behavior of Unidirectional T300/APR800

SComposite Laminat-!s.: '9ý0 Fiber orientation.
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15,000

I 6.27 ksi

I0,000• =-3.94 ks i

- ý.62 ks i -f2*F

5.000
25,000[

2000 13.44 ks i H.7 , s

15,000 10.08 ksi

z

0 100 200 300 400 500

t•.•i ~30,000 8 .14ksi .... •---'--65 s

20,000

o 0,0003 500 F

0-
0 25 50 75 100 125

TI ME (hrs)
Figure 19. Tensile Creep Behavior of Bidirectional T300iAFR800

Composite Laminates: +450 Fiber Orientation.
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TABLE 16-1? STRESS RUPTURE PROPERTIES OF T300/AFR800
COMPOSITE LAMINATES

Composite I.eterial Properties

Material S!ystem T3DO/AFRS00 Prepreg by - He el Orephite/pow-y
Fiber. - T300 Matrix-AFR800 Laminate Sp. Gr. - 1.59Yaxir•w. wenperatUre Rating - 350-r HNminal Ply Thickness - 0.0052 inch
Resin• Cot.ent - 27.5w by vt. ~No. of panels from which specimens were tested
Fiber Content - 68.0% by Vol. in this$ talie - 24

Void Content - -ot by, vol. Thickness of each type specimen;
Test Metbod - Straight-sided Referens "- ASTM D2290 Z 0 - 6 ply

tension D3039 90' - 15 ply
+45* - 8 ply

STRESS RUPTURE

Temperature Fiber Orientation 0 90 +45*

72"F(22-C) Stress Level {ksi] (MPa) £163.8] jl18s) (2.75) jlS.9) 116.27) j112)
Time to Failure (hra) o00 333 50-
N po. of Spe.cimens 3 3 3
R esidual Strength Iksi] (ea) 1211.5] (1457) [6.18) (42.6) 123.45) (162)

k-o. of Specimens 2 2 3

Stress LevUl [ksi (MPa) !143.4) (987) [2.29) (15.8) 113.94] (96)
Tine to Vailure (hxs) Soo 5001 SooNo. of Speciimens 3 3

sidual Strengthlkei) (We) --- (5.603 . ,38.6)iof •Specimens • _

260,F(127*c) ýtress Level tksi] (ITa) 1174.5) (1202) [2.81] (lP.4) 113.44) (93)
Jme to Failure(hrs) 1673 167" 0.2'
•"o. of Specimens 3 3 3

Reaidual Strength ksi)(Nte) [208.83 (1439) 16.113 (42.1) -
ho. of Specimens a 1 .

Stress Level [ksi] (l0a) [155.1] (i0M8) [2-58] (17.8) [11.76] (81)
Tinm to Failure(hrs) 3362 5001 500S
140. of Specimens 3 3 3
Rsidual Strength lksi) (MPa) 1199.73 (1376) 15.08] (35.0) (23-08) (159)
N- of Specimens 2 3 3

330'? 177'C) ;tress Level [ksiI (hTel [156.2] (1076) [2.71] (18.7) {9.76) (67)
rime to rsilure(hrs) S00, 23' 156
4o. of Specimens 3 3 3
Residual Strength Iksil] PI4) t217.1] (1496) --...
40 •. Of Specimens 3 0

" tres Level aksil (M4a) [138.8] (956) (2.17] j15.0) 18.14] (56)
rime to Failure (hrs) 5001 235 50o.IV of •Specimens 4 3 ;3
Residual Stpensth [ksii [MPa) [216.93 (1494) (5.01] (34.5) [19.35) (133)
4o. of Specimens 4 1 3

Notes: Al values represent aritiletic averaqies. AIl residual strenqthsa.deetrmiied by
tensile test at 72*F (22*C).
1. No failures within 500 hours.
2. Average of one failure and two 500-hour survivals.
3. Averaga of two failures and one 500-hour survival-

4. Average of three failures.
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TABLE 17

FATIGUE PROPERTIES OF T300/AFR800
COMPOSITE LAMINATES

Composite material Properties

Material System - T300/AflBOO Prepreg by - Hexcel Graphite/Lpoxy

Mier- T300 Yatrix - AFROO

PAximu= 'Temperature Rating - 350*F(177*C) Laminate Sp. Gr. - 1.59

esin Content - 26.9% by wt. Nomil Pl y Thickness - 0.0052 inch

Fibex content - 68.6% by vol. No. of panels from which specimens were tested
"Void Content - 4 0% by vol. in this table - 25

Thickness of each type specimen:

Test method - Straight-sided Reference - AST14 D3479 00 - 6 ply
temsion 90" - is. ply

• +45" - 8 Ply

TENSILE FATIGME, Rw'0.1

Temperature Fiber Orientation 00 900 +45'

72'F(22*C) rAx. Stress[ksil (MPa) [143.7) (990) 13.21] (22.1) [16.271 (112)

Lifetime (cycles) 45,336 52,038 17,688

No. of Specimens 5 6 5

Residual Strength (ksil (kUPa) ---

No. of Specimens 0 0 0

Max. Stresalksi)(MPa) (134.7] (928) [2.981 (20.5) (15.11) (104)

Lifetime (cycles) 3,960,636 29,091 47,600

No. of Specimens 6 5 5

Residual Strength[ksi](mfa) (211.0) (1454)
No. of Specimens 4 0 0

PLax. Stress [Xsi] (Ma) (125.71 (866) (2.751 (18.9) 113.94) (96)

Lifetime (cycles) 2,124,065 1,164,422 1,403,780

No. of Specimens 6 5 5

Residual Strengthtksi) (Mpa) [203.31 (1401) 15.491 (37.8) ---

No. of Specimens 3 2 0

260*F(127*C) Max. Stresstksi](Mpa) [174.5] (1202) (2.981 (20.5) (12.60] (87)

Lifetime. (cycles) 8,052 8723 84,080

no. of Specimens 5 3 5

Residual Strength ksi](MPa) ..
No. of Specimens 0 0 0

Hax. Stress jksi(HMP&) (155.11 (1069) 12.81] (l1.4) 111.763 (81)

Lifetime (cycles) 136,078 51,608 68,513

N•O. of Specimens S 5

Residual Strength [ksil (MPa) (7.28] (50.2) ---

No. of Specimens 0 1 0

r "a. Stress [•si] (spa) [145.41 (1002) (2.57] _(17.7) 110.92] (75)

Lifetime (cycles) 1,759,820 i0 + 2,449,829

No. of Specimens 4 1 5

"Residual StrengthIksi)(Hpa) [187.61 (1292) 16.101 (42.0) 121.20] (146)

No. of specimens 1 1 1
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TABLE 18

THEflWPHySICAL PROPERTIES OF T300/APSO00
COMPOSITE IAMINATES

Cc'posite watecbal 2 operties

Kate-ial System - ?300fWl Ow b
Fazibr teapertare atrg - AM~ ( C)e a S . Or. -1.59
Resin ont"ent - 26-1% iy Average Ply Thick•s•s - 0.0052 inc
Fiber Content - 2('5% by Wt1 No. of Panels frm. whi4 specimans wpere tested
Voibe Content - C-"5% by Vol. in this table - 2

Thickness of each -type pecin:- Thera. tsp. - 50 ply Spec. at. - I ply
imaza. 00m1a. - so ply Glass Trans. - 14 ply

THEFJcPMISICAL PIPERTUl: O*

-677F(-55,C) 72*P722'C) 260F (12704 3509' (17VC

'ner,•l Expansioxn n1 2

o 14jlin/in--p9 (jwclc-Oc) -0+O- -0.37 -0.14 -0.20

a tpin/i.-f'3 tjpcn/cr-*C) 12.9 13.6 14.5 16.9

No. of Specimens per 3 3 3 3
direction

Specific Seat
Cp[btu/1b.-'F) (3/kg-*C) 10.0811(339)1[0,203)t849) 10.302)(1263) [0.3081 (1288 DMC

No. of Specimens 3 3 3 3

T"mral Conductivity1

kt1btu-ft/ft 2 -hr- *F9 D. 3713 tO,433 I I. 517 1 [os555s s
(W/rW-C) (0.b42) (0.749) b.894 (0.960) O~artttf

No. of Spec•mens 3 3 3 3

Glass Transition Temp. A

Dry I['-] (IC) [4689 (242) 1 MA
Wet ['F3('C) 13813(194)

THERMOPHYSICAL PR0PERTfSE +45*

The rmal Excpans ion TNA2

aL iVin/in-F] (UcS/cm- "C) 2-6 2.4 2.8 3.2

No. of Specimens per 3 3
direction

Thermal Conductivit•a
k2 [b•t-ft/ft 2 -hr--F) 10.3113 [0-3511 [0.4061 [0.433a

(W/m- "C) I (0538) (0.607) (0.702) (0.749)

No. of Specimens 3 3

aNOTES.1. On the unidirectionally reinforced specimens, the x-direction is along the fiber
axis, the y-direction is across the fiber axis, end the a-dixection is through

i• the thickness. (identical to the y-direction) . on +45" bidirectionally reinforced

specimens, the x and y directions are itentical and oxieted at 15' tc either

fiber direction, while the a-direction is through ths thickness.

Ii 2. Ther-wo-Mechanical Analysis.

3. Diffa ernt"el Scanning Calorinetry.

a 4. Dynamic Mtechanical Analysis.
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4.2 SiC/5506

This system consisted of 5.6 Mril (0.14 Iwo) silicon
carbide fiber (on a carbon core) in an epoxy matrix resin.

Both the fiber and resin were AVCO products (Specialty Materials
Division, Lowell, Massachusetts). The resin is a 3500F (177*C)

curing system which is modified for extra toughness.

Tables 19 through 32 present the data generated for this

silicon carbide-epoxy system. Figures 23 through 40 illustrate

the stress-strain, fatigue, and creep behavior of this material,

as well as the effects of humidity aging upon selected composite

properties.

Perhaps the most obvious feature of this system is the
substantial decrease in property levels, particularly the resin

dominated properties, at the 350 0 F (177 0 C) test teaperature

W relative to the 2600F (127TC) test temperature.

The high O compressive properties exhibited by this

system relative to the other systems tested reflect the beneficial

effect of the much larger filament diameter compared to graphite

in resisting buckling.

1. i7
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S~TABW• 19

PROCESSING CONDITIONS FOR SiC/5506 COMPOSITE LAMINATES

Composite Processing Ioromati.on

Material System - SiC/ 5506 SiCaem
Fiber - 5 .6mii sic MatriX - AVCO 55G6

Maximm Rated Temperature - 3504F Prepreg by - AVCO

Laminate Processing Schedule

Layup Procedure: The prepreg was stored in a closed wrapper at 00 F (-18 0 c).
Prepreg was warmed to room temperature before removal from wrapper to prevent
moisture condensation on pregreg. Plies were cut to desired size with
razor knife and stacked in desired sequence (release paper removed from each
ply). The stack was placed in the autoclave according to the layup system
illustrated in Figure 23. The corprene edge dam serves to restrict fiber
flow.

Cure Schedule: Apply full vacuum and hold it throughout the cure cycle.
Pressurize to 85 psi above bladder and heat at 4-60F/min to 3500F. Hold
at 3500 F for 1 1/2 hours. Cool under pressure and vent vacuum.

Postcure Schedule: After trimming of flash, panels were placed, unrestrained
in a circulating air oven and heated to 37507 at 4-6 0 t/min. They were held
at 3750F for four hours then cooled to room temperature.

NOTE: This cure schedule represents one which differs from that originally
recommended by AVCO. Due to the slower response of the large autoclave
used to fabricate our panels, the cure schedule had to be modified.
The original schedule recommended by AVCO was as follows:

Apply full vacuum. Pressurize to 50 psi above bladder
and heat at 4-60F/min to 3500F, venting vacuum when
temperature reaches 135 0 F. Hold at 350 0 F for 1-1/2 hours
and cool under pressure.

This cure schedule, when followed in our autoclave, produced laminates

having a specific gravity of 2.19 and void content of 5.7%.
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TABLE 20

PREPREG AND COMPOSITE PHYSICAL PROPERTIES

Coumposite Physical Property Information

Material System - SiC/5506
Fiber - 5.6 mil SiC Matrix - AVC0 5506 Si/EýRRXY
Maximum Rated Tenperature - 3506F (1770C) Prepreg by - AVCO

Prepreg Physical Properties

(Property) (Stnd.Dev.) (Range) (Test Method) (Ref.)

Volatile Content- 1.40% 0.08% 1.34-1.52% Advanced Para. 4.2.3.3
Resin Content- 27.9% 0.6% 27.4-28.6% Composite 4.2.3.2.1
Resin Flow- Design Guide
No. of Rolls Involved- 4
No. of Batches Involved- 1

Laminate Physical Properties1

(Stnd.Dev.) (Range) (Test Method) (Ref.)
No. of Panels- 31
Fiber Content- 58.6% by vol. 1.3% 53.9-61.2% Acid Digestion
Resin Content- 19.0% by wt. 0.9% 17.4-22.0% APML-TR-67-243
Void Content- 0.7% by vol. 0.7% 0.0-2.2% D2734 ASTM
La•minate Sp. Gr. - 2.36 0.02 2.30-2.41 D792 ASTM
Fiber Sp. Gr.- 3.082 As reported by manufacturer.
Matrix Sp. Gr.-1.23 As reported by manufacturer.
Thickness per PlY-o.0064 in. 0.0002 in. 0.0061-0.0069 in.-

.The properties reported here represent averages for all panels of this
zaterial used throughout the program.

2 Pregreq also contains a glass scrim cloth (4.5% by wt.) with a fiber
specific gravity of 2.40.
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I4PLC ANALYSIS
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Figure 24. IIPLC Analysis of AVCO 5506 Epoxy Resin.
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HPLC ANALYSIS
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Figure 25. HPLC Analysis of Benza7dehyde.
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-HPLC ANAkYSIA

SAMPLE (CONC......',-f& ..IU - SAMPLE SIZE .

MO3LE PHASE MOBILE PHASE j
FLOW RAT E-__ ,.._ .'/• r.. PROG RA M_ _-.I'• _., ...

:- ~~~ATTENUATION---_"•__"•- WAVE ILENGTH •P ,

,2,•-•'R S $P• D ----- ------- ,•_.. FUI l, SCALE rV ,""", • .. ,..

...... .... ... ER T R . .• J . . . . .

9U

155

i ;25 5

3

c tFigure 26. HPLC Analysis of Epon 828 Epoxy Resin.
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TABLE 21

TENSILE PROPERTIES OF SiC/5506
COMPOSITE LAMNIUTES

CompOsite Material Properties

material System - sicls550m Ipreg by - AVO
Fiber - 5.6 ,11 iC Matrix -~ AVC0 1504 . G
Maxim•x Rated Temperature - 3S107(U7?C) Nomina Sp. Gn. - 2.38 -
Rzesin Coat~ent - 18.% by Nomloel P'y ThUCkOss 0.00b2 Inct
Fiber Contmt - 59.9% by vol. NO. of pawwls frm which specimens W41ne Lasted

void *tent 0.1% by vol. in this table - 6

Thickness of eacb type epaciu•. 0- - 6 ply 90* - 1S ply

2ENSIOUL 0O

_________ -67,?T-55,C) ____________ 76-(2-

to,' s ksil .(a) 1223.61 (1527) (229.11 (1570) (190.61 (1)13) [174.51 (1202)

•t•1D•.(si m 118.21 C125) 18.4) (SO) 113.31 (92) Ill-ol (76)
Range [ksi) (Wea) [1".8 - 235.81 (220.3 - 241.7) [178.8 - 205.01 [161.7 - 181.01

(1370 - 1625) (151* - 1665) (1232 - 1412) [11143 1247)
No. of specimens 5 31 31

Sft [kseil(Mtj 1129.S1 (892) [71.41 (492) [816-7 (S9) (57.41 (395)LX

StOWd.Dmm.ket I(HPA) (36.21 (249) 1ZO.41 (141) [12.51 (86) (19.5) (134)
No. ofspecimens 5 5 3 3

( Iesi)(Gra) 132.31 (223) 133.4) (230) t33.22 (229) 133.0) (227)

StrA.Dev.[ IKSIJ(GPA% U.11 17.6) 11.31 -19.0) (0.4) (2.9) 12.41 U1.7)

No. of Specimens S S 3 3I. (in/i.,n (60 750 7660 6800 5130+2

Stnd.OEv. 190 760 -- X.A.
No. of specimens 5 5 2 3

Kt
•)XY 0.22 0.23 0.25 0-32

Stria. Dav. 0.03 0.02 0.05 0.15

ge. of specimens 5 4 3 3

Test Method AST D30.39
Refer~enc

F to (ksI ZAa) 19.7?1 (67.4) [9.711 (66.9) 16.44) (44.4) [4.341 (29.9)

Stnd. Dev. lksi INPa) 11.42) 49.78) (0.511 (3.5) [0.101 (0.7) (0.401 (2.8)
8Ange (8.31 - 11.551 [8.99 - 10.43) (6.34 - 6.56) 13.84 - 4.921

(57.3 - 79.6) (61.9 - 71.9) (43.7 - 45.2) (26.5 - 33.91

NO. of specimens 5 S S S

tpl (ksi I.P'A) (6.171 (42.5) (4.2A) (29.2) (2.841 (19.6) (1.751 (12.1)
y

stnd,•ev.tksi jPe) tl(.211 (0.3) 10.62) (4.3) (0.17) (1.2) (0.13) (0.9)
No. of Specimens 5 5 S 5

(Ieil Gra) (3.861 (26.6) 12.991 (20.6) (1,971 (13.6) (1.041 (7.2)

Stmi.Wv.[esijl pa [0.12) (0-83) 10.101 (0-69) 10.161 11.1) [0.131 (0.9)
No. of Specimens 5 5 1 S

Ctu jllin/in)(i~cVcM.) 2,744 3,727 4,695 7.550
Y

Sbid. Dev. 470 194 373 975
Nao. of specibens 5 S 5

3 3 3VYK 0.026 0.0213 0.015' 0.010

Stnd. Dov.
MD. of Specimens

*Tes.ft ethod 0

""txcludees data from two specimen$ from ked panel (had ver hiqh void content).
2
Strain 9&yes faile4 befort end of test on two of ther NP40smens.

kouwptotd using ea'stic rW-Atli and lukudin"L Potsso*w'S ratio.

4 80



.4J

IL 0

U.
N. 0  U~

00

01

00
-IH

0 43

8FTh
0 (n

0 0 0 0 0
N U -

t-

0 InaI

z 04

LIZ 04'0

40 cm

r-4

81



0-
10 -676F

• 72" F

9-

8-

7-

260*F
6-

0•5-

I--

3

2

"0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
STRAIN (IN/iN)

Figure 28. Tensile Stress-Strain Curves for Unidirectional
SiC/5506 Composite Laminates: 900 Fiber
Orientation.
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TABLE 22

TENSILE PROPERTIES OF SiC/5506
COMPOSITE LAMINATES

Composite Material Properties

Material System - SiC/5506 Prepreg by - AVCO •__•

Fiber - 5.6 miLl SiC matrix - AVClAinate Sp. . - 2.33Matxi:u1sRated Temperatur - 50r(7"C priaeg Sp. A'. - .3n3 W ~ T ~
Yaximuzs Rated Tt.nperature - 350'F(177*C) Nominal Ply Thickness - 0.0064 inchResin Content - 20.2% by wt.

Fibe Coten - 5.8%by ol.No. of prsnels from which specime~ns were testediFiber Content -56.8% by waoe

Void Content - 0.7% by vol. i this table 4
Thickness of specimen - 8 Ply

TENSION: +450

___... . .________ -6_._(- c......_ _. 72*P(22*C) 260 (10? -C)

F t ksil(mpa) [19.721 (135-9) 117.32] (119) [11.52) (79) [7.93] (54.6)

Stnd.Dev.[ksi]j(.P•) [1.191 (8-2) o0.581 (4.0) (0.34) (5.8) (0.18] (1.2)
Range [ksi])(APa) (17.69 - 20.63] [16.52-17.95] [10.66-12.451 [7.67 - 8.171

(121.9 - 142.1) (114 124) (79 - 99) (52.8 - 56.3)
No. of Specimens 5 5 5 5

rtp1 [ksi](Uva) 16.25] (43.1) [5.14: (35) (1.59] (11) 10.S31 (6.4)

$tnd.Dev. Eksil W[a) 10.57] (3.9) [0.921 (6.3) 10.371 (2.5) 10.321 (2.2)
no. of Specimens 5 5 5 5

Et [Mi] (GPa) [3.71] (25.6) 12.971 (20) 11.63] (11) [0.51) (3.5)
x

Stad.Dev.[Ms1](GPa) [0.22, (1.5) [0.30) (2.1) [0.27] (1.9) 10.19) (1.3)
No. of Specimens 5 5 5 5

cti [Ein/in] (vcm/cm) 8,600 15,510 35,100+1 30,900+

Stnd. Dev. 1,234 544 7,280 6,540
No. of Speciuens 5 5 5 5

t 0.66 0.74 0.89 0.74v-Y

Stnd. Dev. 0.07 0.08 0.11 0.11
No. of Specimens 5 5 5 5

Test Method A D3034
PBeferenae

1Ultimate strain exc..Ied limits of strain gages.
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TABLE 23

TENSILE P1MDPERTIES OF SiC/5506
COMPOSITE LAMINATES

Cqasztaj itAtriai Proportca.0

P14ttxla SyNt - Sw,/S50 Preprcg ty - aVCo i
rljlo - 5.6 •il SiC Matxix - AC0 5506

Zkxixam AaL.d TvUprathx@ - 3S50.Y77lC) AlMinOae Sp. Gr. -2.35

Pesi. Contont -18.94 by wt. N.2Sial Ply Thickness - 0.0062 lin

Fihor Content - 54.64S by vol. No. of panels from whbich specimens were testvd
VdOW Content - 0.9% by Vol. in this Labla -,

Thic fls of each type specifMi 20 Ply

ThASIOI: (0, +45, -45. 0, 0, -4S, 445, 0, 90, O0|
- -.F67.r(-55 72cF(22) rr127*C) _. ________

aT ht)aiI a9W) 1U9.31 (022) 1117.2• (007) U107.21 (739)

St .-Oev. eksi) Iml&) 18.21 (56) 17.71 (53) 16.0) (41)

" s,5  lksil •(•) 1108.2 - 12S.6) 1107.4-126.21 1102.1-115.6)
045 - "S) (740- 870) (703 - 796)

Wo. of Specimens 4 4

3tP% [hell (lea) (35.61 (266) (49. 11 1330) (60.31 (415)

Stnd.ev. lIksl (M1a) (13.01 (130) [(1.01 (10z) 111.12 (76)

so. of Specimens5 5 4

t mst) (Cft) 120.51 (141) 119.01 (131) 116.11 (125)

StL.. ev. I(l) I GWA) [2.03 (14) 10.43 (2.8) 10.61 (4)
NO. of 5Loi•" 4

t l t740 5190

LOG 100 670

X 0.31 0.45 0.40

C.v. 0.10 0.11 0.06

go. of Specimens 4 5 4

Test method

efterence .STM 03039

TafION: (0, +45. -45, 0. 0, -45, +45, 0. 90. 0), with ole'

r rt ( ksiI (lea) 1102-5) (7061

Stn.Dev.IksMi) &a) 13.51 (24)1g Range 197.6-IOS.8
(672 -729)

N. of Specimens S

7 tpl

try Wo . ) a (lea)

Ka. of Specimens

4 (MDe.1it) (GPe)

Stofd. Dav i(ee)

1;4. of spcmn

yx
ste.d. Dev.

These sIpecimen hod a 0.1915 inch 10.491 %:v} hole in the cener of the test ivsctJ4n.
sin etse were c4tles.ted uing ral. crosu-sectiamal e.

Thspcmn a .95ic 041c)hl ntecne oftets aecIoInI.
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Figure 30 . Te:nsile Stress-Strain Curves for Multidirectional

SiC/5506 Composite Laminates: (0,45,-45,0,0,-45,
49,0,90,O)s Fiber Orientation.
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TABLE 24

COMPRESSIVE PROPERTIES OF SiC/5506
COMPOSITE LAMINATES

?Composite Material Properties

Material System - SiC/5506 Prepreg by - AVCD SiC/Epoxy
Fiber - 5.6 mil SiC Matrix - AVCO 55ý6
Maximun Rated Tempezat.-c - 35

0
*F(177*C) Laminate Sp. Gr. - 2.38

Resin Content - 18.S5 by wt. Nominal Ply Thkckness - 0.0061 inch
Fiber Content - 59.7% b .No. of panels from which specimens were tested

* Void Content - 0.1% by vol. i this table - I
Thickness of each type specimen: O - 16 ply ; 90g - 16 ply

COMPRESSION; 0,

______-67F(- 55 C] - 72*Fj22*C) 260P(127*C) 350*F(177"Cr

F'Cu [ksi](MPa) (391) (2694) (326] (2246) (232] (1598) (131] (903)

Stnd.Dev.(ksi)(MPa) [ 361 (248) [ 20] (138) [ 8 1 ( 55 E 29] (200)
Range lksi](MPa) [335 - 435] (305 - 350] (221 - 240] [97 - 154)

(2308 - 2997) (21ll - 2412) (1523 - 1654) (668 - 1061)
No. of Specimens 5 5 5

FcP) fksi](MPa) (2.391 (1647) 1117] (806) [141] (1269) E 95] (655)

Stnd.Dev.ksi2(MPa) C 65] ( 448) ] 61] (420) [ 32] (220) ( 9 ] ( 62)
No. of Specimens 5 3 5 5

E ) (Msi](Gpa) (33.1] (228) C35.51 (245) (33.9] (233) (34.01 (234)

Stnd.Dev, [Msi (GPa) C 3.0] ( 21) ( 2.8] ( 19) C 3.2] ( 22) ( 8.0] ( 55)
No. of Specimens 5 5 5 5

e u [Pin/in] (hcm/cm) 12,9204.1" 6,220+2 7,760 3,560+1,2

Stnd. Dev. 4,310 1,730 1,110 300
No. of Specimens 5 5 5 5

Test Method ASTM D3410
• e ferance

COMPRESSION; 90'

F (U [ksi](MPa) [56.7] (391] (34.41 (237) 325.71 (177) (19.81 (136)
y

Stnd. Dev, Cksi I(MLa) [3,6] (25) (1.7] (12) (1.5] (10) [1.2] (8)
Range L53.4-62.3] [31.8-36.31 123.0-26.9) [18.7-21.6)

(368-429) (219-250) (158-185) (129-149)
No. of Specimens 5 5 5 5

" "cp [ksi](APa) [15.5) (107) (18.0] (124) (14.3] (99) (9.4] (65)
Y

Stnd.Dev.ksi])(MP&) 17.1] (49) (9.1] (63) [3.2] (22) t2.2] (15)
No. of Specimens 5 5 5 5

cc [isi](Gpa) [3.41] (23.5] (3.581 (24.7) (2.40) (16.5) (1.88] (13.0)
y

Stnd.Dev.(Msi](GPa, (0.97] (6.7) (0.60] (4.1) (0.12) (0.8) (0.32] (2.2)
No. of Specimens 5 5 5 5

cu 920 20,54D+"2 27,1•00

e in/in](vcm/cm) 22,200 9,140+2

Stnd. Dev. 3,340 4,820 3,620 3,07b
No. of Specimens 5 5 5 4

Test Method %M D3410
Reference

IU1limate strain val;uss •apresnnt mu'= --t-erwSd strain rather than ultimate values.
ZTwQ of five 1pecimn exhibited evid~ence of buckling.

•Tabs debonded dur~ing first test attempt at about 65% of utltiniate strength. Tabs were

rmbonded with a different adhesive and the tests were rerun. Modulus and proportional
liLit Wear obtainod from data recorded durizn first test. Ultimate strain values could
not be obtained during second test becase of strain gage eAsoa when first set of tabs
dabonded. Value ropqrted represents strain when tabs debonded on first toet.

Three of five speciinns exhibited evidence of buckling.
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TABLE 25

FLEXURAL PROPERTIES OF SiC/5506

COMPOSITE LAMINATES

Composite Material Properties

Material System - SiC/5506 Prepreg by - AVCO SiC/EPoXy

Fiber - 5.6mil Sic Matrix - AVCO 5506 L.
Maximum Rated Temperature - 35O0F(177*C) Laminat SPl. Gr. - 2. 0 iResin Content -19.4% by wt Nominal Ply Thickness - 0.0069 inch
Fibes Content - 58.9% by vol. No. of panels from which specimens were tested
Void Content - 50% by vol. in this table -' 2

Thickness of each type specimen'.. 0* - 14 ply ; go* - 14 ply

FLEXURE. 0*

-674'J-5•oC) 72*F(221C) 2601F (127*C) 35IF (171C) .

fu [ksil(MPa) [324.9] (2239) [314.6] (2168) [189.31 (1304)1,2 [120.0] (827)1,2Fx

Stnd.Dev.[ksi](NPa) [8.1] (56) [10.1] (69.6) E21.6] (148) [6.5] (45)

Range [ksi](MPa) [317.9-336.4] [298.0-324.1] [166.1-217.21 [109.9-126.2]
(2190-2318) (2053-2233) (1144-1497) (757-870)

No. of Specimens 5 5 5 5

Ef [Msil(GPa' [31.91 (220) [31.8] (219) [29.63 (204) (30.41 (209)
x

Stnd.Dev.[Msi](GPa) [0.71] (4.9) [0.48] (3.3) [0.94] (6.5) [1-82 (12)
No. of Specimens 5 5 5 5

Test Method 4 pt. flexure } Corresponds to ASTM P790 except for

Reference Design Guidei Jan. 1971 loading points and loading speed

FLEXURE: 90*

fu [ksi](MPa) [15.86] (109) [14.53) (100) [11.08] (76) 16.96] (48)2
y

Stnd.Dev. ksi](MPa) (1.3] (8.9) [0.78] (5.4) [1.35] (9.3) 10.631 (4.3)

Range 5ksi) (MPa) [14.94-17.26] [13.45-15.53] [9.96-13.211 [6.09-7.741
(103-119) (93-107) (69-91) (42-53)

No. of Specimens 5 5 S

Sf [Msl] (GPa) [2.711 [19) [2.34] (16) (1.441 (9.9) [0.851 (5.9)y
Stnd.Dev. [Msi] (GPa) 50.18] (1.2) [0,13] (o.9) 10.181 (1.2) 10.031 (0ý2)

No. of Specimens 5 5 5 5

Test Method 4 pt. flexure ) Corresponds to ASTH D790 except for
Reference Design Guide; Jan. 1971 loading points and loading speed

1 Specimens underwent abnormally large deformations and exhibited interlaminar shear failure

rather than tensile failure on bottom ply.
2 See following table for flexure properties using a three-point loading sode.
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TABLE 26

FLEXURAL PROPERTIES OF SiC/5506
COMPOSITE LAMINATES

Comoesito Material Properties

Material System - SiC/5506 Prepreg by - AVC0 SiC/Epoxy
)Fiber -5.6 mil Siicatrix - AVCO 5506
Maximuz Rated Temperature - 350"F Lmnate Sp. Gr. 2.4

Nominal Ply Thickness -00061 inch

Fiber content - 61.1% by vol. No. of panels from which specimens were tested

"Void Content - 0.5% by vol. in this table . 1
Thickness of each type specimen: * - 14 plief go. - 14 plies

FLEXURE: 0*

_________________ 67F(-5C)72*(22*C) 2E0"1'(27-C) 350-F (177;Cl

SIksi) (MPa) [316.7] (2182) [175,51 (1209)•

Stnd. Dev. [ksl] (MPa) 17.21 (49) (5.43 (37)

Range [ksil (MPa) 1308.7-322.91' [173.8-182.91
(2127-2225) (1197-1260)

NO. of Specimens 4 4

xf (*ai)4G~a) [29.01-. 200) 124,6] (169)
Stnd.Dev. [Msi] (GPa) 10.91 (6) 10,8] (6)

No. of Specimens 4 4

Test Method AM D79n, Method I C3 pt, flexural
Reference

FLEXURE& 90'

F u ksij (Ml') 1%,893 (0.)Fy
Stmd.Dev. [kail (Ma) 11,51] (10)
Range [ksil (MPa) 18.20-11.30]

(56-78)
No. of Spocimens 4

f
E (HMsi) (Ga) (1.031 (7.1)y
Stnd.Dev.(Msi](QPa) (0.113 (0.8)
INo. of Specimens 4

Test Method ASM D790, Method 1 (3 pt. flexure)
* Reference

ISpecimans failed by interlaminar shear rather than tensile failure on bottom ply.
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Ans~~m Uutfda1 -Sib t

So of~5O pa=&U -f - fo ~cms ontoa
- S.Aaib V I tmt +Ad --

vad COW64 -emaz AC50')

ftiWMs of 'eaCh twe Specimen. InpIAan la 'y I ntioxilsaiaar -125 21

_____________ -67*r(-s5c) =.2,9 S5=P*12 -3 5Q!'WvmC~1

;L a (9.861 (67.9) TO661 (59.7) [5S.76 (39.S) 'i = 03)

2Sn&.Dev. Iks (MPa) 10.603 (4.1) (0.291 (4.0) TO.421 (2.9) 104-491 t05)
EZ Mi ()si("Pa) 18.85 - 10.321 (8.26 - 8.9•1 15.33 - 6.231 L3.43 - 4.0a]

(60.9 - 71.1) (56.9 - 61.9) (39.5 - 49.5) (26.4- '29.2)
'No. of Specimens 5 S S S

[mail (G0&) t1.071 (7.37) (0.741 (5.10) 10.361 (2.4") [0.141 (0.99)

-Staid.Dev. [Mail (G. 0.0031 (0.02) EO.061 (0.41) (0.041 (0.25) (0.031 (0.21)
!No. of Speclmens 5 S 5 5

Vest Mmethod +45 straight-uided tezieioin
Refer•nce J. cmEoift tla. (Vol. 6, p. 252 a Vol. 7. p. 1241

Ib'RLKJUIAR SHMA

risu UrMsL](MA) 121.31 (147) 115.01 (103) 19.11 (63) [8.01 (55)

St4.'Deyv. (Xsl (AW&) 1 0.21 (1.4) [0.23 (1.4) (0.33 (2.1) [0.43 (2.8)
ýF(121.1 21.71 (14.8 -15.31 [8.8 - 9.61 17.5- 8.61

(145 - 10) (102 - 105) (61 - 66) (52 - 59)
No of Spe•niia 5 5 5 5

Test Method
Refer 2344
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30 B

25 
D

20-
TEST WEIGHT GAIN DURING

"F CURVE TEMP HUMIDITY AGING

1b5 (OF) K_ BY__ WT.)

SLJA 72 0 - DRY CONTROL

10 B 72 0.76
IO C 72 1.31 - SATURATED

D 260 0 - DRY CONTROL
5 E 260 0.79

F 260 1.31 - SATURATED

O00 0.005 0.010 0.015 0.020 0.025 0.030
STRAIN(IN/IN)

Figure 35. compressive Stress-Strain Curves for Unidirectional
SiC/5506 Composite Laminates After Humidity Aging
at 160OF (710C) and 100% R.H.: 90g Fiber
Orientation.
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FP PTABLE 29

CREEP PROPERTIES OF SiC/5506 COMPOSITE LAMINATES

F i b"• - 5 .6 a i S LC m a t r x - A V O0 5 5 0 6 4 1 M C p C r 2 3

Imm Tprat e Rt - 3.P(177.C) Noial Fly Thickness - 0.0065 inchT Rusin contenRt - 19-21 by wt. No.• ofpanl* from wic secmes -we0"

Thcns of et•l type pivn
A,•iTest Met~hod Straight-sided• tansion (0/:t45/90). - 20 ply

Reforence - AST D2290 And D3039 245*- 8 ply

vw"Xeature (o,+4S,-45,0.0.--45,+4S.0,90. 0))

72*1"(22C) Stress Loval Mig I (PWa) (83.5) (575) 11,861 M.50)
Creep Strain, 5W0 hx(%) 0.0121 1.0280
no. of Specimens 3 3Reida strnghLai SC[• P) 1105.3) (726) E16., !-: (117)

no. of specimens 3 3

stress Level Mkai)[ Pa) 171.61 (493) 112.131 (93.58)
Cre ftrain.D 500 bLT(') 0.0102 0.5312
no. of Specimens 2 3
Residual fterngtb(ikil MOa 1102.71 (70M) (17.243 (jig)
me. of Speazmens 2 3

Stresa Level Vxxia(Hpa) (59.63 (411) 110.39) (71.59)
Creep Strain, 500 hV(S) 0.0070 0.448D
go. of specimes= 3 3
Residual Stvangth~kal] (CPa) (102.5'(706) (17.3 (119)
go. of•specim" 3 3

260,F(127-Cl Stress .a, evlM [ )(k10) (70.01 (564) (8.076 (35.60)
Creep trai. S00 0.033138 3_1

No. Of Specimens 1

Resiual Stregthkail a) 1106.61.(734) E17.861 (123)

No. of Specimens
,treos Level (kajl eWa) E70.31 (404) 15.761 (39.69)

Creep Strain, 500 hr(t) 010180 3.31728
No. of specimen 15,7 2
Residual Strength kail3a) [101.41(6) [15.371 (109)
no. of specimens 3 3

Stres• Leve [•1[J(Na) [55.61 (404) (5.121 (35.29)
Screop straiUn, Soo t•(O) 0.02.1.6 1. 3=22

ResdulL 5trongthikail OVA&) j105.61 (728) 116.571 (111)

350*r(177*C) Str&I Lyeal [k&J'IIVa) E60.41 (416) 13.171 (21.84)
Creep Strain. 500 hr(t) 0.0674 _-.3
no. of Specimens 1-.' 3
Nei4dal Stromthiksl] (We) [94.1: (649) --
No. of Specimw. 2 0

stress Ial [ksRi( Own) [1.591 (10.96)
creep Strain, $00 b[i) ---4
Mo. of Specimens
Residual Str-nath•n'i3 (IW-) [15.684 (106)

Creep strain, 500 br(')
Stros Loyal (tai] (1I1o) (1.193 (5.20)

NDo. ofecimens _
3.564,a2 St. thbikoil (HPa) (15.351 (106)

* Som. of Specimans

S-7-5t:Strain exceeded limit* of 90905 earlyr, nest. Two ecieens faile during toot.2
Strain exceeded 9096 limit during test ?A one specimen.

3A11 three apecinanm ftiled within first ton minutes.
"4StraI4 exceed limits of gages early in teat.7•5030o speime fale oft oki•Ls

67 tr"Asiavaes nalfumotioned anto seies
Strain gave malfunctiuagd QAone spoepcime.

97
- A , , i I +



i
ZOO0015,000 • 15.86k,|

72*F

I0,000 I0.39ksi

•, 5.0oo
.£
•k

zS40,0(3O
l-cn - 5.76 ksi

30,000

260* F

20,0 O0
T 5. t2 ksi

Io.ooo

0 t I [ • 1
0 tO0 200 :500 400 500

TIME ( hrs }

30,0oo

S20.000._ _ 1,59 k=i 850= F
= f" • 1.19 ki

• = io •xx)
i ! I ..... [ i t i

I-

O0 2 4 1-- 6 8

i TIME (rain,)
|

•.t " " Figure 36. Tensile Creep Behavior of Bidirect.Lonal SIC/5506

I Composite Laminates: +45= Fiber Orientation.
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50005

4000716li
T2* F

- T000 59.6 ksi

20001k, I L

S 5000--0 .- 1 82.0 ksi

2600F

1 5000

00 6.4 ksi

350" F

S~~3000 , .. LI

0 t00 200 300 400 500

2 TIME (HRS)

Figure 37. Tensile Creep Behavior of SiC/5506 Composite
Laminates: (0,+45,-45,0,0,-45,+45,0,

9 0 '0 ) s

Fiber Orientation.
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TABLE 30

STRESS RUPTURE PROPERTIES OF SiC/5506
COMPOSITE LAMINATES

Copo sit.e Material Properties

Material System SiC/EPc.y/
Fiber - 5.6 mil sic Matrix - AVCO 5506
Maimum Temperature Rating - 350*F(1770C) Prepreg by - AVC0
Masin Content - 19.2% by wt. Laminate Sp. Gr. -- 2.34
Fib~er Content - 58.0% by volt. Nominal Ply Thickness - 0.0065 inch
Void Content - 1.1% by vol. No. of panels from which specimens

Test Method - Straight-sided tension were tested in this table - 16
Reftertnce - AST h D2290 and D3039 Thickness of each type specimen:

(0/245/90) - 20 ply

+-45 - 8 ply

STRESS RUTURE

Temperature Fiber Orientation (0, +45,-45,0,0,-45,+45,0,90,0), +456

120F (22eC) Stress Level[ksi)(MPa) [83.5] (575) [13.861 (95.50)
Time to Failure(hrs) 500+ 500+
No. of Specimens 3 3

Residual Strength(ksi](MPa) 1105-:11 (726) [16.931 (117)
No. of Specimens 3 3

Stress Level[ksi](MPa) 171.61 (493) [12.131 (83.58)
Ti•e to Failure (hrs) 500+ 500+
No. of Specimens 3 3
Residual Strength[ksi](HP0) [102.71 (708) (17.241 (119)
No. of Specimens 3 3

260*F(127*C) Stress Level[ksig(MPa) [82.01 (565) [8.071 (55.6)
Time to Failure(hrs) 500+ 202+1
No. of Specimens 3

Residual Strengthkksi)(MPa) [106.61 (734) 117.86! (123.1)
No. of Specimens 3 1

Stress Level~ksi9 (Mfa) (70.31 (484) (5.76) (39.7)
Time to Failure(hrs) 500+ 500+
No. of specimens 3 3

Residual Strengthlksi] (MPa) [101.41 (699) [15.871 (109.3)

No. of Specimens 2 3

350"F(1779C) Stress L-evel1ksi)(MPa) [60.41 (416) [3.171 (21.8)
Time to Failure(hrs) 500+ 0.08
No. of Specimens 2 3
Residual Strenqthtk.i1j(MPa) [94.11 (648) ---

No. of Specimens 2 0

Stress Level[ksi9 (HPa) (1.59) (11.0)
Time to Failizre(hra) 346+
No. of Specimens 3
::vsidual Strength[ksil (Lea) (15.681 (108.0)
No. of Specimens - 2

4,ke opec n survived for 500 hra. without failure.

2Two specimens survived :or 500 hra. without failure.
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TABLE 31

Xý FATIGUE PROPERTIES OF SiC/5506

COMPOSITE LAMINATES

Composite Material Properties

Material System - SiC/5506 Prepreg by - AVCO Sic/Epqs
Fiber - 5.6 mil SiC Matrix - AVCO 5506
Maximum Temperature Rating - 350PF(177'C) oaminlte Sp. Gr. - 2.34
Rsin Contet - 19.2 by t.Noinal Ply Thickness - 0.0066 inch

Fiber Content - 58.1% by vol. Na. of panels from which specimens were tested

void Content - 1.0% by Vol.ifthsabe-1
Thickness of each type spccimen;.

Test Method - Straight-sided Reference - ASTM D3039 +45* - 8 ply
71. tension 0/t45/90 - 20 ply

. ,,TENSILE FATIGUE, R-0.1

Temperature Fiber Orientation +45' 0/+45/90(l) 0/+45/90tl12)

72-F(22-C) Max. Stress[ksil(MPa) [12.121 (83.5) [77.5) (534) [63.31 (54)
Lifetime (cycles) 3,534 11,644 7,237
No. of Specimens S 5 .4
Residual Strength[ksii (NPa) ---....
No. of Specimens 0 0 0

Max. Stress[ksilf(Pa) [9.533 (65.7) (65.63 (4521 (75.03 (517)

Lifetime (cycles) 94,9743 475,4393 114,479
No. of Specimens 4 4 5
Residual Strength[ksil (mPa) ---
No. of Specimens 0 0 0

Max. Stress[ksilz(MPa) [7.791 (53.7) [59.61 (411) [62.53 (431l
Lifetime (cycles) 2.663,831 3,463,243 1,895,681
No. of Specimens 4 5 4
Residual Strength[ksij (M~a)
No. of Specimens 0 0 0

2601F(127'C) Max. Stress[ksil(MPa) [8.063 (55.5) [70.33 (484)
Lifetime (cycles) 2,118 3,110
No. of Specimens 5 5
Residual Strength[ksi] [MPa) .....
No. of Specimens 0 0

Max. Stress[ksi](MPa) [6.343 (43.73 [64.51 (444)
Lifetime (cycles) 75,7443 111,0733
No, of Specicens 4 4
Residual Strength [ksil (MPa) ......
No. of Specimens 0 0

MaX. Stress[ks&)(fPa) 55.768 (39.7) 158.63 (401)
Lifetime (cycles) 107+3 346,552
No. of Specimens 1 4
Residual Strength [ksil (jPa) [14.63 (1002
No. of Specimens 1 0

NOTEs 1. Stacking sequence was (0, +45, -45, 0, 0, -45, +45, 0, 90, O)s.

2. These specimens had a 0.1935 inch (0.491 cm) hole in the center of the test
section. Stresses calculated using net cross-sectionasl area.

3. Excludes data for one specimen from bed panel.

101



--Q

0 
-O

rn

CQo

rr

.,4

*o 0

.0

w 0 

1

"'4

7'i

100
,F4 II I

U1 oN

E-4-e

I!I~uI1 -v.4

co w +

os~m~ms ormownwix

i-arz
14

102



M -4-D

o o

I)/A -ý4•

00

4.1-1.0

0 w

2• ooi

43

0.

.-- _. ,.,,o

N LAO
*W

in o i o •io

141

'-4)

I.-9

1030



.4

0

0

0 $0

00

,-Ag
-4,-

Do

,4

-ow
44 %

000

0 00

n4 n4 n

-4JI

44 L

* 0 00

U) 43

CC

co OD

Q)"SS81 010A i=wi
tri

104



STABLE 32

STHEM YSICAL PROPERI3 S OF SiC/5506

S~CONPW•ITE LAHMINTES

Composite Material Properties

Material System -• 1W55"O pleping by - LV(D I PLC/Eox.
Fiber - S.s ail SiC matrix - AV•O s506
ftxiWDa T••perature Rating - 350'F(17700 Lazeats Sp. Gr. - 2.35

Rosin Contet - 19.1. by wt. Average Ply Thickness - 0.0065 inch

Fiber Content - 58.-4 by V0. So. of panibls from which vpecimons were tested

Void Content - 1.0% by Vol. in this table - 4

Thicknoss of each type speciaen: Spec. Ht. - l.lYTherm. Exp. O& 90 - 40 ply •herm. Coe. - 40 sr Glass Trans. Pies
+ 455 8 p pySp s

THERIOPHYSICAhL PROPEkTIES: 0O
tTe-

_67%F(N5-SC) 72'F(22-C) 260*F(127'C) 350*Fl(177'C Tst
Method

Thenral Expansion-
ax1pi/in-(F) cW/cm-'C) [1.34) (2.41 (1.563 (2.81)2.01] (3.62)[2.231 (4.02) TX&2

oyi[uin/in-7)U(ic!/ci-*C) 17.89)(14.2) 19.56] (17.2)[18.8] (33.9) 37.81 (68.1)

No. of Specimens per 3 3 3 3
direction

Specific Heat
Cplbt`z/Ib.--F1(/kg9-C) 0.186) (778) (0.2211 (924)[0.2-9)(1170) 10.3093(1292 DWC3

go. of Speciam~s 3 3 3 3

Tbermal Candnctivity1

k (btu.-ft/ft 2
_-hr-'_F [0.5121 [0.5723 [0.62J.1 10.6151 C'rparativa

(W/-4C) (0.885) (0.990) (1.074) (1.064)
no. of Specimens 2 2 a 2

Glass Transition Temp, 4
1-y F1r)C) [3941 (20T)
wet I[ r•:CI [2933 (145)

THERICPHISICAL R0PERIESWt '.A•

Thermal Expansion
1

hLJ/ni n-'P)(jJcm/ca-*C) 2.0J] (5.10)[3.333 (6.00)13.521 (6.33) '.073 (7.32! TMA2

No. of Specimens ptr 3 3 3 3
direction

Thermal Conductivity'
* tk [btu-ft/ft 2 -hr-F3

No. of Sp•cc mans

WMk S:1.On th? unidirectionally reinforced specia•ans, the x-direction is along the fibez
axis, the y-direction is (rross the ilber axis, and the a-direction is through
t.e thickness (identical to the y-direction). On +45' bidirectionally reinforced
specimens, the x and y &rections are identical and oriented at 43' to eithar
fiber direction, while the z-direction is through the thickness.

2. Ther.o-hecnu, ical Analysis.

3. Differential Scanning Calorinetry.

4. Oynamic Mechanical Analysis.

' scamen hmeidity aged to saturation at 1604F (71'C) and 100% R.N. prior to testing.
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4.3 HyE 2034D

This graphite/epoxy system consists of a pitch-based
graphite fiber (VSC-32) from Union Carbide in Fiberite's 934
epoxy resin system. The fiber has nominal tensile properties
of 300 ksi (2067 MPa) strength, 75xi06 psi (517 GPa) modulus
and 0.4% elongation with a specific gravity of 2.05. It was
given a finish treatment by Union Carbide to enhance its
interfacial bonding to epoxy resins. The resin is a 350OF

(177 0 C) curing epoxy system.

Tables 33 through 46 present the data generated for this
graphite/epoxy system. Figures 41 through 57 illustrate the

stress-strain, fatigue, and creep behavior of the material
as well as the effects of humidity aging upon selected composite

properties. In addition a preliminary data sheet, distributed

by Fiberite, is presented at the end of the section with a few
selected property values generated by various sources.

While the high modulus of the VSC-32 fiber is reflected

in the composite properties, the static strength levels exhibited
by this system are uniformly lower, and in most cases substan-

tially lower, than those exhibited.by the other five systems
tested. This is probably due to a reduced level of interfacial
fiber-to-resin bonding. The pitch based graphite reinforcing
fiber in this systcm was given a finish treatment to enhance

its bondability to the matrix resin but the treatment still
does not appear to be capable of providing the level of inter-

facial bond strength which is achieved with the nominal 30 Msi
(207 GPa) modulus PAN based graphite fibers used in the other

systems (Thornel 300 or G-160).
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TABLE 33

PROCESSING CONDITIONS FOR HyE2034D COMPOSITES

Composite Processing Information

JMaterial System -HyE 2034D
Fiber - VSC-32 Matrix - 934
Maximum Rated Temperature.- 35 0 *F (177*C) Prepreg by -Fiberite

Laminate Processing Schedule

Layup Procedure: The prepreg was stored in a closed wrapper at 06F (-18C).
Prepreg was warmed to room temperature before removal from wrapper to prevent
moisture condensation on prepreg. Plies were cut to desired size with razor
knife and stacked in desired sequence (release paper removed from each ply).
The stack was placed in the autoclave according to the layup system illust-
rated in Figure 41. The corprene edge dam serves to restrict fiber flow.

Cure Schedule: Apply full vacuum and hold for 1/2 hour at room temperature.
Heat to 2500P at a rate of 2-5*F/min. When temperature has reached 2506F
apply 100 psi above bladder (while retaining vacuum). Hold at 250 0 F for
45 minutes then heat to 3506F at a rate of 2-5 0 F/min. Hold at 3506F for
2 hours then cool to 150 0 P at Z-50F/min. Release pressure when temperature
has reached 150*F, then release vacuum and remove panel from autoclave.

Postcure Schedule: None.
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TABLE 34

~I7 PEEPREG AND COMPOSITE PHYSICAL PROPERTIES

S Composite Physical Property Iftforamation

Y-aterial System - [lyE 2034D HNG/Epoxy
Fiber - VSC-32 Matrix -934 1
M1,axiwmum Rated Temperature -350*F(-177*C) Prepreg by - Fiberite

Prepreg Physical Properties

(Property) (Stnd.Dev.) (Range) (Test Nethod) (Ref.)

Volatile Content- 0.67% by wt. 0.04% 0.62-0.69 QCI-C--V-14 Fiberite
-Resin Content- 39.2% by wt. 0.9% 38.3-40.2 RIS Fiberite

zv-ýsan Flow- 22.4% by wt. ----- QCI-C-F-42 Fiberite
Gel Time - 12.45 min 0.20 muin 12.23-12.63min G2 Fiber-ite
No. of Rolls Involved - 1
No. of Batches Involved - 1

Laminate Physical Properties
1

(Stnd.Dev.) (Range) (Test Mlethod) (Ref.).
No. of Panels- 33
Fiber Content- 68.0% by vol. 1.5% 62.9-70.1% Acid Digestion
R~esin Content- 24.5% by wt. 1.0% 23.0-27.0% 41AFlL-TR-67-243
Void Content- %0 D2734 ASTN
Laminate Sp. Gr.- 1.80 D792 ASTM
Fiber Sp. Gr.- 2.00 As reported by Fiberite.
Matrix Sp. Gr.- 1.30 As reported by Fiberite.
Thic'kness per ply- 0.0049 inch

11 'The properties reported here represent averages for all panels of this

j I naterial used throughout the program.
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PiPL-C ANALYSIS

SAMLE (CoNC:.fZL J S•APLE S- .
MOBILE PHASE xAE'* W. cn PHAS I-

'FLOW RATE----!& ----~~ rPoWtc'Y-jns--w

ATIEHUUH JLZ: '7':O4 IVV

CHART SPEED--..... 0 FULL SCALE

DOPERATO'V L-:---

"I

INSECT 11:54:21 1 7

ii4
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HPLC ANALYSI$
SAMPLE (COND li~4t~A. SAMPLE WE---- ----

MOSIL- P--E---~4... MOSLIE PHASE Ž--- tr-------FLOW •T .. R.0 -- - .COUM(S............DE ..EC .•JotT ....

ATTENUATION 3% WAVE L..... -MC

CHART .P.ID . FLL SCALE ,V)-. a. ....-

.IMECT kI:20n:. i,-

1 7:

coCOYMi 4 r /' •93

S)11422

ENO OF RUN

Figure 43- HPLC Analysis Of Benzaldehycde. :
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TABLE 35

TENSILE PROPERTIES OF HyE2034D COMPOSITE LAMINATES

rsyrIal r•ytn.. - If+vg 20340 Proprej by - FLbetl•et .,/£r,•

- VSC-32 "etr.ix - 034

!.Uxiii RPmted PrLu.r;-4turC - 350*F'(177C) Lii.awta Spl Tc - 004ox-
_"-.;in Cuntant - 1., ut. lt+ninl Py Thickness - 0.0049 Wth

1/it-nI NOtn on .~H. 9f paanle iraw which spAciasqs wore testedVAsi. Coqtnnt - a % by V in, this cb4e - 6

-'tnnof e xh tye speetaun. o*-9py ;00' - 15 ply

Tmc510M '

..&6tJ -T;C) -7~72( 22) 3_______ SoulV(77Cl

x Ilk si)I4t ') (122.33 (043) t£106.5 (734) (133.S (920) 1135.03 (930)
*iui. Bev. ft. i I:.•Tal 129.21 (20%) 132.91 (233) 126.71 (184) 126. 1l UW~)

s((npa) t.7-157.01 172.1-151.61 096.5-167-31 iUZ0.o-ies.oj
(625-1082) (497-10441 (665-11S3) (291-1371

r.O. of Specinens 5 5 5 S

*r L (ksi:.UfA:) 1122.31 (84) 1 .1".S) (7341 [133.53 (920) t3.01 (930)

ES (si|{l (Qa)2655.9) (35) (44.5! (•7) (48.43 (3331) (40.7 (338)SjtndAflv.£Mksi)(Viral 109.63 (73) 133.813 (231) (32£2)3.)26

no. Of Specinont 5 5 5 5

C; .|Him/in) (W.1cs) 2150 2 ) 2120 (6
to 21O O 250 5260

stnd.uav- 550 570 2L•O S20

jg . of Specinns 4 5 5 5

X 0.30 0.22 0.32 0.30

Stnd. Ow. 0.06 0.17 0.0S 0.04
No. of Speclirýns 3 S S S

rcst meth•d Streiqt-sidedtension

UIt61t9 90*

rtu ksi S(iIOa) £2.19) (1S.1) (2.071 (14.3) 11.731 £11.9) (1.47) (10.1)

yStf.rd.cov.lkzil](!Wa} (O-S21 (3.6) 10.241 (1-7) 10.381 (2.6) 10-321 (2.21

FPiny (1.S6-2.-8| 11.81-2.341 11.24-2.211 t0.91-.-921
(10.7-16.5) (12.5-16-.i) ( .5-15. 2) (6.3-13.21

fta. nf Specimns 5 9

r fksiI(XAW) (2.19) (15.1) (2.071 (14.3) (1.73) (11.9) [0,371 0S.?)

str•d.Dev. fksil (V3A) (0.523 (3.6) 10.241 (1.7) (0.331 (2.6) (0-271 (1.9)

of so pcie-_ns £ 5 S

" "t (ZAsij) l, ) (0.%?3 (6.3) 10.687 (6.03 (0.70) (5.4) L0.981 46.8)

UWJ.D..v. ItF.sil (•1-a) 10.101 (0.7) 10.-03 £0.2) (0.011 (0.07) (0.16) (1.2)
Mo. of Speciwnn 5 S 5 10

WC v i/n (ipcn/cnl 2260 2300 2220 1844

2tnd. 0-,. 490 2-97 507 3

:.o. aof cic.f S 3 5t L

S.00S 0,00.1 0.o05 0.0061

n. v. -- ---

1Q.~A-W Wf039c~vn

CoIlAo~d S~w Iai:mdl ý oqtrdicghutL zttniOfl

2 i 112 I I I II ! [



j

240

TRANSVERSE LONGITUDINAL
STRAIN STRAIN

200

160I350*F 3500F
2680V 67 260*F

-67"T -6TI
120

-7rF 72*F

* I 21 807

- 40
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Figure 44. Tensile Stress-Strain Curves for Unidirectional
HyE 2034D Composite Laminates: 00 Fiber
Orientation.
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TABLE 36

TENSILE PROPERTIES OF HyE2034D COMPOSITE LAMINATES

H,,Atrial t~y,;tc- - lyr ± 2034D brup-ag by - Fiberite j l|M/Epoxy

Fil- - V::C-32 K ' 934 Laminate !:p. Gr. - 1.80
J:ixl., t :td 'roemr-iLaur - 350"F(].77°C)

ikaximain !:at(:itdr~t - Ot~ 3 Nominal Ply Thickness -0.0051 inchResin CU-nlnt - 24.0% b)y wt.

Sbc-r Curhnt - 67.9% byvol. N:o. of pancls from whith specimens wero tested

Void Content -U0 in this table - 30
,j~hchness of specimen - 8 Ply

ONNSIOIN: 445*

_______ 27-11-(2T; £k6vF(111Tr- 350*F( 77*C)..

r tu iks3I(Hpa) [11.061 (81.7) 110.85) (74.8) [9.39) (64.7) [8.761 (60.4)

Srnd.Dv. 1kzi) (I.W') 10.461 (3.2) [ 0.351 ( 2.4) D).291 ( 2.0) 10.343 (2.3)
*ia•ge [kni1 (H&') 111.34-12.453 [10.29-11.10) 18.95-9.75] (8.42-9.131

(78.1-85.8) (70.9-77.0) (61.7-67.2) (5a.0-62.9)Fo. of Sp~ecimrns 5

rtPi lksi)(kma) 14.263 (29.4) 14.58]' (31.G) 13.5n) (24.1) 12.951 (20.3)
Fx

Stnd.Dcv. [ksi) (Wa) 10.381 (2.6) 10.341 ( 2.3) 11.031 (7.1) 10.391 (2.7)
No. Spocsmens 5 5 5 5

F. [t4si] (apa) 13.501 (24.1) 12.74) (18.9) 12.23) (15.4) 12.411 (16.6)
x

Stnd.Dev. [Nsi] (CPa) 10.11] (0.8) 10.071 (0.5) 10.511 ( 3.5) t0.301 (2.1)
No. of Specimens 5 5 5 5

C tu [pin/.in] (lcm/cm: 4500 5780 6390 7680

Stnd. Lev. 480 640 2480 950
No. of. Specimens 5 S 5 5

v 0.74 0.87 0.8S 0.96

Stnd. Dev. 0.04 0.12 0.11 0.14
No. of Specimens S 5 5 S

Test Nctixod AST" D3039
Reference
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TABLE 37

TENSILE PROPERTIES OF HyE2034D COMPOSITE LAMINATES

•il.t-rial :;yt.tv.f - 1IyF 20340 PreprA-9 by - Fi..rite I "G/10)q,.
ilr- vttc-12 M~trix 1)34~

Xaxi~.iz. l.•s., .rotato - 3WMI'iL77C)
P'-.in C•t.nL'.s - 24.3% by wt. Nounl t'iy "lit ,. - 0.004 •Ch
F~tAr Cot-i 67.71 lo vol. Wo. at riakw~l, from Whuich UL&iwn w aSWro toutedA

VQ(6 ~ . - 0in this t~able -

7hickswiv. of c-cl type speciuw.vA 20 01Y

•TWSNOUtz (0. +45, -45, 0, 0. -4S, "S, 0. 50, G)

x (ksilIa) (75.01 (522) k83.8) (577) (82.1 (570)
• 5td.Oo,[ksto.•a) |8 1|561 (3.31 (231 [0.71 (601

p.anq tk.-.i) } (Ia) [65,7-03,0) (80.4-88.2 (71.4-90.81
(453-5721 (554-608) (492-626)

No. ot Spcieozn S S S

.. I [lsi(Naa) (67,11 (462) (83.81 (577) L82.81 (570)

Stne.Tlv. jksiI(2 a) 17.91 (U4) 13.31 (23) (5.71 (60)
N Io. of Sp,~.:.ens 5 S

• *: ~x [MIIGP) 28.41 (196) 126.71 (144) 128.01 (19g3)

SMVvtlisil(GMO (11.? (12) 11 (a) (3.91 (27)
N2. of Specimens S,

ft
61 2if/~3(*a4a 725 :1100 2720

SSta. 0eV. 320 360 190
No. of Spe•imen s -

.4tX 0.415 0.400 o.382

Stad. 0ev. - 0.044 0.071
no. .d Specimtas 5

Test T Nt.*4 AEhM 03039

MSXIZhI (0, +45, -45, 0, 0 -43, +45, 0, 90, 0), with 0.1935 i 0h .4291

tu "(ksil (fta) t64.71 (446)

(6.1 2-67

to. of Sp:ec-imons S

'rl lks:.I (MP*a)

srtd.Dev. (ksi) (Br'a)
So. o!' Sijcimens

. SU• .I•(,l (CPS)

stnd. Dv. IIgil (CPa)

Ctu Imin/1h1 1p0C/c~m)

Wl. of SIv.pans

t

LItid.rm.
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Figure 47. Tensile Stress-Strain Curves for Multidirectional
HyE 2034D Composite Laminates: (0,45,-45,0,0,-45,45,
0,90,0), Fiber Orientation.
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TABLE 38

COMPRESSIVE PROPERTIES OF HyE2034D COMPOSITE LAMINATES

composite mterial Proverties

,Uato±ial. System - Hy 2034D Propreq by -riberite
riber - UC-3u matrix - 934 S .8
•.xxim Fated Tompexaturt - 350'[7') Laminate Sp. Or. -
IResin Cont.;t - 23.7% by tt. hickness -0-00" -4rihFRoir Content - 23.1% b - ik . of panels from iwhich specimens uwre testcd
Fieri Content - 691 by IA1 tin sj table - 2

Thickaess of each type spoe~ z 0o - 20 ply ; go - 20 ply

C0Mr'ESSI'GH 0*

_______ _ -7'(-5.5"__ 72FP (22-C) 260'r(127*c) 353(177"'C

t7 [ksil m4Pa) 153.1] (371) 148.511 (334) [42.003 (289) 142.031 (290)

Stnd.Drev.[kzsi(MPa) [5.691 (39) I$.713 (39) [6.63] (46) 16.951 14S)
Ramge [1"i] (r-a) 1[45.87 - 61.24J 141.91 - 55.561 [31.16 - 48.001 132.21 - 48.531

(31C - 422) <289 - 383) (215 - 331) 1222 - 334)
No. of Specimens 5 5 5 4

F [ksi](MPa) [35.66] (246) [25.773 (178) [22.75: (157) 12S.27] (174)

X
Stnd.L)ev. [ksi] [MPa) [6.28) (43) [12.811 (88) [9.731 (67) [L.08] (SO)
No. of Specimens 5 5 5 4

Ec [Msij(GQa) [37.031 (255) [45.901 (316) [44.293 (305) 143.42] (299)
X

Stnd.Dev. [Msi)(GPA1 [3.701 (25) [10.67] (74) 17.77] (54) [8.423 (58)
No. of Specimense5 5 5 5

X Cu [pin/in) (IjcVra) 1740 1300 1320 1180

stnd. Dev. 230 290 240 so
No. of Specimen$ 5 5 5 4

Test Method ASTK D3410
Reference

COMPRYSSION: 90*

Fu [ksi](MPa) [19.08] (131) [17.55] (121) 1.3.05) (90) [11.491 (79)

stnd.Dev.[(ksi3(MPa) [2.673 (18) [3.301 (23) [1.131 (8) [1.583 (11)
Ranye [15.12-20.88] (15.07-22.381 [12.08-14.69) [8.75-12.50]

(104 - 144) (104 - 154) (83 - .01) (60 - 66)
NO. of specimens 4 4 S

F; P1 [ks'i I(M-) [6.761 (47) J3.171 (22) 16.583 (45) [2.191 (15)

stnd.Dav.[ksil(MPa) [6.031 (41) [2A41 (17) [0.243 (36) [1.391 (10)
•No. of SpecimenE 4 4 5 S

SEc [(Ksi](GP&) [1.76] (12) [1*621 (11) [11,141 (1) 110.92] (5)

4tnd. ev.[Msi](G~a) J0.781 (5)0 [

£y[pin/in ] (Ijcmicm) 19,900 35,950 13,880 2,4

suid. Dev. 1,6;40 12,220 3,970 5,250

No. of Speci.aens 4 4 5 5

*'luit Meth*d AST4 D3410
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Figure 4& Compressive Stress-Strain Curves for Unidirectional
HyE 2034D Composite Laminates: 0* Fiber Orientation.
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Figure 49. Compressive Stress-Strain Curves for Unidirectional
-HyE 2034D Composite Laminates: 900 Fiber Orientation.
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TABLE 39

FLEXURAL PROPERTIES OF HyE2034D COMPOSITE LAMINATES

Composite m4aterial Properties

I-iatcrial Sy!stem - 11yE 2034D Prepreg by - Fiberite bMG/f1poxy

riber - VSC-32 natrix - 934 Laminate Sp. Gr. - 1.82

1a1xitmu- Rated TCmjerature - 350'F(1779 C) Nominal Ply Thickness - 0.0049 inch
Res.n Content - 23.4% by wt. No. of panels from which specimens were tested
Fiber Content - 69.8% by vol. in this table - 1
Void C6ntant - %0
Thic).ness of each type specinen: 0' - 14 ply ; 90* - 14 ply

FLEXUIRE. 0'

-2_-67F{-S! 2f(22-C) 260F (127*C) 350°P (3772C)

Fx [ksi]I(t'a) [86.9] (599) 190.21 (621) E66.61 (459) [66.9] (461)

Stxd.Dev.[ksi](j Pa) [19.l1 ti18) 1 1.91 (13.1) [ 2.5) (17.2) 1 3.0) (21.0)
Range tksi (,IPa) 162.2-107.1] [87.4-91.9] (62.8-69.0] [63.3-70.01

(429-738) (602-633) (433-475) (436-482)

No. of Specimens 5 5 5

f [msi I(GPa) [35.3] (243) [41.6) (287) [37t5] (258) 140,31 (278)
x

Stnd.Daev.[Msi]VGPal £10.9] ( 75) 1 1.61 (11.0) [ 9.51 (65.5) 1 3.0] (21.0)
No. of Specimens 5 5 5

Test Method 4 pt. flexure Corresponds to ASTH D790 except for

Refercnct Decign Guide, Jan. 1971 loading points and loading speed.

FLEXURE: 90*

fu [ksi](MPa) (5.571 (38.4) [5,30] (36.5) [3.671 (25.3) [2,80] (19.3)Fy
stnd.Dev. [ksi I (m•a) [0.19] (1.3) [0,371 (2,54) t0.17] .(1,17) [0.271 (1.5)

Range [ksi] (41'a) [5.29-5.75] [4.80-5.721 [3,38-3.78) [.2.51-3.20]
(36,4-39.6) (33,1-39,4) (23.3-26.0) (17.3-22.0)

No. of Specimens 5 5 S 5

Ef [si])(Ga) [1.071 (7.4) [1.091 (7.5) [0.90) (6.2) [0.77) (5.3)y.
Stnd.Dev.[jsi](GPa) [0.04) (0.3) (0.061 (0.4) [0.04) (0.3) 10.021 (1.5)
No. of Specimens 5 5 5 5

Test Method 4 pt. flexure Corresponds to ASTM D790 except for
Reference Design Guide, Jan. 1971 loading points and loading speed.
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TABLE 4?

SHEAR PROP EPR S OF HyE2034D COMPOST L m

""npo• te M¶atcrlal propertin

Materi.a System, - ft- 2MUD3t Preeg by - flturktz )UwtL6XI
Fiber - VSt-32 UAZSaui- 934~
maxiwxm•w ited Tlempah ture - 3 At I I amin atl Sp. GT .c:e- I Q. .

Resin Content - 24.9% by Wt. Nominal Ply ThieAnas. -W49-r0ft

Fiber Conktent - 67-94L hy wet- No. of p~anel s from, whtceh poinns ware. targted

Void content.- 0in this tabm - I1L

Thickness of each typr spLeimen - Inplane - 8 ply I Yntorla:inar - X$

INPLAME SHEAR
-6l¶4(-55L. 72? 22 260fl'112rC Iurtl7?t

Masil(1'W [.S.,fl (,49.9 [5.433 (37.4) (4.691 3-2.314) V41.•3B (3.2"

Stnd.Dev. [ksi),(zWa4 M'-2'1 (1.6) 10.171 (1.2) 10.141 (1• .0)1 -U[174) (M3.2=)
Fange 14)L(•ea$ [5-67-6.2ZI 15.14-5.59) [4.48-1.i.. .

(39.1-42.9Y. • (35.4-38.5) (30-9-33.Q)' (.3•

No. of Specimens . 5 S,

S~ (MI±TOSnI [1.073 (7.ý4) [0.73) (5.0) 10.661 .3' [53.ayi (4-AMPMA

Stnd.Dev.{(Msij(GPaJ [0-143 (1.0) [0.06] (0.4) [0.02) (0.)) [IMO42) (OD-3•)
No. of Specimens 5 5 5 5;

Test Method ASTf D358
Reference

INTTRLAMINAR SHRAR

'izu (ksi]OMa) 18.09) (55.7) [7.183 (49.5) (6.48] (44.6)! (5583'V (W40.1)
Stnd.D-v.[ksij(NPa) (0.593 (4-2) [0.463 (3.2) 10.48) (3.3) lM2OU. (MS))
Pfange [7.51-9.06) [6.45-7.85) [16.04-7•121; [15.4a8-ý,Mj

(51.7-62.4) (44.4-54.1) (41.6--49-1) (3.,37,4MQ .5J)
No. of specimens ,5 10 S 5

Test Method Short Bam Shear 4:1
Reference Advanced Composite Design Guide -- ur.I, 1
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j

JEST WEIGHT GAIN DURING
CURVE TEM. HUMIDI1Y AGING

%BYWT.)

A 72 0- DRY CONTROL
B 72 0.79
3 1; 72 1.18 - SATIRATED

O 260 0 - DRY CO TROt
E 260 0.79

IF 1260 1. 19 -SAIURATED

C A
2

0.001 0.002 0:003
STRAINOIN/IN)

7iq~e 751 . Tensile Stress-Strain Curves for Unidirectional
HyE 2034D Composite Laminates After Rximidity Aging
at 160OF (716C) and 100% R.H..: 900 Fiber
Orientation.
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10- TEST WEIGHT GAIN DURINGIw
I,. CURVE TEMP HUMIDITY AGING
U- (OF) (% BY WT.)

8 A 72 0- DRY CONTROL

B 72 0.74

6 C 72 1.33 - SATURATED

D 260 0- DRY CONTROL
E 260 0.76

4 F 260 1.38- SATURATED

2

0 0.01 0.02 0.03 0.04 0.05
STRAIN(IN/IN)

Figure 52. Compressive Stress-Strain Curves for Unidirectional
HyE 2034D Composite Laminates After Humidity Aging
at 160 0 F (71 0 C) and 100% k.H.: 90' Fiber
Orientation.
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TABLE 42

TENSILE CREEP PROPERTIES OF HyE2034D
COMPOSITE LAMINATES

f Cuacqnt.;Luj M~, ridi P'al I..',. Lhl.o

*'lat.,.xla Ljyutu.'- 11yL 2034U 1''-J Ly - 1?•.1Mct' r! W/O .
Fli,,rc - VSC-32 Matris - 934 L l Gr - 1.80

H-txi~um Twilrtr 10iv -i 350*F177'C 0 .0050 cc

Vikhtlr Contont - 67.9% by Nao. of pawl facs laium WIWI;1lcizim; wura
via cort,.nt - ';, tulltA.O ill LIU Lacblu - 10

Thicknenu of aach typo st-vaiens

'eost Metho - Str$.ght-cidod tension (0/±.45/90) - 20 ply
R.uforaneO - ASN D2;20 and 03039 t45* 8 ply

Tocaporatubo (0,+45.-4S,0,0.-45.c-4$,0.90.0)t 44S"

72*r(22*C) Stress Level (•ksiBCNa) [60.71 (418) 10.60) (59.8)

Creep Strain, 500 hr(%) 0.0038 0 191 hx*
3  

0.1102
Vo. of Specimens 3 3
Residual Stxrolcthi1)si1 Ovas) 176.81 (529) 111.241 (77.4)
No. of SpeCinsus

S•re•s Level Eksi) (,49a) E5S..11 (3"6) [7.301 (50.3)
C"01# Stzlon, 5W h(oo) 0,0071 0.0998
Io. of Specimens 3 3
Residunl S.reqth(iwkek (1M6) 17i.51 (520) 111.30ý(77.9)
Nio. of Specimeas 2

Stress Level. ail (qa) E45.51 (313) [5.431 (37.4)
Creep Strain, S00 WIL go 0.0605
Me. of spee•Lsons 3 3.
Residual Strangth(•• l (im) 177.41 (533) ['1.333 (70.1)

No. o Spacmes 3 3

2601f(1271C) Stress Level lksij•wi.(f) (613.01 (413, [6.57) (45.3)
creep Strain. 500 W(%) 0.0036 * 7 h"' 0.2981 1 135 bra,
mo. of Specim"M 3

Resid•al Strrngth[ksi] (1')t -- [1.12](76.6)
No. of Spe•oieas 0 2

Stress Level tknil(HPa) (50.01 (345) [5.633 (38.4)
Creep Strain, 500 hr(O) -0.00884 0.2154

If*. of Specimens 3 '3
Residual Strecgthiksil(H6a) 177.01 (531) [11.971 (83.5)

no. of 51sci•a•e 3 3

Stress Lavel [kai](MPa) 140.0) (276) (4.701 (32.4)

Creep Strain, 500 hr(W) 0-0.0364 0.1419
No. of Speclowns 3 3
Residual strength[kall(0) 180.41 (554) 112.771 ( '.0)

' .No, of"•Specimens 3 3

350*F4177*C) Stress Level Ekill (HPa) [66.21 (456) [5-251 136.2)

Creep Strrin, 500 hr(tS 0.0148 6 342 bra 0.3661 # 1 hC.
1

No. of Specimens 3 3

Residua Specinenlsi (HA) 12.61(59)
No. of Speci 2

stress Level [ks()L(MP&) 54.4) (1340) (43.) (24.2)
Creep Strain, 500 hrl%) -0.00344 0.8708 I6 gS hrs.

No. of Specimans 3 3

Rasidual Srenqth~ksa&2(HPa) 176.71 (528) [1.331 (50.0)

No. of spocid 3 3

Str•ess Level Utsi] (11a) 149. 4) (340) (3t.501 (24.1)

No. of Specimens 1 3
Residual Strenth~kijk£(KPaj [75.61 (542I) 15.511 (3,0.0
Va. of speocime~ns 3 .3

:LrQk.rin 0 Ie d .j0, qw limitn ,11ircm test.
2
Throv , 1.lcimcWm fai.1e4 duri..sj test.

3Grij'jaiicq taus 4Lcanon4.' from cmo, n1wcimen .tL 226 hra. S9pccio~ne were
ri*:ttu:;L, withoUL atr'ia.n wasutcwwut And ran out to 500 h'eu without

A~~~ .. 4 furq.
SSpccimcimn cotrctions- noted at lower stress level* at aotUc 26010•127C) and
350"F (1771C). May be duo0 to relaxation of residual curing stresses.
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Figure 53. Tensile Creep Behavior of Bidirectional HyE2O34DCO-MPOsite Laminates: +450 Fiber Orientation.
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TABLE .4 3

TENSILE STRESS-RUPTURE PROPERTIES OF HyE2034D
COMPOSITE LAMINATES

Composite Material Properties

Material System 1 fyE2034D M/px
Fiber - VSC-32 Matrix - 934
Maximum Temperature Rating - 3509F(1774C) Prepreg by - Fiberite
Resin Content - 23.S% by wt. Laminate Sp. Gr. -1.80
Fiber Content - 67.9% by vol. Nominal Ply Thicknesa -0.0050 inch
Void Content - & 0 No. of panels from which specimens
Test Method- Straight-s•ded tension were tested in this table - 18
Reference ASTM D2290 and D3039 Thickness of each type specimen:

(0/t45/90) - 20 ply

S~+.45 - a ply

z STRESS RUPRE

Temperature Fiber Orientation (0,+45,-45,0,0,-45,+45,0,'90,0), +454

720F (220C) Stress Levcl[ksi](MPa) [60.7] (418) [8.68] (59.8)
STime to Failure(hrs) 500+ 500+

No. of Specimens 3 3
Residual Strengthtksi](MPa) 17G.8] (529) [11.24J (77.4)
No. of Specimens 3 3

Stress LeVeliksi] (MPa) [53.1] (366) [7.303 (50.3)
Time to Failure(hrs) 500+ 500+
No. of Specimeno 3 3
Residual Strcngth[ksl](MPa) [75.5] (520) [11.30] (77.9)
No. of Specimens 3 3

260OF(127*C) Stress Level[ksi](MPa) [60.0] (413) [6.57] (45.3)
Time to Failure(hrs) 21 425+1
No. of Specimens '3 - 3
Residual Strength[ksi] (MPa) --- [11.121 (76.6)

No. of Specimens 0 2

Stress Level[rki]((Mpa) [50.0] (345) [5.63] (38.8)
Time to Failure (hrs) 500+ 500+
No. of Specimens 3 3
Residual Strength[ksi](MPa) [77.01 (531) [11.97] (82.5)
No. of Specimens 3 3

350*F(177°C) Stress Levwltkti](MPa) [66.2] (156) [5.25] (36.2)
Time to Failure(hrs) 456+ 116
No. of Specimens 3 3
1Residual Strcngth[ksi](UPa) [82.6] (569) ---

No. of Speciimns 2 0

Stress Loval[ksi (MPa) [58.01 (399) [4.38] (30.2)
Tivde to Failure (hxs) 500+ 500+
No. of Secr.imens 3 3

I',!j•dua1l StLmcr:ghfksi1](MPa) [76..7] (528) [7.33]. (50.5)

Two sp.ecis, n• survived for 500 hrs. without failure.
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TABLE 44

TENSION-TENSION FATIGUE PROPERTIES OF HyE2034D
COMPOSITE LAMINATES

composite Fulterial Propertios

mwtcvrial Sys.tem - flyi 2034QU Proprog by - Piberite a/z
Pi)>Qr - VsC-32 Matrix -- 934

K2xil.um Temel'atuxe Ratinig - 350"F(1770C) Laminate Sp. Gr. -1.81

Resin Cortent - 24.8% by wt. Nominal ply Thickness - 0.0050 inch
Ffibxr Content - 67.9% by vol. No. of panels from which specimens were tested

Vold Content - 0 in this table - 10
Thickness of each type spcimen:

Test Hetlod - Straight-sided tersion +456 - 8 ply
Pmference - AST4 03039 0/+45/900 - 20 ply

TENSILE FATIGUE, R-0.1 (3)

Temperature Fiber Orientation +45 Q/+45/90(1) O/+45/900(112)

72'F(22*C) Max. Stress[ksi) (Mfa) [e.68) (59.8) 075.8] (522) [61.5] (424)
Lifetime (cycles) 22,706 34.123 5,148
No. of Specimens 5 5 3

R e s id u a l S tre n g th lk s i ] (N P a ) . ...... ..

No. of specimens 0 0 0

Max. Strossiksi)(WPa) [8.14] (56.1) [73.91 '(509) (60.001 (413)

Lifetime (cycles) 73,132 11,625 20,000
No. of Spe ci mens 5 3 3

Residual Strength (ksil (Mpa) .. [ )

No. of Specimens

Max. Stress [hki] (MPa) (6.511 (44.5) [72.01 (496) [58.33 (401)

Lifetime (cycles) 7,715,394 96,015 7,602,215+

No. of Specimens 4 5 34

Residual strength[ksi)CMPa) [9.801 (68.0) [79.23 (546) (70.41 (485)

No. of Specimens 3 2 1

2606F(1270C) Max. Stress[ksi (MPa) (7.98] (55.0)

Lifetime (cycles) 3,870
No. of Specimens 5
Residual Strength iksil (Ma) ---

No. of Specimens 0

Max. Stress[ sil (MPa) 17.041 (48.5)
Lifetime (cycles) 132,425
No. of Specimens 5
Residual Strength [ksil (MPa) -

No. of Specimens 0

Max. Stresm[ksi(siWPa) (6.571 (45.3)
Lifotiloa (cycles) 987,695
No. of Specimens 4
Residual Strength ksil (iP"a)
No. of Siecimens 0

SNOwS: 1. Stackiny sequence (0, +45, -45' 0, 0, -45, +45, 0, 90, 0),
2. These specimens had a 0.1935 inch (0.491 cm) hole in the center of the test

section. Stresses calculated using not cross-sectional area.
3. Fatigue lifetimes are log mean values. All residual strengths determined.

by tensile test at 721F (221C).
4. One specimen survived to 107 cycles without failure.
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TABLE 45

THERMOPHYSICAL PROPERTIES OF HyE2D34D
COMPOSITE LAMINATES

Coaj, osite Matcria Prope~rties

raterial Systan - HyE 2034 Prepreg by " Fil-rite 10/Epoxy
Fiber - VSC-32 Matrix - 914
54axi.-. T'-reseature patjj• 350"F(l7flC) Lamin, atc Sp. -Cr.. - 1.79
Resin c0OtRnt - 26.5% by *. Average Ply Ibickness - 0.0050 inch
Piber Content - 65.7% by vol. no. of panels from which specimens were testedribr 0,otLat- 6-7%by ol.in this table - 3
Void Ccntent - -0

Thickness of each type specimenz Thera. Exp. - 40 ply Spec. Ut. - I Ply
Thera. Cond. -40 ply Glass Trans. - 8 pWy

ITHER•iPHYSICAL PROPERTIES: 0'

-67*F(-55'C) 72*F(224C) 260F(127*C 350*P(177*C' Test

_____________________________ ________ ________ ________ MethodThermalhea

Thermal Expansion-a, [pin/i,-.'Yj (JC,,VC~'c-*C) [-0.681(-1-22• 1-0.861(1....54 1.-0.81 (-1.61) C-.oi1 (-1.94) T

cayt ir/in-oP1 (pca/cm-'C) (32.11(57.8) [22.01(39.6) [17.0)(30.6) [15.1](27.1).

no. of Specimens per 3 3 3 3

direction

Specific Heat DSC
3

C'P[btu/Th.-*F](J/k9-'C) [0,110](460) [0.2021(846) [0.642](2689) [0.710)(3010]

No. of Specimens 3 3 3 3

Thernal Conductivity1

kz [btu-ft/ft2-h-r-.F3 [0.521 [0.673 [0.89) [0.993 Comparative

(W/m-*C) (0.89) (1.16) (1.53) (1.70)
No. of Specimens 3 3 1 3 3

Glass Transition Temp.
Djy (*F(C) [4301(221) /4A

4

Wet [(('F*C) [342](172)

TIIERNOPHiYSICAL pROPERTIES: +45*

Thermal Expansion
1 
i .4

ax,[Pin/in-*Fl (Ijcm/cm-*C) [FO.-1Vj (-0.2.1j-0.2:4 (-0-4 0) i [-.36] (-0.641 [-0.49)(-0.89 TM&•2

No. of Specimens per 3

direction

Thermal Conductivity, Comparativ

kz btu-ft/ft
2

-hr-*F3 [0.S55 [0.561 (0.571 [0.591

(/M-eC) ( (0.96) (0.991 (1.01)
No. of Specimens 3 3 3 3

NOTES:l. 3n the unidirectionally reinforced specimens, the x-direction is along the fiber'

axis, the y-direction is across the fiber axis, and the z-direction is through
the thickness (i~entical to the y-direction) . On +45' bidirectionally reinforced

specimons. the x and y direction. are identical and oriented at 45' to uither

fiber direction, while the z-direction is through the thickness.
2. Thermo-mcchanical analysis.

3. Differentiil sicanning calrimietry.

4. Dynarac mechanical analysis.

1.36



P I TABLE 46

ACCPfl•a&2eD DATA FOR RyE 203409

t
HyE 2034D (75 million modulus pitch) tested by various companies under
different cure cycle and testing procedures. All mechanical test

* values, except shear, are normalized to 60% fiber volume. All testing
was performed at room temperature.

Fiberite TRW R G.D. Convair2 G.D. Convair 3

Ff- Ksi 99 95 84 91/-- as/--

El - Msi 37 39 34- 433/--

Fsu- Ksi 10 8 9 9/-- 7/--

Ptu- Ksi 110 121 123 108/39 87/32

Et - Msi 46 43 47 44/15 46/15

Fcu- Ksi 545

Ec - Msi 335

1All information in this table provided by FIBERITE.

2Cure cycle 1, (00)12/(0, 45, 90, 135)s
Apply vacuum at R.T., heat at 30F/minute to 250 + 50 F, hold 30 minutes,
apply 100 psig, hold an additional 30 minutes, heat at 30F/minute to
275 + 5*F. Hold six hours, cool to below 150OF at a rate not to
exceed 5TF/minute under vacuum and 100 psig, debag and free stand
postcure for 20 hours at 275 + 5 0 F.

Cure cycle 2, (0*)12/(0, 45, 90, 135)s
Apply vacuum at R.T., heat at 30F/minute to 250 + 5F, hold 45 minutes,
apply 100 psig, hold an additional 45 minutes, heat at 30F/minute to
350 + SPF, hold two hours. Cool to below 150*F at a rate not to exceed

5OF/minute under vacuum and 100 psig.

4 May be in error due to deflectoneter troubles.

s Celanese compression tests.

-,I
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4.4 T300/V378A
this graphite/polyimide system is based on a resin matrix

system developed by U.S. Polymeric.

Tables 47 through 59 present the data generated for this
nominal 450OF (2324C) graphite/polyimide system. Figures 58

through 73 illustrate the stress-strain, fatigue, and creep
behavior of the material as well as the effects of humidity

aging upon selected composite properties.

Probably the most unusual characteristic of this system

is the very noticeable odor of the prepreg. This arises from

a volatile reactive constituent in the resin and not only is
offensive to those working with the prepreg, but also results

in an abbreviated out-life for the prepreg. When a sufficient

amount of this volatile reactant has vaporized, good quality
laminates can no longer be fabricated. The substantial dif-
ferences between the HPLC analyses on new and old V378A prepreg

presented in Appendix B (pages 279 ana 280) illustrate the
dramatic changes undergone by the resin system even in 0*F

(-180 C) storage. The first five peaks in the HPLC are very
significantly reduced on the old material, while the last

three have disappeared completely.
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2A 4 47

iMCZSSINS CDI2WS FOM T30S/V378A
ctaecsfz zamaanEs

Ma-ial System - V373A Gr/P1
Fiber - T300 w/V/Oxf she, Matrix - V378A
Maxis•a ated Thsperatre -450F(232°C) P=preg by -U.S. Polyaeri

1-1-at Processing Schedule

Layup Procdlre: The prepreg was stored in a closed wrapper at 0*F (-180C).
Prepreg was8 wazmed to roa temperature before removal from wrapper to
prevent moisture condensation on prepreg. Plies were cut to desired size
with razor knife and stacked in desired sequence (release paper-removed)
frau each ply). The staiA was placed in the -autoclave according to the
layup system illustrated in FigUre 58. The coprene edge dam serves to
restrict fiber flow.

aur. Schedulea Apply full vacuum and 85 psi above bladder at room tempera- 9
ture. Heat to 175"F (80OC) at a rate of %46F/min. Vent vacuum at 1757P

(1800C) and hold at temperature for 2 hours. Heat up to 355F (180*C) at
a rate of '4CF/min. and hold at 355F (1800C) for 4 hours. Reduce
pressure to 10 psi then' cool to below 150*F (660C). Remove panel from
autoclave and start postcure.

Postcure Schedule: Heat to 4757F (.2460C) and hold for 4 hours. Increase
temperature to 5506P (2889C) and hold for 1 hour. Cool panels to below
15067 (660C) and remove.
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TApLE 48

PREPREG MM ClZ!W3f ITS PHYSICAL P"EnIES

Composite Physical Property Intonation

material Sy.Stem - T300/V378A G/oymd
Fiber - T300 matrix - V378A

Maxim= Rated tegperature - 450FP(232-C) Prepreg by -U.S.. Polymeric

, Pr eg Physical :Propezties

(P=Perty) (~~Stnd.Dav.) (Range) (etMto)(a
- Volatile Content-S.St by wt. 0.8% 4.6-6.1 QCI-C-V-14 Viberite
4 ReSin Content- 30.6% by wt. 1.8% 29.0-32.6 R-15 Fiberite

Gea T - 32.2 min@210*F 0.3 mrin 32.0-32.5 G-2 Fiberite
No. of Rlls Involved- 1
Aw. of Batche Involved- 1

Lainate Physical Properties1

(Sta.Oev.) (VAnge) (Test Method) (ef.)
Nb. of Panels- 36
Fiber Content- 67.0% by wt. 2.2% 6.34-71.1% see footnote 2
Resin Content- 25.6% by wt. 2.2% 21.7-29.7%
Void Content- 1.4 % by vol. 1.2% 0-4.3% D 2734 ASTH
Laminate Sp. G.- 1.58 0.02 1.53-1.61 D792 ABWM
Fiber Sp. Gr.- 1.75 As reported by manufacturer.
Matrix Sp. Or.- 1.27 as reported by manufacturer.
thickness per ply- 0.0051 inch (0.13 am) -

t ie properties reported here represent averges for all panels of this
mtertal used throughout the program.

*/. 2An acid digestion method smilar to that described in AFML-fl-67-243 was used
S&with the following materials and temperatures. A mixture of concentrated

sulfuric acid and hydrogen peroxide (30%) in the ratio of 80% to 20% by
volume respectively was used as the digesting acid, The specimens were

hsoaked in this solution at 375-400eF (190-2raC) until the acid turned dark.
The acid was drained, the specint rinsed, and fresh acid added. This sequence
reached equilibrium.
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TABLE 49

'TENSILE PROPERTIES OF T300/V378A COMPOSITE LAMINATES

. Grt""j $yet&& - T300/V37IA fleprf by - U.S. polywoito I r/i

I&ZLaMsaMted 74t9ntiura - 410't(Z3VVI Lastmata Up. t-
SaiCt . b . y Cttckne,,64 - 0.0052 ply(O.13 av k

Volt Content - 1-.1% by ML. i Rt al
Thikness of each type qeoaf 04 - pl NWo - 15 ply

r,, Netl (We) (222.31(1532) (24130.1 (IS") (23-0.11 (1441 E217.31 (07
Si.ftlv. Ik(h) (W) 31.7 ! (218) C 25.01 172) 23.41 151) 13 .31 (20S)
ane MitS (I OG [172.4 - 210.01 (10.7 - 250.61 (103.9 - 239.41 (200.-240-1

(1168 - 1722) (1307 - 1727) (1267 - 140) (136 is")

, nia .wi (s& 22.m1 (n-21 a23.2 s MIS) (1-.s, jit.31 (197)
swdr.nav. Mtall (We) 31.71 C 218S) 25.01 (172) ( 23.43 C 151) (5.33 (105)

o. oj Speals 5 5 5

It Emu (041 za-fcu I= 20-1: L36) (22.14(2.52) (148.1 (130)
x

1tS.OtV."(il core) 0.53 4.31 1 0.41 3.1), C 1.51 C10) (•1.13 (6
fm. of Spe t 5 5 e

I.4.0ev. 1m900 L.400 s.aoo 506
I.of W pmaelpcl 5 5

o-n OZ. 0.33 0.32

Sied. Oar. O.03 0.03 0.03 0.04
asa. at SpoeWa I s 5

Tea% t Satbo SftS0*t-"Atds el

Tgum.. 90'

r1t (•k Il)lWe (5.623 (40) (5.371 (3") 4.841 (33) E4.213 (29)

Sta.Dev. WT.(ktlWa1 (0.911 (6.3) (0.511 (3.51 (0.301 U2.5) (0.571 (3.t)
Aa (4.-1 - 6.601 [4.74 - 5.I&] (4.02 - 4.971 0.44 - 4.01

(32 - 46) (33 - 42) (27- 34) (24- 33)
No. of Spaclmn 5 5 5

r 7tp .Plsti (Wa) is-.ll (40) (3.551 (24) (34621 M) [2.551 (is)

13n.Oav.(ksI(.• W) (0.911 (6.3) (0.941 (0.1) (0.351 (2.4) to.543 (4.4)
Wo. ofl"pimem 5 5 s 5

(wet! (0') (1.401 (94) (1.313 (9.0) (1.071 (7.4) (1.00) (6.9)
St•A.e. (Rtail (Cal o0.011 (0.o07 (o.031 (0.21 (0.031 (0.2) t0.o-l 10.1)

... of Speci 3 5 5

C4ataIaI Uacu/ca 4.345 4.140 4. LV 5.290
4Std. Dow. 600 c4m 3 6s1c

* !f. ohs •acai S S s

IP" 0.0=1 0.0201 0.01 f 0.017,

Stud. Onv. I - I --

'teatW -attudal elastic mtduU "u 106 1oem ncau.
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6 6-67OF

720F

V 350OF

450'F
4

II •c 3

)U

2-

0 0.001 0.002 0.003 0.004 0.005 0.006

STRAIN(IN/IN)

Figure 61. Tensile Stress-Strain Curves for Unidirectional

T300/V378A Composite Laminates: 900 Fiber-
Orientation.
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TABLE 5 0

TENS=LE PMOPERTIES OF T300/V378A CO!POSITE LAMINATES

,ater-& ysta - 2300/V371 Pme by - U.S. P1oLymrc 1 ir/ft-yinid.Fibe - TWO Matrix - V37MA

Naxodm Rated T, ma at'w& - 4504(232*C) Lamate Sp. Gr. - 1.59
Nominal Ply Thickness -0.0052 inch(0.13 me)

Rosin Content - 26.9% by Wt. No. of panels from which spoc.ims .ret tested
'Fib" Content - 66.-1 by Val. in this table

Tickes- . .kes of specimn - 8 VlY

TMI0u* 445*

__72?(22;oIv3-45"7C) 450*V(232C)

pu (ksLI (Wa) (21.521 (148) 121.291 (147) EI.G121 (U=) 914.94) (103)

Stnd-.Dv. [Mail (I] ) 1.9171 (8.MW (1.21 (8.9) (0.603 (4.8) (0.343 (2.3)
Rae Ikei] (NOa) (20.33 - 23.121 119.18-22.141 (14.96-16.771 (14.46 - 15.41•

(140 - 159) (.U-1,53)0;--6) (100 - LO0)

go. ofSpeci•ena 5 S 5 5-

(t:P1 Eksl CXIa) (8.321 (57) (4.35] (44) [4.491 (31) (3.461 (24)

Stnd.Osv.Iwi)(NV&} (0.83| (5.7) (0.671 (4.6) [0.591 (4-1) 10.731 (5.0)

Mo. of SPOOens S S S 5

z• t CAL. (CW) (3.131 (22) (2.961 (20) C2.541 (18) E2.161 (15)
x

Stond.Cm".[P/"I I{G•- [0.161 (1.1) 10.031 (0.2) [0.L1] (0.9) C0.Ul. (0.8)

go. of Specimens 5 5 5

luiniJ•'iu. (UcSfCU.) 9,020 12,100 27,070 20,330

Stud. 0.1. 930 140 11,020 230
,. oSpf Spie s 5 5 5 S

7 0.10 0.52 1.00 0.42
XY

St". Dge. 0.05 0.04 0.07 0.03
No. of Specipane 5 5 4

snt Method St:gigtt-,ided tansion
Refernce ABU 03039
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TRANSVERSE STRAIN 25 LONGITUDINAL STRAIN
i:-670F -67OF

•:350OF 350*F

4550F
0450.F

co

5

-0.04 -0.03 -0.02 -0.01 0 Q01 0.02 0.03 0.04

STRAIN (IN/IN)

Figure 62. Tensile Streus-Strain Curves for Bidirectional
T300/V378A Composite Laminates: +450 Fiber
Orientation.

, I 147



TABLE 51

TENSILE PROPERTIES OF T300/V378A COMPOSITE LAMINATES

00ftoaite Mftntati*), P~.

Tt Vt3200M~t V378ao. c -13
pa~l AW4 Tpoalu-4501(232C) Lo tif-

R.in contet - Z. by wt. NominlD1 Ply TLacw..g - 0.O053 inch (0.1.3 mW
fU~m €o •-. no.. of imneals rZrO vhbih s90•cmsss WOM tested
Mibe Content - 66.8% bY inl t"S te8 ble, - L3
J1iekSOeN of eA tYO spelMns 20 21y

milMsa (0, 445, -45. 0. 0, -45. 04, 0. 90. G1s

.._ ___ _1..____4[(-JC) I I-_9

a. (,ull IgJ (t19.71 (IS) [1416.11 (732) 1.074. (741)

"Stm s. Mail (WA)) tL .8) Ifm EL.4011 .. 7) 13.-11 (83)
MR"g jiEmu (#IW (102.4-1.41 W9.2 - U19.61 (68.9 - 119.21

(707 - age) (422 -0424) (613 - 92L)

xmL4 .(hgA) t ) I ( .8) E 11.41 ( 79) (22.101 ( a3)
$16. Ot seommes S -

t WLIl Oft) (1..90 (96) 13.3.411 1 92) (13.151 (91.

Studt~a I.L1. (7.31 (2.431 (16.7) E0.801 (5.3)

me. of SpeA.mmms t S 5

Yj 68LW'.210910 1.403

t0.5 Q,43 0.52

TIesmt s ____.0 US303

20O=ai (0. 45, -.45. 0. 0. -45. 454. 0. 90. 01, vttb 0-.21h iai*(0.491 4m

sm4ta v [mi (we) V1.11 Wl)
S(Th.S-11.SI

(SSL - 775)
fS. of SpessuwasS

W Sm (ull (2')

I~t I

S"..OW. Mauil ("ft)
We. of Specmmns

4 (ail (af)

8836.O ormax. n

iC $VIA. i..
U.of S~rn~1mfl
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Figure 63 . Tensile Stress-Strain Curves for Multidirectional
T300/V378A Composite Laminates: (0,45,-45,0,0,-45,
45,0,90,0), Fiber Orientation.
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TABLE 52

COMPRESSIVE PROPERTIES OF T300/V378A
COMPOSITE LAMINATES

Comqosite Material Properties

material Syst•a - T300/V373A Prepreg by - U.S. Polymieri. Gr/Poyyinide
Fiber - T300 Matrix - V378&

Maximum Rated Temperature 450*F(2320C) Laminate Sp. Gr. -1.60

Resin Coatent - 24.2% by wt. NOminal Ply Thickness -0.0050 inch(0,13 m)

Fiber Content - 69.1% by vol. No. of panels from which specisaans were tested

Void Content - 0-8% by vol. in this table - 2

Thickness of each type specimen: 0* - 20 ply ; 90o - 20 ply

COMPRESSION: 0,

_ ...... _ -671(-55C) 72F(22C) 350'F(1770C) 4509F(232*C)

u [ki](Pa) (213.4] (1470) 1192.61 (1327) (162.1] (1117) (100.61 (693)

Stnd.Dev. (ksij (MP&) U7.91 (123) 116.0) (110) [22.41 (154) 126.41 (182)
fane [kai] (MPa) [189.7-238.1] 1168.5-212.8] [1,36.8-195.0] E79.4 - 145.91

(1347-1640) (1161-1466) (943-1344) (547 - 1003)
No. of Specimens 5 5 5 5

,cpl Eksi](Mla) 145.33 (312) [140.0] (965) [123.3] (850) 185.5] (589)
X

Stnd. Dev - ksi]I(tWa) 115.01 (103) E[83. 31 -(574) 150.5] (343) [44.6] (307)
No. of Specimens55 5

EC (mail (GP&-) 119.6] 1135) E119.8] (135) f23.4] (161) (20.8] (143)

3tnd.Dev.•Mzi1(Ga) (1.7] (12) [0.63 (4) U1.4] (10) [2.3] (161

No. of Specimens 5 5 5 5

C c (Uin/in] [PcmicU) 12,940+1• 2 16,120+1) S 8,120S,4

Stad. Dev. 5,490 3,170 2,760 1,530

No. of Specimens 5 5 5 5

Test Method ASMm D3410
Reference

COMMRMSS.OIN: 90'

F l ksi](l•a) (37.9] (261) (26.143 (185) [19.0] (131) [20.2] (139)
y

Stnd.Dev.(ksJi](MPa) [11.61 (80) (2.1] (14) 12.1] (14) (3.2] (22)

Ran" (28.2-S4.71 t24.4-28.5] [16.2-21.8] [17.6 - 25.53
(194-377) (168-196) (112-150) (121 - 155)

No. of Specimens S S 5 5

jrcp1 (ksi1(MP^) [16.11 (111) [5.91 441) [5-21 (36) E6518 (47)

Strnd.Dev.[ ksi] (MP) [1E3.21 (91) [2.3] (16) [1.5] (o.0) 16.5] (45)

NO. of Specimns 5 5 5 5

K [(ail](G) [2.53 (17) (2.5] (17) 11.6] (11) [1.2] (8)

Stnd.•ev.-SsEi](Wa) [1.03 (7) (0.93 (6) [0.31 (23 (0.13 (1)

no. of specimens 5 5 5

Cy [(in/in3 Cl€ca/cm) 23,360+1 4. 23,820+ J 13,a820+4 2 18,9904.1 5

34;.-•. Dav. 7.170 7",20 4,260 16,870

No. of Specimens 5 S t s

Test Methd ASTMH D3410

,Ultiata st•ain value.s represent maxmsi observed strain rather than ultimata values.
l¶h5', of five specismaena ibited evideno of buckling.

One of five speci•ma exibitod evidence of buckling.
S•A.11 five specim•es exhibited *vim•aoe of backing.
,Two of five specimen. exh.i.ited evll•dnce of wk~lin.,
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Figure 64. Compressive Stress-strain Curves for Unidirectional
T300/V378A Composite Laminates: 0 Fiber
Orientation.
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Figure 65. Compressive Stress-Strain Curves for Unidirectional
T300/V378A Composite Laminates: 90* Fiber
Orientation.
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TABLE 5 3

FLEXUULAL PW)PMI OF T300/V378A COMPOSITE LAtNXN&TES

ccvat 4504YC232V1- Lmaat

materialg Syste VAI -l U.S.ma - 0.004 i r/p(0.14 )
rib" -=ft - sxo x - ~

Ami cteatoi - 2.6w by. we-h3~1

'at~bmas of eadb type specimmu 1 4 pLy ; $01 - 14 ALY

47V(-572-7(220C -Ct(17) 4S0~'F(2320C)

~ege Ckz. (U IM[4-40239941 E219.5-232.31 (163.4-173.41 (256.-176.1)

m Specimeos 3

EM")Ma) 16.0 (171 (L9) E-61 107 (EI.61 (41)
Stadoar.(Mal(f) 10.7 5 -21 (a (0.6)(4) EO-6 (4

ma5tseiu 5 35

To" Metho 3 Pt. n mm 4 Pt. G~ommg Oe t.~ Q1l~amms t ~

Nuns Mai (Ws1a) (9.40 - 14.301 (10.33 -12.351 EG.92 - 9.80 [7.07 - 8.521
(64.8 - 99.1) (71.2 -85.1.) (47.7 - 67.5) (48.7 - 58.7)

N.of Specimens S 5 5

(=) 1."]) (12.5) (1.741 (3.2.0) E1.471 (20.1) (1.291 (8.9)

mm~ 1. All falue weei umno Lowest Ply.
2. N±Eod fail=*e made. Sam dolamnatio. somm tension an bottas Ply,

sa opesv under uppe loodl n4 m.

c o s r o g i v f i l u a t o p P l y . T w o o t h e r~ s p e c i i n 3 e W a s t s e

4-point faw u miie hsxfiue t4nxrlsrs
lvlof 161.5 kni (1113 Waa.

(177'rve). Three specsimns ewabited only oomtresLve failures

Jin the Cdofthe 4-point tsethe position of the tw PW1"
points.-
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TABLE 54
SHEAR PROPERTIES OF T300/V378A COMPOSITE I2NATES

comosita mateial ft%*itýe-

:vateiaxI syst" T300/38 Pveptmq tr - U.S. ftyaiFi. - flOG .Jt~triz - V17T& _ =

MX~iw Rated4 Teosperatte - 450? (23207) Laminate S. Gz. - .59
Resin coatnt - 26.7% by vP. Thmc1& pJy "Urns -0.0052 incLh(0.513 =0
ribe •atent - "6.3% by vol. No. of panels five vh4.d saecu ms -af tastos
Void Coutent - 0.60 by Val. in this t -t

1Ibickness of *aft type speaciim Lnplanm -8 ply rAtejaxi~ani Is1. ply

ran Mil(h0.76 (74.1) E10.641 (73.3) (1.061 (55.5) (7.471 (51.5)
St.dDv. (kail (0Wa) tO.59 1 (4-LI E0.611 (4.2) tO.341 (2.3) (t0.171 (1.2)

ana Masil (We) (10.17 - 11.563 (9.59 - U1.071 (7.48 - 8.391 (7.23 - 7.701
(70.1 - 72.6) (64.1 -1 76.3) (51.5 - 57.8) (49.8 - 533.1)

No, of SPeciamme"s

(15.03) (1031) (%E341 (9-2) (9.I2S (764)
stnd.Dov.Esfil (W) Eo.631 (0.4) (0.051 (3.4) (o.621 (4.8) [0.-11 (0.2)
No. of SpeCtamws 5 s S5

Test M.tbo +450 tligh--•414 tanics~e~nc. . Coop. st1.. E•u.. 6. p. 25U2 a Vbl. 7, p. 1241

, • mi ][,.(Jwal) USll.4] (•,LS) •115.021 (103) 110-021 (69) (9-24] (6~4)
St:wLD•e,[al (Me•) E0.63] (4.3) (0.491] (3.4) (0.621 (4.3) (0.171| (1.2)

I~mgm [17.30.-%8.8J [114.23--15..36' E9.03-1,0.751 tS.g*9"-431
(119-L•30) (98-W17) (62-74) (62-65)

No. of Speciumms 5 10 5 5

Uef ewne4
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TABLE 5 6 IAIA

CREEP PROPERTIES O 30V7ACMS AIAE

- ~ ~ -y r3 U4fl. -@3V3.~ 401C2C1 t~ulma4 51p. -.3c. - L.58

Coteat - 24.0% by W .0.3.
YO~4 0m~at L2% udi LA tkio tab2* - is

Teat meebs - sutaVot-timed Watoo 0/S0" - 1 PAY
boofit- AMe 030 so 39:S - I AY

Me. o olmuei. 1,4 2

ftwo sum&, so bw(sA) 0.0197 061
Isis. ot ~so"mS 3 3
&*""Idu 6*bAftlw±I (WA)
us.. ag fte.i- 3 3
Strown Law") CkLuilUWa MAI. (559) ~ 2.~CW4
camp 8waUm, 50 bE(S 0.014W 0.374S
ft. 4d $goolft 3 3

1k. ed Ipsdaft 2

awto- -alat

Wt17' o .1m Loel. Doi) (Epwe &M6T C58S 0=3.I

ft00 bE(SwftL0.0 me
ft ag

StAM axakk a

am"s. 41 . 2m lo

ibQM 'AV.)L DbELI() (p.57 (72V
arm smh. 5so hz(S 0.?0723

ft. ONE opi I

Va. of wommit

low 209 %weimm __67

ýSml VW )* *A00 00Mm Ma(S W9 WI
""Im. tal"o lsqa" _ _ __aV' _ _LM d~netS

ke~dat Se~t~but 1 59
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jFigure 69. Tensile-Creep Beha~vior Of Bidirectional T30O/V378An Orientation.
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Figure 70. Ten~iie-Creep Behavior of T300/V.378A Composite

Laminates; (0,+45,-45,0,0,-45,+45,0,90,0), Fiber
Orientation.
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TABLE 57

STRIESS RUPTURE PROPERTIES OF T300/V378A
COMPOSITE LAMINATES

{materia Spunm - •z00Us
Fiber -- T300 u33 -- - 0378A

r content - ".at b y vol. goata* Ply Th w -(.W.2 inch (0.1. m-)Wi~d C•tf - 1.2% by, va- %*o. CC p•~ PC=~ Wh4C S• j

Tnt * Gftei u - -ma 1 we th a

5o=-. o €S•M1mm 3 (14.9!1(103)720? (22C 1 St m.t SZie .9t)il W e1(w) - 71 1 -3 1
tis" to r1a-i=(h ) 1+-59,

MO. of nmdalu 2

3usidwa. Suegtb(iwLI (Jwe.)

g . atf sIv lCum e 22

t r.ass Level M.( Aft) •57.j (51) 91 (103)

II 5- Il0•. ak Je. LInm , 3..

v•sw t rao meul(hx) 0.o;1 ,u

23

no. of U"aimms 3 32

Seim Stewf (,"I6W)
no. of sp'c" , ,Im

StzuwWv)tkA (W143 (SL!) 101.291 (78)
Tum to Faluwe(hb S74 $7*

1(62



"TABLE 58

FATIGUE PROPERTIES OF T300/V378A COMPOSITE LAMINATES

ConL~osit~o Maiterial Properties

xaoia yston = /38 Prtptmq by -U.S. ZOLY'eric -nusd
Fiber - T300 matixr - V37L.
maxcize Tomporaturo Rating - 450*r(232C3) mint g p Gp . - 0.57

eF1bsn. Ctent 66.7% by wt. No. of panals from which specimens wex• tested
Svoid Content by Va,- • .in this table - 1S
V C tnxickness of each type specimen:
Test Method - Stzaight546 te....n +.45 - 6 Ply
hfezunce - ASUID039 0/±0-790 - 20 Ply

jTaspT atur* riber Orientation -+45 0/±+45/90( )

72*7t22*C) ft. Stx"s-•SCk. (MaV [15.971 (110) t95.81 (w60)
Lifetime (cycles) I,742 15,534
No. of specimens 5 5
Revidmal Strength tksil o)4P) -

Uo. of Specimium 0 0

Mg. rte•asm il (ia) ( [14.901 (103) E92.81 (639 8363-1 (S77)
ifstjit (cycles) Wan854 2550,o " 61,300

No.o- Spei = 4 4

RmldtaaJ. Strength Macil (19a) --
go. of Speci•Lmu 0 0

ftx. Stra (ksl(Mlka) E13..4] (95) E89.83 (6191 (79-11 (545)

Lifet•L• (cycles) 429,359 L,579, 9l0+4) 467,807

go. of specimens S 4

Residual Strength (ksil (Nfs) -
No. of Specinman

3.0"1 (1771c) Max. Strevs[ksi.(MP&) [13.701 (94) [90.13 (621)
Lifetime (cyec} 4,727 96,587

No. at specimens " S

of .Spciamiis 0

H am. Stre*s( Csi3 (l ) t1.901 (89) (67.51 (603)
Lifetime (cycles) 52,012 323,i76+16)
No. ai Specamen. 4 3
Rsaidual Strength Iksil (Nfs) -- -

Sm. of .peaimens 0 0

Max. StswsksC~i](Hpa) t 12.091 (93) E64.61 (MO4
Lifetime (cycles) 347,393 531,563
No. at Specimszm 5

Ymaidual strength Mail (a 1_________"ao. of specimns 0

2. 'tiee spev•a, l'ied a 0.1935 ircb (0.491 cW hole La ta catwr of .e tae t section.:1stzeeses clcqJled, unia; net Czass-eeetoneaL ame. tn seei edbtnse
test at 721F (22C)}.

4. One specism ran out to 0 " 7yle . vitbout iilue.
5. on* spec A Uk .I..e at 1,1e9.0 eXacCle. d tmeto* -%,ft tge.

*6. Oe apecime failed &C 21.28,300 cycle* &AG to wnm ciftchatinq.
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TABLE 59

I1 TIC:AL PPERTIES OF T300/V378A CONPOSITE INATES

Co mposit. atarial ropexgtime

atemal Systole - 2300V37W pzr by - US. poly. I Gr/1
Fi.ber - 1300 HetiX- V37UM .. ...
%xmm Tamperattr'e xavig - 450"r(232*C) Lamiae sp. G. - 1.57
nmatn 0Qatan - 24.y by Vt..ks PlY s - 0.0051 c (0.13 ma
Haine Cantent - 574A by wtL. ~~"Fibe~r C:ontent - 67.;m• by Val. Mlo- Of 9-04 Em " hich S]Le-..mmu Were t.asted

Void cnetant - 2.0% by W -. in 4hi tu - 2

Thickness of each type, specimen: Iberi.. Em;. -40 ply Spec. lit. -I Ply'
Them. cml. -40 ply Golass rans. - a ply

-67"1(-S5C) 720?(226*C) 320-wFCl ) 45007(232*C) Tts
Method

TheEML oamai..o..%jUs n -z*•llj (Ut/cm.a,, '0.1,21(0.=.• E-0.1.5K(,o21 [-0).1K-0.20 C-0.141(-0.24 IjM2

IytjdA/Lu-*?1(U=/aw-0C) i15.81(23.4) 117.31 (31.2) t22.81141.1) (23.7](42.7)

ft. o sgegiaums 3 3 3
dizection

Specific Eat
Cp{]b.u/Ib.--rj(•T/kg,--0* jO.12331(55)f,0.20l("2) •0.74BJ](3 10)|.7611l(31Hg 06C3

go. of Speo•ns 3 3 3 3

matmal cm~admtivity1
kx '•-Lbtu. 'L•ft -hr.Ip" ( 0.•28,1 r0 to [.4"I (0.471

(W/re-*C1 (0.50) C0.30) (0.477 (0.83)

Va. Of Spcmn .3 1 3 1 3 3

MY [ *' ( *C l (7021 (372)
vat (or"] (6) 702.1 (37325

%l•in/iA--'Y(l/cme-*-) (:.2-1103.9 L [1.65)(2.97)(2.1.1(3.,9) 12.-01(3.7X) TMr

am. of •se.•sws per a 3 :3 3

direction

Temaml Cr~nct;vityL
X. x[btu- t"-h-F-r ] .:25 ] [(0-293 o0. 391 (0-421 Comaative

V(AR-O) (0."4) (0.513 (0.67) (0.72)
go. of Spociaws 3 3 3

NOTE,1. On the unidirect3.onaUy rei eated specimens. the x-direction ise &I~oq the f~
an*, tMo 7..diectionl is acrove the fiber &Uis. a"i the a-direction is through1
the thacicmea (idegat~ca1. to the y-direccion). an +45* bidiractionally reinforced

speimnsth xa"ydirection ar dnia n oriented at 4S, to eithwrfie diretio, whie the a-d4.raoPtlom is t~hrough z t~hickness.

2. DOiffamahnti al aloxis

~* m~aicAM L~is

S. G&Led Vt. ym t•spidy. MEy have 4ried very rapidly a&Lw. so actual value wet tfo
drY mate••al by and of test.
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4.5 RyE 1076J

This system consists of 15,000 filament tow Thornel 300

from Union Carbide in Fiberite's 976 epoxy resin matrix.

Tables 60 through 74 present the data generated for
this 3507F (177WC) graphite/epoxy composite material. Figures

74 through 89 illustrate the stress-strain, fatigue, and
creep behavior of this material as well as the effects of
humidity aging upon selected composite materials.

The 976 resin system was developed to retain higher
property levels after humidity aging than earlier 350OF

(1770C) epoxy systems. Two tables released by Fiberite

are included at the end of this section which provides

comparisons of the 934 and 976 systems.

I1.

ii 3.68



"TABLE 60

nP!oCESSfIG CONDITIOM FOR RyE 1076J
COMPOSfTE LAMINATES

Composite Processing Infozzation

Material System - lyE 1076J

Fiber - T300/15K Matrix - 976
Maximum Rated Temperature - 350°F(177*C) Prepreg by - Fiberite

Laminate ProcesslZaq Schedule

Lay•n, Procedure: The prepreg was stored in a closed wrapper at 0OF (-180C).
Prepreg was warmed to room tempecature before removal from wrapper to prevent
moisture condensation on prepreg. Plies were cut to desired size with razor
knife and stacked in desired sequence (release paper removed from each ply).The stack was placed in the autoclave according to the layup system illus-

trated in rigure 74. The corprene edge dam serves to restrict fiber flow.

Cure Schedule: Apply full vacuum and hold for 1/2 hour at room temperature.
Heat to 250-F (121-C) at a rate of 2-5*F/min. When temperature has reached
"250OF (1211C) apply 100 psi above bladder (while retaining vacuum). Hold at
250F (121*C) for 4S minutes then heat to 3500 F (177*C) at a rate of 2-5*F/min
Hold at 350OF (1770C) for 2 hours then cool to 150°F (660C) at 2-50F/min.
Release pressure wben temperature has reached 150*F (66C), then release
vacuum and remove panel from autoclave.

Postcure Schedule : None.

It
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TAMLE 61

PREPREG AND COMPOSITE PUYSICAL PROPERTIES

Composite Physical Pzopcrty Information

Material System - Hyt 1076G Gr/Ep
Fiber - T300/.SK Matrix - 976 __. .. ....
Maxim= Rated Temperature - 350r'1770 C) Preprog by - Fiberite

Pruprag Physical Properties

(Property) (Stnd.Dev.) (Range) (Test Method) (Ref.)

Volatile Content- 0.44% by wt. 0.23-0.57 QCI-C-V-14 Fiberite
Resin Content- 37.7% by wt. 37.5-37.8 R-15 Fiberite
Gel Time - 21.3 minutes 20.1-22.3 G2 Fiberite
No. of Rolls Involved- I
No. of Batches Involved- 2

Lainate Physical Propertiesl

(Stnd.Dev.) (Range) (Test Method) (Ref.)
No. of Panels- 34
Fiber Content- 68.0% by vol. 1.5% 62.3-69.9% Acid Digestion
Resin Content- 25.6% by wt. 2.6% 23.8-37.7% AFML-TR-67-243
Void Corntent- & 0% by vol. D2734 ASTM
Laminate Sp. Gr.- 1.6.2 D792 ASTM
Fiber Sp. Gr.- 1.78 As reported by manufacturnr.
Matrix Sp. Gr.- 1.28 As reported by manufacturer.
Thicknezs per ply- ....

3.The properties reported here represent averages for all panels of this

Smater.ial used throughout the progrm.
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TABLE 62

TENSILE PROPERTIES OF UyE 1076J

COMPOSITE LAMINATES

Camuite Material Properties

Material System BYZ 10'6J P xea by - Fiberite
Fiber - T300/L5K Matrix - 976
Naxiin latd Teeratuae - 350F177C) minate Sp. Gr. - 1.0/0; 1.64/90ain CoRtent - 35.3%/0; 24.5%/90 Nominal Ply Thickness-0.0053 in./0;0.0049 in./90fier Content - 58.6%/0 69.4%/90 by wt. No. of panels f=om which speczmens were tested

void Content - 6 0 iL this table - 7

Sickneas of each type specimen: 01 - 6 ply 90 - 15 ply

T8NSZ0SN: 0'

-67-V(-55SC) 72(22C) 260 (127c350(177C)

Fr (k[i](a) 1196.8| (1356) 1207.1) (1427) [232.?1 (1601) (228.41 (1573)

Stnd.Dev.[kvi1((Ia) (15.1) (104) (13.43 (92; J15.91 (110) 1.6) (59)
Pan" (ksi| (Ml'} 1172.5 - 213.51 (190.8 - 219.41 (211.5 - 254.71 (218.7 - 242.21

(1189 - 1471) (1315 - 1512) (1457 - 1755) (1507 - 1669)
No. of Specimens 5 5 5 5

rtp ( [ksi](Hpa) 1196.8) (1356) [207.11 (1427) [232.31 (1601) L228.41 (1.573)

Stnd.oev.fksiI(MPa) [15.11 (104) (13.41 (92) (15.91 (1101 8.61 (59)
no. of Specimens 5

(EMsi1(GPa) (20.41 (141) (19.31 (133) (22.43 (154) (22.13 (152)

Stnd.Dev.(Msi)(rpA) (0.51 (3) (1.0) (7) (0.51 (3) 11.41 (10)
No. of Specimens 5 5 5 5

tu
e X 11in/in IW1()cm/) 81600 10,420 9,900 9,930

Stnd.Dev. 450 360 440 530
No. of Specimens 3 5 5 4

v Y0.32 0.320.1.3

Stnd. Dev. 0.02 0.02 0.03 0.03
No. of Specimens 5 5 5 5

Test Method Straight-sided tension
Rlehrence ASTM D3039

TENSZON: 90*

Flu [ksi](Mia) (4.731 (33) (5.66) (39) (3.81 (26) (3.471 (24)

Stnd-.ODev.[kiJ(MPa0) 1.191 (8) (0.87] (6) [0.661 (5) (0.461 (3)
(ang [3.23 - 6.291 14.53 - 6.521 12.87 - 4.686 (2.67 - 3.831
(22 - 431 (31 - 45) (20 - 32) (18 - 26)

No. of Specimens 5 5 5 5

Fy Iksi][MPa) (4.731 (154) 35.661 (39) [3-81l (26G (3.471 (24)

Strd.Dev.[Nsi](sPi) (1.191 (8) (0.87) (6) (0.661 (5) [0.46] (3)
No. of Specimens 5 5 5 5

S[Msii(cPa) (1.691 (12) 11.341 (9) J1.373 (9) 01.301 (1,1

Stnd.Dev.[Msi|(GPa) (0.23 (1) (0.04) (0.3) w0,l] (1) ;1.08 .('.6)
No. of Specimens 5 5 5

Et [pin/in](pcm/u/m) 2,760 3,900 2,640 2,620
y

Staid. Dev. 560 570 500 350
NQ. of Sp-ciraii 5 5

t0026 0.0221 0.01 0.0201

Stnd. 0ev. ---

No. of Specimens ---- ---

Test Mithod Straight-side tension
Rafe:ence AST14 D3039

Computed using ela;stic modulii and Iongitudinal Poisson's ratio.
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Figure 77. Tensile Stress-Strain Curves for Unidirectional
HyE 1076J Composite Laminates: 90* Fiber
Orientation.
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TABLE 63

TENSILE PROPERTIES OP HyE 1076J

COMPOSITE LAMINATES

cc sivte 'Utarial Properties

Ntazeriat. Syutim -ti Ry20 76J wraprq by - 7ibO*x.te
Fiber - T3001rt5 yAJW - 976 L.4Az.mml Ra•.ad "Tasp Irae - 350 T(177*'C Lam•.nmat- Sp. Or. - 1.62
.4av e -ated 25 e -b Nomi.nal Ply Thickness - 0.0053 jaUh(0..3 mw
R±esi Contotat - 27,.3% by wt No. of Panels f rou wJhich spczn waze teszedFVib Con•en: - 06.9% by vol. in tis table - 1,0oidVkness of spec.mn - a ply

T22SION•: +.45"

r= EksaI (@a (27.49] (1.8) t22.281 (L.O4) U16.49] (114) [16.601 (L14)

St.Dev.(ksil(Na) (1.921 (13) [0.261 (2) (0.791 (5) E1.291 (9)
Ran" Eks.] (MPa) [26.40 - 30.921 [22.0 - 22.731 (15.55 - 1.7441 C13.33 - 18.n3.1

(1282 213) (1.52 - .7?) (207 - 120) (106 - 129)
No. of Speal.10s S S 6

r jksi] (!MPa) [13.61J (94) t6.421 (44) (4.361 (30) (4.2.1j (29)

S.UA..ev. (ksij (na) (3.621 (25) U.951 (13) I [0.51.1 (4) (0.571 (4)
.4. of SpeciAms 5 S " 5

t
Strd.bev. (Hsi] (04) (0.141 (1) [0.101 (1) [0.21 (1) (0.171 (1)
S. oI spec •.erns S S SS (

W_ z .•/i]n (U•u/-) 11,120 1,670 1.8.800 34,400

"-shd. Dev. 1.380 1.270 8.820 3.390
No. of Speimens S 31 5 2 z

S0.67 0.67 0.72 0.71

S t". Dev. 0.05 0.03 0.05 0.04
Nao. of Specimens 5 S 5 5

Test Method AST4 D30 39
.3efrence

~StralA ag aI oaOes aopeoimas Prior tofw nm
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TABLE 64

TESILE POPERTIES OF HyE 1076J

COMPSflTE LA14NFN&TES

xatazia1 Syrtem - Kra 107W PZCpZ*9 by - rtbwmta GI/sp
Fi~!- 1300/LU 9tr - 976

.lez inmRaftod "rwpcature - 350"T(177°C 1inava sp. U- - L.62
•ai CncAet - 23.44 by -t. W Ply Tckness - 0.-0SO Lnob (0.13 m0

Fib"i coft.Int - "8.A% by Val. in thi ta ~ - e.void Conat.t - 0.3 b 1. by -Val

1hicksass3Qof *aft type sai~±efl 20 ply)

'•SUA0 (0, *43. -45, 0. 0, -45. +45. O 90. 0), _

______________ 72MIFFC 7*0*r(1270) a0yt1-a

•Ttv Rai I Ewa) E116.81 (W$10) (12.11 , 927.1 [18.11 (614)4 - t
std.•.ev. IX3 I (I) 17.91 (54) [5.31 (41) [6.61 (45)

jkg z [I (OWP) (LOS.% - 128.11 (116.2 - 127.01 0109.3 - 126.31

(750 - 683) (01- 87) (7s3 -- a)

Ik"f(MP.) C11G.83 (SOS) (120.11 (1271 (11.11. (8141
Stod. D. t•ai I EW) (7.91 (54) Sg (41) (4.61 (4s)
V. o* SpwI mmsW• 5 5 5

t RiI at (11.21 (771 E1.2.213 4) (11.93 (82)
St~d/•,.•IqE|(.3s 1O. (2) 1Q.71 (5) E0.81 (6)

me. of Se$@imam S s

C uai,1Q~ 10.420 9.7w3 9.960

SSG 63043
No., of specisa 5 41

S0.31 0.40 0.36

std. ftv. 0.01 0.03 0.04
No 1 uaoswci1m 5 5

VM=•0 (o, -4,. -45, 0, 0. -45. 45, 0. W, 0), with 0.1935 inch (0.491 <3 hale

rK MAlL) (NW) (3.53 (610)
Y

S d.-D,. Mi61I (lea) (8.0) (55)
(73.8 " 9.1)
(542 - 483)

me. of Speciame

N N lIwi) (Kna)

StAd.•ev. lkst1i (N0a)

24..of Spec~anmn

S~n. 0ev.
m. of Speciunseg%C6of sp'av4mnf

':1 ••*•q~lllA 93039

do.w of le Of cxtt.

t17,

.tn'. Gov,.• ... .

'a of ' 'O ' I I I
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Figure 79. Tensile Stress-Strain Curves for Multidirectional
HyE 1076J Composite Laminates: (0,45-45,0,0,-45,
45,0,90,O)S Fiber Orientation.
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TABLE 65

COMPRESSIVE PROPERTIES OF HyE 1076J
COMPOSITE LAMINATES

Cov0osite Material Properties

Material System - 1ye 1076J Prepreg by - Fiberite Gr/Epozy
Fiber -T300/15K Matrix -976

MaXimam Rated Temerature - 350F(1727C) Laminate Sp. Gr. - 1.63

Resin Content - 24.3% by wt. Nominal Ply Thickness -0.0050 Ach (0.13 =m)

Fiber Content - 69.5% by vol. No. of panels from which specimens were tested
Void Content - Z, 0% by vol. in this table - 2

Thickness of each type specimen: 0 - 20 ply ; 90* - 20 ply

COMPRESSION: 0*

____ -67(-55"C}). _ 72-F(22-C) 260*F(127*C) 350*F(177*c)

?XCU [ksi)(MPf) E223.4) (15391 [218.22. (1503) (170.9) (1178) (158.5] (1092)

Stnd.Dev.[kzi1(Ma) (21.81 (150) E34.7) (l9)] (37.13 (256) ý29.3] (202)
Range [ksiU(NPa) (195.7 - 253.53 (161.9 - 248.13 [111.1 - 205.1) .124.2 - 185.63

(1348 - 1747) (1115 - 1709) (765 - 1413) (856 - 1279)

ft- of Specimens 5 5 5 5

j _ ksil](Wa; (63.81 (440) [116.73 (804) [62.91 (433) [86.43 (595)
xStnd.Dev. (kail(Hp) (20.0) (138) [88.9) (613) [30.0) (207) (34.6) (238)
No. of Specimens 5 S 5 5

M [Hsi)(Wa) [21.93 (151) (21,81 (150) (21.43 (147) (22.93 (158)

Stnd.Dev.jxij)GIaS) [4.43 (30) (2.9) (20) (5.7) (39) (3.0) (21)
No. of Specimens 5 5 5 5

£x u[Uia/in) (icm/es) 14 ,500S 2 12,500ti
1  8,900+÷IS 9,400

1St. Dev. 4,600 4,000 2.700 3,700
No. of Specimns 5 5 5 5

Test Method AMs• 03410
Refrerrenc

QCMPRESSION: 90o

(ksiI (npa) E35.11 (242) (30.8) (212) (22.61 (156) (19.1] (132)

StM.,Dev.-ksi](mPa) (6.61 (45) [1.31 (9) (2.41 (17) (2.2) (15)
Range [26.7-44.91 [26.7'31,91 (19.4-25.71 (17.3-22.8]

(184 - 309) (184 - 220) (134 - 177) (119 - 157)

No. of Specirens 5 5 5 5

1epi ()tsieI( MPa) (9.91 168 (111.01 (76) E4.51 (31) (7.11 (49)

Stnd.Dev,(ksi](Ma) (3.9) (27) [1.9] (13) (1.0] (7) (3-71 (25)
No. of Specimens 5 5 5 5

(,y Mar) (Gva) (1.64) (13) [1.46] (10) (1.34) (13) (1.64) (11)

Stnd.,ev. [lii)(Ga) (0.31) (2) 10.19) (1) (0.66) (4) (0.321 (2)
No. of Specimens 5 5 5 5

(u[pn/in](ucim/cm) 22,100+"'' 32,300+t'3 17,600 141200+'V'

stnm. Dov. 6,400 14,400 -- 6,700
No. Qi OFU•ilfl1k 5 S

Test Meho AM8. 03410
Ref•erence

•Ulti.mte *train value rerba~ •z max. m o bserved st~ran rathex tb•m ult~mt value~s.

]Tw(ý of fivvt Specimens exhi~bi~teqd eviden~ce of buckling.
S •.One• of five specimon exhibite evidence of bucUmqtn.
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Figure 31. Compressive Stress-Strain Cur'ves for Unidirectional
HyE 1076J Composite Laminates: 900 Fiber
Orientation.'-I
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]T~BLE66

LEXURAL PROPERTES OF HyE 1076J
ITE WflAMMZS

4ateri St[I.s - w _pzi.q by - I IIIIl
Fiber Sp. or. -. 1.2
ReeLU C ated 54pa y Vt. a Tly Thic1wxx - 0.-,SO 2.• 10.13 hm

Fiber Coatant - *&O by Vol go fPaneji from which sw.eim omm avetd
I•444 - -. in this table - 2

ThaGI&auS of each t sgpamm: 0-1 14 ply ; 90' - 14 ply

_________________ -7'?ZTZZ : 0*

V72'-t22'-Sj 260* 127',C ZW-0T:L-7-M

[(kaL| (Wa) (261.91 (I04) (190.11 (1310)' 1156-41(1080)}2 IA.9 41m•1

St,. Pv. (ksai INP&a) (13.91 (9G) (3.&1 (25) (11.51 (79) (8.21 Us5)
Am" Mel I (H)a) [239.3 276.331 (1-3 195.81 (148.1 - 176.21 11740. - 1.97.41

(2A49) - L9"4) (L244 - 134-2) (1020.- U14) IL - IOQ

so. at SpecWAns 4

ts (al Ga [18.61 (,IA8) 114.01 (103) [13-11 ý90) (U-.3| (US•)

Sa De.(•owil (CPA) [0.71 (5) (0.71 (5) (0.81 (6) (.-11 (a)
go. of Speca 5 S 5 4

Test Method 3 pt. flax. 4 pt. flex. 4 pt. ftx. 3 pt. flax.
3afwieAa Mvanced C0mj£t* ms;iq &,Ads; ja. 1714

rx"I Me 10-111.7) s.79 (0) (7.421 (511 r7.031 (44)
Sy (k..Mai. I (Mft) [1.521 (U) i.1Al (W (1.371 ()) r 1.7 is IM

R [i(3sNe(IU' t) 8.34 - 11.781 (7.38 - 10.61 (5.85 - 9.061 (3.26 - a.")
(57 - 51) (-1 - 73) (40 - 62) (40 - 60)

Nof. le•aama 5 5

Ef
z [NftiI((We&) (1.3414 (13) (1.711 (81.) [1.621 1 11) t1.45] (10)
Y

,.•,n,. (mai.l(CA) [ ](1) (0.151 (1) [0.101 (1) [0.171 (1)
NO. of SPOOLWADS 5 s

TOeStAold 4 pt. flexat
Rut ~Advanced Composite Ues:Lqn Gu~de: Jan. 19 71b*

S'AII falues in eans-on on loa.we sufiace.
ZAll spec•mns e*xibit compraesive ,ailut on uPPar surfae.
.XII speu s exhibib ccp:rtssaiue f ur• ccm ,pe: sui.rface. One sp.ecin vauned LA 4 pt.
flaexur failed i. shear at A Load cormuspdnq to A flexural stress of 14S. 7 ks& C 1004 Wa).

4 t ts.1h posto f h paxlaa ainco.e
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TABLE 67

ZIMAR PROPERTIES OF HyE 1076J
COMMPOSITE AMINW.TES

C2 w " . St ueIa -J. Pf X t ies.-

v • Sywse - ~Hy 1076J P=Veoq by - tk.nts
S- T300/1IK itz. - 976

m&XU Rated -eawmiMwa•r. - 350"F(177"C) LNMnI-aA pp. Gr.'a 1.6.' i M'
Raein Conent - 24.7% by Wt. NouS.M of pil - 0.0052 inck ca w.0z.!Zsd
r!be, Content - 68.8% by ' iO. of in %WA wtal - WZ, 15S24
Void CMntent - 0. 1% bY W@ t1± tbl
Meium•ga of eath two "*=am - Ingj""n - 8 ply ; IZntaac.az - 15 ply

______________ ZG7?(556c) _________ 60-M127C) ISOMMIT

#.•" MIL{• I N [13.'751 (95) Ill. 141 (77') C8.1251 (5'1 [E.'30 (5-7)

stn.Dev,[kxiI(MF) to .961 (7) (0.141 (1)> 10.39 (3) (0.651 (4)
PIMAn Mai la) M 13.20 - 15.461 (11.09-11.361 E7.78 - 9.[7.67 - 9.-36

(91 - 107) (76-78) (54 - 60) (53-64)
ft. of Speclimu 5 5 5 s

• ••(24) 11.001 (1) 10.921 (6) 10,891 (6) [0.771 (S)

l~~~~dmu~~ZN2WNI J.cmp RCl. vL. ,F R o.7 .1

ri-su CXS;, Il(mpg) (16.621 (115) (12.87)1 (99) 1 9.361 (64) (6-601O (59)

Stn .Dav.[Eksil(W e) [2.21 (15) t2.36) (3,6) • 0.951 (6)] to.691 (5)

Ranqe [14.24 - 1.9.641 [9 42 - 17. 11 [8.59 - 10.791 (7.72 - 9.561
(98 - 135) (65 - U18) (59 - 74) (53 - 66)

No. of Spec"ass 5 10 1 S 5

Test Method ASTH 02344

184



00
g0

44

o044 $4

4-3

0 0

0 0
•0

IL 0

S0 0

0Y N. 00

I(M) SS3CIuS

" 0 64

1 8

0 4)

• ,:••r i . .... .. • = • ; . . .. .. . . " ' ' " " " S.. .. . •.. . ;-;"... . • • .;-•, ;;.',•:"-, •r,• .•; ;; ;;.;":.;:.:` • / `` `.••.` • • • • •.`; 3 ..0`." ; •



0 VI N

*44%~~~c W 1 o~~4

943. %aal
4.--

- .4**~4 --
04- 3.

o- all T1 o l .1 - 4 41.6

'f"4.4 - 0 0 ~ *4 4 W

'40 #- t-0 N ~ 4

U2 rl - 4 o.1 4N %4

U N ~t4 -4o
04---'

.403-41

t -4.-.w

le.v

0 ~ ~ 4 4144 'o

O N .4 .4 It
a4' - 49

~ ~, - - . 4.f4034

46

w0 V f

~ 444 *~186

4.. .. .. ....



5- •B

4- TEST WEIGHT G,&II IRNG
CURVE TEMP. HUNfDI1TY AG, ING"" E

A 72 0- DRY, CcONTIR
- B 72 0.772- C 72 1.I17 - .SATMIt-F-

F D 260 0 - DRYC IMEI
E 260 0.76
F 260 1.17 - SAJU•ISTEIR

0

0 0.001O M0 0.003 0.004 0.005!, ~STRAINOIlN)

Figure 83 .Tensilii Stress-strain Curves for Unidirecti~onaL-'
tHyE 1076J Composite Laminates Af ter H.umich-ty- Aging.S~at 160*r 171'C) and 100% R.H.ý 90* Fiber
OrientatioLnl.
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CR P PROERP2 OF HYE 1076J
composiTE LAmInuaT

Mtujax48 Ssteim - fyX 10764 Preptg by - tibwits ut
Vb - T300/13C HMI - 974

Amu~8 Tsopgretare AMJ~q - 350?P(3.T7C) ait.S.6,-12
Amain content - IS. A by wit. anol1 hc.a-0.03Lb0*11

- ~ '.Me. of pamela be. hia± speclame-were
va'ama 403 yVl tfttw in tbia table 16

¶~O~ ~t4~t ~ hImtkes. at 0ef type speoijiasn
Test Aftbad - Stzmjto-vubd Ione 0/45/90 - 20 ply
&dSxeo==& AMS 02290 and =339 Z5- a ply

cum

Tolalature z ~ata~e (O.+
4
5.-

4
5.0.O.-

4
S'+4S..0.90'0j +450

7*(22*0 Uitem, L..'ie3 tkai (W) (93.51 (644) (20.051 (136)

Crep £Ula", 300 h(6 0.02.39
Mosidual 3 emth(keil (fl~e) (3.30.91 (902)
No. of Spouiewme 1 0

Crep Mazin. 500 hz(%L) 0.01.23 0.3005
ft. of Specimens 3 3
Suiuaml Stguotthlkal2 (Mea) il.ls5.61 M79) (24-401 (3.663

Stromn IWVQL (eUlI (ee) (70.32 (423) E15.60) (107)
cre atc*". 500 brM% 0.0254 0.2074
no. at Spe4ine 2. 3
JoedAuel Sttazqtb(k512 OWe) (3.04.31 (71.9) 123.351 (3.61

IND. at Specien 1 3

Ozuem Ut"Ae. 500 hX(9 0.0003

S=Lem Stasia. 500 1 (N& 14.1(2) E22.45 0.387
no. at Spectwons 1

Crilmp. St*,nq wothwhl 0 1.0m4 (78)(2.2)(17
no. of Apectiusee, 2

Mo~ua 2YeI t(hell Owa) (711.0) (764) (22.721 (647)

of3

35717cre 5ta" _wb()OOzq04

vo?ý epelma f peolmow d3qte

3Wcma 'C Stromm faniad o Mail d Mrs. 9.1(4)(321(1
StrinWOb~r%) .189



I1.553ksi
•: 25,' r ./ 1328ksi

z 9.90ksi
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251,0= -13.28 ks!
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JD2 060 so 100
TIME(HRS)

Figure 85. -nwile Creep Behavior of Bidirectional HyE 1076J Conposite
-axinates: +450 Fiber Orientation.
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Figre 6.Tensile Creep Behavior of HyE 1076J Compos.Lte Laminates:

(0,+45,-45,0,0,--45,+45,0,90,0), Fiber orientation.
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TABLE 70

STRESS-RUPTURE BEHAVIOR OF HyE 1076J
COMPOSITE LAMINATES

Cowasito Katzia. Prop•erties

.Utexaal $ystas - 1y .076J ( GC/Zpoxy
Fiber - T300/15K 4tr-iX - 976,
Maximum Tumperatlugm RUti.nq - 350r(177'C] Pprpzme by - Fiberite
4paSij Content - 25.2% by wt- L mibt& Sp. Gc. - 1.62
Fiboer Content - 68.0% by vol. NominA Ply Thickness -0.0053 inUh (0.13 mm)
Void Content - 0 -.3% by val. No. co pan"Is from "•Aich spancmazz

- ~ ~were tasted in this t~able~ - 16Test Method - straight-sided tweron TSl"••i has•~e-Refestnca - ASTM 02290 &Rd 03039 Mickness of each type speciomn
(0/_45/90) - 20 ply

445 - 8Ply

Temerature Piber Orientation (0,+4S,-4S,0,Q,-45,+4S,O 90,0)s +45________

720 (220C)M Str Lewveltk1i(H74) 193.51 (644) t17.831 (123)
Time to FaLluae(hna) 167+1 500+
No. of Specimenas 3 3
R.SisdA1& strenqth jcx±I (Kra) (130.91 (902) [24.401 (168)
No. of Specis."a 13

strusm Leve (ksil (NWal (81.81 (564) (15.601 (107)
Tiet alMhs)500+ 500+

aesi4ual Strsth(lksi](Ma) (12.5| (796) E23.35) (X61)N o. of specimens 3 3

260 4 ?(127*C) Strem LeweJl.kil (a) (9s.1) (662) (13.191 (91)
Time to ailurs(hra) 256+2 500+

855J42l1 StZenhth()csi 09A) (134.31 (925) (22.451 U155)
No. of specimens 1 3

Stress Levo1iksi] (M4I) C84.11 (579) [9.901 (68)
TiUn to reilure(hbs) 500+ 500+
me. of Speciemlns 3 3
P~s~t•idu- Stxwmnth(ksi1(NP&) [111.41 (768) (20.881 (144)

ft. of Specimens33

3506?(177*C) Strum Level[kksi (M 1 (94.51 (651) [13.281 (91)Timm to• raJiu,-(hx2:) 334+3 5O0+

No. ospe-cimeams 3 3
Rsida1 Strmqth(ksil (MNa) (119.21 (821) (21.641 (149)

2 3

Stress .velcksil {•a) (82.71 (570). (11.621 (80)
T o m to rall±ue(h-) 500+ ".0+

o.of specisaes 3 3
Issidns.L Stres~iqtbu(kill~ (. [112.01 (712) "[20.93) (144)

•Two spec•.k•s boae on losdin.,q.
zTwo specLmens broke 4urin" test.
o0ns specimn broke on loa"di.
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TABLE 71

TENSILE-TENSILE FATIGUE PROPERTIES OF
HyE 1076J COMPOSITE LAMINATES

Ca-osste Material Properties

MateriaL Sysum - yS P076J Preptef by - ?therits _ _ _ _ _

Fiber - T300/15K Matrix - 976Aximm Tempezature Rating - 3507F(177'C1 LTasnate Sp. oz. - 1.62

Resin Content - 25.2% by wt.. amle1 Ply Thickness - 0.00S2 inch tO-J3 a)

FVoid Content - ".% by Val. in this table - 20
TVhickness of each type specisamnt

That Method - Straitit-sidad tension *!45 - a l
Reference - AS2• 03039 0/±t4/90 - 20 ply

ManxZ fl=TQ . 7P0.1

Tempeaturea riber orientation 44&- 0/t/45/90' o/,,____oa

72'P(22Vc) Max. Stresas ki) (Nit) [17.223 (L2.3) (10S.11 (724) F97.41 (671)
Lifetime (Cycles) S,7I 19,153 735
No. of Specians 5 2
-esidal Strength (ksil ( )• . . 2.
no -. of specimens 0 0 0

Max. Stre• s ail QUA) 115.601 (107) [102.23 (704) ([2.91 (6Q0)
Lifetimm (cycles) U36.004 182.507 6421

ftu" sUagtr si a) + 9.364

ma.Strems Neil (MA) [14.48) (100) 9.1(4) 8.5(10
Lifetime (cycles) 1.120*500 598,592 94, Z23

• No. of Spl•eien 4 5 $
Re idi Strength Eksi] [(Mb) - - (815)
no. of Specimens 0 0

E20w?(127"C) Max. Stressiks±l (MP&) [14.021 (97) [108431 (245)
Lifetims (cycles) 23,.206 4,850
No. of Spectim s 4
Residual Strength (kaci (Mea) -

fo. of Semens 0 0

lax. •s Strom* eig I ksA (I H 1 3 1 1 2 ) 9 . 1 6 Z
Lifetie (cycles) 718,048 84,188
no. of Specuanss
Residual S trength (hail (IFa) -

no. of Specimens 0

Max. StreeskstlMaiINP) [12.371 (851 [90-1 02l)
Lifetime (cycles) 488,973 ,3Bl

no. of Specimens 55
ReiulStrength [tail ' a

N.of Specimens ,
Stacking sequenc. (0,*5,-45,00.45,t45,,90,0),.

IThese specims bed a 0.1935 inc (0.491 OW hole iA tha c•nter *C the test section.
Stresses calculated -sing not cxces-sectiinal area.3 arap.gu lifetime ae lg-mean values.
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TML= 7 2

TREEPMOHSICAL PROPERTIES OF HYE 1076J3
COMPOSITE LAMIZNATES

C osite Material PxopuztzLeu

KAVtezial SyWteat -Y 106J 76Vgb -FieieG/pm

Fiber -a T300/15K m atrzix 976(17C L~iunto Sp. Gr. - 1.62

Pau.in Content - 25.6% by Wt. so. a 1  U hiich (01 Spcmn w"tse
Fiber Cntant - 67.*7% by vol. f Penn' from kib8@~lfSW Bt

Void Content Of by Val.n ~j~
Thicnessof ach type spoc~.mn: Thegre. Exp. - 40 ply $Pee. at. - I ply

Thems. Cond. - 40 ply Glass Trxans. -8 Ply

70k-5ec)s~c 72-rmc32) 126.0-r(127-C) 1350Fr(177-C) Ts

Thermal wa± j

y ~(12.5](22.5)[13.6](24.4) (17.4) (31.4) 11.9.2)(34.6)

Cpjtu/b.-?j(/kq9)(G. 1531 (640)IEO0.2051 (860) [0.274) (1150)[0.330) (1380) 0SC3

N.of specimm"3 3 3

kz[uf/t2h-p 0.371 [0.42) [0.481 10.513 opaatv
(W/a- 1C) (0.64) (0.72) I (0.84) (0.89)

No. -f Specimens 3 3 3 3

Gleass Transi.tion Taimp. D

Dry ("r)1(C) (5181(2MO
iwgt (or) (C) (493](256)

[1.p71 7 (3171417 (.) 1.41 2.51 J1.51 (2.7) TA
direc'tion333

Therml Canducu±vit)ýcmart

(V/-') ( 4) (0.393 [0..531 Co0a611i

(wImr *of (0~an 4e (0.67) (0.92) (1.05)

HOTZS I -C kA th wdixect4 *oIwIy ratm xcvd spec~na, th x-dixeciorn is along11 the fiber

th hikas(~ntcl oth -irci 0 n *45*bidi.ctimajly -.4t~co

4. Dftadc Mch~c~lAnalysie
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TABLE 73

COMPARISON OF 934 AND 976 RESIN PROPERTIES'

RESIN 934 976

VISCOSITY, cps 6,000-12,000 6,000-12,000

*At 75 + 0.5C
*Brookfield Model HBT Viscometer
*Fiberite FTM-V-9 Test Method

GEL TIME, MINUTES 8-16 15-30

*At 170 + 10C (934), 177 + 1C (976)
*Fisher-Johns Melting Point Apparatus
*Fiberite FTM-G-3 Test Method

SPECIFIC GRAVITY OF CURED RESIN 1.30 1.28

*At 23 + 26C
*Analytical Balance
*ASTM-D-792 Test Method

% WEIGHT LOSS .450 .255

*RT to 2000C
*T.G.A.
*Heat-Up rate-- 5*C/Min

CAST RESIN PROPERTIES

*Tensile Strength, ksi 8,000-10,000 8,000-10,000
*Tensile Modulus, rsi .3 - .5 .3 - .5
*Tensile Elongatiou, Z 3 5

*Mean Class Transition Temperature, "C 214 250

'All data in this table provided by FIBERITE.
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TABLE 74

COMPARISON OF DAY/WET MEC-HXCAL PROPERTIES

10 34 C by-Z 1076C

QJCURU. LAMINATE

Resin Content, 2 24.0 25.7
Fiber Volume, Z 70.C 68.6
Void Content, Z 0 0
Specific Gravtty 1.62 1.63

__.Nominal Cured Ply Thicknesse, In. .005 .005

00 FLEXURAL STRENTH. KSI (Normalized to 652 tiber volume)

RT, Dry 273 282
RT, Wet NT 281
250-F, Dry NT 266
250 0 F, Wet 177 226
350-F, Dry 197 215
350*F, Wet 63 140

00 FLEXURAL MODULUS, MSI (Normalized to 65% fiber volume)

RT, Dry 20.4 20.5
RT, Wet NT 20.1
2500F, Dry NT 19.5
2500F, Wet 19.5 20.4
350°F, Dry 20.2 19.4
350-F, Wet 10.0 18.8

SHORT BEAM SHEM, KSI

RT, Dry 17.7 17.1
RT, Wet NT - 14.2
250F, Dry 12.8 12.3
250"F, Wet 6.8 8.2
350"7, Dry 7.9 10.4

350"F, Wet 4.1 5.5

'All data in this table provided by FIBERITE.
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4.6 G-i60/6535-1

This graphite/epoxy system was developed by AVCO and

consists of a 160,000 filament graphite fiber tow (G-160) in
a 350tF (1776C) epoxy matrix resin. Both the fiber and resin
are manufactured by AVCO. The advantage of such a large filament
tow is that prepreg costs can be considerably redkaced.

Tables 75 through 87 present the data generated for
this graphite/epoxy system. Figures 90 through 105 illustrate
the stress-strain, fatigue, and creep behavior of this material
as well as the effects of humidity aging upon selected composite

properties.

The resin in this prepreg proved to be a very high flow
material and it was difficult to avoid laminates with fiber
content levels lower than 65-70% by volume, even with greatly
reduced bleeder material and sealed layup bags. Although the
acid digestion technique for determining fiber and resin content
produced consistent fiber content levels of 65-73% by volume

for the panels fabricated by several different layup schemes
and cure schedules, photomicrographs of the laminate cross-
sections seemed to indicate lower fiber contents for the
tested laminates.

Figure 92 presents photomicsrographs of two G-160/6535-l
laminates fabricat'sd according to different layup/curing schemes
and also of a T300/V378A laminata. Pertinent laminate physical
property measurements are presented for each laminate along with

comments based on inspection of the photomicrographs. It would
appear that the fiber packings for panels K-2 and 1-19 are com-
parable (disregarding the voids in K-2) while that for panel
K-31 is slightly less (more average space between fibers). This
would infer an approximately equivalent fiber content for panels

K-2 and 1-19 and a lower fiber content for panel K-31. As can
be observed from the data accompanying the photomicrographs, this
result was not obtained experimentally. Since the fiber packing
obtained for panel K-31 did not appear unreasonably dense and was

24
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iII

comparable to that obtained for previous materials whihu ex-

hibited fiber content levels of around 65%, it was decided

to proceed with the cure schedule and layup scheme used for

K-31 and described in Table 75 and illustrated in Figure 90

and simply report the measured fiber contents with this

conmentary.

4
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TABLE 75

PROCESSI14G CONDITIONS FOR G-160/6535-1 COMPOSITE LAMINATES

Coi-osite Processing Information

Material System - G-160/6535-I Gr/Ep
Fiber - G-160 Matrix - 6535-1
Maximum Rated Temperature - 350°?(177*C) Prepreg by - AVCO

Laminate Processing Schedule

Layup Procedure: The prepreg was stored in a closed wrapper at
room temperature. Prepreg was removed from wrapper and plies
cut to desired size using a razor knife. Plies were stacked
in the desired sequence (release paper removed from each ply).
The stack was placed ir the autoclave according to the layup
system illustrated in Figure 90. The corprene edge dam serves
to restrict fiber flow.

Cure Schedule: Apply full vacuum and heat to 265 0 F in 45 + 5 mmins
under full vacuum. Hold at 2650F for 30 mins., then apply
100 psi. Heat to 3500F in 20 +5 mins. Hold at 3500F for
two houris. Cool under pressure, and vacuum, to 1200 F.

Postcure Schedule: The panels were placed, unrestrained, in an
oven at room temperature. The oven was brought to 3750F at
rate of about 50 F/min. After a four-hour hold at 3750F, the
oven was turned off. When the oven was cooled to near room
temperature, the panels were removed.
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TABLE 76

PPEPREG AND CCJPCEITE PHrZSICAL PROPERTIES

Coxposite Physical Property Information

Material System - G-160/6535-1 Gr/Ep
Fiber - G-160 Matrix - 6535-1 __1

Maximum Rated Temperature -350F(177*C) Prepreg by - AVCO

Prepreg Physical Properties

(Property) (Stnd.Dev.) (Range) (Test Method) (Ref.)

Volatile Content- 0.20% by wt. 0.06 0.13-0.28 QCI-C-V-14 Fiberite
Resin Content- 41.5% by wt. 1.7 39.3-44.1 R-15 Fiberite
Gel Time @ 327*F(164*C)-38.2 0.6 37.2-38.7 G-2 Fiberite
No. of Rolls Involved- 2

No. of Batches Involved- 1

Laminate Physical Properties1

(stnd.flev.) (Range) (Test Method) (Ref.)
No. of Panels- 34
Fiber Content- 68.4% by vol. 1.2 66.1-71.51 Acid Digestion
Resin Content- 25.7% by wt. 1.0 22.9-27.3J AFML-TR-67-243
Void Content- 2 0% by vol. D2734 ASTM
Laminate Sp. Gr.- 1.61 0.01 1.59-1.63 D792 ASTM
Fiber Sp. Gr.- 1.75 As reported by manufacturer.
Matrix Sp. Gr.- 1.26 As reported by manufacturer.
Thickness per ply-

1 The properties reported here represent averages for all panels of this
material used throughout the program.
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Figure 91. HPLC Analysis of AVCO 6535-1 Epoxy Resin.
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(a) G-16016535-1

PANEL K-2
EARLY CURE SCIIEDULEILAYUP SCHEME
FIBER CONTENT - 69.0% BY VOL.
SPECIFIC GRAVITY - 1.58

RESIN CONTENT - 23.8% BY WT.
VOID CONTENT - 1.'2% BY VOL.
VISIBLE VOIDS

(b) G-16016535-1
PANEL K-31

FINAL CURE SCHEDULEILAYUP SCHEME- FIBER CONTENT - 68.5% BY VOL.
SPECIFIC GRAVITY - 1.61
RESIN CONTENT - 25.7% BY WT.
VOID CONTENT - 0
FIBER PACKING LESS DENSE THAN
FOR PANEL K 2

(c) T300lV378A
PANEL 1-19
FIBER CONTENT - 65.2% BY VOL.
SPECIFIC GRAVITY - 1.59
RESIN CONTENT - 28.2% BY WT.
VOID CONTENT - 0
FIBER PACKING COMPARABLE TO
PAN[L , 2

Figure 92- Photomicrographs of Composite Laminates.
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STALBLE 7. 7

TENSILE PROPERTIS OF G-160/6535-1 COMPOSITE LAKMIATES

SCoq*it• Msarmial Pxoprt~es

Material System - G160/6535-1 Prprs b - AVMO G/

Fiber - G-160 msatrix - 6535-1

"A•4AgmW Rated Teuperature - 350*F[177*C) . G. -no
m-mial Ply Thick - 0.0044 i.nc (0.12 amn-Basin Cont~sut -25.7% by wt.

Fiber Coutan 63.5% by vol. No. of pawels ron wich specimens wazu teated

Void Conta.nt - & o% by vol. a tbs table - 8

ThIcknaess of .ecb typ* secimn-n a- - 6 PLY' 90* 15 Ply

-67*71-55C) 721(22*C J 260F( 27*C) Is01(177C3

F I [kai (Ma) 1172.41 (1180) 1167.53 (1154) 1162.6](1120) [171.33 (1180)

Stnd.Dev.[kGlii(Ka) (25.71 (177) 112.11 (83) 17.5) (52) (22.5 (155)
LEaD"9 (ksil (la) 1148.3 - 213.83 U148.4 - 180.01 1150.0 - 168.61 1143.9 - 194.21

(1022 - 1473) (1022 - 1240) (1033 - 1162) (991 - 1338)

MIo. of Speciama 5 5 5 5

rol Cksl ( IJa) (172.41 (1188) 1167.51 (1154) 1U62.63 (1120) 11.71 (U149)
N

Std•.Dev.Ekui3• (Ia) (25.71 (177) [12.11 (83) 17.51 (52) (20.71 (143)
1n. of Specimens 5 5 5 5

9 t (f'| I((;Pa) (18-491 (127) |118.541 (128) 121.1L1 (145) 119.891 (137)

Stnd.Dev-(*'i-l(G~a) W051•.)[-641 (4.4) 10.681 (5) [~• •

No. of Specimens 5 5 $ 5

C (M in) (0uo,'v) 9180 8530 7820 8390

Stnd.0"eY. 1410 680 940 1210

NO. of Spacinmg 5 S 5 5

v ,t 0.31 0.32 0.36 0.31

Stnd. Dew. 0.04 0.01 0.02 0.08

Test Mthod Strai'ht-sidd t•ension
Reference AM 03039

j=s, 90g

S [IcLEai H(s•a) [4.931 (34) 15.511 (38) (3.801 (27) 13.491 (24)

S•=•d.v. t(ksil(Ma) [0.541 (4) 10.43) (3) E0.531 (4) 10.851 (6)
Range (4.30 - 5.431 (5.19 - 6.151 [3.09 - 4.431 12.42 - 4.411

(30 - 37) (36 - 42) (21 - 31) (17 - 30)

g. of Specimen 5 4 5 4

Ipl (kai•IsMa) ( 1..581 (11) (5.511 (38) (2.701 (19) (2.421 (17)
•-S~nd.Dv. lksti1(HFA) [O .351 (2) io.413i 0•) (L27•1 FO.412

No. of spacimen 5 4 5 4

4 li1I(Gva) [2.271 (16) 11.821 (13) (1.591 C11) 11.631 (11)

Send.D v.IMaI(Wa) 10.311 (2) 10.271 (23 10.21]_(1.4) 10.111 (1)
Me. of Specimens 5 5 5 4

qt

ýtu r 12..im I (wMu!,:m.) 2290 3290 2490 2270

Stald. Dev. 510 440 3W0 7W0
got. at Specimnsn 5 4 5 4

"vyz 0.038' 0.031' 0.0250

Sta*. Dev. -- - --

so. of specimens-

Test athod stra4.qht-sidsd tension

MFe ,,cj As" 03039
PIE VMuta uslaq elastic moduli and longitujdinal Pois*M~s ratio.
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TABLE 73

TENSILE PROPERTIES OF G-160/5535-1 COMPOSITE I.i'4INATES

Com€asitea Material Properties

Material system 160/6535-1 Prepreg by- AVCO _ _Gr/Epo_ y
Fiber - M-160 Hatrix L 6535-1
Aaic-W Rated Temperature - 350'F(177°C) Laminate Sp. rr. - 1.61
Resi•n Oontgnt - 2(.c- by wt. mominal Ply Th,*.ckness -J.JU4' inch(0.13 tam)
Faber Content - i7.7- by vo±. No. of panels from which specimens werz tested
Void Content - J'. by vol. n his tabla - F

Thickn-ess of specimen - lis

TENSION: +45"

"-67*F(-55 4
C) 72-F(22-C) 25 0 F (1270C) 35C' (177_)

(~ kai)(Mpa) 119.431 (134) (]6-:ill (114) [11ý56] (107) [16.481 (114)

Stnd.Dev.[Iksi I(?Wa) 10.9401 (6)) j1.17] (8) 10.411 (1) [1-10] 8
Pange (kail(MPa) IiS. 7

2-2L).891 U15.36-17.771 [ 14.•8-15.91 (i5.Lu-17.481
(129 - 144) (106 - 122) 1£03 - 110) (104 - 120)

No. of ioectmens 5 5

, tP 1 [k ai]HM~a ; (9.53| (66) t5 .32 ) (41) (-4.6 11 (32) [4.05 1 (28)

Stpd.D~v.[ksi)(Mwa) (1.96) (14) (1,411 (10) (0.721 (5) (0.281 (2)_•N o. of Specimens 5 555

Et ( Msij (Gn a) {3.281 (23) 13.1.21 (21) (3.051 (20 ) [ý.791 (19)
Stnd.Dev.[Msi}(GPa) 10-211 (1) (0.121 (1) (0.121 (1) [00 • (0.6)

• •~~o. of Specimens5555

x% [Lj•in] n (4c~m/cm) 6,890 ý,,940 1.2034,800

Stnd. Dev. 1,36.' 850 Z,150
Nv. of Specimens 5 5 -'

0t 0.62 0.65 0.72 0.7XY
Sind. Dev. 0.04 0.05 0 07 0.03

go. of Specimens 5

Test Method Straiqht-s~ded tension
Sference ASTM 03039

"Strain .)a4- faliled before .nd of test on throe specimens.

2I
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TABLE 79

TENSILE PROPERTIES OF G-160/6535-1 COMPOSITE LAMINATES

Compicte Material Propertie

N~tqzial 8yst*ea - C-160/6535-1 iropzmq by - AVCO Gr/Epo
Fiber - G-160 Matrix - 6535-1 S

ijm= xated Taezatmw - 350F(177-C) LMnatoe Sp, Ox, -

Ret- N.mn ply fd•~ckusa -0.0049 izch (0.12 e)

ontent- ,A no. of panels fom which speciasu. Wave tested

Void Content - N-A.- 9
fi.Qin u Of 6sPOlAMs - (see f-oott)

MMMUI : 721F (22*C)

(01±45)' (0/k45/90) (57145/90)

kz Ell (XPa) [97.31 (670) 191.5] (630) (90.91 (626)

Stad. Dev. CkiLl ()ea) (6.03 (41) [8.81 (61) (6.01 (41)
RDAW (kil (NXP& (88.3 - 103.23 179.9 - 102.0] t84.8 - 100.7]

(609 - 711) (551 - 703) (584 - 694)

No. of Specln• e 5 5 5

FjP1 Ekil (0a.) E97.31 (670) [91.53 (630) 190.91 (626)

St1d. Dev. E lka (30.) E6.01 (41) 18.81 (61) 16.01 (41)
N•o. of Spemum; 5 5 5

t tai] (me) 111.41] (79) [11.591 (80) (10.92] (75)
&to&. Dav. [mail (GPA•) [1.11] (a) [0.67] (5) 10.121 (1)

ao. of Specienm 5 5 5

tu a7 7081

stu. bev. 680 720 560

go. of spcln• s 5 5 5

v t 0.62 0.41 0.37

ISt•. Dev. 0.04 0.02 0.02

no. of Speciaes 5 5 5

Tesnt Hathod Stgeight-sidmd tension
hfem ASTR D3039

(Q,+4#-450w0F4SF+5,0 - 20 Ply.

.(0,+45,_45,0v0,-4I,445,0)s -1 0 ply.t • (0,9,..45,-4S,0,0,-45,445,O,0,0), - 20 ply.
"(0, +45,-45,00,-45,,4$,0, •0,0)o - 30 pl2.
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NOTE STACKING SEQUENCE PLIES
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2 (0, 90, +45, -45, 0,0, -45, +45, 0,0)s 20
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Figure 96. Tensile Stress-Strain Curves for Multidirectional
G-160/6535-1 Composite Laminates.
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TABLE 80

COMPRESSIVE PROPERTIES OF G-160/6535-1
COMPOSITE LAMINATES

C•Opste Material Properties

material System - G-140/6535-1 Prapcsg by - AVC. / i r/zpoy.y
Fiber - G-160 matrix - 6535-1

PteP Tempera.ture - 350*F(177'C) Laminate Sp. Gr. - 1.61

Rein Content - 23.9% by wt. ominal Ply Thickness - 0.0047 in, (0.12 sm)

Mar C(fitemt - 70.0% by Vol. No. atmeIs from which specimens were tested

void CoAtent - - 0% by vol. in this tabie - 3

Thickefso of ea type specimen: 0° - 21 ply; 904 - 21 ply

COONPRSSION; 0*
-67"F(-55"C) 72(22C) 260*P(127*C) 3504F(1776C)

(. NesiI(iWa) [214.0] (1474) [212.31 (1463) (19888] (1301) (151.41 (1043)

¶ Stbi.Da.[tksgl1NPa) (19.11 (132) (6.01 (55) (20.1](138) [11.3] (78)
Range [ksil (NPa) (192.4 - 235.41 [204.0 - 223.91 (156.5 - 206.3] (145.8 - 163.01

(1326 - 1622) (1405 - 1543) (1078 - 1421) (1005 - 1123)
No. of Specimens 5 5 5 5

FxcPl [kai I(Me&) 173.91 (509) (106.3] (732) t90,5] [557) (1,11.91 (703)

Stnd.Dev.[1ksi](mPa) [8.6] (59) [33.2) (229) [13.1] (90) [23.21 (160)
No. of Specifa ) 5 1 5 5 3 S

x
stnd.0ev. [Mail (GPa) [1.06] (7) [1.341 [9) [1.531 (11) [2.451 (17)
No. of Specimens 5 5 5 5

ECU twin/in (14cn/ca) 9,520+÷iz 14,800+20 11,060+Y)' 8,530

SMnd. 0ev. 2.200 3,890 1,850 1,030
No. of specim"5 5 5 5

Test Method

ikaferme ASTM D3410

COMIRESSIONU 90*

17 (kol IC(PA) [36.11 (249) (27.01 (100) [24.0) (165) [19.81 (136)
Sy.Dev.Eksi)(Ha) [6.31 (43) J3.31 (23) (1.31 (9) (3.91 (27)

rang [29.7 - 45.5]. [22.6 - 30.21 [22.0 - 25.4) [16.6 - 26.3)
(205 - 313) (156 - 208) (152 - 175) (114 - 181)

o. of Speabue. S 5 5 5

fkI x i](MaP) [14.1] (786) [13.2) (911 (15.91 (i10) [11.41 (79)

StvA.Dev.[kmi](Na) [4.0] (28) [1.51 (10) [2.8] (19) (1.9) (13)
go. of speciaina 5 5 5 5

y [Inmi)(l-:) (2.01) (14) [2.04) (14) [1.40] (10) (1.601 (12)

Stna4.eV.[3WiI(jQa) [0.16) (1) (0.4) (3) (0.111 (1) [0.40) (3)
go. of Specimen 5 S 5 5

cu (Iin/in] (PUoca) 25,730+11• 21,960+1"4 15.660+')2 11,7504-Ls

Stid. Dev. 5,330 13,350 6,100 4,490
No. of Sp'ciana 5 5 5 5

___ere_____03410 .

U•ltimate strain value represents •maxm observed values rat.her than ulti•mate VaLlues.
21hme specimens exhibited evi.dence of buckling.

•:" A so~ pecismm fthibitl evdnce of buaklinq.
. "Tw•5o 9oc exhibiteda evidance of' buckLtnq.
, etaur spc~imens exhibited evidence of ba*1ing. 1
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* Figure 97. Compressive stress-Strain Curves for Unidirectional
(G-160/6535-1 Composite Laminates: 00 Fiber
Orientation.
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Figure 98 . Compressive Stress-Strain Curves for Unidirectional
G-160/6535-1 Composite Laminates: 900 Fiber
"Orientation.
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TABLE 81

FLEXURAL PROPERTIES OF G-160/6535-1 COMPOSITE LAMINATIjS

Composite Material Proiportics

material Sys.teM - G-160/6535-1 Prepreg Iy - AVCO Gr/Epoxy
•'ibcr - G-160 Matrix- 6535-1

zir - G-160 T oraturo - 6535-1F ) Laminate Sp. Gr, - 1.61niximua Ratedt Tempeatur 2 byUtNominal Ply Thickness - 0.0047 inch(.12 mm)Re-isin CuntenL5 24.8% by wt.

Fiber Content -69.61 by vol.No. of panels from which specimens were tested

Void Cinte;-t - L 0% by vol. in this table - 2

%•iokyoss of each type specimen: 0o - 14 ply ; 9go - 14 ply

FLEXURE: 0*

-67"F(-55°C) 72oF(20C) 2GOP(l127C)' 3,0yF(177vC)

F fU jksi)(HPa) 1239.91 (1653) [231.3j (1594) (219.71 (1514) 1-81.71 (1252)

Stnd.Dev. [hsi] (HPa) t17.21 (118) [9-4] (65) [4.9) (34) [5.91 (53)
Range lksi](HPa) [2'2.3 - 255.91 (215.2 - 237.61 [214.2 - 223.51 [175.8- 189.41

(1463 - 1763) (1483 - 1637) (1476.- 1540) (1211 - 1305)
No. of Specimaens 5 5 31 5

Ef (MaiI(Wa) [19.041 (131) [18.49) (127) [18.011 (124) [16.853 (1150)
St~nd.Dov÷ {Mqi] {GPa) [I11(8) 1o.96] (7) (0.601 (4) [0.611 (4)

No. of Specimnos 5 5 3 5

Test Method 3 pt. 4 pt. 3 pt. 3 pt.
Reference Design Guide, Jan. 1971 - Corresponds to ASTM D7O0 except fut loading

Wints and loadingc soeed.

FLEXURE: 90'

(fu ksi)(MPa) (9.11) (63) [8.863 (61) [6.40] (44) [6.501 (45)

Stnd.Dev. [ksi] (M~a) [i1.751 ý-12) (0.441 (3) [0.471 (3) [0.221 (2)

Range [ksil(MPa) [7.09 - 10.141 [8.41 -- 9.291 (4.70 - 7.78) (6.32 - 7.563
(49 - .(, (58 - 64) (32 - 54) (44 - 52)

No. of Specimens 5 5 5 5

Ef (Msi](GPa) [1,531 (I1) [1.451 (10) (1,45] (10) [1.341 (9)y
stnd.Dev.([Msi(GPa) [0.04] (0.3) 10.061 (0.4) (0.041 (0.3) [0.13] (1)
No. of Specimens 5 5 5 5

Test Method 4 pt- flexure corresponds to ASTM D790 except for loading
Reference Design Guide, Jan- 1971 points and loading speed

ITwo specimens tested in 4-point loading exhibited shear failure at a flexural stress
of 163.7 ksi.
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TABLE 82

SHEAR PROPERTIES OF G-160/6535-1 COMPOSITE LAJ4NATES

coaVojte Material Properties

material System - 6-160/6535-1 Prepreg by - AVCO Gr/Epxy

Fiber - C-160 Matrix - 6535-1 L
MaxLmum Rated Te erature - 350'F (177oC) L5inal Ly T ke -1 .0
Resin Content - 26-7% by wt. Nominal Fly Thikness - 0-0050 inch (0.13 mm

Fiber Content - 66.9% by vol. No. of panels from which specimens ware tested

Void Content - - 0% by vol. in tis table - 9

Thickness of each type specimen - fnplane 8- P)lY Interlafinar - 15 Ply

INFLAME SUEAR

_67___t55_c__ _ 72,F (22CC) 260-FU(27-C) '350"F(177c)

[ksjI(Jta) 19.711 (67) (8-431 (58) [7.771 (54) [8.241 (57)X7
Stnd.Dev.[kaj)(M•a) [0-45) (3) (0.671 (5) [0.211 (i) (0.551 (4)

Range (ksi](MPa) [9.34 - 10.441 [7.68 - 9.001 (7.42 - 7.941 [7.54 - 8.741

(64 - 721 (53 - 62) (51 - 55) (52 - 60)
No. of Specimens 5 5 5 5

(i [Mai.(GPa) [1.011 (7) [0.94] (6) (0.89 (6) [0.81] (6)

I Stnd.Dev. ( Msi] (GWa) (0.061 (0.4) (0.031 (0.2) [0.051 (0.31 t0.03] (0.2)

No. of Specimens 5 5 5 5

Test M a ASTM D3518
Reference

INTrOLAmNfAR SHEAR

Fi"s (ksi](1Pe) [16.961 (117) [14.531 Ui00) j11.90] (82) [9.271 (64)

Stnd.Dev.([kail(1a) (1.143 (8) 11.171 (8) [0.47] (3) 10.621 (4)

Range (15.19 - 18.211 (13.10 - 16.131 111.36 - 12.39[ (3.46 - 9.791

(105 - 125) (90 - 111) (78 - 85) (53 - 37)

Test Hathod Short beam shear

Reference ASTM D2344
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A

5

TEST WEIGHT GAIN DURING
4 D CURVE TEMP. HUMIDITY AGING

_(OF) (% BY WT.)
A 72 00- DRY CONTROL
B 72 0.67

E C 72 1.29 - SATURATED
S••2 -D 260 0 - DRY CONTROL

E• 260 0.68
SF 260 1. 29 - SATURATED

'0 0001 0,002 0003 0.004 0.005
STRAIN (IN/IN)

Figure 100. Tensile Stress-Strain Curves for Unidirectional
G-160/6535-1 Composite Laminates After Humidity,
Aging: 900 Fiber Orientation.
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TABLE 8

cEEEP PROPERTIES OF ro-160/6S 35-i
COMPOSITE LMiIITES

COP.osits Astori~l Pro-arise

matexial systm - 0.40/"351-1 Voby-AOQrt
ri"- G-lA0 Matrix - ssis-1 I

Mazim Unxotm ratnq -50*F1771ý smi~ete Sp. cr. - L-.1
Bai mat-2.1 yv.mmia ±,.. hiiiohes - 0.0048 irwhco.12 nW

rio coto v7$ yvl.g.6 aesf* hiotk S1Deoiw was tested
j~~~~jS + £ h' table - LS

VW flia 0 yvo.1icknsss of esaaf type spsciumii
Test Moatihid - straight-sidad tionsion +45* - B ply 0/t45/903 - 20 Ply
Refo enow - AM~ D2290 and D1,039 C*5 - 16 ply G/+45/903 - 2.0pl

yer-Daratuns riber orienattion +45. 08" -/!/o 0:4/0

72*P(22*C) Stmess Level Eksi1((10a) 113.221(91) 173 22)(504) 172.-,Vl 501) (77.831(536)
reasp Strain, S0D brM4 -.47 00073 0.0(164 0.0102

No. a specimens 3 26 -2 2

N.of speciumme 3 2 2

Stress Loealtl.i] (MMe (11.57)(90) 164.07)(441) (63.621 (4301 16910IL469~
Creep S~ein' 500 bact) 0.2031 0.0171 0.0148 0.0122
No. 4if speciawns 3 3 33

SAmidual SLs~nqthjkei1UW&i 119.3010M3) [103.46)(713) (102.20! (773

No.of Speciamens 333

26?17)Stroes Leum,[kail M((992164
Cree-p itt5aim. SW0 hr() 112
No. of spcsaiasos 3
RosidO"l stzenqth iksili(mrs) (1s-41mm)0l
no. of spevimne 2

2WVl7)Stroes IAAs1 Mai I (Ws) 110.89 (75)
Creep ftrasi. 500 hr(L') 4

No. of Specilmms 2

AD. of specmw 2

stz"ress l W55. Ikj (lie) U0.441 (75)
Creep Ut*.1n. 500 hrMB 342420
&'J. of spesomas 3

mag100*l Strength [ka11l Cs) 116.3951013

Stress Levesl~ksi)(mWC 19.891(65)
iiCreep $tra~in. 100 hr(fU .32520

No. of specumas
Jmssidual tsctkdkeho~i)(NI" 117.5141(1
W0. of spealasme 3

ISOF(77c)Strases Levolksi)(lMe E(8.S4)15()

creep strasin Soo brt%) 1.7239
ob. Of Spec= 0 ____I ____

cren sinf~ep a strein Swoo b l 2.22

ft. of tesm". stres Lval kai (Mt) 1.24(57
Crep trin S h(% 17322
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Figur.e 102. Tensile Creep Behavior of G-160/6535..1 Composite
Laminates: +450 Fiber orientation.i 
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TABLB 85

STRESS-RUPTURE BEHAVIOR OF G-160/6535-1
COMPOSITE LAMINATES

Composite Material Properties

material System- G-160/6535-1 Prepreg by - &VCO Q G/rp ..

Fiber - G-160 Matrix - 6535-1
Uaxiimu Temperature Rating - 350*F(177°C) Lanate Sp. Gr. - 1.61

Resin Content - 26.2% by wt. Nominal Ply Thickness - 0.0048 inch(O.12 u)

Fiber Content - 67.8% by vol. No. of panels from which specimens were tested
Void Content - 0 by vol. in this table -

Thickness of each type specimen-
Test Method - Straight-sided tension +45 - 8 ply 0/+45/90 - 20 ply
Reference - ASTM 02290 and D3039 0/g5 - 16 ply 0/±45/90- 20 ply

STRESS RUPITE

Tererature Pibet orientation +45 0/±+45' 0/+45/S0' 0/+45/903

72*r(22*C) Stress Lavel (ksi] (MP&a) 113.221(91) [73.221 (504) (72.701 (501) 177-831](536'
Time to Failure(hrs) 500+ 369+- 333+ 333+
No. of Speciment 3 3 3 3

Pesidual Strength[ksi] (MPa) 118.171(125) il08.401(747) [109.64](757) [113.85)(704)
. of Specimens 3 2 2 2

Stress Level[ksi](MPa) (11.47](80) 164.071(441) 163.62](438) [68.101(4691

Time to Failure(hrs) 503+ 510+ 503+ 503+
go. of Specimens 3 3 3 3

Residual Strengthiksil (Wa) (19.30] (133) E103.461(713) (112.20] (773) (107.241 (739
.of Specimens 3 3 3 3

,,-,-

260*P(127"C) tress Level[ksi](HPa) [12-45](86)
imse to ailure(hrs) 351+

. of Specimens 3
sidual Straengthksi](MPa) (14.681 (101)

of Specimens 2

tress Level [ksi) (WPa) [10.89] (75)
ime to Failure(hrs) 482+

o of Specimens 3
sidual Strengthiksi] (HPa) [16.39" (113)
* of Specimens 2

350*r(177'C) tress Level(ksi ] (MPa) [11. 54 (80)
ir.'o to Failure(hrs) 500+

* of specimens 3
sidual Strength!ksi(MPa) [1.6.01] (110)
* of Specimens 3

tress Level fksil (MWa) [9.89](6a)
ire to Failure(hrs) 500+

. of Specimenz 3
sidual Strength dksil oWOe (17.011(117)
.of Specimens 3

•(0,45#-45,0,0,-45,45,0)s - 16 ply
•,05,-45,0,0,'45,45,0,90,�0, - 20 ply

3(0,90,45,-45,0,0,-45,45,0,0)s - 20 ply
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TABLE 86

TE'IM-TENSILE FATIGUE PROPERTIES
OF G-160/6535-l COMPOSITE LAMINATES

MPL1- sal. :;y!.1- G8-'U/65bij-1 ,repretj 1)v AVCO rc
Vib'r - G-160 MaLrix - 6531--!Ni x i×•m u m , ',-m j, ,- ,, t~u J; t i n g - 3 5 0 - F(1 7 "7 'C 1 L a ain b a t e S p . (G z . - 1 6

,,I tc:,.i. Cunt - •6.21 by wt. Pominal P11 ThiLcunss - 0.0048 . -ich (0.12 An)a

•l,'-r C Itv'.L - 67.C L by vol. NO. Wf )),ncIs frov' whichk npoci,,Cfns wu.x4 testfd
, Void CoiLv'l~t - 0• byVo vitr abe-1
i•:: ~T,:!;t *;,-Lhjd -Sý.raight -sid ten~sion Lý5 - ply /•/C [•'

-sd --5/1 2(, nlh.
Si-,kh c - ASTM D3039 0/+451 - 16 ply U/+4!/90J -'• A-

S~TFNSI'L17 FATIGUE, R=0.1

T•vinjozature: i~e"O:entatiun +45 0/+45ý 0/1+45/902 -/45/90'
72"2'(-21C) bax, sb ksi] (Vva) 114,05](97) [87.551 (603) [86.39] 1595) [77.79J(536)

Lifvtxnme (cycios) 4,603 1,259 962 1,767
1Pn. of Spxecimens 5 5 5 5
Residual StrengtLhi k i] (1-IPa) ---........
No. of Srecir.ns 0 0 0

Nax. Strc-ssksi](MNa) [12.401(85) 182.69](570) 181.79](564) 173.22](504)
LifeLime (cycles) 69,314 22,478 47,309 99.022
No. of Sp-ci1ML-cs 5 5 5 5
Residual Strencjth 1;si] (TAPa) ............
No. of Speciennris 0 0 0 0

max. Stress [ksil (FPa) 110.74](74) [77.82](536) [77.25](532) 168.64](473)
Lifetime (cycled) 719,082 45,079 154,164 125,270
NO. of Specimens 5 5 5 5
REsidual Strength [kai] (MPa) ............
No. of Specimeons 0 0 0 0

260'F(127*C) Max. Stross[ksi W(MP) 113.23)(91)
Lifetime (cycles) 3,438
No. of Specimens 5
Residual Strength [ksil (MPa) ---

"No. of Specimrens 0

Max. Stresslksi](MPO) [10.89](75)
Lifetime (cycles) 138,999
4No. of Specimens 5
Residual Stralngth iksi) (MPa) ---
No. of Specimeno 0

Max. Stross[ksi)(flPa) [8.561(|s 9 )

Lifeti me (cycles) 3,640,227
No. of Specimens 5
Rnsidual Strangth [kti ) (MPa) ---

No. of Specimens 0

L(0,45,-45,0,0,-45,45,0), - 16 ply
2(0.45,-45,0,0,-45,45,0,90,0), - 20 ply
'(0,90,45,-45,0,0,-45,45,0,0)5 - 2C ply
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TABLE 87

THERMOPHYSICAL PROPERTIES OF G-160/6535-1
COMPOSITE LAMINATES

Composite Material Properties

MAterial System - G-160/6535-1 P4preq by - AVCO GriEpoxy
Fiber - G-160 Matrix - 6535-1
Maximumt Temperature Rating - 350"M(l77"C) LaiPina.e Sp. Gr, - . 04
Resin Content - 25.5k by wt. Average Ply Thcknesa -0)0048 noh(O.12 a)

Fiber Content - 68.5% by vol. No. of panels fia which specimJns were tested
Void Content - - 0% by vol. in tL/is table - 3

Thickness of each type specisena Therm. Lip. - 40 ply Spec. Ht. - 1 ply
Therm. Cond. -40 ply Glass Trans. -8 ply

TIwxPHYScAL PROPERTIM5 0'

-67'W(-355C) 72*Fl22*C) 260*F(127*C) 350*F(l77'C) Test
____ ____ __ _ __________ 

4 thod

aernal trpanaiona.2
csu[pia/in-, r] (4cm/cm.AC) [0.04)(0.08) [-0.211]-0.37 [-0.211]0.38) (-0.i0(-0.20) TMA 2

(xy[uin/in-*FP]w/m/:-*c) 112-5](22.5)i [13-87(124-8) t16.7)(30.0) 118-0)(32.4)

N. of Specimens per 3 3 3 3
direction

Specific Hoet

C EbtW%/b.-'FV(J/kg-*C) [0.154](644) [0.202](845) 10.2811 (1175) 0.333](1393) DSC3

No. of Specin,3 3 3 3

Thermal Conductivity1  Comprative
k 2 [btu-ft-/ft 2 -hr-'F] [0.231 [0.38) (0.57] (0.66]

(W/m-'C) (0.40) (0.66) (0.99) (1.141

No. of Specimens 3 3 3 3

Glass Transition Tamp. :)A

Dry (FI('C) (5071 (264)
wet ['71('C) (471] (244)

S33COPSYSCAL PWfRIUST: 445o

Thermal Z)apaion 1
%,jpin/in-']j(lcf/cm-'C) (1.63](2.93) [1.37](2.46) (1.

No. of Specizmens per 3 3 3direction

ThermiL Condnactivit#l Coparative

kz[btu-ft/ft 2-hr-T" ] [0.371 (0.431 (0.511 (0.55]
(W/4-C) (0.64) (0.74) (0.88) (0.95)

no. of Specimens 3 3 3 3

140lS : 1. On the unidirectionally reinforced specimens, the x-direction is along the fiber

axis, the y-direction is across the fiber axis, and the a-direction is through
the thickness (identical to the y-direction). On +45' bidirectionally reinforced

speci••n•, the x and v directions are identical and oriented at 45' to either

fiber direction. white the a-direction is through the thicaicess..
2. Thero-mechanical Analysis.
3. Differential Scanning Calorimetry.
4. 0jnamic Mechanical Analysis.
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4.7 COMPARATIVE ENVIRONMENTAL BEHAVIOR

One of the points of particular interest relative to the
data generated in this program is the comparative susceptibility

of the different composite materials to degradation during, or
as the result of, elevated temperature, high humidity aging.
Figures 106 through 108 illustrate the effect of both test
temperature and moisture absorption upon the strength retention

of these composite materials. The notations "saturated" and
"50% saturated", recall, refer to the specimen condition just
prior to testing. As discussed in Section 3.4, the specimens

tested at elevated temperature undoubtedly dry out to some

extent during the testing process, with the smaller specimens
(shear and compression) drying out more rapidly than the larger
tensile specimens.

Additionally, use of the description, "50% saturated",

refers to the partial saturation condition. While the aging

periods were selected so as to effect about 50% as much moisture
absorption as is present at equilibrium, the actual levels of
partial saturation range from 45-67% of the fully saturated
levels. Further, it must be recognized that while a specimen
permitted to reach an equilibrium saturation condition may have

a relatively uniform moisture concentration throughout its
thickness, one only "50% saturated" will have most of that
moisture concentrated near the surfaces.

Several features in Figures 106-108 stand out. First,
the strength levels for the HyE 2034D system (employing the
75 Msi [517 GPa], pitch-based graphite fiber) are lower for
every type of test and for every temperature and moisture level

than any of the other materials. This is probably due to a
lower level of interfacial bonding between this particular

reinforcing fiber and the 934 epoxy matrix. Relative to
the strength levels in the dry material, the HyE 2034D system

loses the least strength due to absorbed moisture of any of the
other five materials. This, however, is probably the result
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IV
of the original below a lerage interfacial bond strengths since

IF the wet strength levels of the other epoxy-matrix systems

are conarable to the dry strength level of the EyE 2034D.

Second, while the SiC/5506 system loses the most strength,

relative to the dry state, of any of the materials tested, its

absolute strength levels in 900 tension are clearly the highest

and its absolute strength levels in 900 compression and inter-

laminar shear are comparable to the other materials.

In those instances in which a more saturated condition

resulted in a higher strength than a less saturated condition,

the difference is small enough to be attributable to experimental

scatter.

While the fact that the T300/V378A system (polyimide) was

tested at 3506F (1776C) rather than 260OF (1279C) makes it less

than straightforward to compare it directly with the other five

systems (all epoxy), it would appear, with the possible excep-

tion of the 3506F (1770C) saturated condition, that this material

suffers less degradation due to moisture absorption than any

of the other materials tested.

Elevated temperature, high humidity agings similar to

those conducted during this program were previously carried

out on two other polyimide systems, AS/4397 by Hercules, and

T300/FI78 by Hexcel, and reported in AFML-TR-77-151 . [1 4 ] CoD-

parison of the 900 tension aad interlaminar shear data (both

dry and humidity aged) of these two materials with that for

the T300/V378A system reveals that the latter material exhibits

generally equivalent or superior strength levels to either of

the two systems tested earlier. This in spite of the fact that

the latter material had a void content of about 0.8% while

the two earlier materials were void free.
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SECTION 5
CONCLUSIONS

Each of the conclusions listed in this section was arrived
at through inspection of the data in Section 4 and represent

generalizations of overall composite behavior. Exceptions to
each of these generalized conclusions can be found if the data
are scrutinized in sufficient detail. In most cases, these

exceptions are at least mentioned and discussed.

1. The static strengths (tensile, -ompress!.vc flexural,
inplane, and interlaminar shear) of each material

evaluated in this program decreased with increasing
test temperature. In those cases where this wasI not true, the exception usually proved to be either
in a tensile specimen dominated by 00 plies, or

at -67yF (-55iC). The latter situation most

probably is due to increased sensitivity to brittle
failure at the lower temperature.

2. In those cases where the elastic modulus is primarily

fiber dependent, the test temperature had relatively

little effect on the modulus (00 tension, 0/145/90
tension, 00 compression, 0* flexure). In those

cases where the composite modulus is primarily matrix

dependent, however, the modulus for each material
Sdecreased with increasing temperature just as the

strengths did.

3. The ultimate elongations of the fiber dependent spe-
cimens behaved in roughly the same fashion as the
strength, and with the same exceptions. The ultimate

elongations of the matrix dependent specimens (900
and +45* tension and 900 compression) increased with
increasing temperature for any specific stress. Since

the ultimate stress for these specimens, however, was

j simultaneously decreasing, the actual ultimate elongations

for these type specimens exhibited some increases and
some decreases with increasing test temperature.
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4. On those systems in which holes were drilled in

the center of the multidirectional tensile specimens,

the static tensile strength was 76-80% of what it

would have been had it followed the reduction in

cross-sectional area directly. This reduction is

probably due to the creation of a stress concen-

tration around the hole (diameter = 0..1935 x width

of specimen).

5. On the last material tested, the presence, absence,

and location of a 90 ply in the layup stack was

varied because of its influence on normal edge

stresses. The static tensile results indicated

that the layup with a low level of normal edge stress

produces a slightly higher tensile strength, while

the layups which produce large tensile and large

compressive edge stresses produce equivalent, and

slightly lower tensile strengths. In fatigue, the

* layup which produces large tensile edge stresses and

(K the stress-free layup exhibit longer lifetimes, for

equivalent cyclic stress levels, than the layup which

produced large compressive edge stresses. The former

two layups (stress-free and tensile edge stress)

exhibit comparable fatigue behavior. The difference

in slope may be insignificant considering the limited

amount of available data and the degree of scatter.

6. The thermal conductivity and specific heat increased

with increasing temperature for all six systems.

7. The coefficient of thermal expansion (CTE) seemed

relatively independent of temperature for the four

systems incorporating high strength graphite fiber.

On the HyE 2034D system, however, incorporating a high
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modulus graphite fiber, the CTE decreased with

increasing temperature while the system incorporating
silicon carbide fiber exhibited an increasing CTE

with temperature.

8. On all of the gtaphite reinforced systems, the

layups incorporating 0 plies exhibited considerable

scatter in fatigue lifetimes. The silicon carbide
reinforced system, or. the other hand, exhibited much

less scatter in fatigue lifetimes on layups incorporating
0 plies. Along with the greater scatter in the graphite
systems, however, these systems exhibited considerably

longer fatigue lifetimes than the silicon carbide

system at comparable cyclic stress levels.

II For the +450 orientations, there was relatively

little scatter on any of the materials. For this

orientation, the high strength graphite systems again
exhibit considerably longer fatigue lifetimes than

I the silicon carbide system for comparable cyclic
stress levels. The high modulus graphite system

outperforms the silicone carbide system in fatigue
for the +450 orientation if the cyclic stress levels

ate converted to percent of static tensile strength.

9. The relatively large plastic strains undergone by the

+451 orientation led, in sone cases, to substantial

internal energy dissipation and self-heating in
fatigue tests. For the materials tested here, this

self heating cauoed typical temperature increases in

+450 orientations of 8-200 F (4-110 C) for cyclic
stress levels in the range of 60-85% of the static

ultimate. There were some specimens of course that

exhibited practically no self heating while others

exhibited temperature rises of up to 40 0 F (220C).
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S10. Probably tne most unusual thing observed in the

creep Lasting was the tendency of some of the

mul;idirectional layups (0/+45/90), particularly

at elevated temperature and with thi high modulus

graphite fiber, to exhibit contraction rather than

extension. This was not observed with the silicon
* carbide system. It may be attributable to the

gradual relief of residual internal stresses

reculting fros laiiD•ate fabrication.
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APPENDIX A

COMPUTATION OF NORMAL EDGE STREISES

It is well known that a flat composite laminate which is

subjected to a basically In-plane system of loads can develop

normal interlaminar stresses near free edges that are sufficient

to cause delamination. This phenomenon occurs because a

composite laminate is not a two-dimensional structure at all,

but is a complex, non-homogeneous, three-dimen~ional system.

In a macromechanical sense a composite laminate distributes

loads much like a plate composed of a single homogeneous

material. In the center of a laminate structure, at points

distant from boundaries and points of load applications, the

macromechanics theory of composites is sufficient to represent

the state of stress accurately. However, near boundaries

such as the free edges of a tension specimen, the state of stress

is three-dimensional and depends on the laminate stacking

sequence. In particular, interlaminar normal stresses at a

free edge can be so affected by stacking sequence that changesA in sign may occur simply by rearranging the layers.

This Appendix presents a brief discussion of the

procedure used for analytically determining the interlaminar

normal edge stresses in a composite tensile specimen. The

method involves the following two steps:

(1) Computation of the nominal stresses in each layer

using macromechanics composite theory, as presented in References

15 and 16, and;

k2) Estimation of the normal stresses between individual

lamina, according to the method presented in References 17-19.

These analysis steps are discuossed individually below in

Sections A.1 and A.2. Section A.3 contains interlayer normal

stresses computed for example composite tensile layups of

various materials.
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A.1 LAYER STRESSES

The nominal layer stresses in a composite laminate are

computed by means of standard macromechanics theory. For

completeness, the relevant equations are presented below for

a general laminated composite; the special case of narrow test

specimens with free edges will be considered in Section A.2

A.1.1 Stress Resultants

It is presumed that a stress analysis has been

performed on a composite plate (we will specialize to the case

of a tension specimen in Section A.2) referred to a two-dimensional

Cartesian coordinate system x,y; that is, at every point x,y, the

in-plane stress resultants Nx, Ny, Nxy and the moment stress
resultants Mx, My , M have been determined (by plate theory,

from a finite element analysis, by experimentation, etc.). These

stress resultants arise from a system of mechanical and thexmal

loads, and they act at a reference plane (usually the middle

surface) with the positive conventions shown in Figure A-I.

A.1.2 Lamina Properties

The x,y coordinate system of Figure A-1 is referred

to as the structural axes. An individual lamina is referred to

a 1,2 set of material axes as shown in Figure A-2. The lamina

fibers are oriented along the material 1-axis which is measured

relative to the structural x-axis by the angle 0. The in-plane

material properties of the lamina are referred to by:

Moduli of elasticity: El, E2

Poisson's Ratio : V1 2 ' v21 - 17i

Shear Modulus : G

Thermal Coefficients: all a2

The stress-strain relationship for the lamina is written as

a)2 -2a AT (A.1)

12 12
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Membrane Stress Resultants
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xY y

M M Mxy x xy

Bending Stress Resultants

Figure A-i. Stress Resultants at the Mid-Surface of a Composite
Laminate.
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where AT is a change in temperature, and

[p11 Q12  0]

[Q]= Q21 Q22 0 (A.2)

0 0 Q6 6

where,
Q~E 1

011 1-V 1 V 2
Qll= i- 12 921

SE
2Q22 =1 - v 12 V 21

V1 2 E 2  V2 1 E1  
(A.3)

12 = 0 21 1-v 1 2 V2 1  1 - V1 2 X2 1

066 G 1I2

If the lamina material properties are referred to the structural

axes rather than the material axes, the following transformations

are performed:

[ T] = [T Q] [T] -T (A.4)

a al1

a = [T]T Ica2 (A.5)

Otxy0

where the transformation matrix is given by

cos20 sin2 0 2sinecos8

[T] sin2e cos2 0 -2sin~cos8 (A.6)

2 .2[-sinecose sinecosO cos Osin 0O

and its inverse is,
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Cos2% sin2 -2sin6cosO "

IT]-= sin26 cos% 2sinecose (A.7)

Lsinecose -sin~cos6 cos 2-sinO2

A.l.3 Laminate Properties A

Consider a laminate formed by stacking individual l

laminae as shown in Figure A-3. A typical lamina is referred to I
by Ok". For example, the thickness of layer k is h and the

transformed material property matrix is [51k'

The stress-strain relationship for a laminate -•

in terms of the reference surface stress resultants (Nx, Ny, N1 y, A.

2M N' 2xy) computed as indicated in Section A.1, and the
reference surface strains (C o y) and curvatures

reference srae( ~ xyo 0
K 1y Ky) is given by

rA A A1I B 6 [ N Nxt
11 A2 1 11 12 66 1xN
1 A2 A22 A26 1BI2 B22 B26 Eyo N yt

1 A6 A26 A66 1BI6 B26 B66 •xyo' NxY Nxyt
- - - - - - - - - - -N- - + AT (A.8)
A B B B D N N

11 B12  B6 
1D 1%2 16 24ic

B B B D D D K Mj Mxt12 22 B26 12 22 26 y y yt

B16 B26 B6 6  D1 6  D2 6  D6 6  Kxy Mxy Mxyt

where the composite material properties are determined by

NA..= E (Qij) (zk-
A'i k=1 - Z k-1)

(=1 N 2 2

kij -1 ij k (zk-zk1) (A.)

D N 3 3 zA3

-ij 3 j ij) k (zk - zk1)
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Figure A-3. Composite Laminate.
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" and the stress resultants due to thermal change are,

jxt 11 12 16

N AT Z 0 Q Q

Myt 2k=1l2 2 6y zk zk1

Nyt [16 526  Q661 •M

ATh stan (•xo •yo' Yxy an the -ur Zture

Nxyj 1 xy KYk

M [t Qll 'ýl2 Q161 _t 2 E l2 ý22 ý26 a ( _

Ny 16 ()26 066 11 Ic k-

A.1.4 Strain and Stress in the Laminae

The strains (E e ,Y ) and the curvatures
(K x , K xy of the laminate reference surface are determined

by solving the Equation A.8. The in-plane strains in the

laminate at a distance Z from the reference plane are then

written as

•x XO <x

Cy = yo + Z Ky (A.11)

Y xy Y xyo I K• xy

The stresses at position z arex 11 12 16 X
• FX Q12 QI2 Q26 E xo a T+ x (.2

V Crxy Q16 Q2 6 Q66 IYxy a xy K xy

When Z lies within layer k, then the subscript k is presumed to

S~be attached to the material properties in Equation A.12.
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A. 2 'NORMAL INTERLAMINAR EDGE STRESSES

Consider a laminated composite tension specimen as shown

in Figure A-4. Depending on the stacking sequence of the

laminae which compose the laminate, the free edge indicated in

the figure can undergo delamination failure before the

laminate as a whole fails. The occurrence of this disturbing

phenomenon led to the developnent of the theory presented in

References 16-19 and summarized below.

The stress resultants in the specimen due to the applied

load P in the x-direction are clearly

P
N 1

(A.13)

Ny xy x y Mxy

Then the strains and stresses in the various lamina are computed

by solving Equation A.8, and evaluating Equations A.1l and A.12

for appropriate values of Z. In this case the lamina stresses

are constant through the thickness of each layer.

Figure A-5 shows a section cut from the laminate; the

section geometry is characterized by one unit in the x-direction,

a symmetric half in the y-direction, and full thickness in the

z direction. The forces acting on the laminate in the y-direction

are also shown on the figure. Since the free edge is stress

free, the forces acting at the y-=O must balance through the layers.

Now consider layer number 1 which is isolated in Figure A-6.

Clearly, since the edge y=b is stress free, there must be some

area near the free edge which must develop an interlaminar

shear force F1 and moment M1 to balance the force ayl h1 acting

at y=O. This line of reasoning can be extended to conclude

that all layers must develop interlaminar edge forces and

moments as shown in Figure A-7.

If the typical layer k is required to be in equilibrium

with respect to force-sums and moment sums, the following

equations result:
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Figure A-5. Laminate Section at X = 0.
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Fk = kk +Fk-l

(A.14)

h'+N k 2hk. +F-lhk

if these equations are applied sequentially starting with k 1,

for which F = M = 0, then each set of interlaminar forces can

be determined in a recursive manner.

Now it is argued that the only way to develop edge moments

near the free edge is to have a nonuniform distribution of

interlaminar normal stress in that area. Such a normal stress'A' is shown in Figure A-8, in which the distribution over a small
length assures that the total moment of Mk, and the tension and

compression areas balance. An approximate normal stress

! distribution (References 17-19) is shown in Figure A-9.
Finally, using the approximate interlaminar normal stress

distribution of Figure A-9, the following value is found for

the normal stress at the free edge,

90 Mk
-ek 7- (A.15)

ek H

A.3 COMPUTATIONS FOR SPECIFIC TLAMINATES

¶The analysis presented above has been utilized to estimate

interlaminar normal stresses for seven specific laminates.

The particular material systems and stacking sequences con-

side-red, along with their respective properties are listed

in Table A-1.

The normal edge stressea developed in these composites

are illustLated in Figure A-10. The five curves in the tensile

half of the figure all have the same p'y stacking sequence.

The different tensile stress ievels developed indicate the

influence of riaterial properties. The three curvs for G-160/

6535-1 graphite/epoxy illustrate the effects of different ply

! .stacking sequences. Orientations (1) and (3) in Figure A-10
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Stress at Layer k.
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1000- G-16/) 51 1HyE 10 (1)
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-1200 MI D PLANE.

Figure A-10. interlayer Normal Stresses for Various CompositeLaminates.



differ only in the position of the 900 ply, while orientation

(2) has no 900 ply and has one less 00 ply than orientations
(1) and (3). All of the stresses plotted in Figure A-10 were
computed for a stress resultant Nx 1000 lb/in (1751 N/cm),
as indicated in Equation (A.13)a

i2 0

LI
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APPENDIX B

PREPREG QUALITY CONTROL TEST PROCEDURES
AND TEST RESULTS

This appendix contains copies of the test procedures

followed in determining prepreg physical properties. It

also presents the test results obtained from these various

tests on each prepreg material. Summaries of these data

are presented in Sections 4.1 through 4.6.

In addition to the tables of physical properties,
Schromatographic analyses are presented for resin extracted

from each prepreg.
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Hercules Specification
Volatile Content

HD-SG-2-6006C

5.1.2 Test procedure. The test procedure shall be as follows:

a. Condition new Gooch filtering crucibles in beaker containing con-
centrated 1N03 for a minimua of I hour at 100 + 5O C. Wash with
water, dry in oven at 93 + 3o C and desiccate.-

b. Weigh conditioned filtering crucible to the nearest 0.1 milligram
(tUS).

c4 Carefully remove release paper from prepreg specimen and plice

specimen in tared crucible.

d. Weigh crucible containing specimen to the nearest 0.1 mg.

e. Condition crucible and specimen in an oven maintained at 93.50
+ 30 C for a minimum of 90 minutes and a maxima of 120 minutes,
unless otherwise specified in the applicable prepreg specification.

NOTE

Prepregs with polyipide resin systems should be conditioned
at 288 + 30 C for 60 + I minutes.

f. Removs crucible from oven, cool to room temperature in a desiccator,
and reweigh.

g. Calculate volatiles content of prepreg as follows:

Weight % Volatiles - 2 31Q00

where: W1  - weight of empty conditioned filtering crucible,
grams (g)

W2 U origin! weight of crucible and specimen before4 heating, S
W3 - final weight of crucible and specimn after heating, g
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Hercules Spe-cification
Resin Content

5.2.3 Me C 1" 5 ,tactia -- thod. DeeAm resmi cestmt of
prePr9g by the hbetM extraction nothad as omsoe

a. "rog sasplas baell be as specified in table 1. Taka duplicate
tsax specImwas, ac fro" each end of the * Le.

Tabli . Resin Con Specms for •roeduresu c. D, and I

Tape ,idith Sa pla s-

3 itech. 3 Inches by 3 Inches

6 ince. 2 incbes by 6 ia-he

12 inches . inch by 1.2 inches

b. Weigh •lean filtering crucible to the nearast 0.1 m.

c. Carefully remov release paper fr-m the prepreg spaccmas and place
in tared crucibla.

d. Weigh crucible contai•i•.g Raeca to the neare st 0.1 as.
4. Add I"0 na MC to a 250 vl beaker, pLace beaker an a atoamn bath and

bring to a. boil. (Beaker sho•ld be covered with a autch glass to

f. Add p"p•r ssple to th hoe HUI, bein careful not to splash the
hoc SM. Stir occasionally sad let beet for ten aMnutes or •until

MMboils.

$. Transfer tbh M and fiber into the original tare filturing crucible
positioned in a filtering flask With vacum trap and vactam pu.

h. Wash the fiber three times with additionaL hoc MEK.

i. lemave the Srucibla containing fibers and dry in an oven mintlined
at 163 + C for L to 20 uatute*.

. move crucible frm aoven, cool, in a deslacato, and lei&h A the
.5.: nearest 0.1 we.

k. Calculate 'sin content as foliam8;

iWeight Z si 00 7

WZ -- rgnal weight o cZruible and specet, S

W3 UM AL weight of crucible and fibers, S
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Hercules Specification
Resin Flow

fD-SC-2-600Ec

5.3.2 Procedure B. Determine resin flow as follows:

a. Cut eight 4 x 4 inch plies of sample prepreg.

b. La•, up the prepreg plies O/9ep and weigh to the nearest 0.1 g.

c. Place layup on 1/4 inch chicW aluminum plate which has been covered
with nonporous teflon.

d. Cut one 6 x 6 inch ply of porous TFE release cloth and place on
top of layup.

e. Cut two 6 x 6 inch plies of glass bleeder cloth and place on top
of TFE release cloth.

f. Cover entire layup with 1 ply of glass bleeder cloth tc be used as
air breather.

9. Place entire assembly in vacuum bag.

h. Place in oven at room temperature and pull full vacuum (25 inches Hg).

i. Bring oven up to 250°F (oven temperature) in 30 to 45 minutes and
hold at 250"? for 30 minutes while maintaining full vacuum.

J. Raise temperature to 350% (oven temperature) in 30 to 45 minutes
and hold at 3500? for 60 minutes.

k. Remove from oven while hot and remove from vacuum bag.

1. Clean any excess resin from panel.

m. Weigh panel to the nearest 0.1 g.

n. Calculate the resin flow as follows:

W -W
Resin flow, percent - - 2-- X 100

J where: W, a original weight of prepreg-layup, g.

- final weight of panel, g.

a. Report the average of a mininmn of two determinations.

264



Hercules Specification
Gel Time

5-5 5*I.;m Thar preprag XIL tiue &bell be datomiamd as follows:

3.5-1 S2MIM vreV_&At,... Prepare specimen fow Sol tim tes as follw:

8. Cut. 12 to 13 pvZveg striLps 3/4-Lush by 3-tmih (4 to 3 gamm) and
stac strips 2n to of each other•. Roll stacked prepreg strips

to for8 an a•pr •miatoly 3/4-inh by 3/4a h diltel cyInde

b. Place prepared 2paeim an amondors of approxim-tely 3-1.12 inwh byv
7oth x 0.006 inch alminum fail and roll •tightly. Fold pn esds
tightl.y orwr the niddlt and cut am corner with sciasors to neks
appronmintely 1/1 in openk ng. (S u 3.)

513.2 tUVIMMM- 2p•ga .gton. ftqma- oquipwant for gal tim tetn

folw:A. P'lace boc-u t ga pl.ate (figure 4) 1/4-Luch r frn Cete Of
. ttow pzus platen ms tu. ape d•wt with hee-icb. vuf scams

.directly over bot-ow gal plate as sbmq in figus S and 6. U"
t•op 21 Plate i~n plaee with gresn pressure aen•itive tape.

€. Place a thermocouple an te mcanter of brttm gal plats, 3/4-fach

from the front snd and as shown in f iget 3, Stabiizse at testtmp•r•ure specifid in the applicable preprel spcifinAtion.

5.5.3 Loast2 inocedur. The gel tls test procedure shall be as folJous;

a.. place thszmnple n bottoe g•l. plaets1 . 3/4-inh in fr the f~nt
edge ot h' plate and. 1-1/2 Lcbss frm eiter left or Cigt edge
"as how in figure S. * ses green pressure sensitive tape to secur
Cho thermocohupl wire so chat the checacowpls will rsinu in the
intended position.

b. PLac&e gl specints on bottom gel plate so tat. the cut corner 13
posttion" 1/8 to 114 inch behind eh4-rcawla and facing the
operator.

C. close the puess platen quickly and apply sufficient presurd to
obtaitn approx•n•tely L/4L inch resin bead. St•at timing at tt•is
point. The rota. elapse tin* ftro the tim specimen is pL•ed on
geL plate to closing plate" should be 15 ± 5 swcows.

d_ UstMq a voodem probet probe the edges •f the resin. bead. As gal
.se approaches, the resita boema quite vwCou ad. f10 re a, string
as tu . wooden proab is oved sr from the reain. Coucint probing

longer pLtASCie At this yoint ta ren MRSS 4t2d form p6--5MLdeomto wams pressd withs tb U.P of ths Wooden Probe.. l'ot&
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ADVANCED COMPOSITE DESIGN GUIDE (VOL. IV)

SPECIFICATIONS FOR PREPREG RESIN AND VOLATILE CONTENqT

JANUARY 1973

4. Z. 3. 2 REvIN CONTENT

4. 2.3. Z.1 GraE

One 2-inch-asquare specimen with volatilas .A

removed is placed in a IS0 to Z50 ml beaker. 4.2 .3.3 VOLATIIL CONTENT

The beake r is filled with 100 ml of nitric acid
(HNO3 ) and placed on a hot plate maintained at The following procedure is applicable to
100* C ±5* C (212* F). The sample is digested both graphite and boron prepreg. Filtering
until fiber is completely separated] as deter- crucibles are conditioned in a beaker containing

.tile fiber isuaompletea yeprato Ted as adetr- concentrated nitric acid (HNO 3 ) for a minimum

minedi by vilsual examination. The acid ond 1Aorai•fibers are transferred into a tared glass filter- of I hour at 1000 C ±_S& C (212* F). The

fibes ae tanservd ito atard gassfiler- crucible is washed, desiccated, and weighed
ing crucible positioned in a filtering flash with(W)A -nhsurpergsa lei
vacuum trap and vacuum pump. Fibers are (Wl)" A 2-inch-square prepreg sample is{ wahed hreetime wi~ Z0 l ofHNO3andplaced in the crucible and weighed (W2). Pre- i

washed th r tes pregs with epoxy resin systems are conditioned

o db e hin a nonrecirculating oven maintained ati 93. 5w C t*3" C (2000 F) for a minimurn of

The crucible and fibers are dried at 93.5* C 90 minutes and a maximum of 120 minutes,
±! 3* C (200* F) for a minimum of 60 minutes, Theo cru~cible is removed from the oven,

cooled in a desiccator, and the weight (N4) is desiccated, and reweighed (W3O, The weight

obtained. The weight percent of res in is corn- percent of volatiles is obtained from

puled from: W- W3

(10-0W Volatiles w/o = W LLW (00)

Resin content w/o - W W W- . WI

Data are averaged from a minimum of three

where tests,

W1 = is crucible weight

W2 = is sample and crucible weight

W3 =is specimen weight

W4= is weight after acid digest (fibers)

Compute weir'ht percent of fiber from:

w -W
Fiber content w.1o 4 W . lO0)

Ii 
-.-
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QUALITY CONTROL METHOD QCI-C-V-14

Fiberite Specification

VOLATILE CONTENT OF GRAPHITE PREPREG

1. Place a 2" x 2" sample into previously weighed Aluminum pan (W 2 ). Sample must
lay flat and cannot be rolled up or more than one ply thick.

2. Weigh sample and pan to the nearest milligram (W,).

3. Place into a forced air oven maintained at 163t3°C for 20x0.5 minutes.

4. Cool to room temperature in a desiccator and weigh to the nearest milligram (W ,).

5. Calculate as follows: W1 -W

Volatile content, percent ' 100
W, -W,

W, = weight of pan plus specimen before volatie removal.

W2 = weight of pan.

W, = weight of pan plus specimen after volatile removal-

I
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QUALITY CONTROL METHOD R-15

Fiberite Specification

RESIN SOUDS CONTENT OF GRAPHITE PREPREG

SCOPE: This method is applicable for the determination of percent resin solids in unfilled
carbon or graphite prepreg roving or tape material where this method has been
found suitable or is called out in a specification.

PROCEDURE: 1. Run volatile content on a sample cut adjacent to the sample to be used
for resin solids. The volatile procedure used shall be as specified in the
material specification.

"2. Cut a sample of material approximately 3 grams in any convenient size.

3. Weigh the sample to the nearest 0.0001 gram. Record this as W,

4. Place the sample in a 400 ml beaker. Add 200 ml of DMF (Dimethyl
formamide). Boil for 5 minutes (time starts when the DMF starts to boil).

5. Cool sample. Pour off the DMF. Wash sample twice with acetone.

6. Place sample in a tared aluminum foil pan. Dry sample for 30 minutes
in an oven maintained at 163-3'C.

7. Cool sample to ambient temperature in a desiccator.

8. Reweigh the sample to the nearest 0.0001 gram. Record the weight
as W 2 .

CALCULATION: Resin Solids (% by weight)
(W, W, V)-W 2 W

<I * x 100
(WI -W, V)

Where: W, = Original sample weight.

W, = Weight of carrier remaining after extraction.

V - Percent volatiles (Procedure as called out by the material specification).
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QUALITY CONTROL METHOD QCI-C-F-42

Fiberite Specification

FLOW OF GRAPHITE PREPREG

Flow: Laminate

Form: 2 ply 2" x 2" square cut

Lay-up: Cut 6 pieces of style 1581 glass bleeder cloth, 4" x 4" square and 2
pieces of pourous teflon separator cloth (EMFAB TX-1040 or equivalent:
4" x 4" square. Weigh all to the nearest milligram (W 1 ). Cut'2 pieces
of prepreg 2" x 2", cross ply 0 and 90, and assemble as follows: 31K pieces 1581 glass, 1 piece porous teflon, 2 pieces graphite prepreo
(cross plied 0' and 90'), 1 piece porous teflon, 3 pieces 1581 glass, and
weigh to the nearest milligram (W 2 ).

Temperature: 325 - 5 F

Pressure: 100 psi (400# total pressure)

Time: 15 - 1 minute

Determination: As required

Procedure: Put Mylar release film on both sides of Lay-up and place nto 325 F
preheated press. Apply 100 psi for 15 minutes. Remove and discard
Mylar film. Remove crossplied test specimen and weigh 1581 glass
and porous teflon to nearest milligram (W .

Calculation: Flow, % =IW3 >x 100
:• ~W2 -W1

WI Weight of 1581 glass fabric and porous teflon separator

Ws Weight of 1581 glass fabric, porous teflon separator and cross plied specimen.

W 3 = Weight of 1581 glass fabric and porous teflon separator after cure.

.i 2 94

269



QUALITY CONTROL METHOD G-2

Fiberite Specification

GEL TIME
Gel time o graphite prepreg tape or broadgoods materials.

SCOPE: This method is applicable for the deTermmnation of gel time on carbon or graphite
izrepreg materials containing a thermosetting resin which undergoes gelation at
a specified temperature.

APPARATUS

1. Fisher-Johns melting point apparatus

2. Thickness No. 2 cover glasses (18 mm)

3. Timer or stoowatch

4, Wooden picks

PROCEDURE

1. Preset the Fisher-Johns melting point apparatus to read I C of the specified
temperature.

2. Insert a !-4" x ¼" sample between 2 cover glasses and place on the Fisher-
Johns apparatus.

3. Start the timer and probe the specimen with a wooden pick.

4. When resin gels (this is usually evident when no resin movement is seen when
moderate pressure is applied to the specimen) stop the timer and report the gei
time to 1he nearest 0.1 minute

5. Report the ge! time as the average of thfee determinations.

GEL TEMPERATURES FOR GRAPHITE PREPREG

RESIN SUFFIX TEST TEMPERATURE (-C)

-48 121
-30 170 C

-34 163'C (-C F.,

Example

hy-E 1348-B Run at •21 C
-Resin Suffix

270
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" PREPREG PHYSICAL PROPERTIES

"Material: T300/AFR00 Vendor: Hexcel

Volati le Resin Resin
Lot/Batch Spool/Roll Content Content Flow

Number Number __ (% bbywt) wt) (% by wt)
22300 1 0.26 41.95 14.91

22300 1 0.32 41A43 12.59

22300 1 0.32 42.99 14.19

-GeT Trime, @
Lot/Batch Spool/Roll 275*F(135 0 ..T

Number Number (minutes)

22300 2. 141 _ _ _ _ _ _ _ _ _ _ _ _ _ _

22300 1 142

22300 2. 141 _______

Received: Tested: Rer.,arkr
Spool #i 11-20-78 11-21-78 Volatiles,Resin Content,Flo

S...... ___ _ 1 12-18-78 Gel Time

________......____ Test Procedures Followed
Property Applicable Test.Spec. Source of Test Spec.

Volatile Content HD-SG-2-6006C (5.1.2) Hercules

Resin Content HD-SG-2-6006C (5.2.3C) Hercules

Resin Flow HD-SG-2-6006C (5.3.2B) Hercules

Gel Time HD-SG-2-6006C (5.5) Hercules
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PREPREG PHYSICAL PROPERTIES

Material: T300/AFR800 Vendor: Hexcel

"Volatile Resin Resin
Lot/Batch Spool/Roll Content Content Flow

Number Number -(% by Wt) (% by wt) (% by wt)

22300 2 0.18 41.54 15.49

22300 2 0.07 39.73 15.52

22300 2 0.07 39.11 15.53
A . . . '3 ... el Ti r e @

Lot/Batch Spool/Roll 275 0 F(1350C)
Number Nrurber __inutes

22300 2 140

22300 2 .141

2 i ~Received: ; Tested: L Remarks

___Spool #_ 2 11-30-78 _ 2-1-78 Volatiles,Resin Cont. ,Flow
S..... 1.2-13-78 Gel Timie

Test Procedures Followed

Property_.... .Applicable TestSpec. ce of Test Spec.

Volatile Content HD-SG-2-6006C (5.1.2) Hercules

Resin Content HD-SG-2-6006C (5.2.3c) Hercules

Resin Flow HD--SG-2-6006C (5.3.2B) Hercules

Gel Time HD-SG-2-6006C (5.5) Hercules

2.I
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PREPREG PHYSICAL PROPERTIES (1)

Material: T300/AFR800 Vendor: Hexcel

Resin
Lot/Batch Spool/Roll Gel Time Flow

Number Number Test Date (minutes)_ % by wt)

22300 1 1-3-79 --- 21.7

22300 1 1-8-79 152 ---

22300 2 1-4-79 --- 19.3

22300 2 1-10-79 140 ---

22300 2 1-19-79 --- 21.9

(1) These tests were conducted to deteriaine the effect of room
texaperature storage on prepreg properties.

_ _ _ Test Procedures Followed

Property Applicable Test Spec._ Source of Test Spec.

A Volatile Content

I ,Resin Content

Resin Flow HD-S,0-2-6006C(5.3.2B) Hercules

Gel Time HD-SG-2-6006C (5.5) Hercules
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PREPREG PHYSICAL PROPERTIES

Material: SiC/5506 Vendor: AVCO

volatile Resin Resin
Lot/Batch Spool/Roll Content Content Flow

Number Number (% by wt) by wt)(% by wt)
2 1 1.i8 29.i8

2 1 1.38 28.20

2 1 1.49 27.25 --

2 4 --- 26.68 ---

2 4 1.48 27.13

2 4 1.56 28.28 ---

2 2B 1.32 26.86 ---

2 2B 3-27 26.95 ---

2 2B 1.42 28.48 __--_

2 2A 1.28 28.49 __---

2 2A 1.42 28.84 ---
2 2A 28.37

_Test Procedures Followed

Property . .Applicable Test Spec. Source of Test Spec:
Advancedi Composites

Volatile Content Section 4.2.3.3 Design Guide,

Resin Content Section 4.2.3.2.1 Jan. 1973, Vol. IV

Resin Flow .....-
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HPLC ANALYSiS

smuri gco~ca&V -MQLL- SAMPL
MOMIE PHAS I jýMIt¶Y&. MOBIL PHAS
PLowRATLRA
COLU M,4sL..... DETECOILYQ
ATNUATIO . --- ------ WAVE L NH';.I '--

CHAPT spao2 FULL. SCA jm )--aO" 4
DATL-NbttfVL¶6.2.L '-bl-OPERtATOR2UŽý-qLrC......

we~hl 76'/. Acib

g 'CM t V* U tt t
TO 3 pU -I I*;-4 1

73

' Figure B-i. HPLC Analysis of AVCO 5506 Epoxy Resin.
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PREPREG PHYSICAL PROPERTIES

Material: HyE 2034D Vendor: Fiberite
Volaifle- Resin Resin

Lot/Batch Spool/Roll Content Content Flow
SNumber Number .. (% bWb wt) (% b wt)
CO-010 1 0.62 39.05 22.35

S.....0 .69 38 .33 ... 26 .6 .8
0o.69 40.16 26.35I,. - _ __ _ _ _ _ __._ _ _ _ _ _

Ge1 Time @

Lot/Batch Spool/Roll 325*F(163*C-
Number Number (minutes) ....... .. ...

CO-010 1 12.63
"• ~12.48j 12.23

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

Volatile Content QCI-C-V-14 Fiberite

Resin Content R-15 Fiberite

Resin Flow QCI-C-F-42 Fiberite

Gel Time G-2 Fiberite

276



I

HPLC ANALYSIS

MMPL& %0NC244•Zk!YP SAMPLE S2LL-gS

utOwL PHASEL.MSZ PROGAM --- a
FLOW PAo,• 4..:.K..h--_•.-- -.-M-fh.•. O./

ATTENUATN -..-.... --- WAVE LE.O H. .

VH •fl SPEED.... o ... • .•I_ __._._.

f SP.....- FLLSCALE un...
DATEŽLiht Le OPERATO27.L_ S..

• Fig~~ureC B-2. 54L allyi ofFb1. 34EoyRsn

• 277

tot t

; Hit
IEWit SF !;-u4 12.IT: 44

A Figure B-2. UPLC Analysis of Fiberite 934 Epoxy Resin.
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PREPREG PHYSICAL PROPERTIES

Material: T300/V378A Vendor: U.S. Polymeric
.Volatile Resin Gel Time @

Lot/Batch Spool/Roll Content Content 210 0 F(990 C)
Numler Number (% by wt) wt) (minutes)

2W481i0 1 5.79 29.00 30.52
6.05 30.28 32.03

4.61 32.63 31.97

2W4683 1 2.51 31.3'

'All data on Batch No. 2W4683 was generated by USP.

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

Volatile Content nCI-C-V-14 2  Fiberite

Resin Content R-15 Fiberite

Gel Time G-2 Fiberite

•Test conducted at 350°F (177*C) for 5 minutes rather tharn
325'F (163*C) for 20 minutes as called for in step 3
of specification.
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A :HPLC 
ANALYSIS

SAMPLE -CONC. .. . -... SA MPLE SIZE -----

MOBILE PHASE 1 ... MOSLE PHASE 2... •ii•A% •

• L ¢~~~~~OLU~ 5,,q) . . _."_ (.'A• .... oE.T E CTORa Tm_•.-..

;ATTUIUATiO,4 ------ E ~GACHART SFED 
FU:LL S-A:'. (mY... -- ~ |1DATE ...... . . . ArOR.

-------- - ---- -. OR-

rch at i4e Tit Pro f;t

Ir

Polyimide Resin

V 279

• Figure B-3. HPLC Analysis of New U.S. Polymeric V378A

° Po lyirnide Resin.
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PREPREG PHYSICAL PROPERTIES

Material: HyE 1076J Vendor: Fiberite

-Voiaetiie Riesin Gel
Lot/Batch Spool/Roll Content Content Time1

Nmber Rumber by (%) by wt) (min)
Cl-2-85 1 0.57 37.77 21.4

Cl-285 1 0.51 37.84 20.1

Ci-285 " 1 0.23 37.46 22.3

lat 177*C

______________Test Procedures Followed

Property ._. Spec.

Volatile Content QC--V1 iberi te

Resin Content jMethod-R-15 Piberite

Gel Timiie jMethod-G-2 Fiberite
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__HPLC ANALYSIS
ggs SMPLE (CONCA*Ft•-L#7(•--•ýmpL stZE-.... .,A",,•,

0.635 S....E . S f

___ M9JAOMLE PHASE I - f MOSILS P-AS • ...
SFLOW RATE. . . R G AM "

M2 COLUMN|SI.Z- O-r .. ,.T -- DerECTOR _

AT-lP.UATON 66 - WAVE t.ENGTH ------

72 CHART SPEED..- " FULL SCALE (mV) ---- --

.1 •.442 DATE ------ 'A: - -- --..-. . OPERATO:R----

•.Aso

23P

- 2435 S2436
2525

-1 2567 S•567
• 25"37

* 2735
S 27962

291.2
2955

31.33

Figure B-5. HPLC Analysis of Fiberite 976 Epoxy Resin.
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PREPREG PHYSICAL PROPERTIES

Material: G-160/6535-1 Vendor: AVCO

Volatile Resin Ge1 Time @
Lot/Batch Spool/Roll Content Content 32:7*F(164'C)

Number Number . (% by t) Y ) (minutes),
440 0.23 39.27 39.49

0.22 41.58 37.21

0.14 40.82 38.55

441 0.28 42.77 38,.68

0.13 40.73 37.75

0.22 44.09 38.30

Test Procedures Followed

Property Applicable Test Spec. Source of Test Spec.

Volatile Content QCI-C-V-14 Fiberite

Resin Content R-15 Fiberite

Gel Time G-2 Fiberite
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HPLC ANALYSIS

"2 AM~PLE :CONC.)eMPLE S -, ------£IaE -
"to!? MOLE PHASE -- -.--- MOBLZ •HASE Z .,_ ._

-- " LI,...I?" FLOW RATE. .... RAM . ,t-4- .

-03 . DETECTOR, Trco . LL1..-

- 1 S.29B ATTEMuATION.-, WAVE ENGT. ,

CWART SRVqA.FULL SCAL: ,v.Jj -

----- OAT.. . OPERATOR__...... ,

288S 1

S2122

L.53

1.57

- ?24?

1.8 730

25L2 14.1

2557

28 29 2

" • 079 2 rl ",• t,,WA.)

• Figure 8-6. HPLC Analysis of ANTO 6535-1 Epoxy Resin.
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APPENDIX C

LAMINATE PHYSICML PROPERTY DATA

All of the physical property measurements condtted upon
the panels fabricated an4 used in this program are preset.ted

here. Summaries of these data appear in Sections 4.1 throucgt

4.6.

S.

V
4.

J,

I.

" 2i8
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LAMINATE PHYSICAL PROPFRTIES

Matezrial: T300/AFR800 _______

Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch 3pool/Roll
No Orient P/ _s Gray. (% by wt) (% vo % by vol 1 No. No.

P1 0, 6 1.60 24.4 71.2 0.0 22300 1

F3 .00 6 1.64 25.4 72.0 0.0 22300 1

P4 00 6 1.60 25.2 70.4 0.0 22300 1

FS 00 6 1.65 25.3 72.5 0.0 22300 1

PG 0" 6 1.58 31.8 63.4 0.0 22300 1
r7 00 15 1.59 24.4 70.7 0.0 22300 1

F8 00 15 1.62 25.0 71.4 0.0 22300 1

F9 0 13 1.61 25.4 70.7 0.0 22300 1

FI1 900 15 1.60 25.0 70.6 0.0 22300 1

F12 90o "15 1.56 25.3 68.6 0.0 22300 1

F13 90 15 1.62 '24.9 71.5 0.0 22300 1

F14 900 15 1.62 24.2 72.2 0.0 22300 1

F15 900 15 1.62 24.5 72.0 0.0 22300 1JF16 90° 15 1.54 24.6 68.3 1.1 22300 1

F17 90 15 1.61 24.3 71.7 0.0 22300 1

F18 90 15 1.62 24.1 72.2 0.0 22300 1

F19 00 14 1.67 24.1 73.9 0.0 22300 1

F20 90' 14 1.71 23.5 77.0 0.0 22300 1

F21 0 15 1.62 24.0 72.5 2.5 22300 1

F22 00 6 1.58 25.9 68.8 0.0 22300 1

F23 ±450 8 1.57 30.7 64.0 0.0 22300 1

F24 ±450 8 1.54 31.1 62.4 0.0 22300 1

P25 t45° 8 1.60 29.9 66.1 0.0 22300 1

F26 t45° 8 1.56 30.8 63.4 040 22300 1

F27 -45 8 1 57 30 .1 64.5 0.0 22300 1

6 A
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LAMINATE PHYSICAL PROPERTIES

Material: T300/AR800

Prepreg

Resin Fiber Void Thick. Lot/ Prepreg
Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll

No. :rient Plies Grav. (% by wt)(% by vo (% by vol(10- 3 in.) No. No.
F28 -45' 8 1.59 31.7 63.8 4.4 22300 1

F29 -45 8 1.55 32.1 61.1 0.0 22300 1

F30 1-45' 8 1.58 31.4 63.7 0.0 22300 1

F31 -45 8 1.58 25.9 68.9 0.0 22300 1

F32 -45' 8 1.60 26.4 69.3 0.0 22300 1

F33 -45 8 1.61 26.3 69.8 0.0 22300 1

F34 900 15 1.60 26.0 70.4 0.0 22300 1

F35 900 20 1.60 25.1 70.5 0.0 22300 1
F36 00 20 1.61 24.4 71.6 0.0 22300 1

F33 00 50 1.59 25.8 69.4 0.0 22300 1

F33 -45° 50 1.59 27.6 67.2 0.0 22300 1

Avg.. 1.60 26.6 69.1 0.2
Std.i)ev. +-0.04 ±-2.8 3.7 -±0.8
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LAMINATE PHYSICAL PROPERTIES

Material: SiC/5506

Prepreg

NoResin Fib.r Void Thick. Lot/ Prepreg
SLain. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll

No. Drient, Plies Gray. %bn wt) (% by vo Vol (10-3in.) No. -No.S9 "9015 2.37 19.2 59.5

G10 00 40 2.36 17.9 59.5 1.70 21
G14 t450 8 2.33 19.4 57.5 1.52 2B 2

G15 1-450 8 2.34 19.1 58.1 1.27 2B 2

G16 -45c' 8 2.30 22.0 53.9 0 # 2B 2

G17 +....0 8 2.35 20.3 57.5 0 2Br 2

G20 0 14 2.34 20.6 57.3 02

G21 90 14 2.40 18.2 60.4 0.02 2S 2

G22 900 15 2.37 19.6 58.6 0 2B 2

GG23 0 6 2.39 1S.4 60.0 0 2D 2

G24 900 15 2.38 20.3 58.3 0 2B 2I /G25 90° is 2.38 18.8 ... 59 .4 0 2B 2

G26 90°0 15 2.30U 17.5 [60.4 1.37 2B 2

G27 1-4501 a 2 .36G 19.4 58.4 0.12 2A 2A

G28 -450 8 2.34 19.1 58.1 1.41 2A 2A

G29 !-5 8 2.34 19.5 57.9 0.66 2A 2A

G30 -45' 8 2.33 19.3 57.6 1.41 2A 2A

G31 -45 8 2.32 19.0 57.7 2.24 2A 2A

G32 (1) 20 2.35 19.4 58.3 1.01 2A 2A

G33 (1) 20 2.36 18.6 59.0 1.17 2A 2A

G34 (1) 20 2.35 19.0 58.6 0.85 2A 2A

G35 (1) 1 20 2.35 18.7 58.4 1.26 2A 2A

G36 (1) 20 2.36 18.8 58.7 0.89 2A 2A

G37 00 14 2.41 17.4 61.2 0.46 2A 2A

G38 00 15 2.39 18.3 60.1 0 2A 2A-

G39 (1) 20 2.35 18.7 58.8 l.i9 2 2A

G40 (1) 20 2.35 19.4 58.2 0.36 2A1

(1) (0,45,-45,0,0,-45,45,0,90,0)S-20 ply.
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LAMINATE PHYSICAL PROPERTIES

Material: SiC/5506

repreg
Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Drient Plies Gray. (% by wt),% byvo %by vo 10- 3 in.) No. No.

G41 (1) 20 2.36 18.6 59.0 1.02 2A 4

G42 900 16 2.38 18.5 60.0 0.11 2A 4

G43 (1) 20 2.36 18.6 58.9 1.15 2A 4

G44 (1) 20 2.36 18.9 58.8 0.64 2A 4

Avg. 2.36 19.0 58.6 0.7

Std.,ev. 0.02 0.9 1.3 0.7
- - .a -, -,,

"(1 ( -45,0,-,45,., p289
-

a a a,- -,

[ -,- -

(1) (0,45,-45,0,0,-45,45,0.,90,0) s-20 pig.
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LAMINATE PHYSICAL PROPERTIES

Material: HyE 2034D
S....P zep r eg

Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Rll

No. Zrien_ Plies Gray. % by wt) y % by .vo](1& 3 in.) NO. No.

HI 00 6 1.82 23.0 70.1 0.00 ;CO010 1

R2 00 6 1.81 23.0 69.8 0.00

H3 900 is 1.81 23.3 69.4 0.00

H4 900 15 1.80 23.5 69.0 0.00

H6 909 15 1.81 23.7 69.1 0.00

-H7 900 15 1.78 26 •3 65.6 0.00

H8 0Q 14 1.82 23.4 69.8 0.00

H9 900 14 1.79 24.4 67.7 0.00

HIo 1450 8 1.81 24.9 68.0 0.00

fil 1.80 25.1 67.5 0.00

H12 1- .82 25.1 68.2 0.00 1

H13 1.80 25.4 67.1 0.00

H14 1.79 24.9 6"67. 3 0.00

H15 1.80 23.2 69.1 0.00

H16 1.80 26.1 66.5 0.00

H17 1.80 25.9 66.8 0.00

H18 1.82 24.6 68 .6 0 .00

1119 - - 1.81 23.2 69.5 0.00

H20 (1) 20 1.81 23.7 68.9 0.00

H21 1.81 23.9 68.9 0.00

1H22 1.81 24.9 67.6 0.00

H23 1.81 24.2 68.6 0.00

H24 1.80 251 1 67.6 0.00

H25 1.80 24.1 68.4 0-00

H26 1.79 24.4 67.6 0.00

1171.80 2. 62-9 0.00

(1) (0,45,-45,0,0,-45,45,0,90,0)s - 20 ply.
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LAMINATE PHYSICAL PROPERTIES

Material: HyE 2034D

Prepreg
Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Drient Plies GraY. (%by wt)(% by vo % by Vo (10- 3 iin. No. No.

H28 (1) 20 1.80 24.8 68.4 0.00 CO-010 1

H9 900 20 1.83. 23.9 68.8 0.00

H30 00 20 1.81 23.4 69.4 0.00

H31 ()a 15 1.8i 25.0 68.1 0.00

H32 30 40 1.79 25.9 66.4 0.00H33 ±450 40 1-81 23.-9 68.7 0.00..

H34 +450 40 1.78 27.0 65.1 0.00

H35 900 15 1.80 25 .1 68.8 0.00

H36 90 * 15 1.80 24.5 67.9 0.00

Avg. 1.80 24.5 68.0 0

itd.D,,. 0.01 1 1-.

(1) (0,45,-45,0,0,-45,45,0,90,0) -20 ply.

i
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LAMINATE PHYSICAL PROPERTIES

Material : T300/V378A

Resin Fiber Void Thick. Lot/ Prepreg
Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll

No. Drientn Plies Gray. (% by wt)% byvo(% by vo (0- 3 in.) No. No.
1-1 900 14 1.56 23.5 68.1 3.17 2W4683 1

"1-2 900 14 1.59 22.0 70.7 1.53 2W4683 1

1-3 900 8 1.58 23.7 68.9 1.92 2W4683 1

1-4 ±450 8 1.59 29.8 63.7 0.86 2W4683 1

I-5 ±450 8 1.61 24.6 69.4 -0,54 2W4683 1

1-6 ±450 8 1.58 26.8 66.1 0.58 2W4683 1

I-7 ±450 8 1.61 27.9 66.3 -1.70 2W4683 1

1-8 ±450 8 1.56 26.6 65 4 1.88 2W4683 1

1-9 -±450 8 1.59 28.3 65.1 -0.58 2W4683 1
_-1 1561 27.4 66.8 -1.52 2W4683 I

1-11 ±450 8 1.56 2743 64.8 -1.66 2W4683 1

1-12 /4/9 20 1.-57 29.0 63.7 0.46 2W4683 1

( 1-13 cY45/90 20 1.57 25.2 67.1 1.75 2W4683 1

1-14 (/45190 20 1.57 25.4 66.9 1.67 2W4683 1

1-15 900 15 1.59 25.5 67.7 0.39 ... . 2W4683 1

1-17 00 6 1.58 23.4 68.2 1.73 2W4683 1- . i , r -, - -

1-18 900 15 1 58 22.6 69.9 1.99 2W4683 1

1-19 900 15 1.59 28.2 65.2 -0.54 2W4683 1

1-20 900 15 1.57 25.7 66.7 1 .58 2W4683 1

1-21 900 15 1.57 27.9 64.7 0.83 2W4683 1

1-22 t450 8 1.58 24.1 68.6 1.50 2W4683 1

1-35 cy9Q'45, 20 1.58 26.6 66.3 0.65 2W4810 1

1-36 C/9rY45 20 1.58 24.0 68.7 1.54 2W4810 1

1-37 Q'90/45 20 1.58 26.0 66.8 0.84 2W4810 1

1-38 Q/9CY45 20 1.60 24.4 69.2 0.15 2W4810 1

1-39 w9'Y 45 20 1.59 2.4.9 68.3 0.63 2W481.0 1
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LAMINATE PHYSICAL PROPERTIES

Material: T300/V378A

Prepreg

Resin Fiber Void Thick. Lot/ Prepreg
Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Driant Plies Gray. (% by wt) % by vo (% by vo (10- 3 in.) No. No.

1-40 IW9Q'45 20 1.61 23.4 70.5 -0.12 2W4810 I

1-41 0- 20 1.59 21.7 71.1 1.683 2W4810 1

1i-42 901, 20 1.60 26.6 67.1 -0.63 2W4810 1

1-43 0Q 40 1.57 25.0 67.3 1.80 2W4810 1

1-44 ±450 40 1.57 24.0 68.2 2,13 2W4810 1

Avg. 1.58 25.6 67.0 1.44

S.D. 0.02 2.2 2.2 1.19

- - -i -l -I - -

.--- i----- _ _

--- _- - -....- --.. .-
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LAMINATE PHYLJ.ýAL PROPERTIES

Material: HyE 1076J
Prepreg

Resin Fiber Void Thick. Lot/ Prepreg
Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll

No. Drient Plies Gray. (% by wt) b % by vo (10- 3 in.) No. No.

900 14 1.62 26.3 67.1 -0.37 _CI-285 1

.J2 00 14 1.61 23.8 68.9 1.13 Cl-285 1

J3 ±450 8 1.62 26.2 67.1 -0.34 Cl-285 1

J4 ±450 8 1.62 24.6 68.7 0.26 C1-285 I

J5 +450 8 1.62 24.3 68.9 0.34 C1-285 1

36 ±450 8 1.62 26.1 67.3 -0-28 C.-285 1- - -- -28 1

"J7 ±45 8 1.61 24.7 68.5 0.40 Cl-285 1

i8 ±450 8 1.62 25.2 68.1 0.05 CI-285 1

J9 ±450 8 1.62 26.2 67.2 -0.05 Cl-285 1

.10 ±45 11 8 1.61 24.9 67.9 0.95 C1-285 I

i11 ±459 8 1. 61 25.6 67.3 0.33 Cl1285I

J12 ±450 8 1.62 25.7 67.2 0.16 CI-285 1

J13 (1) 20 1.65 25.5 69.0 -1.75 cI-285 1

J14 (1) 20 1.61 25.1 67.7 0.69 c1-285 1

J15 (1) 20 1.62 25.6 67.7 -0.12 cl-285 1

J16 (1) 20 1.63 25.0 68.8 -0.73 C1-285 1

J17 (1) 20 1.62 24.8 68.5 0.18 Cl-285 1

J18 0o 6 1.64 32.9 61.9 -3 .5 CI-285 1

J19 00 6 1.58 37.7 55.3 -1.85 CI-285 I

J20 (1) 20 1.62 24.1 69.1 0.42 Cl-285 1

J21 (1) 20 1.60 25.4 67.0 1.18 CI-285 1

j22 (1) 20 1.62 24.6 68.6 0.23 CI-285 1

J23 (1) 20 1.62 24.4 68.9 0.10 CI-285 1

J24 (1) 20 1.62 24.8 68.5 0.17 C1-285 1

J25 (1) 20 1.63 24.9 68.8 -0.47 CI-285 1

J26 90. 15 1.63 24.0 69.7 -0.37 cl-285 1

(1) (0,45,-45,0,0,-45,45,0,90,0)s - 20 ply.
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LAMINATE PHYSICAL PWJPERTIES

Material: HyE 1076J

Prepreg
Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Orient Plies Gray. (% by wt) L% by vol % 0 3 in. No. No.

J28 90- 15 1.64 25.0 69.1 -1.14 CI-285 1

J29 900 15 1.63 24.9 68.8 -0.47 Cl-285 1

J30 900 15 1.64 24.4 69.6 -0.70 CI-285 1

J31 901 20 1.63 24.5 69.3 -0.55 CI-285 1

-9-7 -0.- -28-J32 00 20 1.63 24.0 69.7 -0.38 C1-285

J33 +45- 40 1.62 26.3 66.9 -0.17 CI-285 1

J34 ±45o 40 1.62 24 .8 68.4 0.17 CI-285 1

Avg. 1.62 25.6 68.0 0 '01

S.D. 0.01 2.6 1.5

ij 

...-...-.

A
lNegative void contents can be computed if the assumed resin and fiber

4. specific gravities are not precisely accurate, or if the measuredI composite specific gravity or resin content is not exact. In any case,
they reflect a low void content and are assumed here to represent a
void free, or zero void content condition.
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LAMINATE PHYSICAL PROPERTIES

S~ Material : G-160/6535-1

Prepreg
Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Drient Plies Gray. [% by wt) (% by vol % by vol(10-l3 in.) No. No.

K3 ±450 8 1.60 25.7 68.0 0.28 440

K4 ±450 8 1.60 26.6 67.1 -0.89

K5 ±450 8 1.60 25.8 67.9 -0.60

1K6 ±450 8 1.61 26.1 68.0 -1.32

K7 ±450 8 1.61 26.8 67.2 -1.36

K8 ±450 8 1.60 25.6 67.9 -0.32

K9 ±450 8 1.61 26.5 67.6 -1.48

K1 KI0 ±450 8 1.61 26.3 67.6 -1.21

KlI ±450 8 1.60 25.5 68.3 -0.70

K12 00 6 1.62 26.0 68.3 -2.13

K13 00 6 1.63 23.6 71.3 -1.92

K14 900 15 1.61 25.9 68.3 -1.47

K15 900 15 1.61 25.6 686 1.37

K16 900 15 1.61 15.9 68.3 -1.49

K17 900 15 1.62 254 69.0 -1.49

K18 90 0 15 1.59 27.3 66.1 -0.19

K19 900 21 1.62 22.9 71.5 -1.00

K20 00 40 1.61 24.4 69.6 -0.72

K21 00 21 1.62 23.4 70.5 -0.370

124 (1) 20 1.60 26.3 67.8 -1.42

K25 (1) 20 1.61 26.1 68.0 -1.33
K26 (1) 20 1.61 25.3 ... 68.7 -1.-07

F--F
SK34 (2) 16 1.62 26.4 68.2 -2.06 441

• K35 (2) 16 1.60 26.2 67.6 -0.95

SK36 (2) 16 1.61 26.9 67.3 -1.63

SK37 (3) 20 1.60 26.7 67.1 -0.70

K38 13) 20 1.60 26.6 67.3 -1.70 i
(1) (0,45,-45,0,0,-45,45,0,90,0),-20 ply
(2) (0,45,-45,0,0,-45,45,0)s-16 ply
(3) (0,90,45,-45,0,0,-45,45,0,0) -20 ply

K 29
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LAMINATE PHYSICAL PROPERTIES

Material: G-160/6535-1

, repreg
Resin Fiber Void Thick. Lot/ Prepreg

Lam. Fiber No. Spec. Content Content Content per ply Batch Spool/Roll
No. Drient Plies Grav. (% by wt) % by vol % by vo lO10in.) No. No.

' 39 (3) 20 1.61 25.9 68.3 -1.49 441

K40 ±450 40 1.61 25.7 68.3 -0.97

2 0 1K41 00 14 1.62 23.9 70.6 -1.39
" "K42 90* 14 1.61 25.6 68.6 -1 -36

1X43 90- 14 1.61 24.9 68.9 -0-68

K44 900 21 1.60 25.4 68 .1 -0.24

K45 900 15 1.61 25.7 68.4 -1.19

Avg. 1.61 25.7 68.4 -01

Std. V. 0.01 1.0

-Nelative void contents can be computed if the assumed resin and fiber specific gravities

are not precisely ace',irate, or if the measured composite specific gravity 3r resin
content is not •zC-Yýt. In any case, they reflect a low void content and are assumed
here to represent void free, or zero void content condition.

-- •• "•29-7
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APPENDIX D
TENSION DATA

All of the tension data generated during this program
are listed in this section. These data are summarized and
presented in both tabular and graphical form in Sections 4.1

through 4.6.

The specinen numbering notation used in this and subsequent
appendices is illustrated in the example below.

F 23-5

Indicates the material _[ Lspecimen number from the panel

Lpanel number from which specimen
was machined

F - T300/AFR800

c - SiC/5506

H - HyE 2034D

I - T300/V378A

J - HyE 1076J
"K - G-160/6535-1
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APPENDIX E

COMPRESSION DATA

All of the compression data generated during this pro-
gram are presented in this section. They are suinmarized in

tabular and graphical form in Sections 4.1 through 4.6.
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APPENDIX F

FLEXURE DATA

All of the flexure data generated during this program

are listed in this appendix. Summaries of these data are

tabulated in Sections 4.1 through 4.6.
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Test: Flexure L!D Ratio: 32:1
Materials: T300!AFR30.

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ks i) (106psi) Remarks

F19-5. 00 -67 299.7 21.24 4 pt./tensil.e failure

F19-8 00 -67 291.5 20.59 on lower surface

r19-12 00 -67 295.9 19.77

P19-15 00 -67 292,6 20.73

F20-3 00 -67 278.1 18.24

Avg. 291.6 20.11

Std. Dev. 8.2 1.3.7

F19-2 00 72 282.0 21.68 4 pt./tensile failure

F19-7 0o 72 280.2 20.69 on lower surface

F19-17 00 72 272.9 20.56

P19-20 00 72 284.9 20.94

P20-6 00 72 2R0.7 19.63

Avg. 280.1 20.70

Std.Dev_4. 4 0.74

F19-0 00 260 182.4 15.23 3 pt./specimens

F19-10 0° 260 225.8 17.18 snapped in half

F19-22 00 260 202.5 16.11

P20-1 00 260 248.6 19.18

Avg. 2___.8_ 1692

Std. Dev. 28.7 1.70

F19-14 00 260 206.5 20.22 4 pt./delamination

F19-16 00 260 206.8 21-06 failures

F19-19 00 260 230.0 20.99
IF19-23 00260 224.8 21 .7

.. F19-24 00 260 223.1 20.57

Avg. _ 218.2 20.82 Shear ,tress at

Std.De*, . 10.9 0.42 failure = 6890 psi
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-Test: Flexure LD Ratio: 32:1.
Materials: T300/ArR800

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ksi) (106psi) Remarks

F F19-I 00 350 184.0 16.72 3 pt./Compr.

F19-11 0° 350 162.6 17.05 3 pt./Compr.&Delam

F P19-13 00 350 167.2 17.23 3 pt./Comnpr.

F19-21 0 350 168.4 17.40 3 pt./Compr.

P20-4 0 350 181.1 17.72 3 pt./Compr.&Delam

Avg. 172.7 17.22 shear stress at

Std. Dev. 9.3 0.37 failure = 2560 psi

F19-3 00 350 181.5 19.70 4 pt./delamination

F19-9 00 350 187.3 20.16 failures

F19-18 00 350 181.3 19.74

F20-2 00 350 192.5 20.06

F20-5 00 350 191.5 20.05 1

Avg. 186.8 19.94 shear stress at

Std. Dev. 5.3 0.21 failure = 5880 psi
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Test: Flexure L/D Ratio: 32:f
Materials: T300/AFPS00

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity
Number tation (*F) (*si) (10 6 psi Remarks

F19-4 900 -67 13.98 - 4 pt. loading

F20-5 900 -67 17.71 1.70

F20-15 900 -67 13.02 1.73

F20-19 90 -67 15.03 1.59

20-26 90° -67 14.76 1.64

•vQ. 14.90 1.67

Std.Dev. 1.75 0,06

P19-2 900 72 14.43 1.34 4 pt. loading

F20-4 900 72 14 15 1 24

F20-12 900 72 13 57 1 25

F20-20 g0° 72 13.95 1.26

20-24 900 72 14.42 1.24

vg. 14. 0 1.27

td.Dev. 0.36 0.04

19-5 90 260 10.42 1.09 4 pt. loading

.20-8 900 260 10.83 1.14

720-13 900 260 30.21 1.18

-120-17 900 260 11.21 1.26

F20-23 90-0 260 10.70 1.18

kvg. 10.68 1.17

3td. Dev. 0.44 0.07

F19-1 900 350 11.12 1.09 4 pt. loading

20-10 90° 350 11.75 1.22
"20-18 90 350 12.80 1.06

.,20-25 90°0 250 10.68 1,.17

vg. 11.21 I 1 013

td. Dev. 1.31 0 ,08
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Test: Flexure , Ratio: 12: 1
Materials:: SIC/5506

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ksi) (106psi) Remarks

G20-5 co -67 318.7 31.42 4 pt./tensile failure

G20-11 00 -67 317.9 32.41 on lower surface

G20-16 0 -67 333.3 31.42

G20-20 00 -67 318.7 32.42

G20-24 0 -67 324.7 31.72
G20-28 0O -67 336.4 33.14

Avg. 324.9 31.92

Std. Dev. 8.1 0.71

G20-4 00 72 316.3 32.04 4 pt./tensile failure

G20-8 00 72 298.0 31.29 on lower surface

G20-17 00 72 324.1 32.98

G20-22 00 72 313.5 31.35

G20-23 00 72 320.8 32.42 L

Avg. 314.6 31.82

Std. Dev. 10.1 0.48

G20-7 00 260 187.6 30.00 4 pt./shear failure

G20-14 00 260 166.1 28.44

G20-19 00 260 171.4 29.61

G20-21 00 260 204.1 29.00

G20-27 0 260 217.2 30.89

Ava, 189.3 29.59 Shear stress at

Std. Dev. 21.6 0.94 failure 5900 psi
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Test: Flexure L/D Ratio: 32:1
Materials: SI__l5506

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity
Number tation (OF) (tsi) (106psi) Remarks

G20-2 00 350 109.9 32.22 4 pt/shear failure

F20-10 00 350 118.0 29.11

F20-13 0 350 121.5 31.23

F20-18 00 '350 124.7 31.42

F20-26 00 350 126.2 27.83 _t

Avg. 320.0 30.36 Shear stress at

Std.Dev. 6.5 1.82 failure = 3750 psi

G37-1 00 260 322.6 28.87 3 pt/tensile failure

G37-3 00 260 308.7 28.67 on lower surface

G37-5 00 260 322.9 30.23

G37-7 00 260 312.4 28.07

Avg. 316.7 28.96

Std. Dev. '7.2 0.91

37-2 00 350 170.1 24.00 3 pt/shear failure

37-4 00 350 182.9 25.70

G37-6 00 350 173.8 24.04

37-8 00 350 175.2 24.56

vg. 175.5 24.58 Shear stress at

td. Dev. 5-4 0.79 failure = 2770 psi

321-3 Ij -67 17.3 2.85 4 pt. loading

;21-9 900 -67 17.3 2.62

321-14 900 -67 14.9 2.58

2 1-23 900 -67 14.6 2.95

321-29 900 -67 15.2 2.54

kvg. 15.9 2.71

td. Dev 1.3 0.18
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Test: Flexure L/D Ratio M21
Materials: SIC/5506

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ksi) (106psi) Remarks

G21-1 90° 72 14.9 2.52 4 pt- loading 4

0
G21-5 90 72 15.5 2.44

G21-10 900 72 13.5 2.31

G21-15 900 72 15.0 2.23

G21-20 90 72 14.3 217.

G21-25 900 72 13.9 2.39

Avg. 14.5 2.34

Std.Dev. 0.8 0.13

G21-2 900 260 10.0 1. is 4 pt. loading

G21-8 900 260 10.3 1.57

G21-16 900 260 10.4 1 .34

G21-24 90° 260 11.6 1.50

G21-23 90 260 13.2 1.62

A¶vg. li11 1.44

Std.Dev. 1.4 0.18

G21-4 90° 350 6.7 0.86 4 pt. loading

G- 021-6 90 350 6.9 0.85

G21- 12 90 350 7.7 0.89

G21-21 900 350 7.4 0.84
0

G21-27 90 350 6.1 0.82

Pvg. 7.0 _70.85

Std .Dev. 0.6 0.03

G37-I 90 350 82 0.93 3 pt. loading

G37-2 90 350 .1.3 1.13

G37-3 900 350 8.9 0.96

G37-4 90  35 iil 1.12

Avg. 9.9 1.03

iStd. Dev.1 341 0.11
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Test: Flexure L/D Ratio: 32:1 ,
Materials: HyE 2034D

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity
Number tation (OF) (ksi) (10 6psi) Remarks

H8-5 0_ -67 96.1 37.92 4 pt. loading

H8-16 010 -67 107.1 42.31

H8-19 00 -67 62.2 23.14

H8-26 0Q -67 87.1 44.66

H8-3 00 -67 103.8 43.71

H8-15 0 -67 77.0 20.18

Avg 88.9 335.32

Std.Dev. 17.1 10.87

H8-10 0o 72 91.9 39.37 4 pt. loading

H8-13 00 72 89.7 41.07

H8-17 Oa 72 91.9 41.62

1H8-21 0 72 87.4 41.84

H8-24 () 72 90.2 43.87

Avg. 90.2 41.55

Std.Dev. 1.9 1.62

.HS-I4 00 260_ 65.9 41.40 4_ pt. loading

H8-18 0o 260 68.7 41.80

H8-20 00 260 62.8 20.70

H8-22 0Q 260 69.0 44.01

H8-23 00 260 66.7 39.60

Avg. 66.6 37.50

Std.Dev. 2.5 9.52

H8-4 G: .3.3 37.49 4 pt, loadng

H8-6 0 350 64.5 45.36

H8-11 00 350 66.7 39.16

"11-12 03 350 70.0 40,81

HB8-25 0 ~ 350 69.9 39.47

Avg. 66.9 40.46

Std. Dev. ..... _3,0 2..82- -



Test: Flexure L/D Ratio: 32:1
Materials : H•E 20341)

Fiber Test Ultimate Modulus of
Specimen Orien- Tewp. Strength Elasticity

Number _tation (OF) (ksi) (101psi) Remarks

H9-1 900 -67 5.54 1.04 4 pt. loading

H9-9 900 -67 5.75 1.08

H9-19 900 -67 5.54 1.13

H9-22 900 -67 5.28 1.041H9-24 900 -67 5.75 1.04

Avg. 5.57 1.07

Std. Dev. 0.19 0.04

H9-3 900 72 5.72 1.00 4 pt. loading

H9-6 900 72 5.08 1.17
tm

H9-15 900 72 5.57 1.08

H9-16 9(0 72 4.80 1.08

H9-20 900 72 5.31 1.12
Avg. 5.30 1.09

Std. Dev. 0.37 0.06

H9-4 900 260 3.78 0.91 4 pt. loading

H-9-5 900 260 3.78 0.87

H9-8 9g0 260 3.65 0.86

H9-10 900 260 3.38 0.91

HO-11 900 260 3.78 0.95

Avg. 3.67 0.90

Std. Dev. 0.17 0.04

H9-12 900 350 2.72 0.75 4 pt. loading

.H9-7 900 350 2.93 0.7I _

H9-13 900 350 2.65 0.80

H9-14 900 350 2.51 0.80

H9-17 900 350 3.20 0.76,

Avg. 2.80 0.77

Std. Dev. 0.27 0.02
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Test: Flexure L/D Ratio 12: 1
materials: T30(0/ V37A

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (*F) (Osi) (10 6 psi) Remarks

11-6 0°0 -67 289.4 17..08 13 pt/tensile failure

11-13 0° -67 276.3 16.13 on lower surface
1-15 0°0 -67 262.1 15.50

11-24 00 -67 277.4 15.94

11-26 00 -67 248.4 15.38

Avg. 270.7 16.01 __

Std.Dev. 15.8 0.67

11-5 00 72 224.4 16.94 4 pt/mixed failure

11-7 00 72 232.3 15.81 -modes. Some delamina-
11-10 0° 72 220.1 19.19 tion; some tension oni

11-17 0O0 72 219.5 l16. 94 lower surface; some
11-23 00 72 226.3 16.94 _comp. under upper loa ing nose.

Avg. 224.6 17.16 Shear stress at

Std. Dev. 5.2 1.24 failure = 7010 psi.

11-4 00 350 166.6 16.89 4 pt/delamination faiI

iI-ll 0 350 156.5 15.66 ,.

avg. 161.6 16.28 IShear stress at faili
5040 psi

11-16 00 350 163.4 15.36 3 pt/mixed failure

i1-19 00 350 175.4 16.32 tmodes. Some tension

11-22 00 350 172.8 15.18 ton lower surface;some

Ave. 170.5 15.62 compression on upper

td. Dev. 6.3 0.61 surface.
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Test.*" Flexure Erb.L/ Ratio- 32:1 ..
Materia~ls: T300/' 378A ....

Fiber Test Ultimate Modulus of
SSpecimen Orien- Temp. Strength Elasticity
SNumber ration CIF) ("1i) (10,6281) Remarks

11-2 00 450 172.8 16.67 tensi.on on bottom

Ii-9 O 450 176.1 16.23 compression on tor

3 pt. 11-12 0 450 157.3 15.24 compressive failure

11-14 00 450 157.7 16.45 on upper surface
11-21 oQ 450 156.5 15.82

Agv. 164.1 16.08

Std.Dev. 9.5 0.57
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Test: Flexure L/D Rantio: 32:1
Materials: T300/V378A

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity

Number tation (OF) (ksi) (!0 6 psi) Remarks

12-2 900 -67 10.40 1.81 4 pt. loading

12-6 900 -67 9.40 1.77

12-14 900 -67 12.22 1.94

12-20 900 -67 9.51 1.68

12-24 90 -67 14.38 1.91

Avg. 11.18 1.82

Std.Dev. 2.12 0.11

12-I 900 72 10.88 1.79 4 pt. loading

12-7 900 72 12.35 1.79

I2-ii 900 72 12.14 1.74

12-18 900 72 10.33 1.69

12-26 900 72 12.20 1.68

Avg. 11.58 1.74

Std.Dev. 0.91 0.05

12-3 900 350 6.92 1.37 4 pt. loading

12-8 900 350 7.45 1.49

12-15 90 350 8.68 1.50

12-21 900 350 9.80 1.53

12-25 900 350 9.13 1.47 ____

Avg. 8.39 1.4,7

Std.Dev. 1.19 0.06

12-4 900 4150 8.00 1.24 4 pt. loading

i I1 9Qn0 e_ 7 57 1.37

12-17 900 450 8.52 1 28

12-19 900 450 7 .07 1.15

12-23 90° 450 8.03 1.38

Avg. 7.84 1.29

Std.Dev. 0.54 0.09
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Test: + Flexure.... L75 P=o 32:1

.•Fiber Test ultimate Modulus of
••Specimen Orien- Temp. Strength Elasticity!

Number tation (OF) (ks~i) .. (106psi) Remarks

J2-4 0_ _ -67 268.9 19.J5S 3 pt./tensile failure

J2-11 00 -67 263.8 18.62_

-J2-16 0o -67 239.3 18.83

J2-20 00 -67 276.3 18.81

.J2-23 0 -67 261.3 17.50

Avg, 261.9 18.62

Std. Dev. 13.9 0.68

J2-2 00 72 186.3 14.57 4 pt./tensile failure

J2-7 0o 72 189.7 13.84

J2-9 0• 72 191.4 15.21

J2-17 0Q 72 187.5 15.37

J2-22 00 72 195.8 15.29

Avg. 190.1 14.86

Std. Dev. 3.6 0.65

0J 260 152.1 13.74 Note: primary failure

J2-8 0 260 .. .149.4 12.97 in compression(4 pt.)

J2-13 00 260 148.1 12.02

J2-18 00 260 158.2 12.57

j2-21 00 260 176.2 13.97 tension failure/4 pt.

Avg. 156.8 13.05

Std. Dev. 11.5 0.81

J2-3 0° 350 145.7 17.08 shear failure/4 pt.

J2-10 00 350 178.0 19.43 3 pt./compression fail

J2-12 0V 350 183.3 19.07

J2--15 00 350 185.0 17.49
J2-25 00 350 197.4 17.31

Avg. 185.9 18.32 Avg. omits J2-3

Std. Dev. 8.2 1.08
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Test: Flexure L/D Ratio: 32:1
Materials: IHy 1076J

Fiber Test Ultimate Modulus of
Specizen Orien- Temp. Strength Elasticity

Number tation (OF) (ksi) (1O6psi) Remarks
Ji-5 900 -67 8.34 1.66 4 pt. loading

Jl-b0 9010 -67 9.21 1.58

5 900 -67 11.78 1.98

Jl1-19 900 -67 10.48 2.01

Ji-25 900 -67 11.72 1.98

Avg. 10.31 1.84

Std. Dev. 1.52 0.21

Jl-1 900 72 8.58 1.64 4 pt. loading

6 900 72 7.38 1.57

-12 900 72 8.1 1.60

Jl-18 90 72 10.66 1.91

JI-24 900 72 8.89 1.86

Avg. 3.79 1.71

Std. Dev. 1.19 0.16

Jl14 900 260 5.85 1.49 4 pt. loading

Ji-8 900 260 6.54 1.58

Jl-16 901 260 7.04 1. 72

31-20 900 260 8.62 1.71

JI-26 900 260 9.06 1.60

Avg- 7.42 1.62

Std. Dev. 1.37 0.10

JI-2 900 350 6.53 1.35 4 pt. loading

J1-7 90 30 6.31 140

JI-14 90 0 350 7.79 1.66

Ji-21 900 350 8.66 1.58

JI-23 900 350 5.86 1.25

-Ag. 7.03 1.45

SLd. Dev. . 16 0.7
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Test: Flexure L/D Ratio: 32:1iSMaterials---- : G-160/6535-1 ......... .""...

Fiber Test Ultimate tlodulus of'
Specimen Orien- Temp. Strength Elasticity

Number tation (F). (103 psi) (10 jpsi) Remarka

K41-4 00 -67 243.4 18.62 3 pt. loading/tens.faiL.

K41-9 0o -67 236.3 17.70

K41-21 00 -67 251.6 19.09

(K41-23 0 -67 212.3 18.85

1K41-29 00 -67 255.9 20.94

Avg. 2a9.9 19.04

Std. Dev. 17.2 1.19

1K41-1 00 72 237.6 18.34 4 pt. loading/tens. &

K41-5 00 72 230.7 18.22 compr. failure

K41-10 00 72 235.9 18.33

K41-20 00 72 215.2 20.09

1K41-15 00 72 237.0 17.48 _ _

Avg. 231.3 18.49

Std. Dev. 9.4 0.96

MK4i-3 00 260 199.5 19.06 4 pt. load/shear fail.

K41-7 00 260 1?8.0 19.40 4 pt. load/shear fail.

K41-11 00 260 214.2 18.49 3 pt. load/tens. &

K41-16 00 260 223.5 17.33 failure

Y,41-25 0 260 221.5 18.19

Avg. 219.7 18.00 omits K41-3 & K41-7
Std. Dev. 4.9 0.60 omits K41-3 & K41-7

• K41-2 00 250 186.5 16.21 3 pt. load/tens. &

1K41-6 0G 350 179.6 16.44 failure

SK41-12 0 350 177.5 17.46

(K41-18 0° 350 189.4 17.53

1K41-22 00 350 175.8 16.62 4
Avg. 181. 16.R5

Std. Dev. 5.9 0.61
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Test: Flexure .LD Ratio: 32:i.
Materials : G-160/6535--l _.........

Fiber Test Ultimate Modulus of
Specimen Orien- Temp. Strength Elasticity
Number tation (OF) (!03Osi) (106psi} Remarks

K42-9 900 -67 10.14 1.58 4pt. load

X42-15 900 -67 10.11i 1.52

(K42-21 900 -67 7.09 1.50

Y.42-3 900 -67 8.59 1.83

K42-23 900 -67 8.63 2.16 _ _

Avg. 9.11 1.53

Std. Dev. 1.75 0.04

K42-1 900 72 8.41 1.39 4 pt. load

K42-13 900 72 9.29 1.46

K42-25 900 72 8.20 1.50-

'K42-7 900 72 8.73 1.46 .. ...

K42-18 9901 72 8.64 1.41 , _ _, _

Avg. 8.86 1.45

Std. Dev. 0.44 0.06

K42-8 900 260 6.65 1.48 4 pt. load

K42-20 900 260 6.67 1.47

i<42-26 900 260 5.86 1.41

' ,,,• ,•-•,900 260 .. ..7,7ý ,, .4....

K421-14 9,0_0 260 4.70 -1.22 . ..

Avg. 6.40 1.45

Std. Dev. 0.47 0.04

.K42-2 900 350 6.32 1.26 4 pt. load

K,42-19 900 31ýO 6.75 1.49

K42-24 900 350 6.45 1 1.26 -

K42-6 90 0..5 7415 I4.44

1K42-12 900 350 7.56 1.33 _

Avg-. 6.50 1.34 _

Std. Dev. 0.22 0.13
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APPENDIX G

INPLANE SHEAR DATA

All of the inplane shear data generated during thisI program are presented in this section. These data are both
* tabularly and graphically summarized in Sections 4.1 through

4.6.
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Test: Inplane Shear
Materials: T300/AFR800 .,_ , ._

Inplane
Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (0F) (i0 3 psi) (10 6 psi) (in/in) Remarks

F23-5 t45 -67 13,900 0.71

F24-1 +-45 -67 13,360 0.67

F25-7 ±45 -67 12,850 0.65

F26-4 t45 -67 12,620 0.65

F27-10 +45 -67 13,370 0.70

__Avg. 13,220 0-68

Std. Dev. 500 0.03

F23-9 ±45 72 12,030 0.69

F24-9 '-45 72 11,900 0.72

F25-5 -45 72 io,750 0.60

F26-10 145 72 11,250 0.66

F27-1 -45 72 11,570 0.73

Avg. 11,620 0.68

Std. Dev. 520 0.05

r 23-.11 +45 260 9,020 0.65

F24-4 *45 260 7,720 0.59

F25-1 ±45 260 8,6'10 0.65

F26-8 ±45 260 8,730 0.60

P27-3 ±4 5 260 7,940 0.58

Avg. 8,400 0.61

.Std.Dev. 550 0.03

P,) -3 +45 350 8,530 0.43

F24-7 *45 350 8,180 I 0.45

F25-10 ±45 350 8, 560 ý.45

F26-2 ±45 350 7,670 0.40

F27-5 -45 350 7,720 0.41

. Avr. 8,130 0.43

Std Dv. J 430 0.02



If

Test: Inpiane Shear
Materials: SiC/5506 _

Inplane

Fiber Test Ultimate Shear Ultimate
Specimen Orien- Temp. Strength Modulus Strain

Number tation (OF) (106psi) (10 6 psi) (in/in) Remarks

G14-3 .45o -67 10.31 1.02

G14-4 +45* -67 10.12 1.06

G15-2 +450 -67 10.20 1.07

G17-3 +45* -67 8.85 1.12

G17-6 +45* -67 9.83 1.07

Avg. 9.86 1.07

Std.Dev. 0.59 ---

G14-5 ±450 72 8.85 0.76

G15-1 +450 72 8.26 0.87

G15-4 -450 72 8.76 0.76

G17-1 ±-450 72 8.97 0.88

G17-4 ± 450 72 8.46 0.73

Avg. 8.66 0.80

Std.Dev. 0.29 0.07

G14-7 ±450 260 5.80 0.50
G16-4 ±-45 0 260 6.27 0.33

G17-2 ±-45 0 260 6.11 0.39

• G17-7 ±451 260 5.37 0.37

G17-8 ±450 260 5.35 0.39
S Avg. 5 .78 0 .39

Std. Dev. 0.42 0.06

G14-1 +450 350 3.97 0.12

G14-2 5 3."93

G14-6 ± 450 1350 3.94 0.118

G15-3 ± 450 350 4.09 0.11

I G17-5 ± 450 350 3.84 0.10

Avg. _-___..3.95 0.12

Std.Dev. 0.09 0.03
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Test: Inplane Shear
Materials: HyE 2034D ,,___ ,,_ ' .........

Inplane

Specimen Orien- Temp. Streng Modulus Strain
Number tation (*F) 10u ps4) (10 6 psi) (in/in) Remarks

Hl_-8 _±450 -67 5.83 0.99
H16-4 t450 -67 6.12 1.02

H17-4 ±450 -67 5.81 1.02

E17-7 ±450 -67 6.22 1.00

H12-7 ±450 -67 5.67 1.31

Avg. 5.93 1.07

SStd.Dev. 0.23 0.14

t1l1-7 ±450 72 5.51 0.76

1113-8 +450 72 5.50 0.80

1H15-4 ±450 72 5.39 0.68

H15-5 ±450 72 5.59 0.74

1H15-7 ±450 72 5.14 0.66

- Avg. 5.43 0.73

Std.Dev. 0.17 0.06

1H10-2 ±45- 260 4.68 0.68

H12-13 +-45- 260 4.70 0.68

H13-1 +450 260 4.88 0.66

H14-10 ±450 260 4.48 0.63

1H17-6 ±450 260 4.47 0.66

Avg. 4.69 0.66

Std.Dev. 0.14 0.02

__Hi0-5 ±450 350 4.36 0.68
S1Hi -9 • 45' 3 50 4.2 0.60

H114-5 ±450 350 4.54 0.56 ___

1H18-2 ±45" 350 4.56 0.62

H119-4 -450 350 4.22 0.57

Avg. _ 4.38 0.61

S td.Dev. 0.17 0.04 ____ __
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Test: Inplane Shear
Materials: T300/V378A ......

Inplane

Fiber Test Ultimate Shear Ultimate
Specimen Orien- Temp. Strength Modulus Strain
Number tation (OF) (103psi) (10 6 psi) (in/in) Remarks

14-6 -45 -67 11.19 0.91

15-10 ±45 -67 11.56 0.97

16-8 t45 -67 10.48 0.92

19-1 ±45 -67 10.42 0.90

110-5 -45 -67 10.17 0.92

Avg. 10.76 0.92

"Std.Dev. 0.59 0.03

14-3 -45 72 9.59 0.89

19-9 ±45 72 11.07 0.95

110-7 -45 72 10.71 0.97

111-5 ±45 72 10.98 0.91

122-1 j45 72 10.88 0.95

Avg. 1 0.65 0.93

Std. Dev. 0.61 0.03

+

I8-6 -45 350 8.13 0.85

I9-F ±45 350 8.09 0.88

IIO-l0 ±4 5 350 7.48 0.76

111-4 ±45 350 8.39 0.95

122-2 ±45 350 8.21 ---

Avg. 0.06 0.86

Std.Dev. 0.35 0.08

I5-i ±45 45¶1 7.23 0.63

io-7 i45 45 ).46E, 0.69
1 9-6 ±+45 _A5Q 7. 51 I 0.58

110-9 t45 450 7.44 0.54

Iii-8 ±45 450 7.70 0.58

Avg. 7.47 0.60

S __ ___d . D e_.,.0._17 0.06
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Test: Inplane Shear
KMaterials: HyE.1O16J ... .._

T IrInplane
Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (*F) (105psi) (10 6 psi) (in/in) Remarks

J4-3 ±450 -67 13.39 0.99

J6-2 -45* -67 15.46 0.89

J8-2 ±450 -67 13.20 1.08

J10-2 ±450 -67 13.34 1.03

ýA J11-3 ±450 -67 13.34 1.03

Avg. 13.75 1.00

Std.Dev._ 0.96 0.07

J3-2 ±450 72 11.00 0.90

J5-6 +45* 72 11.09 0.84

J8-2 ±450 72 11.08 0.94

Jll-2 ±450 72 11.36 0.93

J12-2 ±450 72 11.17 0.96

Avg. 11.14 0.92

Std.Dev. 0.14 0.05

J3-1 ±45Q 260 7.78 0.87

J5-1 i450 260 7.90 0.90

J7--1_ ±450 260 8.72 0.92

J9-1 ±450 260 8.45 0.94

J11-1 ±450 260 8.38 0.82

Avg. 8.25 0.89

SLd.Dev. 0.40 0.05

J3-6 ±450 350 8.36 0.79

J4-2 ±450 350 8.18 0.81

J7-6 +45* 350 9.36 0.70

J9-7 ±4511 350 7.67 0.82_______A+ig + .30 0.77 _____1______

J11-8 ±450 350 1 .93 0.71 ________

Std.Dev. 0.65 0.06
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Test: Inplane Shear
M ateria•s: G-i /6535-1

Inplane
Fiber Test Ultimate Shear Ultimate

Specimen Orien- Temp. Strength Modulus Strain
Number tation (*F) (10 3psi) (10 6psi) (in/in) Remarks

K4-4 ±450 -67 9.34 1.03

K6-2 ±45w -67 9.85 0.97

K7-4 ±450 -67 10.44 0.96 1

KI0-3 ±450 -67 9.44 1.01

K11-1 ±450 -67 9.47 1.10

Avg. 9.71 1.01

Std.Dev. 0.45 0.06

K5-1 ±450 72 8.87 0.94

K6-1 ±450 72 9.00 0.96

K7-1 ±450 72 7.68 0.98

1K8-1 ±450 72 8.90 0.90

£ K9-1 -±450 72 7.72 0.94

Avg. 8.43 0.94

Std.Dev. 0.67 0.03

1K4-2 ±450 260 7.74 0.82

1K5-2 ±450 260 7.90 0.96

K7-2 ±450 260 7.94 0.89

K9.9-2 ±450 260 7.86 1 0.87

K10-2 ±450 260 7.42 0.89

Avg. 7.77 G.89

Std.Dev. 0.21 0.05

K4-3 +450 350 7.76 0.79

K5--3 _450 350 8.74 0.84
•! .K7-3 _+450 350 8.66 0.86

F K9-3 ±45O 350 8.50 0.80

,K10-2 4 5_o 350 7.54 0.78

SAvg. 8.24 0 81

Std.Dev. 0.55 0__ _. _03
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APPENDIX H

INTERLAMINAR SHEAR DATA

All of the interlaninar shear data generated during

this program are tabulated in this appendix. Tabular summaries

of these data appear in Sections 4.1 through 4.6.
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Test: Interlaminar (Short-Beam) Shear
lMaterials: T300/AFR800 4/" L/D Ratio: 4/1

Test Ultimate
Specimen Temp. Strength

Number (OF) (psi) Remarks
P21-23 --67 19,020

P21-45 -67 17,550

P21-55 -67 17,700

F21-58 -67 17,270

P21-61 -67 19,290

Avg. 18,170

Std.Dev. 920

P21-6 72 15,290

F21-9 72 15,520

P21-11 72 17,160

F21-20 72 14,440

F21-36 72 15,310

F21-53 72 15,340

F21-64 72 14,370

F21-66 72 14,620

F21-69 72 15,400

F21-75 72 "5,160

Avg. 15,270

Std.Dev. 790

F21-33 260 12,810

F21-43 260 11,020

F21-44 260 11,920

F21-57 260 11,300

F F21-68 260 11,820
I • Avg. 11,770

Std. Dev. 690

359



Test: Interlaminar (Short-eiam,) Shear
materials: T300/APRSOO L/D. Patio: 471

Test Ultimate
Specimen Temp. Strength
-Number (jF) (psi) Remarks

F21-7 350 9,880

F21-12 350 9,270

F21-26 350 10,000 .. ......

F21-51 350 9,320

F21-56 350 9,680

Avg. 9,630

Std.Dev. 330
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Test: Interlazi'nar (Short-Beam) Shear
Materials: sic/5506 L/D Ratio: 4/.1

Test Ultimate
Specimen Temp. Strength

Number (OF) (3 psi) Remarks

G38-6 -67 21.27

G38-28 -67 21.683

G38-51 -67 21.32

G38-57 -67 21.06

G38-63 -67 21.10

Avg- 21.29

SStd.Dev. ý025

G38-2 72 14.80

G38-4 72 14.85

G38-8 72 14.96

G38-12 72 15.01
G38-20 72 15.21

G38-24 72 14.72

G38-30 72 14.96

G38-36 72 15.20

G38-40 72 15.19

G38-48 72 15.31

Avg. , 15.02

Std.Dev. 0.20

¶ G38-1 260 8.81

G38-16 260 9.55

G38-39 260 8.86

G38-41 260 9.20

G38-54 260 9.18

Avg. 9-12

Std, Dev. 0.30
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Test: Interlaminar (Short-Beam) Shear
Materials: SiC/%506 L/D Ratio: 4/1

Test Ultimate
Specimen Temp. Strength

Number (OF) (103 psi) Remarks

G38-17 350 7.53

G38-25 350 8.01

G38--33 350 8.59

G38-44 350 8.11

G38-60 350 7.83

Avg. 8.01

Std.Dev. 0.39

362



Test: Interlai-nar (Short-Beam) Shear_
Materials: HiyE 2034D LLD ti

Test Ultimate
Specimen Temp. Strength

Number ( OF (103 psi) Remarks

1H31-2 -67 . 9.06

H31-7 -67 7.83

H31-16 -67 8.14

H31-44 -67 7.91

H31-54 -67 7.51

Avg. 8.09

Std.Dev. 0.59

31-1. 72 7.57

H31-5 72 7.17

H31-'10 72 7.07

H31-22 72 7.85
H31-36 72 7.06

H331-42 7, 7.57

H31-48 72 7.57

1131-51 72 6.55

1131-55 72 6.97

1H31-66 72 6.45

Avg. 7.18

Std.Dev. 0.46

H31-3 260 7.12

, 31-8 260 6.24

1H31-28 260 6.13

1H31-30 260 6.04

f H31-46 260 6.87

Avg. 6.48

Std.Dev. 0.48

36

S~363



Test: Interlaminar (Short--Beam) Shear
Materials: HyE 2034D _ _ L!D Ratio. 4/1

Test Ultimate
Specimen Temp. Strength

Number (OF) (103 psi) Remarks

H31-17 350 6.17

H31-24 350 5.82

H31-40 350 5.95

H31-53 350 5.74

H31-64 350 5.48

Avg. 5.83

Std.Dev. 0.26

_6 ifI_ _J__l _ _ _ _

_ _ _ _ _ I: __ __, , ,
!K
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Test: Interlaminar (Short-Beam) Shear
Materials: '300/V378A L/D Ratio: 4=1

Test Ultimate
Specimen Temp. Strength
Number (OsF) (psi) Remarks

115-9 -67 18,800

115-14 -67 17,300
115-26 -67 18,540

115-38 -67 18,250

115-39 -67 17,720

FeAvg. 18,140
SStd.Dev. 630

115-1 72 15,400

115-4 72 15,560

115-8 72 14,560

•:I1 15-13 72 14,23G

S,115-20 72 14,520

1'i 15-25 72 15,550

115-29 72 15,160

115-32 72 15,170

115-37 72 14,410

115-45 72 15,320

A.vg. _ 15,020

, Std.Dev. 490

115-10 350 9,030

115-16 350 10,090S115-24 350 10,190
1 15-27 350 10,760

SIi5-34 350 10,010

Std.Dev. 620
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A

Test .- .iterlamiinar (Short-eam- Shear
MaterIals: T300/V378A L/D Rati0 471

Test Ultimate
Specimen Temp. StrengthNumber (OF) (psi) Remarks

115 -2 450 8,960

I115-6 450 9,230

115-17 450 9,430

I15-28 450 9,270

115-43 450 9,310

Avg. 9,240

Std.Dev. 170

,_,6 --

,, ,,- m . •
,,_,,_.. ..... ____ _ _ _ _ _ _ _

uF. . .
, _ _ __ _ _ ,,__ ,,_,__.,,.__.___

it.__________ ___ ... ,____ ,,, ,_
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Test: Interlainar (Short-BeamF Shear

Materials: 'yE 1076J ,_,_, __ LiD-Ratio: 4/1

Test Ultimate
Specimen Temp. Strength
Number (OF) (103 psi) Remarks

J26-23 -67 16.26
J26-41 -67 14.24 .....

J26--67 -67 19.64 _

J26--78 -67 15.25

J26-00 -67 17.72

SAvg. 16.62

Std.Dev. 2.12

J26-16 72 11.04
J26-19 72 9.42

J26-26 72 10.96

J26- 33 72 14-94

J26-40 72 11.67

J26-49 72 12.66

J26-53 72 11.67
J26-69 72 1i .11

J26-74 72 14.70

J26-83 72 14.56

Avg. 12.87

a ,Std. Dev. 2.36

J26-18 260 8.59

J26-34 260 10.79

J26-38 260 8.96

J26-52 260 8.61

J26-64 260 9.85

Avg. 9.36
Std.Dev. 0.95

_ _ __ _ 3 __ __ _



Test: Interlamnar (Short-Beam) Shear

Materials: HYE 1076J L_ - ~~ o 4/1
Test Ultimate

Specimen Temp. Strength
Number (OF) (1.73 Psi) Remarks
J26-14 350 7.71

J26-22 350 8.89

J26-46 350 8.58

J26-57 350 9.56

J26-61 350 8-25

Avg. 8.60

Std.Dev. 0.69

.: ___368 _
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"Test:W InterIaminar (Short-leam) Shear
Materials: G-1G0/6535-1 L/D Ratio: 4/1

Test Ultimate
Specimen Temp. Strength

Number (OF) ( 3 psi) emarks
K18-12 -67 17.51

K18-28 -67 18.21

1K18-38 -67 15.19

(K18-46 -67 16.65

1K18-62 -67 17.20
Avg. 16.96

Std. Dev. • ,_ 1.14

X18-1 72 14ý03

K18-10 72 15 55

1K18-18 72 '12587
1(18-23 72 14.21

-18-31 72 13.10

K18-34 72 14._,26

R18-37 72 12.84

Yl18-41 72 13.79

118-47 72 16.13

K18-52 72 15.54

Avg. 14.53

Std. Dev. 1.17

1K18-2 260 11.36

K18-16 260 11.46

1K18-48 260 12.39 , __......_ _ __ _i __ _ _

1K18-57 260 12.28

K18-63 260 12.02.

Avg. _11.90

Std. Dev. 0.47
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Test- enterlaminar (Short-Beam) ShearMaterials: G-160/6535-1 L/D -Ratio: 4/1

Test Ultimat-Specimen Temp. Strength

Number (OF)... (10 3 psi .Remarks

K18-9 350 8.76

K18-26 350 9.53

K18-35 350 8.46

K18-44 350 9.79

K18-55 350 9.78

Avg. 9.27

Std. Dev. 0.62

,3_7_
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APPENDIX I

FATIGUE DATA

All of the tensile-tensile fatigue data generated

during the program, along with residual strengths of specimens

which 'ran out" to 107 cycles are presented here. The residual

strengths were all determined with a tensile test at 724F (220C),

regardless of what temperature the specimen saw during the

fatigue test. Sumnaries of these data are presented in

Sections 4.1 through 4.6 in both tabular and graphical form.

$17
Li

t

'I-

- Ii

•.371

- . j '--..--=- -. - . .



t44

NN 1

0 0 00

"" 0

1.4 Ir 10 a'O q I

44 1 1* II IN ml I4 0 0 0 III-7

000 c4 0c 0 00 0 00C

C'~ ~ ~ ~ 0 0 0 rA

0 00 ul n n- D0 00C

c1 a) COCD C r- r- r-

~. 0"~* 1 .n

to .i. q~C'

;, ;& j44 -4 -q vi
-4 r4i C0 N (N

o lo oo oo 0

to Ln -41-

372



iI

I o 
i I It

I' 
I41~*

+ +

I . I I

0 c) o C) 0 40 a 01

a r 4 0 L L OlU L n -4 N LcD-its ý4

0. 6 •. n o~ o o Lo el o o o o o0 •
U.n

4 ) 0 0 0 ~ 0 c 0 oA V ) L n

L 
m u~fu'Li 

I

4 N
q -

U) ) nr4

C. .6 

x...a 

T 

I I 
I1; 

7 l 

-]
,

0 a 0 C D C

00 
0CJ 

i

4o 
D0 o00 0 :1 CooC. 0 10

a4 -1 1v 
r i c 14 -4

a.21~~~IC C j.jj.jlL



I c

k 4-1
N z

C1

MC

an It I. I ¢1 t 1 1 1

0 0-

a 

1

t I I I I

",i C,
- 4 o

*44 fn elB 414 mI (I 4n m BN

lit BIB N 4 I I N NI N rN N

F 
I1

0 000 00 0 0 000) 0 0 10 )10
0-400 0 C00 00 0 00 00 000

!~

fu v• mo o L - r c)"O 4 C

44&Z' 41 414~ r. Uo r~ f- -- -44r-iý 4 l U L

374)

'4

•- !c 374'4



.0

.4 we

i+

*I -4 I [ n r,.I,

0 00 o o00
0 0 00 00 00C0 0 0co m , t*- k v• 1 -

-• -- +1 -- - 1 - -

o 4J co"f~f 0 0 0 C

44 1-4

o l o o o 00 0 0 0 O

- 2.. o--- le ] --

4A• 0 • %D VD p ýo n In

II oI I " .

t do

m1 m1 r m r4O o| IL

-• o o mlD col 0

~~~~ý 00o oolo o I• O

N":

I -: oI o: o l C) ! o ol I)

c~

0 ý4 0 0 0 0 0 0 I3

co o m olo 1o

1- • . I I -I -A II I

I 'I
:}• i •3 7 5



L -

1 1

ii I I

"! ll I , ]

0 % % 1!r- 11 I-
+ + + + + +-++

000 0000 00 0
0000 0000 00 0

r- LI) 0) LA ON- ClH ý 4 N 0 c

,-¢4 M- .412

-A

0 0lL V 0 I

18

ul LIt

C- (, (N( r l 1

E' L N N c4J Cq N

0 376 1) l +4 +0 00

W2~ Ln - ---

01 +11 t
0000a , 0 00 1

*...ILO , w~ wf~ LI L L ILf W . ýL E14 ýk D4

~-i j ~0 O' 0376



II
- -.-"- - - 4- 4- - I4- -

• C

0 o C> 0 0 C) 0 0

CO aý ) -1 , 4.
co

-.4 L.n-- 0 0- 0%4 m Li14 0 r A 0
11. ,., I C,. I,

aM

ifiji

9m 0 + z " I i o o 1 n :
I I; 0 I rI II I 0

0377

0 . %.. N+ -4.- N~t CI- 4 0+

w00100 00000 0%0 0,0.

C1.4 O8 ; C C-2 1 -1 4 -4 -4 .- C; a

A...

C:AL C) 0 0 0 000 AALL21 k o~,4 0 00

0u C,~LL0~-

61 aC~ C0~c'

I5: M-n- fý r I- 1

II. ulC4 4 44
377 K1



M 16 L

I I

%.0 m~ Ico %D c

U''

t.. i. .

+ ++ .. + + + ++ +

0 0C_ a 0;

< 4 %D N 0 e

4 5 .4r o o - co 0 01 0

.t i
W- LAU'n ALn i Ul ~L) LAL 0 0 00 0
A. v I- LA IA LA j %D N I-_

c o Dc Ln Ln LI)L H -4 -

al CYL 0 : ( NN C4. '

r- t*L O t C4 C4 -

-1 40 000 N C14N
1- 4 -4 --- -

CA N-- NN NA LA

-4. t'nr aO d 04 0 l 0 0 oo o

IAW o 0Oc- ' C N4 Mir r, co

r-4 C ' .'3

fl 01N. N CLiC1 fn - 1 4

378



04•

I°

~1'~~1

~f4..

-t

- - - I;-. . _. ._

000 jOO 000
a00 a 0 0001 0 0 0 10

a, r, 0 - D , O CC41C, q'D

inJ •0 I C. 0

oA LAUnf C) 00 00 c

rl enflýf ~ 'D Ir

IN,,

:rq Lf Lfl

-4 4-1 +1 + +I- +1 +i+IiI +I

Ii 41ý CS ol c U 
0 U-

KkJ I .379



z !

C ,

+@ +

, o 0 i0 00

"m' CN C N 0 ":

14. 0 0 0 nL oL nW

4A - -. u) i, - %01

I .'

to C" i -O

m 000 00 na nr

0 , LA 'DC 00

** n4 Ln Ln LL' Ll 0o %

Da . CA C4 N C4

.A tn LL nLU rLt N Ln

00

rn ~ ~ ~ ~ ! m uf n n-c

tz 0 u

4-i ~ LALA A 380



#-

"I I +

•--.'- - - - I

0/0 0,0 0 0*

"0. "N ý co en

Iwo

/ , JJ
In " ~ II V) to 10 0

C II IV , •

Ln 
"nL"e

•mn

i i I I II t I I II I

41

(a 1 C-1 H4 CN-- + CN4- ~ 0 ..

C 000 000

01 +1," -IN

FA -4 1AL r L-

.1 uJ 0 00L

4 ~ ~ c3L11



N 1

0

II

I I• I I III

(1 4

44~4
MI

I, I I

1 14
-i i I

0 0
Ermb*.. L ntt ko 0D A com

L-n r) m0 Q % n O la *-rl

'+ + ++ + + ++ + + +

0000 0 00 00 00 0
1 0 01) 0 0 0 0 00 0 00C

SHC- m' LO CN mA MTul

- Lcn H I

12 o.-*n Ln LO LA 0 0 CA 0 ~0 c-I'a

CI 0 001;
.4N H½74N in L nt

442 1ý 9 9 r: r, co o 30Q
tA- - I*0ý - 11 1C

*g LALlLLA00 000)r

Xe .a , * (I 04.) LA

Aj TAL k0 000 Q co c

0 

0.

I it C)L

.. fn- N.. NN
0.. Ln Ln LAL LA n Lr in u)LAL

1 'T -* v 1N vv %
141+ w + H+1 +1 H+1+ +1 +1 +1 C4

0 1-N ", 'I NN1,11

* 6 .fn o n cj r-~L

3382



c

r~ý -All

1..-

I lti I r- col-,

U !jtiL iijIL ±

4 -41-

92 GO,

o 00 0c C

IA_ 0 00 0 0 0 00 0 0

I of
0 N N ' N N I fl%010o -F T

I.. = L

44 ~

c 0 0 0 0 0 0 0 0 D 0 i0  u LA 0 C
9- in U. L L n In u)Liin v I)i I 0 L) n n f)Xni

ii .~ fo OjO.O10 000

mA in-4 N 1 lA :IA

r-t

Sm x ~ O~oC x m Tc moco IQ

"" 1

R13
_• I 383



!c

I 

;

+ +
IiI

__ ,,, (n - n n % nm | -

-1 g -4 I 4 Ln e

I I I ,1 a I I a

1r: ] a

Ln Ln to 'f Ln L2n Ln i LA Ln - 6 r l 0'- Un 0f CO LA Lr (D 0 0 LA0

000 00 r o- c o 0o , o 0 o00

o 41 q .4 - 4- -4 H~

00

010 3 10 0 a 0 00 0 LN o 10 0111 coc 0 00 oJ
.4 LA 'LA A N ,- N

.4hL LA 0 0 C; 0LA0 0- 0 0AL :LA A LA:00 0 0 0

cla IN r#) en- mO C an C4' N~a C,4~ Nmo cN +o
S* oo0 0 %ooD Lo 0 0 CO- CO *

99- -C4 C o1 Doo u -

0 0 0 0 0 o .. -0

Cl-l4 NLC Nn Ln L Ln LLI L

vI " --N N

+1+ + I + 11 +1+" 1+ 1-

e, e .

""-'-- - --- ,384

, La -4 aO 4 %D c m 4 a ca v

NI~I 4 C41'~ l C'NI (n, NN C'I N NIC

384



m 1

-- u

od
"00

ad~ o 00 v

I 4.IZ

vA M1 O D1 +0a

'Ln 1- n~ 1 -4

. 01 N '( rO

+j +i + +

. 0 

0- 
0

M x 
-4 Cfl

0385
M %~

K '---- -,-

" 
-|

=-0i 3 8 5



SI ... I' I
All CN

o 4.

gi

"i +
I' *

Lb 0 000cc0

&, I . I

, 0 01 
iiCi

,o C > - . 0 = C ý 1 1 "

4 nm c ON m0 N C
400

- ll - 0

o i ll~l t o ii €I V) P

we- 00
A30 0n eaCn cL n 0

+ 1 - - F e.

*K

C 00 0 1 1

o C oo I

-4 tO L ir n Ll- - r

N N c,4 C4 N N

'336

- - " - - - - -

,<, -g-- q- <N- t -1- a - - - - -- -

* • .. I <•k LI U),

. - N": , ,-

.__ II'
-•..~ __i _ - -I- -. ~ ,

. " i ll, r..3i 36

'- I., i, ,i



II

.I I I

I 'I I

A

•, •33 3 1 3 3 3 3 3 33• 31

00 0CD C 00 0 0 0 0c 0 000 c 0 0 0 00 C

00 CJ (' c' 0 0 01. c 0 c00 ý0 C71Z -9 C i E A Mý ir

LI9 ILA4 -1LI' - 0 a000 LlLA W)Ln LnL Lf LI ULI u-1 0 000

101 - -1 - 0 1ýONC C) rr4 Cc '-m Na
00 C cn En r (I ( ,I4 l

a a

Ln 'AlA LI C ' m m q C

-Aqý -4 0 0 0 --1i
. 0 Q 0 -. 0 i1 0

r-
_ %. - It 1,;" IA L -

-ý 1 [ 4 - 1 1+ 4 - + + 1 +

I 1+

( 3II
01- 0- 33 I0 4 3 ,Ie

u 1:r4I H. H 4 ýH H td.(L-

387



A 4J

" I- -

LA) 0
' I i I I ''

6 I I I I 1 1'
io I I I I-I

- o~o o N- - - - - - -

0 0- 000 c3.- 0 0C 00 0 C) 01 00~L c0
+ 4. +

0 00 0 000+ 0 0 0
a M 0% 00 ( c-ILA 0 N a 0SI 4 OD 0 (n Ln .4 m ,0 8,Cm r- oo- -D ,- m -a

m " -- -4 Ii 0

U) ~ ~ LA) LoO 0 00 0 -r - r )L r

-, r t- -- c co MC -t t'- r- r -
a.i LALAL LA

I * .i (3 0 0 r . . .

(A00

4_ 1 ! - 4 OD I IM ) - - -c c

- -- I I I I I I 1 -

1 - - - -

-e * 0 0 0N N N (1 N) m 0)
a' 0 c'D co~ cco' c-

L.4 L A A". t '- "-.- - N N3

--- -.

*L.i"{., l".P,. I,.. -,.,-ip

0 , o o, ol 00 cC -
0 , 0 a% C% 0000 0,00 +
0''0 0''0 0' D''

*LAL LALA LA LALA U AA L LA LA t C i

+ i + + +1 ,4

0 00 00of- 0 0010] 2.~. C* I

m r- l c4 c fn o

' :38B



U) ii

* 00 0

- 0i19 !1 4-

00

i ;I ,

SaI I I M

-V ! f N i C o

U) Ln n t.P Ln r

0I co 0 O 0 0 a i 0 CD 0 0 c 0 0 C)

, .• I I V I 0-I t a i £ - u I t

I I I'• ( :( (I . -_. A 1 N A LIALLL 0)
-r -A U) U

, .. )

I.I 00 co co t) co -o CD coC co N a 0)m O )c
( [0

* I n ' iL cl C' c oO ¢ol coa1 LA - - -1 - C)

ON 0"10 0

0 L N 0 0 0 ". 0 0 LA . A .
-O 0 cmc C 0 o co •'•- c C"O 0)C r lO "

U. I I N g

gC4 0; oc CO 0 C'IC ;~O

0 C, HH 'LA u Ln OCO C In A AL r, C) 1~-4H 14

-i I - - - -

0 0 3L v 0 0 " "; aC 0 o" 0 0

C-J 00Q-c0 r4 r4 -4 r; c4 N n oL
L v) Ln L' Ln LA1 U In Ln U) to

I 0 TO

WA~ L LnLnLVLVA61 Li L. N ' intALA Lf Lm Ln L

0 *O 44 +1- 4+ H+ 44 M -H-H 44j Q* 4400 0 *0 I-~ 0 a 1 :1

389



5 4.)l j
-4-

0

440

C•l I I a a a i aI0 I II

a i I I a I I I at aI I I

4  
N

4.III I
4 I - - N. -

2. . r- , r -Ci

H) o () 0 0c0 )0H 00 00

. .• . .,. %." .- •-- I ri-e-, -

04 01
I ".- L0 m. 4--

0)4J4' rH MH L N o 0 t- .- HH

-4 .I 'AH-

i ,.

0 00 o 
" 0 0 L" UL LA r)

n %D LA u n 000 0

xH .4 H H r-4 H .Ar -4v H4 14 4 ý H ý r4 _;

N N. C 4wOC a 0, ol to00000N C

w-- co ~ In 0U

-4ý 1-1ý - -4 -A -1 -4 - 4 H -4 r- -q -i -A

~0

f, r- N 4 e'C4 C4C

* 'nlL L( n Ul LI LAI Ln LA Ln Ln LA Ln MLA Itn L n

too V *I1 4 4 H H

lag J L LAI 'n n II

0jL H 1 -14 o&4 cII N I I
SX El 10 a- C' 14 ' D C IiCO14-41 D H -

390



'A- - - - - - - - - - - -I- 
- - -

+

14
41

0 'TC qL
-oj0 O mU 0 k f l

00 0

00 000 0 000 000 0000*oo 0 0100C,00 oC 0 oo 000 00 000
co Go Ln rn m 0 C ON (14 .0 0 (n~ C~4 0P

.4 00 C) 01- 'N 0 H f
co OD NLA r% -4 tf~

-4 - - - r- r- - n - n - n t

N N N - N' 1  f n M

_ _ _ _ ýl r-- 
a 0 r m a

C4 0 , 0 0 V

391r 4'1rj NC N C



04 -A- ~1

a I
I.' I

-• I

,n .. , a..

- iiii i i

toI I I I 'n I I

ý i ' 0 -4 coIf mC 0 Enr' (4

0.4 C,.) C'O LrI (N ! ! I ( I i 1

t) w 4 -~ 0 el 1104t- CYL

Ul l - I • # | ! I I 0

000

o Yo I c oo 0 co o CJ

co4c 0 0 ýD 00 0 00
to I %L I ,o tD0 n n

,I .Il' 0~i

0 0a" 0 0
41 ~ cal -4 H H4, tj ý

CA . I N N

0 (D !D 000 0000 C, 00

c o o o "
S- +-- -- +.

0110 0100 0 0

IN IN IJ

C%4 1: . . 4

D 0c -in0°I 00 0000 cc°: b" • '-1

N, q1 HIH -- -1 4 "4 N N4 1-1 -I1• C - -l

"", .. . . 0. N

""j, "~LlAO LI U LlA UL ,.-4L LOAI2' u 9,

• 392



-ioo

-c
.0

C U

0 000

0, to a 4UTjfj -t )0 f

2 U,

00

a C4 0

Itr-I~ 1I 1ý0 I I tIll'

0i .o C'

00 0000 T 0 000 0 0

* .1 - . . H H -I H M

0Cq 0 1.

L,, V) i Ln e m (II e

-. - ""

Cn, IF. o

'L)r-t- 1' 4~c CCI 4W-10

4 11 m +1 +1 
-

0 c' a0 u0t Lt u 0 t

td I'N 0, IqvI n Nf

M2 CN N rN CN

th C4I

~' cI393



J J

L II

O - t 0 fC

I
~ ~o oo 00 0 00 0 00 0

1.% . - . * - = -.

'D' 0 0 0L

c m, ,,o i*Ci 00000 C, C

W I tl rI In I" f 44 L " r Ln lfl I L "u t

ý4~+ -1-N N 4+N

-9 I Lý.j. <ý 9. .T .. 11f
4A 4 4 rI 04 r- -4r4 -4 l

*34



+

.11 U I I

III II

+ -4

j Ca 1, - 14

i 000 0 c000 0 0 00

000 0171 F-•-
a000 0 00

4 f m
0- -'- e o-

0: M ',i C ) H - ',O

(N NcNC'I

In 1 p0
W 0 0 r' r- 'nr oG

OýQ4 0000 I- rr~ W -ý 1

:,.1 , ÷ U ÷n4. - "-t +•go

m+ %' %D + I' 0 Ii Nz

waJ , f

-4 11- f-- r

0.1 a, 0395r P -

fin

I T 

014 +1 +1+1 +11+1 -i + 1 +I e- 00 0

%0 e t' - %DcoT. w I I I I-I, C, . 1 W,

395I.jl'IK"V N



!+

II II

-1C

4 8@• "11 0000C) 0ý 00 0c
-4~~~~ ~ ~ ~ ~ 0 0-L Dr o v% % 1

Up

S0

' o oq - N 4-
Cf)T-r - t '-4 a%~ Oii tfyIf 01 7%m al N D O CO0 c

+ -
ko D Lo 04k n oI

,a 'Do 0 0 0 0 0 0 0 w 0 0 0 0 0 0 0 0 0 wLA . r l -

*, co - 00000 
00 co ',D0

IM0 . 4 -4 1-1

C,4 H- - -
LrLA

4J in Lf) I n LA in L.LLL 00000 L LA n U)LL

-u O- -V -0 1, -

In1 1 0041C

Jo 0 (1 V In a 4 In I-
m fn c9s C ~ N. 04 N - t-I- C4 ~ N N rV

ua g b4 ~ Al ýcI xl xl A4 4 mlA Al A*lAl

~~A396



IX

le AS

A C

i Il

1 I 0 1 ca 00 00 c

-H N$C~ C14r- f4 Hq Hl r H-1 i

3000 0 0 a000c 0 0000

w 0 0 0 000

rar

ii

x~ tp 0 00

50 m o o

3. ._

%.o I D- k-r r-- r-4 11' r- co 0 c

m ( o o Co G f__

n Ln kn Ln In (l n ON C m C- Ir 4 (4x 1 .6 1 ,2- CO O + 1 0-! OD CO CC) CD 0 1 +1 +1 r 1

4 Ol w c Lo lo -

. . . . N Ii+1 +1 +1i+11+1
- I A=r 397o



APPENDIX J

CREEP AND STRESS RUPTURE DATA

All of the tensile creep data generated during this pro-

gram, along with residual strengths of specimens which "ran out"

to 500 hours are presented in this section. The residual

strengths were all determined with a 720F (220C) tensile test
regardless of what temperature the specimen saw during the

creep test.

The stress rupture data were also obtained from these
same specimens with the characteristic of interest being time

to fracture rather than elongation.

Summaries of these data are presented in Sections 4.1

through 4.6 in both tabular and graphical form.

In the succeeding tables the specimen numbering system

can be used to identify the material being tested. The letter,

appearing first, in the specimen numbering code indicates the

material, as follows:

F - T300/AFRSO0

G - SiC/5506

H - HyE 2034D

I - T300/V378A

J -- HyE 1076J

K - G-160/6535-1.

!I3

i•'• 398



APR-800

Test: Creep Test, 7iee Tst: Creep

Orient: 0° Orient: o° Orient: Do

Spec. NO: -1-13 Spec. No: P3-s Spec. No: ?3-10

TCmp: 72-F22-C . Temp: 72*F(22*C) Temp: 72*P(22"C)

strew: 163.8 IM J 92 Ult. StZW-: 163.8 ki92% tilt. Stre.S 163.8 _ csi 92. Ult..

Zlap. Accum. El"p. Accum. ElAp. Accurn.
T"n* Strain Remarks Time Strain Remarks Time Strain Remarks
(br v.) f Ijin/ in) Mrs.__ (JA/in) ____ (hrs.) (i/ialn)

0 7872 0 8073 0 missed inatial reading

0.10 7884 0.017 8076 0.017 8037

0.25 7913 0.10- 8085 0.10 8044

0.50 7908 0.33 8089 .. ______8__

1 7919 0. 50 8090 - . • 5L n

2 3 7916 1 8092 8058
3 7917 2 .1 8092 2 8058

A "___ 3 8092 - 4 8059

-- & 5ZZ -09 -A--&S** q • ,.____ 5 8092 8 8061__

6 7916 6 goo9 24 8084

-6.5 7917 ,,.7 8086 144 8117
24 7934 S . am• _483 81.14

,•• .7974 24, 8106 ; r..4. ..

,504 '7992 2 81-30 .. ...

JL~2M_144 _12_

2.217 8108 , r

317 8092

504 a090_

R *covery R~covery Recoveyry

00 12 Load of 0 | 13 L044 off o o0 4!3i -. -3 ,-1

-_9 I -. _



Mi-O

Test: Cxeep Test: CrO Test: creep

OrienO: 0. Oriet 0. Orient-: .

Spec. No: F4-1 Spec. No: F4-IS Spec. No: FS-2

Temp: 72F(22"c) Temp: 72*F(22°C) Temp: 72*F(22"C)

S' : 143.4 kL 801% ult. StM=: 143.4 ki 80% Ult. StMM8JA .k" - 2f t ul

Elap. Accum. Elap. ACcul. Elap. Acc m.u=
Time Strain Remarks Time Strain Rematnkx Time Strain Reznarkis

Mrs2.). (A in/in) (bra.) (Mu/in) ____ (his.) (inlin) ____

6 018 oia0 6770 U 6563

0.017 6"1s 0.017 6772 0.017 6563 1 --

0.LO 6818 0.10 1,6768 0.10 6562
o.2s 0-2 6,7 69 0.25. 6 56 2

61.5. 681 0 ...... o.50o 6560 _ _ _

1 6816......_ 1 6764 1 , 6562

E233_____ 6763 ______ 2 6559 _____A 81 _ _ - - _ _Q F3
31 .•. . • - 3.1. 6552 _

_,,__-_, _ , 4 6754 4 6548 __
5 6807 5 6764 5 6556

~ ______ 6 6556

61 7 6764 _ 7 6557

24 62277_4 6570_."--

96 6900 96 679, 96 6588 "
1 2 0 _ _ & a g a 1. 2 0 6 8 0 4 1 2 0 6 6 0 0

190 6864 19o0 6822 ISO 61a

336 16830 336 6788 36 6g /

435 6818 435 6780 435 6576

S0 4 5 04, 67 7 0 5 0 4 6 5 • 9 *

R eCovery Recovery Recovery

o0 -13 Load Off 0 o,-15 0 -26 4off
___ __ 4a o1 -6 _ _ __ _

I23 0 _______3_ 6 _______ 3 -13

400 V.
S .. . .. " . . . . . ... •. " .. ... .. ..............:,...... •: ; .. .. ..:./<..,'•...... .. . .,.•- '- .2,,::..;•: • . :, .......... • .; ,;5 •;'.• 2.••, • , -•;,2• • ---



AFR-800FTest: Creep Te r: Creep (Teist: Ceep

Orient: 0. Orient: ° Oriert: o.

Spec. No: 1 -1_ Spec. No: F3-2 Spec. No:__,4-•.2

Terno: 260*F(1270C) Teap: 260*F(127'C) Temp: 20orF(127*C)

S•gS: 174.5 kji9 % Ult. St3res: 174.5 kuJ90% ult. Sra 174.5 bsi 90* Ult.

Mlap. Accims. Elap.~ Accum. l. Accum.
rTize Strain R euarks Tiw Stuai Remark, Time Strain Remarks

.hr.s.. A in/in) _ __.) H pindi) (bro.) (O/Aix
0 8361 0 8334 0 85313

failed before 0.0 L7 hr. 0.017 8363 0.017 8531

fai~led before 0. 1 hr. 0.10 8531

__________________ 0.50 8531 _____

2 532

_ __ +4 8525

92__8529
44 8554

51.S 60

310 9726
486 --- Q failed

4010



AFR-800

Test: Creep _________Creep _ Test: Creep
Orient: Orient: 00 Orient: 0-

Spec. No: FI-7 Spec. No: ?1-12 Spec. No: F3-16

Temp: 260*F(127"C) Temp: 26o0P(127*C) Tomp: 260*F(1270 C)

stgsu 1•!5.1lki 60% ult. Stress: 155.1 .. _ so. % ult. St=83s 155.1 kSi0% at.,

Mp Accurn Elap. Accuzm. Elap. Accium.
Time Strrain Rexlaxk3 Ti~o Strain Rearaks Time Struin Rezarks

(bm-(isi/ n)u.ý$) (m~intin) ____ hrs.)l Olin/ix,)_____

0 7436 0 7574 0 - gage failed

.0 7 742 0.017 7584 10.05 specim failed

0.10 7460 0.10 7600 _

0.25 7474 0.25 7620 "_

0.-0 7477 60.50 7 _

1 7475 1 7648 _ .

2 7484 -2 _ _ - -

3.7481 3,768_5____ 3 7685 .,_

. 7488 5 7700 -,-

7.3 7490 - ____

47.5 7508 47.5 7795

148 7560 148 790L_ _

217 7577 217___79_ 27

3,= 7589 36-6--__ 7970

413 7597 413 7977 ,.,

,d 7612 480 7986 _ - .-

"503 7601 50 -- R0a1w.

Recovery Reco-ery Recovery

2 -4

402



FI

!J,

2I

APR-8W0

Test: Creg . T stn :_ cre , .... T est:_ Creep

Oriern: 0 Orient: o Orient: -

SDeC. No: FI-5 Spec. No: F4-6 Spec. No: F5-11

Tap: ,, 260"F(127'C) Temp: 260*F(127"C) Tamp: 260"P(127"C,

Strwsz: 135.7 ksi 70 % Ut. Stz•.a- 135.7 kas 70 % a1t. Ste.s 135.7 ks± 70% Ult.

Elap. Accum. Elap. Attun. Elap. Accuzm.
Tizne Strain Remarks Time Strain Re-narks Tim* Strain Remazks
..( s..-) (Ain/in•) (hrs.) (n/rinr±) (hrs.) (ju_/z).

7 6648 0 6705 0 6767 _____

0.017 66S9 0.017 6713 0.0o7 6775

0.25 6661 .,o0.25 6719 0.25 6777 .

S 6664 0.50 67134 0., 6 _776

4 6671 4 6723 4 6_8 __._

5 66a3 5 6725 5 6826
., 1 6684 6 16721 6, 682L

7 6681 7 6723.

p _ _ 8 6723 8 6832

24 6690 _ a4 6731 _24 6832

271 6724 271 6712 271 6835 ,,

344 6718 344____ 344____ 685

434.5 . 6_715 _ 434.5 6709 434.5 6843

480 &'s -,480 6714 480 6845

580 6730 580 6727 -. 380 6858

- -. ...-- - ---

Recovery Recovery Recov~e -

403



AFR-800

Test: creep Test: Creep Tasr: creep

Orient: 0" Orient: 0. Orient-: 0

Spec. No: F6-17 Spec. No: F22-1 Spec. No: F22-8

Tem3p: 350*F(177*C) Temp: 350*F(177.C) Temp: 350*F(177aC)

*stres: 156.2 ksi96% u~lt. Stress'. 156-2 kýl 90 % Ult. St~SS kci% it

Elap. Accum. Elap. Accum. Elap. Accuxn.
Tizne Srain Rernaxks Time Strain Remarks Time Strain Remaks
_Lb!*.) (OA in/•i) (bra.) (Ain/•.) (hrs.) (Winin)

0 7673 0 8310 0 7981

0.017 7670 0.017 8324 0.017 8009
0.10 7654 0.10 8337 0.10 8014

0.25 7659 0.25 8340 0.25 8010
0.50 7669 oI5o 8359 o0.50 8067

1 7672 1 8318 1 8078"
2 7687 2 8307 2 8086
4 772§ _ .. .4 8,3 ,, ;Sq ,,-~
5 7718 5 8313 5 8092
6 7729 6 8314 ..... 6 _ _0,,,

7 7740 R306 7 8090
24 7837 24 8280 24 -11J

7 2 . 168 8221 72 8220,,_
168 8153 2§ .. 221L 168 8243

264 8270 360 216 264 _L2j9

336 8323 432 8256 336 8348
433 8449 503 8271 433 8436
504 8477 -. 504 8469

- -

R~cver Recovery Recovery

0 705 Load off a 366 Load off 0 440 Load of f

1 1 306 1 355

2 652 2 296 ______ 29 ______

3 642 3 _ _ 3L1

404 1



AFR-800

Test: Creep Test: Creep Test.: creep
i Orient: •Or4 ent: 0°Orient: o

Spec. No: _5-10 Spec. No: F6-2 Spec. No: PG-6

Temp: 350-P(1770C) Temp: 350"F(177'C) Temp: 350OF(1779C)

S3-ess: 138.8 SJ 80% ult. St=L*.a 138.68 ks80% Ult. S'es 138.8 kSi so% ult.

ELap. Accuzz Elap. A-cCzxn. Elap. Accum.
Time S•rain Remarks Time Strin Remarka Tim* Strain Remarks

*(hrs) (Ain/ in) ___ ('z. f&(Awi) (hrz.) OiA W in) ____

0 6493 0 7163 0 6637

0-017 6493 0.017 7175 0.017 6645

0.10 6490 ..... 0.10 7181 0__._ _ 6_51.

0.25 6490 0.25 7190 0.25 6662
0.50 6494 0.50 7196 0.50 6662

1. 6496 ______ 1.25 7180 1 6677 _____

2.5 6497 __,,_,.. _ 2 7203 2.5 6688

3 6491 4 7209 3 6,675
4 6491 5 7.209 -. A f66d.
5 I 6504. 6 72.16 5 6673
6 ,, 6504 ,,7. 7216 6 ,6678.,124 6503 24 7245 24 6677

168 6508 72 7268 .___ 6694 ,

264 6519 _21743 1307 -7

360 I 6553 s264 733 360 6713

432 6553 336 7353 432 6726

502 6572 433 7372 502 6742

503 7M396

I( Recove~ry Re•covv~ry R ecovery

•-. 143 Load off 0 17414 Lc•of s0o .
1 134 -L 14- - -

2 125 eR2 145 .... R 157

3 116 .... 3 138 3 152

L.•. 405



AFR-800

Test: Creep Test: .... T....... est:.

Orien-: 00 Orient: Orient:

Spec. No: F6-11 Spec. No:_ Spec. No:

Temp; 3so-r(l77-c , Ternp: Tamp:

Stra.: 138.8 si 86 % uLt. Stuma: • .ti Ult. St xeuaksi I ult.

fLap. Accum. M1ap. Accum. Elap. Aceum.
Time Strain Remarks Time Strain Remarks Tlime Strain Remarks
Mrs.) (A Win).• . ws,) -(Aiulhu) . •. (ttiu/n,

o 7390

0.017 7402

0.10 7410

0.2a5 73-4

0.50 7403
S. 7412

6 7462
71 7493

172 7493

26S 7S42

600 7342

-- - - -

R ecovexy Recovery Recovery'

0 297 Load off h_,__
1 200 j

3.5 188
._44 184_ .

406 .



AflR-80O

Test: Creep Test: Creep Tes:- cr•.p

Orient: 00 Orient: U. Orient: o0

Spec. Na: F1-17 Spec. No: F3-14 Svec. No: FS-4

Temp: 3500F(1776C) Temp: 350-F(1770C) Tep:. 350*r(177*c)

stmlzz 121..5 ..2 70 %Ut. s zU z121.5s_ 70 % ult. Stea.li6 d 4p %sut.

Elap. AcCia. Elap. Ac•urn.. MP-. Accu=,. .
Tim* Strain Remazrks Time Strain Remarka Time StraiAn Remarks
Mrs.) (A._ _ (b-) (Ai"/ in) _In_

0 6259•m..... 0 -zseaag LAjn 1 5

0.05 6308 0.75 6526 o0.05 45672
0.20 63•49 _ --- -.-- 1 653s .0.__2_
0.5 :6366 2. • 6541 _i050 551 388 3 6551 -1 5

2 6429 4 6557 2 5640

3 6449 -5 ('520 =3 5658
4 6467 6 6566 4 5638

S 6479 24 CE22 5

S95 6723 6

24 6651 144 6762 24 5618

95 6726 192 6792 _95 a558'A -

144 6769 .264 1 ___ 144 5590

1?2 6794 360 6847 192 -5,582

264 6822 - 431 _ AifL - 2S4 57
360 6875 689 ________2 360 $5_ _432 6880 43t 5_-- -

S- - -432L 554 _

-- -

R acov • T R a oe¢O e 7 e oy•

-0 s 75 Lad off• 0 1.402 Wad, off _0 .. -1.§ oa •
- 6-0 1 -368 -13P

3 - 353 -3 -1 -

- ."- - --7



?A7R-8oo

Orient: 901 Orient: 90" Orient: 90°

Spec.-No: FB-10 Spec. Na: FII-3 Spec. NO: P13-4

TenM: 72*F(22*C) Temp: 72Fr(22*C) Temp: 729F(22*C) ,.

StrUS:__3.21 k~j76% ult. StrWZ: 3.21~ ksi7N% UJlt- Stress 3.21 si ±70 %l.

Mlap. Accum. fLUP. A~ccux. ElaP. Ace---
Time Strain R emnarks Time Strain Remarks T Sme Strain Remarks

0 failed a loading failed or loading .. fal__ _od

•I _

. _,_.. -- H.-

- -' -- .. ..

R ecoveryReoeyRcvr

408I

* . - - - . _ _ _ __,

; .. . .408



Te5C.. creep Teast: cee Test-. CM42

Orien-: 90 Oriet:: 90. Orint: 90

* Spec. No: F_-4 Spec. No: 119-3 Spec. 14o: F9-5

Tamp. 72*F(22*C) Tamp: 72tF(22*C) Temp: 72*F(22C0)

Stros: 2.75 I6-t Ult.1, S itMS: 2.75 kjd 60 ult. St:P-1 2.75 k.eO 6 LUt.

Ma. Accux. M&IP. Accxn~. M~ap. Acc~u=x
Tiruae Strai Remanzks Tinxi Strain Re•zrkp Time Strai Rezaziks
aw.s) (A in,,/n) I(Mrs.)I Olinlin,) (hrs.), (Anlix)

0 missed -eadlng 0 missed reading 0 1891

0.017 1864 0.017 1893 0.30 1903
0.10 t 879 0.0 1905 tspw•imau f.ail ii

Q_ 1888 0.25 1919

*0.50 1893 0

1 1909 1. 1933

SJýIzg 2 1950 ....

S 19i7 5 1968

8 1943 8 1981

24 ,_126 24 2002
145 2068 145 2116

j*94 09 194 2142

2IA7 316 2199

482 2206 482 2261

530.4 2191 *'.4 2,

I_______ ________

- ____e___Recovvry R ecovery
0 308 L dO4� La 0 376 Lwad off .

1 I - - _- __ - :

II Il

A ~409 1



Tesl: creep Test: Creep Test: Creev,

Orient: Or6 Oient: 900 Orie.nt: 90

Soec. No; P7-3 Spec. No: 78-7 Spec. No: F9-8

TambD 72"F(226C) Temp: 720F(22*C) Tenp: 720P(22.C)

St-srs 2.25 sji 50 % Ult. StMW - 2.29 kai 50% ult. Stms 2.29 si 5o_% alt.

E P" . Accucm. EZap. Acc,=n. ap. Accum.
Time Strain Rwnsks Tine Strain Renmarks Tfim Strain Remmarks
(hrs.) win) (h.s.) (Ainiin) (hrs.)((• /ium) _---.--

0 1514 0 1486. 0 1543._____

0.017 1530 0.017 1500 0.017 1553
0.10 1547 0.10 1514 0.10 1567

0 1552 - 50.25_ _

0.50 .1563 0.50 1528 0.50 158i

1565 1 1534 1 591

, 2 .. 3 2 1548 2 1599 _
3 1599 3 1568u ,_ 3 61

5 161o6 _ S 1582 5 1630 _ _

6 1619 - . 6 1588 16 163b

7 1627 7 1589 7 1640

8 1627 8___ 1594 1644

24 1642 24 1608 24 1660

72 1670 72 1634 72

148 1680 145 1645 145 1702

245 1687 _ 245 1735 245 1806

435 1828 435 1790 435 1857

482 1864 482 1821 4R2____~.a... -

602 1913 602 1874 602 15

0 4.. 28 Load off .. 0 403 Loa Ofg 4 • •/"20 Lodoff

1 3 63 - n74

"" F I I. - .

3 378 3- 35T -

410



IIG

Tem... Creep T"st: re j "

Orient: Orient: 9o O•1-t. "

Spec.• No: - Spec. No: 2-oec.N4: 07-5

TeMp: 26.0F(127 C) Tomp-: 260P(1271C) Te _ p

Stress.: 2.- kso60 ult. Str"S: 2.80 .60% ult. Stxs 2.0 ki6s% •0 -a
E1•p. Accuns. ELap. Acci• Elap. J•m
Time Strain Remark. Ten. Sk Remrke Tin. S. . R •

SO.) U. in/in) Mrs.) (A/jt/ in) __r,.)_ (_ _-

0 strain i Mfailed 0 2215 0 fald- lodL

on lo.ajn 0.10 2193 _

556 Ppe.m.n Lid not fail 0.25 218•L_

.11 - - - 11

- . -- -. --

• ~~411 [•i



AFR-800
T ____,. _ Test: Crepa . Tes.. Ca•,,

C•iwor- Orient; 90. .O=-Cnt: 90,

3Vc.Na.__,_ Spec. No: F11-10 Spec.No: F14-5

"T1"po.: •OM21-C) TeMp: 260*P(127*C) Tezrp: 260*F(127*c)

S=MS- .2.57 *Si 55! %Ult. St==-. 12.57 k~i 55 % Ull-ut.

Ellap. ACClt-n. s,.A_ . .lap. Accu xi.
STb• Strz B-Rn zoa ka Time Stram Remark•. Time Strain Remarks

_____Win (bis.) _J~IWWn QMS_____iu

0 1954 0 1916 0 195C
0..O.7 1"2 0.017 1941 0.017 19%6

0a.10 2009 0.10 1994 _. 0.-10 1976

0ý50 2017os :2 ~s a
1. 20937 1 2160 1 2031

.2 2037_ 2217 2 208_ _
3 2040 3 2233 3 2091.

S1. -- 2-" 4 2267 S 2100
6 2037 , 264 24 2279 A 11oR

7 2037 _7_ 2291_, 7. 2106 .
.4.3 2003 ... 24.3 2408 24.3 2109

S72 1-990 2 50.2 2143

144 " ,2019 ]144 2696 .144. 2190
240 2046 2,40 2854 240 2272

313 2064 313 2940 313 2114
408 2092 .... 10S___"3 408 2340

5 ,,,_ 506 3155 506 2393

R Recov'exy Recovery Recovery

0 209 L-)ad off 0 1380 Load off 0 501 Load off
1 . 14. - ,i 409

3 126 _ . 1249 3 375

. 412



LAR- 800

Test: -, C.r Test,.: creeI Test.: Cree

-- _Orient- _ go. Orient- 90g Orlent: 9go

Spec. No: F7-11 Spec. No: ?9-4 SeC. No: 713-9

Tip-, 260F(12?) Temnp: 260*?C127"C) Temp: 2G8P•F27l!c)

St : 2.34 ksis50% ult. San-: 2.34 k s o0% ult., Stress 2.34 ki..i.% Ult.

Ela~p. Accum. Elap. Acciu= Elap. Accu=
Tie* Strain Rfamark Ti. St1rain Re rks. Ti~e Strain Rm=Arks

(bra.) (Ai/in) ,, (b.) (13../i.) Mhrs.) fgL iu/
0 1937 0 1731 o i762

007 1973 003.07 1756 0.017 1781 _____

0.10 2006 0.10 1766 0-10 __ 1791___

0.50 2062 0.25 0.25 11-•

1 206,2 101.14 1817 __________

2 2105 ' 2 -- 1829 1816

4 2142 4 18ZL7 4 1 •

5 2157 5 1838 1825

6 3163__ 6 1831

7 2172 7 1837 1827 '

28 2286 28 1868 2___ 1_.

55 2408 55 1870 55 1952 ___

287 2808 287 1941 247 214

j462 3013 4_2 462 2214
$08 3056 508 1954

_ _-, 
,_ :_

3 f.

I cove,7 P ~Recovery Recovery

0- 20 -T-r off 0 70
1080 1 183 1 662

2 __44 2 168 _

,.016 3 163 -2639

413• :-Ic• 
1



Ze~ 0~e est: creep Test:-Cfe Cimee

Driezt: 9g" Orient: go- Or-iet: 90*

Spec. Na: P34-1 Spec. No: F34-8 Sp•,'. No: P34-2

Tamp: 350PC177-C) Temp: 3S0°F(177°C) Tei~p: 350?F(177*C)

Strseav 2. 71 ki 50% ult. St=m=. 2.71 k~i 50t Ult. StMsi k.i I uit..

Eap. Accum. Mlap. Accum. Elap. Accu=m.
Mwo Strain Remarks Time S-in Remarks Time Strain Remarks

* ~~(bra.) (eA~ -n in Mrsh)(~~.) (uinhn) ____

0 2319 0 5412 0 failed l ioadin,
0.017 2398 0.017 failure _

0.10 3401

0.25 3860 ___.... ,

0.50 4112

1 480o

2 5052

3 5084 _..

55070 _ _0

S 5065
', ,2,• ~ ~5374 . ..... .

Reo,, Reovr Recov

-'j

- -- --

j



Test: Te:: cT st Test: _______"_'

Orient-. 900 Orient: 909 Orient: go

Spec. No: P34-3 SpeC.No: F34-5 Spec. No:_ F34-11

TeCMp: 3so*F(177*C) Temp: 350*P(177*C) Tmp: 3S0F(177*C)

StrOs: 2-17 kaL 40% Uit. St S: 2-k~i 40% Ult. S SkS1 2.17ji U .. t ..

Mlap. Accum. Elap. Accun. " 1ap. Acclm.-
Ttre Strain Remneks Time Strain Renmarks Time Strain Remarks
Chps-) (A in/irni (hzr a.) (i~n/in) Mrzs.) (Ainin~) ____

o 1902 0 1801 0 2830 ,.,

0.017 2069 0 017 1902 0.017 318,

0.10 2342 0.13 1954 _ 0.03 failu• e

025 2519 ____ 0.25 1954 ____

0.SO 2631 ____ 0.50 1981 ____

1. 2713 1 2023

-j _ _ _ _-"3 . 2740 2 .. 2091

• _4 |2788 4 2157
- _ 2764 5 2182

2780 _ 7 2j2§S]

24 2720 2464
122 2804 .. 168 3289 . ,,

205 failure 335 3929S437 4282

-- -.-.-....- -

---.- I - -- -

R .co'very Recovexy Recovery

0 0 201 Load off

.. 25415

415m



AFR-800

Orient: 9go Orient: 90° Orient: 90 .

Spec. No: F34-7 Spec. No- F34-9 Spec. No: F34-10

Texnp: 350'F(177*C) Tezp: 3509F(177*cj__ Temp: 3.500F177oc}

StrSS- .1.63 ksi 30% Ult. St~qw.*, i.r3 ýSi_29.% Ult.. Stn=_4U ksiA I Ult.

Zlap. Ac il. Elap. Acc~ru Elap. Accor.
Tune Strain R ermarks Time Strain Remarks Time Strain Rem&rks
(1~r s.) (A in i) ux.) (Ann Mhrs.) QA in/ iz)______

0 2230 0 1 3000 0 1108 0 2468

0.017 2245 0.017 1108 0.017 2591

0.10 2277 0.10 1134 0.10 2777

0.25 2305 0.25 1161 0.25 Z820

0.50 2371- "0.50 1243 0.50 2985 ......

1 2468 0 1 1323 1 3085

5.2 2731 5.2 1511 5-2 3477

6 2754 6, 1538 _ _ .±24

48 2689 48 2492 48 4480

5 =U 72 . 25-S97 72 4A77

7 3289 145 2393 141; 5215
14 1 361 3392 240 ., 5932

240 3760 312 3717 312 6426

312 3900 414 4218 .414 7348

414 4140 . 505 4472 505 8057

505 4164 _ .

Recovery Recovery Recovery
[' 0 2876 o,.d ff 0 3*,*.*1 Ldo** 0 .A471 Load- o**ff

1 2529 3035 1 606s

.5 2198 4.5 2736 4.5 5892 _____

416
" " --- 

------



AFR-800
Terst: Creep Test: Crepp Test: Creep

Orient: +45" Orient: +450 Orient: ±456

Spec. No: F28-10 Spec. No: F29-3 Spec. No: P33-9

Temp: 72(e(22*C) Temp- 72*'(22'C) "

St%*x : 16.27_k_ i 76% Ult. ,staxa: 16.27 kSi 7__70% Ult. Strms_ L Ult.

MAlp. Accum. Mlap. Accum. Elap. Accwn..
Time SrainT Remarks Time Strain Remarks Time Strain Remarks
(bra.) (AL in/ in) _______ (im) ('in/lin). Mrs.) (Ainln)

0 8330 0 8610 0 8090.

0.017 8690 ______ 0.017 8940 0.017 8350

0.117 9214 0.117 9459 0..117 8845

0.50 9634 0.50 9895 0.50 9273

1 9867 1 10140 1 9507
_{2 10054 2 10333 2 9692_

24 10924 24 1122, 24 10585
91 11908 __29 11920 ,,_91 _11,

131 11684 131 12000 131 11354
183 12028 183 12343 183 11692

260 12148 ,260_ 1245__,6 1181

361 12275 361 1258 361 - UU11

453 12351 453 1265A 453 12033
528 12387 528 12689 528 12072

R ecovery Recovery Recovery

0 3840- _ Lot off 0 4020 Load eff 0 4410 Load off

1 2445 _ 1 2433 26 147
1.5 2362 1.5 2347 __, 25

'I•

417



AfR-800

Test: Creep Test: Creep Testý Creep

Orierz: t-45, Orient: +450 Orient: +451

Spec. Na: F23-2 Spac. No: P23-4 Spec. No: F25-2

Tezn:.. 72,F22") Temp: 72F'(22'C) Temp: 7.F'22-C)

- - -- -ýS -l

lap. Accum. Eap. ACCU=. Elap. Accum.
Time Strain Remaxks Time Strain Remarks Time StraAn Remarks
(Mrs.) A( iu/if) (h.s.) (&iann) ._hr,.) (•LiWW)

0 6540 0 6449 0 64S7

0.017 6653 0.017 6543 0.017 6536

0.10 6779 0... .. U 0.10 6620
0.25 6935 0.25 11 67 747 0.25 6776

o. •.a 7235 -M583 0
1 7297 1 7114 1 7129

2 7450 , 2 72&_ 2 72-

3 7542 3 7294 3 7371

5.2 7601 512 7362 ,5.2 7378 , _,,

7.2- 7Z5*Z. 7"92 .. 2 ,, 7 .-.
47.4 8187 4112 '47.4 7887 47.4 7874 ......

•4• 8725 _.48 8376 148 8478

217 8793 217 8440 217 8546

366 9254 366 8894 - 366 8978,

413 9267 4127 413 8895 413 8989.

- 9-2 --- LU - 480 9067-

- -, - - - -

Recovery Recovery RecoverT

S0 2674 Load off - 2336 0 O_§. 024 Lao

1 1972 _, , 1 1811

£ 2 1932 2 1760 2 1864

418 4



AFR-800

Test: creep Test: cree. Test: Creep

Orient: +45' Orient: +451 Orient: "45

Spec. No: F24-2 Spec. NO: F27-2 Spec. NO: F27-7

Temp: 72*F(22C) Temp: 72*F(229C) Temp: 72*F(22*C)

St~eaS:1 11.62kq.50% Ult. Stzes: 11.62 ksi5o% ult. St-es 1 s.62 k o% 'i±t.

Elap. Accum. Elap. Accurm. Elap. Accuxu.
Time Strain Remarks Time Sta=' Remarks Time Strum Rearnks

!Sr.) (14 in/in) (b)($&i~u/ in)_____ (r) &l/)_____
0 5320 0 6225 ..... 0 5412

0.017 5461 o0.017 6351 _ 0.017 5485

0.10 5617 0.10 6556 0.101 5620

0.25 5696 0.25 6676 0. 25 5691

0.50 5770 0.50 6785 0.50 5770

1 5869 1 6907 1 5860

2 5942 2 7024 2 5944

4 6046 4 7160 4 6025

5 6071 5 7203 5 6057

6 6082 6 7230 6 6072

7 6110 7 7277 7 6112
28.5 6418 ___•_5_28.5 7670 28.5 6412
S55 6551 654__jls__ - -55

_287 63687 8294 2_1 6
462 7120 462 8641 462 7240

50o 7115 o508 88- 508 729

Recovery Recovery Recovery

L 15J2 L-cLd off L 2 Load off _7--. Load off

1051___ 1532 1_____ .1. .. ~L.
2 967 _01 _ _

"97"245 F737 1357 3 921

419



Anh-800

Test: C,._.L Test: craee Test: cre.op

Orient:- 5 +nent: t4_ 0int ±45

Spec. No: F29-1 Spec. No: P30-7 Spec. No: F32-2

Tem•p.. 260'F (.270C) Temp: 260OF(1270 C) Temp: 260*F(1270C)

Stiuas 13.44 ki. go lt Uj. St=Ass 13.44 ksi 801 ult. St:Xes 13.44 IkS 80% Ult.

Elaip ccm 1. AccCam. Elap. Acciun.
Timea Strai n R,,aks Time Skrsiu Remarks Time Strain Renarks
(ba. jJ in/lt - (bra.) (Ain/inL) Mhrm.) (L&1n/ii) ___

0 12578 0 12083 0 Gage fa• ure

0.017 15152 0.017 13405 0.25 failure

0.10 18404 .... 0.10 15543 .. ...... -
0.167? 19291 2,402_7 16362

0.25 --- failure 0.25 16876 failure

- - . -

- -II l - _ _ - - __

P covery Recovery Recovery

i 4 I0 I ______

1.1 .420



jI
AFR-800

W Test: Crepee Te-r: Creep

Orient: L4 5  Orient: +45' Orent: +

Spec. No: P30-11 Spec. No: F32-3 Spec. No: P33-2

Tern.: 260rF(127*C) Temp:. 260*FC127*C) Tempp: 260,F(127*C)

StZVs 11.76 ksi 7 % uit. Stzw•, 11.76 sj 70% ult. Surss 11.76 ks± 70% Ult.

ELUp. Accunu Elap. Accu,,- Elap. Acciun.
Time Strain Remarks Time Strain Remarks Time Strain Renarks

0 7818 0 7917 0 6433

0.017 9154 0.017 8917 0.017 7155

0.10 10116 0.10 10174 0.10 8184 --
0.25 10805 0.25 11010 0.25 8719

S0 5 12 50 5 ! 1147 0.50 _ _S

"1 11857 1 11975 1 9469

2 12437 2 12499 2 9926

2.5 12635 22.5 12678 2,5 10077
S4.5 13160 4.5 |13169 4,5 0.•42 :

5.5 13331 5.5 13335 5.5 10701
6.6 13480 6.6 13498 __ 6.6 10840
7.5 13585 7.5 13602 7.5 10930
24 14538 24 14634 24 11512
48 14180 48 15440 48 12349

74 16238 74 15977 74 12830

144 17074 144 16921 144 13815

366 18704 366 19213 366 15390

484 19334 484 20176 484 15898
506 19474 506 20350 506 15986

R ecoveryt Recovery Recovery

13529_ l ýff r 1-448 kodof 0 170r La f
2. 1 1777__I _____ .3 12437 - 3- 19014

_11627 3 12266 3 9904 ._ _,

11517 4 12170 4 9790

.•. ~421 "



AIR-800

Orient• +459 Orien :45 Orient: ±4 5

Spea. No- P26-3 Spec. No- FP2-5 Spec. No: P26-9

Ternp: 260*F,127 c) Temp: 260,F(127-C) Temp: 260*F(127C.)

Str-J : 10.08 Ri60_% uLt. StxgsuW 10.08 6ki60 % U1lt. Stzre 10.08 kIL60 % Ult.

MLap. Accurn. Elap. Accun. Elap. Accum.
Time Stwaiz Remarks Tine Strain Remarxk Tixme Strain Remarks

3. (e wg -bs. (An!L. ~ ( J!in
0 5039 0 4987 0 6025

0.017 5212 0.017 5161 0.01.7 6228 .

0.10 5585 .. ..0.10 5392 0.11, 6950

0.25 5788 _Q.q5 s580 - .s25 724
0.50 5973 0.50 5801i 0.42 7434

1 6197 1 605S 0.50 7504

2 6426 2 6342 1 7799
4 66685 4 6663 2 8175 ..
5 6768 5 6774 4 8580

S.6833 . 6862 _ ,,. 9214
7 6959 7 6954 6 96224 , ,,

24 7576 24 7649 7 10001
48 7891 48 8409 24 12067

120 8463 .1& 9551 48 13148
216 8955 216 , 0517 ,120- 156•06 _

314 9317 314 11308 21.6 17545

385 9512 385 11829 :314 19022

528 9958 -28 12693 385 , 19931
"528 21504

R -overy Recovery Re- overT

-- - Ld e-f

1 4362 1 6473 _13988

L2 4217 2 6168 ' 73611
4058 4 5910 4 13266 j

422



APR-two

VfTesta: cxaef Test: &See Tet ____________

Orient- ~~orient: ;!W ren::t5

Spec. Nao .. l 24-4 Spec. No- P26-7 Spec. No: F26-11

Temp: 3S0*WT177C T axp: 35GP177*C) Tamp: 3w0r(177-cl
9. 76 ku±60 % ult. St="a- 9.76 kjJ60 %U1j. Strgg 9.76 kj60% ItUlt.

Elap. Accu=i Elap. c- Elap. Accuin.

Time Strain Remarks Tln• Strain Remaarks Time strait Resna.ks

(A. Mr~ini) s.) (Jsip/jaL ____ hirs.) -(Auin/i)_____

0 gag* f& Ied 0 7442 ____ 0 missed Lini Lia readin

222 specinmi failed 0.083 8438 0.10 10281
0.167 9321 o0.167 10628 ,

S.... 0 1.q 2195 0.5 ",,"17,4

S18526 1 12635 ___,

- .- 1.5 20000 (a px.) 2 1334
2 qe fa +led 3 14492

25 specinmeg failed 4 15633 !

5 16717 !
6 17r'27

and fail.b when

_ _ _.__ _ _.F24 -8 fai ,ed

- ----- -

_ - - - _

Recovery Recovery ReoYvery

-i wi - _ .-- mi_

t 423



Test:, Creop Test - Test-_ __, _

O rient: 4s - O rient: _+45 O ria • ' ±'5A

Spec. No: F29-5 Spec. NO: P30-8 Spec. No: P33-7

Tep 30F17-)Ten*.- ='0T(177'C) Tamip: 3$0 -(177C

51 a.14 kSt 56 1 LfZt.- Su:8.14 si So% ult. St=ws 8a..ijg Ul t.

Elap. Acczun. Elap. Acc£m. r1ap. Accum.
Time Strain Renarks Time Strain Rezarkzs Time Strain Renmaks
Mrs.) (A in/ in) ( AAiz/in) 2____ (y.)(iIa ___

S 7763 0 8s596 0 7137

0.017 11070 0.017 -0 f, iled 0.017 8299

0.10 16046 504 no failure 0.10 9999

0.25 17873 0.2- -l- CA
0.50 19734 _. 0,5 .11.0 __2

1 21746 1 14119

2.1 24062 .......... 2.1 17002

4 25246 4 19408

5 26939 5 20156 -

6 27685 6 20883

7 28179 7 21322
24 33711 -.-.-. 24 __ q led

100 ..,aa.e Q - - .A- .
504 no fa lure

- -.....-.- - -

Recovery Recovery Recovery

E4 2
424 •- •



_ _ _ FR-800

Te st: Ceac: Creo "est: Creep

Orient: +4S Orient: - 45 Orient: tts*

Spec. No: P27-9 Spec. No: F28-1 Spec. No: P33-11

Teznp: 350.C(177*C) Tamp: 350Yr(177*C) Temp: 350"F(177*C)

sO 6.521 ki 40 1 ilt. St==: 6.51. ki 4o0% Ult. StM= 6.51 k± 40% U].t.

EMap. Acc=m. Isp. Accum.. El;p. Accum.
Time Strain Rsaks" Time Strain Reaarks Tine Strai Remarks

0 6 939 0 9778 0 23065
0.017 9167 0.017 14448 0.017 gage fajle

0.0_3 10704 0.083 20391 432 faill re

i0.50 16101 ,0.50 244L71
1 17879 1 25544

• ' .. 2 19196 2 26425
-- 3 20120 3 26997

4.5 20789 4.5____ _j ZU_ 221

5 20151 5 27291
6 21459 ,6 27400 _

-""24 2$121 2A 26211

96 30668 -96 •-
o121.3 33593 121.3 30563

167 "age ailed 167 32137
504 ,no fai ure 191 32580 .. . .

504 no fa±i %we

-"tecovey Recoavry Recovery

• 425



'rest: Creep Test., Test: re

Ozie= ± Orient: -5 Oriemt: t4s

Spec. No: G28-7 Spec- No: G29-3 Spec. No: G30-4

Temnp: 72-?C22-c) Tt, p: 72*F(22*C) Temp: 72F22*c)..

StM: 13.86 KS.i _% ult. Strmss 13,86 ksi 80% Ult. Stress .13-ý6si8 Ult.

Elap. Accura. Elap. AcCUMz. ELap. Amcum.
Tflne Strain R emaxrks Time Strain Remarks Time StSaiz Remaks

0 7790 0 8350 -2-~ 180
0.017 8352 0.017 8935 0.017 8730

0.10 9077 0.10 9718 0.10 9837

0.25 9634 0.25 10303 - -2S -0545

0.50 10053 0.50 10817 o.So 112015

1 10545 1 11387 1 11884

2 11069 2 11989 .... 2 12818 _

6.5 12079 - 6.5 1ace out

.. 1 -7 . 534 n f13L -AL
25 13414 _____ 25 14740 ___________

S16368 ____- - - ____

360 16566 ,_360 18740 ....

______438 IM143 9120 -
534 - 7166 -54 19533

1jeca:vry Recovery Recovery

0 10178 Load ufl 0 11830 Load Off I

1 426



!I

SiC/5506

Orien : +'5* Orient: +45 Orient: +45

Spec. No: G27-7 SPOC. N•: G27-8 Spec. No: r28-3

Temp: 72"F(2,*C) Tamp: 72*F(22*C) Temp: 72-Fi22-C ,

s: 12..13 ksi76. ult. Stress 12.1.3 k35.7 uI3lt. Stzjf ik.i 70%•.•o t.

1&p. Acux. El.p. AccIu=. Elp. Accu,6.
Time Strain Remarks Time Strain Remarks Time Stain Remuarks
furs.) i p l iuin) __S._ (Atglmn jh-=s.)l (U -/min -

5299___ 0 5367 0 5700

0.017 5767 -7.017 5661 0.017 6318

0. 65167 0.10 6017 0.10 6897

0.25 __487 .02 627_0.25 1210 _

0.50 6729 - .150 6519 0.50 7431

1 7004 1 6764 1 7708

2 -- 2 7U33 2 8023

5 7792 . 5 "1460 146 10330

S6 7885 6 7543 192 10645S7597__3___
S7 7947 7597 360 11248

.. 24 8627, 24 8175 453,., 11457

48 _ 9045 EO4 514 S..504 11555

36 00134 9706 _____ _____

408 10590 408, 9773 _ .....
486 10735 486 9379

533 10808 533 "9280

- -

R~eover", ' ecovary Re=overy"

_____5__0 _______ 0£ 3010 T ,044 o4f 0 56540 L~o~d off

2 39791 2 3!382 2 360

2.5 3913 j 2.5 3314 _____o

427



SiC5506

Test: Cz-ee Teut Cee Test: Creep
0•':~Oiet ±45" Orient:,--'+s"0 : ±!45"

Spc. No:: C16-6 SpeO. No: G29.-2 Spec. No: G31-.

Tex": 72 ?P (22 IC) Tamp-: 72*F22*C) Temp: 72P,(22*C)

St~rss: 10.3•9 ksiJ6O 6 ult. Stxes: 10.39 ksi6•o% ultý. Sa o0.39kj•si 6o% ullt.

E1ap. Accum. MLap. Acciaan. Elap. Aecumn.

0 510 0 5320 0 5312

0.017 5338 0.017 5541 0.017 5493

0.10 5776 0.10 6006 0.10 5900

0.25 6025 0..2S 6290 - A..a .L.
0.50 6224 0.50 6506 . -0,, 6362

1 64315 6744 1 6581
1.5 6550 1.5 6873 1.5

4 ,6959 ..... _ 4 7316 4 __oa...6 , "71÷0 6 7525 6, 7297z
16 9• ,,18 91 ,168 90• ,

412 9140 412 9 ,_.... .4 .. 92".

483 9208 483 10050 M483 9

579 9317 579 10189 579 677

R ecover'y R ecovery Rec€overy

7 4320 4879 - -4

_~ - __f

1 3066 1 3578 1 32272 2460 2 3350 2 3005 ....

13 2759 3 3253 3 2910

428



sic/5506

Tesz: Cre ep Test:__" cree_ _ Test: Czeep
Orient: +-45° Chq*e=n: t.45° Orient- +jL5o

Suec. No. 12-3 Spe¢.No: G16-5 Spec. No: G31-8

Term-p: 2fio'F(127*C) Tamp: 260.'W(27 Tamp: 260-F(127-C

S S.3L2 XSi 44 % ilt. St3Xs: 5.12 ksi 4 4 % Ult._ Stxaaa 5.12 ksj 4% aft.

M1ap. ACCuzn. Mlap. A6Ccu Elalh Accm.
Time Stra-i Resnarks Tixn Straia Remnarks Time Strain ReOMrks
Mrs.) ifA in/ _____ or,. (,Ini ( s.) in) _ _(_iln)

0 5139 - 0 4157_ 0 3709

0.017 gage failed i 0.017 4607 0.017 4179
504 no failure- 0.10 5041 0.10 4856

__.2_5 5355 0 ,, 2ý5 609-3

0.50 7752 0.50 7978

1 9956 1 10095

- - 852 2 . -0847

25 13778 1225 1228

- -1,46, 15715 146 13822
--- •I . . ... 192 16119 , 92 1494

- -...... 360 17398 .... 360 15124
453 18131 453 135557

504 10528 ... .504. 15793

It*oeyRecovery Recovery _

6905 1 12262

__2 6486 ... .2 1203_

429



SiC/5506

Tev*:. Creep Test: Creep Test: creep ........

tries: - Orient: -45° Orient: +4-5°

Sc. No: G28-S Spec. No: G29-7 Spec. No: G31-6

T 260oF(1276c) Temp: 260*F(127*C) Temp: 26o*F(127*C)

S .s: 07 ki 70 U lt. tsoa= 8.07 ks 7o0 t.-

Elap. Acc-m- Elap. Accu=. Elap. Accum.,
Time Strain Remarks Time Stri• Remarks Time Strain Remarks
ý(n.) •u in/in) _Am.) 2E*i•) (br,.) .

0 L.579 0 41063 - 0 11144 -

0.0.o.7 1776S 0.317 41063 gage failed 0.03.7 1.6063 _____

0.10 20601. ....... 7 specimen failor. 0.1.0 19274
0.25 2180.6 5 2214A__

0.50 22931 .... 0.50 2428_7

1 23930 ._._._,_,_ 26229

2 27336 2 _ac e
5 •2579 ~92 fr~~i I.le.

-108 Ino failure

R ecovey Recover _ RecoverT

430

. I. I I I..



SiC/5506

Test: Creep ITest: cee Test: Creeg

Orient: +45" Orient. ! 4 5 " Orient:. 45°

SDpc. No: GC12-2 Spec. No: G28-4 Spec. No: G31-5
Temp: 260*F(127-C) Temp 260?(127.C) remp 260f(12"C1

Streum: 5.76 k)i50 % Ui.t. StISM: 5.76 ksi 50 % U.lt. Strgmla s k~i. at.A

Elap. Accw... Elap. Accuim. Eup. ACCUS3.
Timhe Strain Remazks Time Slrain Rekmarks Tim, Strai Remars
(hro.) (A n/i) _ Mrs.) (Ai&n/b) (hr 1. Cii/in) _____

0 6146 0 4266 0____---- --4--1-6-
0.017 7494 0.017 4771 0.017 5332

0.10 9008 0. 10 824 0.10 11017
0.25 10286 0.25 25 17 _ . _.

0.50 11360 0.50 9755 .

1 12640 _1 1__7

2 14219 1 2 11023 .. 2 409-
4 16260 4 123224 17850

16 176095 _.____._88

___ 18144 _ _ 7 730 19212i~

24 gage fa led 24 16054 24 23204._ ..

' __ 26 16288 26 23466
28 16512 .... . . . z ... .
29 16662 22 Z31254

-,48 18046 , 4,,0, 25167

-,125 2195 _ _ •S. 30478

- -221 25127 ZL" 34266_

1 - ,,28699 390 899
, ,, s09 3116 .. .. 509 . .41791...

-... - --3

Recovery• Reovoery R e60ve•'

__' ..... __ _ __0 2.. m8078 I 1.oad of f •'O I 'S,6 I :1L l e -

" 26o9~ 2 .35838 _4

431 J



SIC/5506

Test: Creep Test: - FTest: CrXeeD

Orient: +45' Orient: +451 Orient: +45*

Speo. N•o: G12-6 Spec. No: G28-8 Spec. No: G30-2

Tomnu: 3 50°F(177*c) Temp: ,350"?(1.77*c) Temp,: 350°F(177C),

Stx"s! 3.17 ksi 40 % t3.t. S't~-a: 3.17 ks 40 % Ult. StMess 3.17 k•i 40 % Ult.

Elap. Accum. Elap. Ac=u. ElMap. Aecum.
Time StIin Rema&ris Time Stain Rem~arks Time Strain Reaw-ks
(hira.)( I (1ira. (Ai&n/in).____ ~i±i

*0 20978  0 gage f led 0 ae f Lied
0.017 gaqg fa led 0.017 failu _ _ 0.10 failure

0.10 failure

-I I _ _

*Recovery Recovery Recovery

432

-i.....,



'4

SLC/5506

Test: Creep Test: C eep Test: Creep

Orient: ±45" Orient: ±45- Orient: ±45 o

Spec. No: G29-5 Spec. No: G27-3 Spec. No: G16-7
aTenp: 350"F(177C) Tep: 3500F(177*C) Temp: 350F(177C)

Stress 1.59 ksj 20.% ULt. Stzuu: 1.59 ksi 2o0.k Ult. Stres 1.5S9 k-i 20_ ult.

MAp. AccU=. Elap. Accuni. Elap. Accu=n.
Time Strait Remarks Time Strain Remarks Time Strain Remarks
(hr s.) (,A in/in) ( .rs.) (i=in!i) flits.) (in/ in)

0 17447 0 886 0 8428

0.017 23304 0.011 927 0.017 11189

0.05 gaqe fa led 0.10 968 0.10 14202_
•. 57 ,o f l., o.5 •io0.25 I 17!S9

_0.5___045 _ ,, 0.50 19992

-1 11 1 23225

S-S17 no failure

3.5 failu_

Recovery Recovery Recovery

- _-._3-

'? Ii

43



SiC/5506

Test: 500 H. Creep Test: 500 Hr. Creep Test: 500 Hr. Creep

Orient: +45* Orient: ÷t45 Orient: ±-4°

Spec. No: G12-8 Spec. No: G16-8 Spec. No: G30-1

Texp: 350'F(177*C) Temp: 350fF(177*C) Temp: 350'F(177*C)

st-es: I - -15 % u•t. S=0 : 1-19 Mi 15 Ult- St 1-19 ksi 15-. Ult.

Elap. Accum. Elap. Accu=. lap. Accu=m.
Timhe Strain Remaarks Time Strain Remarks Time Strain Remarks

(hru.) (A in/t12) ________nhu (hr s-- QLlnhln)
0 11003 o0 gage f Aled 0 13259

0.017 12688 503 n o fai: r 0.017 14420

0.10 14705 0.10 17653

0.2 -71 - -02 te

0.42 25343 .... n: ... . .03 ... o fa. u•re

503 no re - - ...

-. .a - - .

t

- ...-... - - --- -m}

_ -4--

Recovery Recovery Recovery

-'_-_ _ -.4 -

- .-...- - .I "-

• • ~4 34 "



SIC/5506

Test: Creep Test: cre.p Tesa: Craee

Orient: _0/+45-/90o Orient: 0o/+_45*/90o Orient: 0*/+4s/90o

Spec. No: G32-5 Spec. No,- G44-2 Spec. No: G41-z

Temp: 720Ft220C) T..mp: 720F(22*C) TOMP, 72*P(22oCl

Ste; 83.48 Tlsi7 76 ult. StuM 2 4S S U 7 lt. StLm 83.48 kri 70. ",i.

!lap. Accum. Elap. Accum. Elap. Accw,.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hrs.) (A hi/ in) Ain/1I,,/, = in)h.)i (SlOin/i) - ,

0 4580 0 436 0 4429

-0.C•17 4589 0.017 4386 0.017 4438

0.10 4599 .... 0.10 -;394 0.10 4

0.25 4607 -. 25L 4397 - _ . ,,,,
0.50 4611 50 4402

1 4617 1 4406 1 446, -

2 4621 _ _ 3 .441 3 4475 -
4 4633 4 4437 4.0,
5 4635 5 4440 _ _ 45055

6 4637 6 4444 6 4510

7 4643 7 29 4 - 29 42R _

24 4651 148 4461 ,14,. 4536
25 4655 317 4462 317 4541

26 4651 436 4457 436 _ _

28 4652 507 446 , 507

29 4646 -.-.-
48 A650

125 466 7--
2•22 A702
341 4705

390 4731 --
509 4730

I,. a 1

R *covet; Ricovery Racovery

0 168 Load off h lag J d~L .. L.....ML.
- 136 j _____ 304

2 130 j 8 2
,i - s __ ._,, 3 2 222

435

n n U I I I II



SiC/5506

Test,- Creep Test: creep. Test: Creep

Orient: /45/90° Orient: 0',/45/9o° Orient: 0"/+45*/90'

Spec. No: G33-4 Spec. No G33-8 Spec. No: G43-4

Te=p: 72?,22-C) Temp:Z 72"7122*1.. Temp: 72•F(22*C)

St== : 71.55 M.1 60% ut. StUSS: 71.55 60o 1ult. StUS -,1.5S k5i 601 Ult.

Mlap. Acclm. ElaP. AcCwrx. E3.ap. Accui.
Time Strain Remark. Time Strain Remarks Time Strain Remarks
urs.) o i/ iln) fh=,.) :,(Awin) Mrs.) (14In1z

0 3485 0 3870 0 I age fleg

0.017 3493 0.017 3894 506 no fai ra

0.10 3499 0.10 3902
0.33 3503 0____o___ 0.33 3910 -

0.50 3i11 ______ .50 3917 ____ ____

1 3519 1 ) 3923

2 3520 3928_

"_24 3539 24 |_ _3954_......

165 3556 _ _ . 5 3971

433 35_7 _ -

530 3567 ._ _ 530 3992 ,

- - , -, --

_ _ -R c vey _ _

Recovery

0 -125 Load off __110 Load off ,7

1 -149 , 105

- - _--_-- 6



SiC/5506

fTest: Creep Test: Creep Test:. ___.c ._.__

Orient- 0-/+4!5-/90- Orient: o"/'45°/9o° Orient: 0_/+45°/90 -

Spec. No: G32-7 Spec. No: G34-6 Spec. No: G39-9

Teamp: 72*F(22"C) Temp: ?2*F(22AC) Ta=p: 72*F(22eC)

SreWS : 59.63 •.i 50 Utilt. Strm: 59.6paio tUlt. St•e"ms.a i k~ i Olt.

*Elap. Accu=. z1ap. Accum. Elap. Accuu.in
. Time Strain Remarks Time Strain Remarks Time Strain Remarks

[hr a.) (M iUnin) - - s. (A /ini), ___(_ hrs.) (Ii.n/irn) ___

0 3127 0 2543 0 3327

4 0.017 3135 0.017 2545 0.017 3339

0.10 3139 .. 0.10 2552 0.10 3347 --------

0 .2=5 3143_.2 2554 O .50o A A

0.67 3145 0.67 ! . ,

1 3148 2558 2 3364

3 3150 3 2562 24 ... 387_

4 3152 __-_ -4 2560 1.44.- -4,

5 3155 5 • 21" 291 3395

95 3181 95 2587 .... ,_,,_,388 3404

.44 3178., 144 _25_j0 24 3.405

244 3187 24 2613

411 3174 411 2623 i
508 17808 - -4

Recovery Recovery Recovery

..U______ • .- - --

0 24 L"A off 0 ~71 ILoAd off o 61 Ltoad off

__ _ - 4 .-

31 8 j 485 60.5 4

-,_,,_441.0 , .

437



SiC/5506

T es-: Creep Tesz: creep MTea: creep!M

Orient- 0.'/-+5"/9°0 Orient: 0/'i 5°/O0 ° Orient: 00/+45,/90*

Spec. No: G32-2 Spec. Nc': G40-8 SOec. No: .-43-6

Temp: 260-F(127-C) Tamnp: 260*F(127*C) Tej=p:- 260oF(127zC)

StX6s. 82.04 kSj 70 % Ult. S'i-s, 82.04 ksi 70 % ult. Sae=s 22.04 ki 70% ult.

ELAp. Accu=n. Elap. Accn. Elap. Acctiu.
Tizame Strain Reuxrksj Ti Strain Remaxkj Time Strain Re'narks
h (b .) .in/-in) (br..) h ta/,in) (hs_-)_ (_.__-__)

0 4646 0 4413 0 Cfavs f i4led
0,.017 4665 0.017 4439 -_ _o_503 no fai. urs

0.10 4680 ______ 0.10 44S0O

0-50 -6 i - -

1 4623 1 4466 _ _, i

S----i_--
2 4683 • 4 1 . ...

6 4688 6 4539

46L6 2kL... .... 4sL.-
4538 . 4 2 . ,

• "12 2 4 49 5 ...53.47 4 6_4 ,

244 4431 217 4660
"•i4 5 4 38 7 

3 1 54 , 4 a6 "S5~~oo t39 _•• '"
500~50 43726_____

- _ '_

A - - -- _ --

RLecrovery Reco'rery-
-'/. - .•• -• ~ o•-T *1 - - I _

-240 29 Lad.f

_ _30- 3 ,__ ____
3 -. 3310

"438



SiC/5506

Test: Creep Tesa: " Creep Test: Creep

Orient: 0"/+45 °/90 Orient: 0*/445"/90° Orient: 0/'+_45'/90*

Spec. No: G40-5 Spec. No: G41-8 3pec. No: G36-9

Tamp: 260*F(127*C) Temp: 260*F(127*c) Temp: .. o0r127*C)

St=OSU 70.32 k•j 60% ult. Ss:ze= 70.32 ._j 60% Ult. StXSM 70.32 36±60 % Ult.

EUp. IAccuzn. Elap. A4c~mi. map- Accumm.
Tixme Strai R e-azrk& Time Strain Remarks Time Strain Remarks
(bxs.) J4 izin) ____ (bxs.) ($Siul/in) _____ Chrs.) __iuzU____ ___

0 qaq! fr iled a 3769 0 ftiled Cm

521 n. fai _ 0.017 3785

- - ________ 0.10 3792-

- - - ~0.25 3795 _____1 _ _ _ _ _05 3804 , ,_ ,
_ 1 3806
4 3824

_6 3!-
- _________ 28 3866- -

_______ 195 3949 _ _ _ __ _ _ _ _ _

________ 231 fa.2 ~ iled______

t_._!_._
r .. noa i ____

-- - t_ . _ ..

i_ 2 _ ! _ _ _....._

Recovery Recovery Recovery

4393

I"i'

Ii



SIC/5506

Test:- Cree, Test: Creep Test: creep

Orient; 0"/±45/90o Orient: 0 _/+45"/90. Orient: 0/+45,/90@

Spec. NO: G33-9 Spec. No: G35-3 Spec. No: G39-5

Taemp: 260*F(127*c) Temp: 260F(127.C) Temp: 260*F(127-Q_

StZVs: 58.60 k5. SO51 ult. StS= : 58.60 k•i 5O% ult. Strf.S 58.60 ki 5o% ult.

Elap. Accum. Elap. Accu=t . EuLp. Accum.
Time Strain R emazks Time Strain Remarkg Time Strain Remarks

0 3133 .....0 3207 0 323

0.017 3149 0.01" 3211 0.017 3249

*0.10 3146 0.10 3207 0.10 3272

0.25 3173 0.25 3238 0.25 3291

0.50 3177 0.50 3246 0.50 3304

1 3182 1 3255 1 ..... 3302

1.5 3188 1-. 3261 2 3326
3, 9 3 3270 3 -, 331

_6 3205 6 X94 234 434

2 332434.;

78 3250 78 3354 399 3469

144 3263 144 3370 452 3476

241 3276 241 3383 500

309 3282 309 339-1

406 3296 406 __o .....

475 3305 4_. 34241oo00 3_O3 __122 _ __4

Recovery Recovery Recovery

0 157 Load off 264 1Load Off '_ 27•9  
oa ff

1 113 ______ 1 187 ______ 0.5 221T,.10 3 J&,• ,, / ...: ,z 4 1 -- nL6

_2 192

440



•- siC/5506

'Test: Creep Test: Creep Test:_____

Orient:__-/+4S/90G Orin 00/+459/900 Orient: 0°/+45"/90*

Spec. No: G35-5 SpeC. NO: G35-8 Spec. No: G365

Temp: 350"F(177*C) Teap: 350*r(177*C) Tamp; 350Ff(177'C)

Szees: 60.41 kLs 70_ ult. St==-: 6o.41_ki 70% Uilt. StMIS 60.41 si 70% ult-

Elap. Accu=. E2&p. Accum~a. Mlap. Accu=.
Time Strain Remarks Time Strain Remarks Time Strain Remarks
(hi's.) A I•..) {•{,,,,/in) I1=.1 (&aijaL) _

0 gage £ 1L.e 0 3440 0 failed on loading
504 no fail we 0.017 3543

0.101 3611 ____

_._5 3 __1

0.50 3650

1 3662

__L - 3697

3 3715_

5 3760
___ ___ __ 6 3770 ......

- -7 -

- 25 38 _-

LOA 3938
_ 264 3979

367 4056

486 4107

R ecuvery Reco'vey Recovery

- _-_0 507 Loed off

,,,_ 2 306

"_____ J 4 275

441



HyE 2034D

Test: creepTe~ Ce Test:-cxa CreeD

orien:t . Orient: _45' Orient: g__ _ _

Spec. N1: B1--5 Spec. No: H15-2 Spec. No: _I16-S

Tamp: 72*F(22Uc) Tamp: 72.P(22"C) Tamp: 7•.2*E22Zc)

Str: -68 ks3io80% ult. St : 8-68 ýýi.W ult. StrWMs 8. 68si 5i8 ult.

Elap. AcCeiM. Elap. Accu=. Ziap. Accum.
Time Strain Remarks Time Strain Remarks Time Stxain R*mAka
(bra.) (i in/i) (ýxsj ( ,in,•i) _ _ rs.) (Winh!n) .....

0 33900 2896 o 3030

0.10 3S50 0.10 3032 0 10 3150 ....

0.25 3657 0.25 3121 0.25 3239

0.50 3714 0.50 3167 0_____0 _____U"

1 3775 ,,, 1 3211 . 3328 ___... . ,

2 3825 2 322 11

3 3869 3 3274 3 __

5 925 5 3320 5 3431

6 3942 6 3330 i 3444

7 3963 7 3344 7 - 3•-

8 3980 .. a 3355 .. 8 ._3468

96 4310_9_ _ 96 _

175 4440 ,, 1 368 .L IA14

270 4617 270 3842 270 _, 3,,,972

344 4669 344 : 3857 344 3991
434 4714 43 8244!40&3 .

530 4802 530 3963 530 4090

01 192 ---- ,, - r

Secov'ery Recovery ."eoery

11039 ~df 10801 L-4 off
- 6S -~ , off_________ ;ai -1k1 840 1 6G2 6 2§

_42 .....

S~442



HYE 2034D

Trest: Cmo Tesz: Croeo Test

Orient:. e45 Orient: -- 45 Orient-: 45

Spec. No: 1d6-7 Spec. No: HIS-4 Spec. No: 019-7

Te.Ep: 720F(22'C) Teznp: 7.2',-22*CJ Tem. • _720F(22*C)

StZWss- 7.0 - csi -70% Ujt. StMMA: 7.30 kji7O Ut' . Strms 7.30 ksi7o Ulft

Mlap. Accumi. Mlap. Accvxm. flap. Accuraw
Time Strain Remarks Time Strain Re-mazkx T~ine Str-ims mzwxk-
(hr a.) (A in/ i) (bra.) f(/uigL) ft. 5_) (Awu/n)

0 2841 0 293_ 0 3-10
o .017 2886 0.01.7 29o2 0.017 3093
0.• 0 2957 0.1i0 3049 0 .10 3132

0.$0 3060 ,,, 0.50 -- 3_135 ,9" -0 3
1 3101 1 317o 1 3330--1
2. 31.50 . .. 2, 3210 ; . 338.1..,

3 .3.1-18 .. .. 3 3230 , .. .3404

21 33009 21 3335 ... 21 ,3604 , _

120 365,9 _1 : ._ . 120. 3605 ,, 120 3859,.

283 3832 2R A8 3749 28-3 40.,27

361 3976 _ _

456 3914 456 3808 456 4102 _

04 3912 504 3808 ______ 04 4102

R eovery Recovry R ecov-ry

a L -a- of-f 8 0 943 - Lod f
1 1 _, 7_

2 660.. o56 sd f 02 94IZa_
3_ _645 3 ~ 53 661

443
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HyE 2034D
Test:- Cteag T Test: Craian St!s rre

Orint- 4-45 Orient: +45* Oriant: +450
£pe•c.1 : .12-9 Spec. No: }i-7 Spec. No:-______

Temp:, 72F(22"C) Te p:. 721F(22°C) Temp: 726?(22*c)

StrsM: 5.43 kwi 5b% ullt. Straw: s.43 k.. 50% Ult. Stzu&_sL. i5% Ult.

- 7p Ac- MAI :4-zu -lp - cuTime Strain Remarka Time Strain Remarks Tie Strain IRemarka

U(im) _ __ _ zi.) (,u~/r in/_ ~ iiin) _______0 . 1970 
0,,, 2260,,0

0.017 2055 0.017 2321 0.017 2037

0.10 2100 0.10 2362 0.10 2068

0._2 0.25 2396 . .25 2098

( ______. .. 4 L. ____,_, ,,______,_
4 2235 4 2505 4___ 2186,

5 44243 5 2513 5 fl192 _____

6 2254 6 252.3 __ _ _ 6 2201 _ _ _

28 2344 28 2615 28 2279
1' 2425 77 77 2349

I 4424 148 2 --

.,.16 2506 _ _ 21r 2785 216 2421

476 2609 478 2$2. ' _73 9-5__0

504 260e _____ . j ... ii..

•,R ecovery R ecovery [Recovery

0 597 .• d o •1 I 6 7 L 5 f ,Load o ff

1 461 1 S - -.
f-1-_-

3 4__ 31 -5

-_.-4 4-. 4

I. ~444 ;



HyZ 2034D

Test: , est:p Creep Test: Cree _
Orient: ±45 Orent +4 Orient: --45

Spec. No: HIO-6 Spec. No: H1I-10 Spec. No- "16-6

Tenap: 260'W(127*C) Temp 127' T amp: 260
9

F(127°C)

S=ms: 4.70 ki 56% ult. S 1us 4.70 ksi so % ult. ,Stms .a.. . '47.t

4 lap. Accuxm. flap. Accuam. flap. Accum.
Time Strain R s=rka| Time Strain Remawks Timme S•r ain Ronazks

0 1945 0 1761 0 1750 ,_

..0.017 1993 0.017 1779 0.017 18290-.0o 2046 0.10 1815 0... .10 la8o
0-2 2084 _0 5 L _ _ 0.25 191-i__ , ...._ _..
0.50 2120 0.50 1876 -0.50, 1957

1 2162 1 1909 1 1998

2 2213 2 1950 2 2049

3 2238 3 1973 3 2076

4 2263 4 1991 4 2104

5 2287 2004 5 2122

.6 2301 _ _ 6 2018 6 _13

7 23ZO 7 2029 7 2149 _

.4 2441 24 2126 Z., - 2271 -
79 2725 _ 79 2384 79 2549

198 3040 - 198 359, 14 2AR6

312 3228 - 312 2730 312 3121

414 3337 414 2805 -414 3279
504 3431 504 2884 I 1504 __22 7

0 65 - - -f 02- oa f -4 If- La

-1-1 - -5

2 10 25Si11.• 1426 __ _ 965 .o.ff..

"4.5 1407 425 950 4.5 1457 -A. - -• - ,. _ _.-

2'+i" I



HyE 2034D

Test:- Creep Tes;: CreeE Test: creco

Oriet--: ÷t45 Orient: ±45- Orient: +45*

Spec. No: H14-6 Spec. No: H15-6 Spec. No: HIS-6

Tem'p: 260r(127¢C) Temp: 26o0F(127-c) TeMp: o

StZ:M 6.357 ksid 7% Ult. Strewm: rs.57 Msi 1% Ult. Strm8-,us ki--z 'k ct.
Mlap.ACCuu Elap. Accu... Eap. Acc1,m.

Time Strain Renarks Tim* Strain Rena~aks Time Strain Remarks
I(rs.) (A in/I,) (1xra.) f win•) (hr.,.) (Alin/in)

0 2kA26 0 2956 0 3387

0.017 2946 0.017 2977 0.017 3624

0.0 3075 0.10 3039 0.10. 3778

0.25 3250 -25 0.25 191-

-.5 326 *j50 37 0.50 40 ______

325J 1- 327 1 1 97

2 3281 2 2 3272 _ _ . 4379q

4 13332 -4 3356 454
5 3340 5 3381 5 4679

3364 U9_ 6 -47fi

7 3377 7 3416 7 4844

24 3544 24 _3603 _9 7560

143 4257 .143 4089 122 -. - -

22 iXreI -"
-4 -13 -Z- -. A-- 12-1 - -pu

_- __ _- --Ag

RecoveryRecovery

~~~~~L a off;••• • .. " ...

~~~~i . ..20,52 Ii[ - -

2, X97

- "19 i3I4I I I_



HyE 2034D

Test: Creep Tes: Cra .. Test: cMR•e

Orient-: ±+5 Orient: +.45 O+ie*c: ÷45

Spec. No: H12-8 Spec. No: H19-5 Spec. No: H16-5

T amp : 260*F(1277C) T ez=p: 260*F(127*C) Temp" 260*?(127'C)

SZmas•: 5.63 kS± 60% Ult. SIsS: 5.63 ksi 60% Ult. StZUSS .63 k60_|% tIlt.

Ela p. Accum.. Eap. Accm-i Elap. Accumm.
Time Strain Remaxrks TIm I Strain Remnarks Time Straiu Remazks
(h . (a in/ 12) (h___ irs.) Ohnizini) ____ bx s.) fain/in)____

0 2133 0 2466 _____ 0 2437 _____

0.017 2257 0.017 2506 0.017 2448

0.10 2345 ,0.10 2553 0.10 2567
S0.25 2411 0,25 2595 0.25 26.31

0.50 2469 o__o_0.50 2634 o..0 26

1 2532 _ :. 26a4 1.. 22§5 ,

2 2616 2 2752 2 2859

-4 12709 A 2-1 41
5 27.39 5 2841 _____ 5 ___993

6 2775 6 _ 2860 6 1 3027

7 2796 7 2877 7 . 3054
S24 3021 24--- 3045 •,7 [1 . .

143 3552 143 3336 143 I 3858
246 3885 216 _3423 2-46L.4

365 4208 365 3662 363 je.5....45.

41_ -5 414 372 414

527 4666 527 3872 527 4959

- I -,- -- __,_,_,,,

i~ec~ryRtcoWcZ Recevery
0 2403 Load off 0 -- 93 Load off oI1.. Load off

0.5 2236 0.5 1299 0.5 2309
1 2188 _ _251 1 o 2259

2 2 1207 2 2204
3 063 1199 3 2171

44 7
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HVE 2034D

Test±.- Crae_•_f .... Test: creep.
Orient- -45• orient: +45 Orient: +45*

Spe. No: o- Spec. No: H12-10 Spec. No: a14-9

Tcrxp: 3S0"P(1,7*c) Temp- 350o" 177 C) Temp: o350,F 177*c)

Sitres: 5.25 kfi 60% uLt. Stass; 5s,$ ksi6o % ult. Stess 5.25 Isi 6% U.)Lt.
EI&p. ACCU=. XLMP,, Accu-=n, EL•& ACCU=n.

Time Strain Remar•ka Time Str.in K*=Larks Tie Strzin Reiarks.,0=4.) ( in/ i)' (ft s.) f(Pia!•) (,, W ( in)•. •

0 2901 0 3203 _0 3953 _ ____

0.017 3088 0.017 3361 0.017 5028

0.10 3463 0.10 3716 0.10 6669

0.s0 4034 __2, " 4 _ ...

4 5780 4 6936 .1-

5 6131 ,,--__ _ 7549
i • ~6 . 64U _ --- ,,•-,,,- •, ! 8 9 ....

114 --- faile- 1-4 --

- c -_ ,oa.... ...... ,,a.It.. - ..-.- |

- - .. . .... . -- -.... . -_. ..
. - -4 . - - -

--- -- - , .
- - . . - , -. ,-

I I I I- I - - -" --

I - - I - I - 1 1
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HYE 2034D

Tear: Creep Test:. , T est.: c9eC

Orie2.: +45' Orient: +45° Orient: _45°

Spec. No: HI-9 Spec. No: H17-i0 Spec:. No: H19-8

Tem;: .350f'(177-Q Ternp: 350
0
Fri7Z:Q Tamp: •t_0AQ Z77-=

Ss•M, 4.38 kSi. 50% Uit. Stuu: 4.3e ked.5o 1 Ult. StCSO 4.38 kli 50.% .lt.

flap. Acc=m. Elap. A~cum. Mlap. Acc=un.
M"0Time S-a4 Remnazk TLme Strain R•mr Time Strain Remarks

_0 3521 0 1871 _ _ 0 3617 -
... 0.017 39 %• 0.017 J2019 0.Oi7 3719

'"0 .• 3 5 IJ56 0.10 2233 0. 10 3980

0125 585 0.2 242 0"5 43

0 0.50- 6653 _____ 0.50 2620.50 429I _ _7555892 _1 1 4487

""3 9127 3 3535 3 4871
1 9557 4 37G3 4 --- 4989

24, 12524 *24 6106 ______ 24 6062
_ Yo 14 _ •1 S

191 1e1 13 _____ 391 9L 10
0 fai l,3 236-39 - -64

_2ii-- gag! led 502 11497
E5102 no lure502 no fai-ure

_-1._ .- .-_. .
-_ - _-K--__ - _~-_

-. "- -, - i ,-i~ ec~R7] _____ R.ICOa1ry

- . - r - n______ _________

G_ 9792 Toad of f

_______ J ______ 9412 J
'333

449



HyE 2034D

Teg; CreepT~ creep (Test. Creep

Oriez.: ±,5 Orient: +Orient-

SpeC. No: Hi14-6. Spec. No: H17-8 SpeoC. No: E.1I-3

Tew=-: 350*F(177*C) Tamp: 350IF(1779C. Tamp: 350*P(177'C)

StZ 3.50 ksci 4% ult. StpSf: 3 .50o S 40% ult. StXMs 3.50 ki 40% U].t

Elap. Aczu= Elap. Acc-.. flap. Accu=.
Tf-ic S~tin Romazks Tiz tain ,Rcmarks Tinme Strain Renmark3

0 , 2031----- -----459 0 1681
0.1 216007 151t.1 1797

3 0.10 2985 0.0 1820 0.10 | 2446

0.25 4697 0.25 1962 0.25 2952

___. ______ 5761_____211 0.50 -2

1. _ 579 1 2416 _ _,_ _

3 7848 3 2953 3 5126

4 82_ 4 330 - 13236 2-

5 8886 5 3542 5 13C97
6 9262 6 3749 6 13435

24 12562 24 6366 24 16255

118 1221-6 ailed 118 10777 e118 20786
502 n2 13787 r220 gas* ailed

317___ 18164 502 no L& luc-- - ., _ - -.. -
502 no fail ire

- - -• - --

-.... . ... --- -" -- i • -..

- " -.... - - -

I- - ! " -. ... - - - --



HyS 2034,,

Orient, 0/+4519o" Or-aetL. 0/45/90'- Orien: 0/±45/90'

Spec- No: H24-7 Spec.No: H24-8 Spec. No: u28-5

TOzMp: 72-f(22*C) Temp: 7 2 2o.L , Temp , 72"F(22*C)

0 216S 0 2031 a 2031[0.017 .1169 0.017 2040 I0.017 2034:,,0.10 2171 0.10 2051 0.10 2046

02 278 10.25 2052 0.25 24

0-5o 2176 0.50 .70.50 20 _

1 21. 7b 1 .057 ______ 1 2051
2190 3 2047 3 2044

21.66 4_ 4 ?03!4 .,____,,23

5 2149 5 20.22 5 2022 _ ____

6 2150 . 2031 6 2030

24 2170 - 24 2043 ..... 24 2.04.9 ,

_4 2185 9 I949 qg

.19,1 2195 -191

226 lost gaw 226 lost gas _ 226 lost ga6e

504 oo fa1 -aofiu

- -cvr -~ow -R-c-v-ry

_45
a ii- - i. .- -

_ _ 1-

- -_ _ - -..-.- H

- I-c- ,

i([fA



RYE 2034D

Orient: 0/+45/90' Orient: 0/+45/50* Orient: 0/+45/901

Spec. No; 24-2.. Spec. No: ,2o-1 Spec. No: .28-4

___Tam: _,,_72 _____ Temp: 72*? 22=c: TeMp: 72oPf22-Cl

51=01M: S3.07 •7i S76 a: 53.07 kSi 70% Ult. St=e 5sjkij 7 L-,.fa. . .. ---- -... - -
i Elap. IAccun Elap. Acura. Elap. Accrna.
rTzine St~rai Remarks Time Strain Rezaxks. Tive Stbsin Remarks
Mrs.) (4- Mr.) (Agin/in) -,, ilin) _,,

0 1860 ___ __ 0 1798 ______ 0 177.

0.017 1860 0.017 1799 0.017 1774

0.10 1912 0.3.0 11802 I0-.10 1175

''° 0.I0 ,22 o.o• •?L ... o~.o U2L.,.

GW- -90 -5 17-7-1 i 1908 1 1797 _ 1 1769_i

2 1904 2 1794 2 1768

4 1900 4 1799 4 1762
5 Me 177 5 1755is9

7 1900 _7 ,,. 7 1763

78 _ _CL 78 784 4Z---LI
143 19X2 -_143 1800 _____ 143 1768 _ ____

240 1912 _____ 240 1858 240 1847

43t•4 i,, 1• . .. 424 ,, , 434 1818 ,,
503 1961 503 1825 503 1817

- - a..-.-

R CY? Ricovary Recovery

0 1,7 ýL off7 Load off Load off • ,, .

_ _-.5 .. .5. _5_

1 1' 5 __n___ 52 _ _ I
3 =1!3 3I 61 _____ 3 47

452



HyE 2034D

Tes:: Creep Test; CrepD Test: C-e- ,,,

Orient. 0/+45/90' Orient: 0/-4515/90* Orient: 01-45/90"

Spec. No:- H21-1 Spec. No: 321-2 Spec. No: H28-6

To=.v _tF22C - oxp 72-F(22-Q amp

S!=%= 45.49 ki60% itut St=M 4S.49 k2±60_ Ult. StZWM -45. 49 kSiU. Ult.

Mlap. lAccum. Ilap. A~c1cz M1ap. Accum
Time Stzrz Remaxks Time Strain Resxark. Tine Strain Remarks(Ls.) ,IJ ) in/)(~r±i4_____~~J Ln~~ __

0 1711 0 1579 0 1500

U0017 1711 0.017 1581 0.017 1500

C0. 10 1717 0.10 1581 ____i0-10 1500

10.25 1716 0.25 1581 0.2 14,39

0.50 171-1 0.50 1582 _______ 1500___

"1 1 1581 1 1500
2 171ZI 158 1 2sa 15_____ _

3 1718 3 1583 3- _ _

5 1716 __ _ _ 50 __ _ _ _ _ _

_172 _ _577 14.A

24 1691 24 *~ - _____ *f '- -I'~-

* 1745 96 1601 %_____ 1520____

i98 1730 198 1587 198 1502Mý

264 1747 264 1604 264 1520 _____

361 1730 3.31 1582 _______ ____0__

42432 177L 432 1581 ______

- --. L ......

Recovery Recoveyr Recovery

1 -16 (1 -201 2

•-•-=•. •'-:•'4 5 3



HyE 2034D

Test: creep - est: CreelDTs: ýep

Orie-t: - O.ien: oOt4 5 19 ° Orient: (/_fj45/9

Spec.No:_ f20-2 Spec. No: H24-6 Spec. No: H33-8

Tem~p: 26qi27-C) Temp: 260OP(127*p Tremp: 260*P(127c)-

StMsB: 60,0 ksi 72% ule. St=Ms: 60.0 ksi72 I Ult. Stress 60.0 ksi 72% Ult.

EIZ2.AC.3 Ac4um Ea. ACCOm.
Tim. Srain Remarka Time Sbai Remarks Time Strain Remarks
Mrs__ (A____ W im bs) A it (hrz4) _juln

0 200 1970 tbslipped 0 1950 ______

0.1 210.017 1962 0.01.7 1950

0. o 2195 0.10 1962 -0.-0 1946 _ _

i ,- i

-,2 -1 -- 02 -03 - --

0 224 - - - -n-

- - - - - -I -Jb%

7 2223 ,,.7. 2033 _.J 2023

RooeyRecovery Recovery

454



kHYE 2034D

Test: creep Text: _Cree Test: ,

Oriie_: 0 ./-,/90- Orien: 0/-45/90* Orient: 0/+45/90-

Spec. No: H2'7-3 SpeC. NO: H28-2 Spec. No: E0.-7

Tezp: 60"F(127-C) Temp: 260-F(1..27*C T)p: 24o'1*(127o)

Stris: 50.0 k2i 60% Ui.- StZ=a: 50.0 k, "I. uLt. St=a 50.0 ,, , 60% ui.Lt.

E lap. Acc m. mLap. A ccu m. El p. Accuz[L
Time St'ain Rmazsmks Time S•rain R ersaakz Tlxe Strain Re*a.rks
Mrs.) ___Win) Mrs.) Ostit/a) - (ra.) 1w )

0 174a 0 g 11 0 1653
0.017 11754 5o$ aio fa ule ý0.017 1652 _____

- 170 4.19

0.10 1753 0.10 I1649 _____

0.50 1743 __ _ _5__

1 1725 95_ 161
3 17C6 __3__53_

4 1702 "4 1 5-

jI _, -_ _g=

* ~~24 1694 _____

95 1696 9_____ -1550~~i.

169 1.696 E169___ _______ .. L...
4 ~~~263 1699 ______ -

334 17--0-0
413 1697 413 1528
508 1695 508 1531

-- • 1 Recover'y R. aovwy Reo'very

0- -2 - -11 -0 f

7 1 -27_

S1455

A- • .. . . . ••:• :



UYE 2034M
. ... T est: .Cree T est: C ,ee_

Orien: q±_45/_- orient: 0/+45/90° Orient: 01-45/90'

Spec. No: UI20 SPOc. No: 126-7 Spec. No: H-27-9

Temp: 260-F(127-C) T e=?.m : 260F(127"C) ev•p: 2-6 ..PU27 "¢

s-ra=: 40 - 0 4 uLr- St==: 40-0____ 48% Ult. s 4o.-o w 4s-t u- -

EL&P. Acctam. MlAP. ACCUr~i. El JL CCU=
TiGe Strain R earks TIZmE Stain Remaxk Time Srain Remaxrk

in/ii)

0 1359 0 1369 0 14a8 ______

0.017 1366 0.017 1371 0.017 1469
0.10 1359 0.10 1364 0.10 1488

0.25 1359 0.25 1361 -0.25 1484 ,.,
0 450 13S8 0.50- 1354 0.50 -1477

1 1351 1 1357• •.T________ 1. 1477 _ ____

2 1354 2 1349 1472
3 1349 3 _,,_, _ . __, ____.... 6 1348 6 1340 6 . 1477I5 1350 ,,7.5- 14 _ 4q..

24 1341 24 _1_338 24 1466

96 1341 96 1314 296 §
145 1343 145 1326 145 1459

267 1344 267 1315 _7 , 14S4
36 1 1 3 4 0 36 1 1 110 '• -Iif I•~
43242 43 2 131 2 4 3 2 1 4-

504 1341 504 1313 504 14_7

SR e ezTR ec overy Recovery- L -20 Lod off 0 
-

1 
-oad 

o-f
-• -2 

-22 

--

2 
-

- -19 
-

2 -4- - -

3 y -2

2 j -4 2 -19 3 . ~ _ _ _

456



IyE 2O34D
Tesr- cree Tesc: CeeT cr'a t:

Orient. 0 O--+4t/ o/9045/1 O-rient: o/45/90-

Spec.. No: U_2 .-9 Spec. No: 927-6 Spec. No: B23-7

Te•D: 3,50F(177*C) Tensp: 350"FC177-*C) Tlemp: 350"I177",c)

66.22. * SO.I% u , Stmm 6.22_ iao I , StreM 66-22 i So- Ult.

E•ap. Accuzn. Elap.. 4cc=. Accum..
Tim• Strain Ruaa=rks Time Shrum R axk s T Stain Re=zarks

_ _ 2565 0 2311 0 2325

-1 X0.017 2589 0.017 2320 0.017 2340

0.10 2556 0.10 2301 0.10 2351
0.25 2589 _0.25 2331 o0.2-5 235
0.50 2509_ 0.50 2345 0.50 s 3o_.

1 2596 1. 2344 - 1 2348

1.5 2.96 1.5 2348 23.5 2
A • ~~6 76) 3 12. 6 2s

7 2615 7 2_7 2

8 261.4 8 2390 8 2352

103 2654 103 246"0 103 2368

240 2672 ,, 240 2511 240 2398

342 2694 ______ 342 2544 ______ 342 _____

357 fa•1• 357 gag, ailed 408 2411
-- i 05 no fai Lre 505 2415

-. • -' ,-, -

Re overy Recvy R-e-overy

S0 201
-5 188

- - I -

_________ 172

j ____ ____ - 1721

457

.... ....



HyE 2034D

Test: _________ Test, Crýr Test: _______

Orise=: 0/+45/901 Orient. 0/+45/90* Orie=2: 0/+45/90*

Spec.No: H25-4 Spec. No: H26-6 S06c. No; H27-8

Taep: 350'*F177*C' T*mp* 350 o177-_ Taemp: 350 F(177 *C)

579 k~ 70% 0.u~ StM=: 57.95 %5i 70% Ult. StZm7.95ksi 70% 'lt-

flap. Accm. F. Accuz- Fla. Accu,,.
Time Strain Remarks Time Strain Resmaks Time Strain Remarks
(h,,.) (A in/in) .. s,,) CIL W,/in 0z, ((,ri)

0 1996 0 1944 0 2054
0.017 1999 0.017 1935 0.017 2064

0.10 1996 0.10 1929 0.10 2076
0.25 1989 0.2s 1934 0.25 2076

19.5_ .5 198.8 015 1937 0_____

2 1984 2 193 3 2 2qIV57

4 1971 .4 1918 4 2__Q

7 19.2 7 1.0, 7 2044

-24 1952 _24 2Q -

i 76 1951 ,76 :16 18Mll21

142 1953 142 1892 1*42 1987
,.247 197S ,, V ]4 89 ,247 Ig

342 1982 342__lags-- 342 189991,___ .. a. .~...

413 1992 413 1889 - 41 2002,

505 1995 505 -89 7

0 , - 1 5 L a d o f , ( - L o a o f f 0, 1 0 9 L _ _ _ _

2 -- 4 2 - -

4 -33 4 -184 4 106
-38 -87 5 104

- 45 - 45-

--- , ,-, ,- -, , , -, , ,,



______________________ yF 20340
Te st: creep Test. Croup Test Creep
Orent: 0/+45/90 Orient: o±+45/90° QxrieG 0/+45/900
SpeC. No: H21-4 Spec. No: H23-5 Spec. No: 833-6
Temp: 350*F(177.c) Tamp: 350-(177-c) 'Temp: 3500F(177C)

S5"s-: 49.-3 kai 60% Ult. S~us 49.37,w 60t Ult. St 49.37 ki 6o% I1t.

Elap. Acom Elap. Accrnm- lp Accuzm.
Time Stain Remxarks Tie Staiu Remarks. Time Strain Remarks
ChA- (A inlin) - {hws.) _______ - ho. -flini

0 gage £ Lled 0 1616 0 1604• ~503 ofai e ... 0.017 762 017 1607

_____0.10 1635 0.10 1600

.025 1624 0.25 1601
0.50 1627 0,50 1598

1 1629 1 1604
2 1622 2 1603S.. ....... • ~1609_ 19 ,- ..- ..- - -61 -- -.. -•R- _______ 5 1602 159

,7 L600 i_7 100a.... L2 a#• ,- -4]•2• ...
24 1560 24 0 - -

174 __1451 :.. 9 16,81

364 1465 364 1701

... .431 1464 431 1698 ,,_i -. , , -50- 1480 . . 5013 I 1687 ,•

-- -74 -oad o - -
- - - ---.- -a- - -

7 7 164. . .........
-...- o- - -oos - - -



V378A
Te s: Creap : S TEs:e creea

Spec. No- 13-4 Soec. No: 14-10 Spec.. No: 17-6

Temp: 72Fr L220C) Temp: 72.F(22*C) Temp: .72'.2r.C .

St25.' 16.93 ksi 80% ult. St•ew: 16.93 ki 80% ult. St.eUSS 16.93k# u8._
Man. Ac ct. Elap. Accu-. r't=. Accum..m
TA=6 Strain Retnarks Time $truin Remarks Time Strzin Remrnks

o3 1.. 428 246• .. 11807+ o___ _ .... 13368
144. (A4323)(b a.4 fAinhu) _____ 1 (a i____in

0.+017-5276 0.01 o.__._ 0,0o 9428

15949 0.10____ - 1- _____ 3;-

0503 10--4- M 9___9___ 0.0 1 059 1

-3 -13 3- 39 111- ,

-7 1._4 r _ _

- - .-.- - ..+.,°-,

7 11942 - _ .5 + ,10992 .- ,11910 ,

-4 . .-.. 1-5

. ... 14323 84 faxlure 144 145
22 14852 _, ,- I!'s

-_ I_ _ _ _

P ec~ver-f Recovery Recover y

0______ ga___fail;;_ 7103

I .... o lr,6
0 .. . .. 1 1

1 5387 ___ __

3 4864

•-- ---- -- - -



V37&A

T est: Ckeeo Te st: e

Oin: Orient-5 Orient:: +45

Spec. No: I5-4 Spec. No: 16-4 SeC. No4 18-4

Tem,: , 72*F(22*C) Teznp:72 c ,.nP: 72°Pt22Cc -_ , .

Str=S: 14.90 i 7670% 1ult. StZss': 14.90 k±i7 14.at. StZaM 14.90 2ki 70% U1l.

EA2. Accu=x Vap. Accu=. El p. =
Tia e Strain R ks Time Strain Remarks Tim* Strain Ramuaks
""brs.) ]A i in) (hrs.) (Awizin) I (hrs.) _ __ _i_

- -330 0 6578 0 6744

0.017 672a 0.017 6894 0.017 6955

0.1 7128 0.10 7275 0.10 7341

0.25 7300 0.25 .age faiLa O.025 75Z1
7465 76"

1 7650 1 ,78,8(1
2 78301 2 0

4 8051 4 n ._ilmm.l

8137 RA-L- _ _
8200I.4- - - - -, -i-", , .....

7 8264- _.. J __
24 875 W A -'I___

73 -73 9944

146 10965 I146 11342

240 11517 __ 240 11872

- -

31 1183 3

-R e o've Recovery PRcov'ir-

Sload7off 61-5 - lao0 55 la of ______ 0 615 la f
'.. I .'-]

--- - _ _ I



V378A
T s Cr~eep Test: cregEe• •e

+45 * O r i en.e • +45" O rie tz ±45 0

Spec. ING: 13-7 Scec. No- 16-3 SpMC. ING: 18-1.

T 72*?(22C) , Temp: 72-Ff22,C - Te=p: 72z.E 7:,-,-__

Stress: 12.77 ksl 60% u~.t. St==-. 12.77 k~i 60% Ult. ~Ut
":::ap. Acc,=--••- Map. Ac .nx. E .au c=CC e. 6

Time i Strain Remaurks Time StrainTme SRemark RTRmark
Mrs.) 4,=JA iul.. 4in..I.=i) ( ,s..) .. ,U/n)i _n)

0 5 al 0 5682 sai1 , l .
0.10.017 5540 0.017 5907 0.017 6022

5800.10 f 6198 -0.10 631225 6033 0.25 637 25 6507

1 ____ _____ 6721 ______ 1 667 51___

4•3 I ,6: z 1 ,' _______ ,[ 5 __s______

62 5 -8 2 6946 _o_ 2 __7082Is_

5 6B94 5 ,,. 23 _ 7174
7 I 707 7360 I 7 I 754

___ 8 1 740 '0 8__ _ _ 75SH_ __

__ 7468 24 7764 o 24 1 7928

12 1 39_5_ __oad o._.._,__30__la .. 0 1 400 !•t .

73 8000 j73 8246 [73 8466 _ __

146 8578 j 146 8726 I _ 146 992

23 8945 23 8944 23 9207,

[4131 9.169 413__ 9217 41 9513_
503 ____ 9211__ _ ~503 9256____ .__0__9553

_ _ _a__

0 3 5__ 0 _ 3 , __ __ .L. 9209

0. 33373 -( -

1 3060 1- - .3 .....g.lL..
3 2853 2753 3 2807



1

V378A

Tes:: Creep -es:: Creep

Orien: 41"5 Orient;: ±45" Orient: +45

Snee. No: 13-10 Spec. No: 14-1 Spec. No: 1S5s

Te .p: 350-F(1779C) TeMP: 3S0'F(177,C) TemP: 3sor(j-77r

Stess: 12.89 k5s SO% Ult. st=ua: 12.89 ksi Sol alt. StrSt 2.9Ji U.•t.

Elap, Acc=u~n flap. ACC~Uxx FlJaI. Accumn.
Time S:train Rearsaks Tizgm Strain Remalrks Time Strain Re~aks

.(2E ..).( [ tin/ in). (hb v .) IlAw xin) M rs.,)| (A. l Inl ..

0 11492 0 10487 0 11051

- _0173 05 15901056152
1 17856 1 14615 1 15.954

2 18465 ,, 2 15.18 .- 2 17077
3 18886 ... - 1•5125 .... 3t " M' F. •

21 20635 21 16965 __2__,___,

H •o .- 1]o =-.• - - - _ _

1235 272491 235J 2869  i___ _ _

404 30384 ' Zia --F25 _ _..1_.

L ... 40 51 __________

[502 3212_4. 502__ _ 27-361-

;-~ ~ ec. o =very .Rec overyJ~ Recovery

- za•... I I -. , I ___-______

0 24_93 -ff - -003-

1 __ 2215___ _ __ _

2_ _ _ _

2_____16 3 _____ ______ _____ ______



V378A

Ires Creep Test: CreeP Tesz: Creep

0.". e:: 45°Orient: +45 Orient-: +45"

Spatc. No: 13-3 Spec. Nc: - 6-9 Scec. No: 17-7

E pActu=. Elap. f Alca. ccm

TeStrain Re~arks Tize Stai R euarkm Time Stru4= Remar~ru
(; Win~~)j_ _ _ (b s. u(Ainin ____ 2r.) (inlin) _ _ _ _S _ . - ,_ ....

65. 0' jag | al, mladn L

0.10 7636 0,-_,__'__I_--_0 lolls_',_ _

-- I _ _ - -- _ _

2 10106 j_ __ 2 1202 ____
3 1.0428 3 I- -

4.5 10)78.1 4_____ .5___ ______

5 110910 5 120.41___ ____ _

_ _ _ _ _ I _ _ __ _ _

6 ;11012 6 12-6
j241 11974 jL4 24L&..) 140 ____

1144 13443 __________ _____- 1441 16692

4j1477 L7-f_ _
336 1477-14 Z9RT

361 14772 36 1 17._ _

4 15350 ' _' '_' _' '____ ____ _ '_...

__eovr'TReovery IiIcjvery~f
0 104 ldoff 1 24 SMLQ

05 1 8789 0,~

2 329 2_____

8 7719 6 1182



V378A

Test: Creep Test: Creep Test: c reep

O.-en=- 5 Oient: Orient: +5

SDec.N.o: 13-1 Spec. No: _4- Sec.N O: 15-3

T cnm.: 3So0F(177.C) Terzp: 3506F(1774C) Temp: 3500rC177-C)

S•ws-. 9.67 ksi 6 0 a it .t. St=sa: 9.67 k~6% i1) at. S•t'ss 9.67 ksi 60% Ult.

Elap. AccuM.. Lap. Accuxm. . CCU=
Time Stra.in Rnarks Time. *= Rarks Time Strain aem.zks

( (A in in) ' ___ _ Ain-im) (u ...) ,,(JA.i•i5 ,•) '

, ~ ~ 458 o SIN•" :• ..

0.017 4885 0.01 588 0.017 9254880"

7- ;, i2 f -, T.- -_ _ - I

00 5477 0.10 5918 j0.10! 5580

"-• S o - - . -" - _____

0.2 ~ 04 _______ 0.251 153 0.25

"6276 0_50 510

E I E 64 
1 6526

6 791 6 7406
7 8074 1____ _ 7 2..S.2S..,__ _1 _ _ __ __ _ __

_ 8183 8 _5

~30 19227 30 8673___ __ __

120 9981 _ ___ 120 1.10282 _________ ____

1320 110393 32o 11,600 El_____ ____

r456 10690 I__ ___ 456 kv769 _____

1476[ 10719 476____ 12967 .

__0_ 6605-L HI____0 56
t ________ o2 ....... * . t - I - - ._ . _ t I___619 ______7

1_ 601 __ _ -83

1. _____ G025___ I.



V370A
77est:.... Cam - _ Test- cr n .IIL "T-esz Cxeep

C- .e•: _4S* Orient. .,45- Orient: ... *

Spec.oo: 15-2 Spec. No: 16-5 Soec. No: 16-10

Te.: 45'F(232-C) T emp: 4 5 0*P( 2 32 *C) T emp, 450*F(232°C)

St"eW: 11.95 •.i 800 Ult. StZa: 11.95 kSi 0 % at. S•s•s 11.95 k'i 80% Ul.t

Elau. Accurn. Elap. A~cciz. E1ap. Accun=..
Tinm Strain Rezxarks Tism St:rain Remnarks Time Strain Remacks

0 Iga98 fail .-OA ading 0 gage fa iled 0 7414

528 n o fai. .re 0. 017 fai..re 0.017 950

'-_ 1L -I _

10.10 8545
_________ ________0.25 9167 _____

- 1 ~~1 10875 _____

-. 5 -.. -_ L

_Reco e__ _eovr

__ __ _ I __ _ _ _ _ _ _ _ __ _ _ _ .. .__ _ __

_________ .......... _______ I ________

I _ _ _ I _ _ _ _ _ I .. .... _ _

___- __ __ _ __ _ __ -I __ __ __, __ __ _
__ __ __ __ __ __ __ I _ _ _ _ _ _ _ __ _ __ _ _ .__________ __ __ __ __

°- !

:e vry Rcoe,

u_ * ~ ~ i n___ n ncn vI I



V37"A

Test: Creep Test: Creep 7est: Creep

orie=: '45- Orient: t.45 Orient :t4$

tSpec. NO: I5-8 Spec. No: 17-4 Smec. No- X8-2

Temp 45P(22c)Tep: 450'2*c Tt=~P: 450'*F(232*Cl

SteMS: 10.45 kS~. 70% ult- St==-. 10. 45 k~i70 % 13.t.. StZW 10 AS itsi 70 % Ult.

ElAP. Acuo IEa&P. Jccum. Ela&P. Acczum,
Time Strain R emarks Time Strain Remarks Tiwe SLtrai Renarks

0 7816 0 7963 0 6___57_

0.017 9064 0.017 9042 0.017 6737

0.10 10972 0.10 12126 06.10 7206

0.25 11-798 10.25 qasge f led ;.25 7506 _____

0.50 12595 503 flat ull 0.501 7732 _ _ _ _

1 13608 - -1-

2 4465 ______ 2 8277 _ ____

3 15443 3_____ ____59______

4 15023 4_____ ________

5.5 16526 ____ _____ 5.5 8975

6 16694 6 ______ - 0-0

23 9go fjia d - 5 ____ 23 I10093 _ _ _ _

- ~ - - ____________ 19 11735 1______

456 I12912 I______
_ _ _~~~1 -70~42 0_

-0. -oi_ I_ _
_ _ _ _ _ _ _1 7944 f _ _I 78 _ _



V378A

Test Creep 'Zes Tes: Cremp Test: Crep

Orient: O/_'!/90* Orient:. 0/+45/90" Orient: 0l.45/90°

Spec. No: 125-6 Spec. No: 12.-5 SoeC. No: 135-2

Temp: 72.rC22-C) Temp:., 2F(j'2?Cj Te=p:. 72••(22-C)

Ste:-s 101.76.kS SS% Us t_ StCM: lol.
7 6 k.i 05% Ult. St-'Ss 1o1.76k5i85 -ilt.

Time Sktrai Raznarks Time Stmr,.•u RaxkJs Time Strain Razzak.

Mrs.) MAom•"' j .ia. . "Aii"in) - (p --S..) ( in)
1 0076 0 failure on 1oadizng 0 failure o loading

-. 017 10087 __I_ _I,, I I _.

a o7 "I__I' -, . - !'-."
0.25? 10128 _ ____1

-. I -o~ -_ I-.- 1 - I I

0.S0 1 o - I -0-

1 10150 ____ _-

K5  __017-6

6. 10176 ______ _____

•~1 10253 II

_ _ _ _ _... i _ I _
I _ _ __.... I. I i

216 10237 _ _ _ _ _II _ _

•' , Recovery___ Recovery .R e o-.,e-ry _

- , ,,-' . . . -.. ... _ ......... ...•-

2.. . , ,_____ i lIi______



V378A

a Csreep Test: CZe e Test: -

O.--erm: Orient: 0/+45/909 Orient:. 0/+45/90'

Soec. No: 137-4 S•e C. No: "139-4 Soec. ,o: 140-4

Temm. 7?(ac) Terp: 720P(22*Cl T ea?: 72t•(221C,

Sm.s: 95.20 ItS 79% Ult. Stze=: 95.20 ks3 i ?,1t.a Stz•8_S 9.20 kZi 79% Ult.

r-ap Ac__m c___ - . ap -. l

Time Strain Remarks Time Stain Ren=axks Time Strain Renmazk3
(hs. (A___ ___in) (b~~ ~i/~ hrs.) (Ainl/in) Mrs______in

0 7672 0 7862 0 7... _7920 _ !

0.017w 7698 0,017 -081 7 7017 79_

o.S '7733 0 o.25) 918 0.25 _ _ _

S( - I - 1 0 I _
23S 7856 1239 I -39

L401 I 7879 1_ ___ 401 8075__ ________

503 7850 503 8045 '_____ 03 8113

_ _ _ _ _ I _ _ _ _ _ __ _ _ _ _

_____ _____ __ .1 _______

0 3 :40 loald off o,0 336 ..... od of ,• [ 0 IQ M!•d e.¢ .

0.5 _ 3 0.5 29 1 0.5- _ _ _

.,1. 2.2 L 2

_ _....._ _ _ _ _ _ _ _ __



V378A

Test: Creep Tesz: Czeep Test: ,, rea,

Orient-: 0/_+45/90 Orient: * 0/+45/90° Orient: 0/÷45/90°

S.ec. NO: 129-5 Spec. No: 138-4 Spec. No: 114-3

Texnio: 72F(22*C) Tep:. 72*F(22.c) Tem=p: 72'P(22"C)

S" : 81.24 kSi 6.% Ut. Stzea: 81.24 kSi 68% u'l. StreSS U mkS.% Ult.

lap•. Accu. Elap. Accum. Elap. Accum.
,imn Strain Remarks Time Straizn Remarks Time Strain Remazkn

0 7448 0 7300 0 7317
0.017 7477 0.017 7325 0.017 7330
0.10 7500 0.10 7344 0.10 7356

0.25 7510 0.25 7354 0.25 7 2 ____

0.50 7516 0.!50 4 35 0... 27
11 7526 1 7371 1_____ ~ 7388 _____

.5 7538" 5 7380 2 7391
6 7544 6 7387 3 7400

29 I 7562 29 7407 4 7400

78 7579 78 7425 .... 5 740 _
149 7598 149 _ 7443 6 _...._ 740, ,2. ,
311 7628 3 _11. t 7471 ,,, " _ .7 7407
503 7622 503 7465 78 ,t 7453

432 1 _ 2 _

_ _50 _ _7I483

0 31 loa of 9 Ioa f 27 lod f

_ _ _ _ _- J _ _ 1 _ __ _ _

_ _ _ _ _ _ 1 -_ _

1 I 244_ 1 2 1_ _ I _ _ _ _-_ __• _ _ I _ _ I

_ _.......... _ .1._,_ _ .i-_"_ , _ _ _
R1•ecovery Recoveryr Recovery

- - I

2 230 I I2 214 I I__I II aII_ I__ _'
:1. [2.5 222 2.] 21 (______ 2 182 ______



V378A_____________

Te:. Creep Tesc: creep Test. Creep

0 r a .I- 0/+45/90* Orient. 0/±45/90* Orient:0.4/g

*Spar-. Lo:. 1125 Spec. NO: 136-3 Spec. No: 140-5

Temu: 350*r(177*c) TemP. 350*rC177*C) Temp: 3S0*P(177'C)

Sst~tn 84.86 ksi80 U W.t. Stu58__4.86 so 8% u4t. St~S5 84.86 k~1iJ6$ uWt.

Elap. I Acc¶lin. Elap. Acaz=. Elap. Accu=m
Time St~raaz Ren~ark3 Tirne Strain Re=&aks Timne Strain Remazrkx

0o 7651 0 6906 Q 7312
0.017 7761 0.017 6922 0.017 736L.

0.10 7663 0.10 6519 0.10 7403 _____

-.5 79 0.25 6833 0.25 'I7424
0.50 7698 0.50 6786 0.5c 7441 _____

1 r7683' 3. 6724 1 7447 _____

2 £7688 2 6733. 2 2159___
4 I7666 4_ _ 746d _ __

S I7699 _____ 5 6676 5 467___

_--a- 1 1
01 78733.af 01 -2554 29a5 75220

5 -145 -8 4 320 _ _ _

5 31.6



V378A

"Te st: Tes•: Creep teSZ: Cre . .

Cr4 rnt: 0/1+45/90* ret 0/*45/90* Orient- 0/+45/90*

Zpec. No: .13-5 5pec. No: 114-4 Spec. No: r37- . .

T em I,% 350-? (L77QC) Ternp: . 5.0"(177*C' Teirp: 350OF(177.c)

Stj..SS: 74.25 ks •i. 701k. Ult. StM3.1 -74.25 X• 701 Ult. Stre-s._U,&$•.ksi..10 Ult.

Elap. Acun. Elap. Ace'3• Elap. Accu=.
Tizn Strain Re*=naka Ti=.e Srain .Remarkb Tixne Strain Re=arks

S.) (2 inlin) _m-)o . 03 in) _-o S..) , .in .i...
0 7110 0 6793 0 j 6255 _ ____

0.017 ga7 ea40 e 0.017 j 6824... 0.017 G- 260

0,0 ggefied01 6830 07.1 01I 626F
--7 "o .... i 0.25 G609 0.25 6270

1 6809 1___ 6271.
•,. , -... -_-. • __,

S_ ___ __1.5 -6811 el 1 . .. _
,.__... 6807 • 6271 ____ __

- . _____4_ 6807 4_________

___ __ __ 6 6794 6 1 _ _ _

____6 __6r262~Z

-160 66-78

S"175 6732 17 62
2_ 66 232 6228

3466. 304 62.

, 4_04 6609 5621 __ !

_ _ ___L a ai_

_________ 483 6~579 _ _____ 4e3 L 6208 ______

1__122 -1

2. 731
3",_, -... _-..__



HyE 1076J

Tesz: Creep Test: C•aep TCes: creep

Sri an-. 145' Orien:: ±45 Orient: _45

Sn,,.. No: J9-4 Spec.No: 17-3 Spec. No: J4-4

Tain%•: 720F(22"C) T op: 72. F(22-C) Tenp: 72*F(22*C)

S•rsW5 2o.05 k___o %.32t. st:s.s 20.05 os 90% ul.t Stzess 2o0os5i~o IU.9 t.

lap.ý Accwn. E1ap=•Ac um ElA-P. Acci=.
Te R~an =nas Ti=e StTIn Remarks Ti•ne Strain Re=mak3

(h_ ,.) (1 in/-in)_ (bra.) (1-hs.) W(Mn/m) W.... _

0 11746 0 failed cm loading 0 - ' 9860

0.017 12620 ______ 10773__-

0.10 13652 ______7_ F_____ailurte

0,25 14 5 -

-- - •I _ _ _ _ , _ _ _I

21 '.1 t , i t_

"• '• • . . .... ..._ ".,_.____-_,- - - :2 .... . ...

0.42__ I _ ___ ___

R ecover ycRc-r

-- ~ 1 _ _

_ 1 _ -



','

IJ

HyE 1076Jf Tea:: creeo Test: Creep Test; creep

O ri=e1= 450 Orient;: _+4 Orient: ý45°

Spec. NO: J7-2 Spec. No: a7-8 Szec. No: J10-3

Tamp: 72-F(22c Teamp 72oPF22oC) Temp: 72-Fj22•rj

Stess: 17.83 k•. 80% ult. StxMu: 17.83 ýX8o_ l u1t. St.eSS 17.8315i SO% u3lt.

Eiap. Accu. Eap. Accun. Ela.p. Accunm
T=T6me Strain Remarks TI. Strain Remarks Time Strain Rernaxk:
(hi,) (W in/in) -___ __ (h-,.) (ain/in)

0 683 0 6470 0 6126

.4- -| - , -

0.017 7320.017 6718 0.017 631L
0.10 7726 0.10 6984 .1 00 6545

0.25 7925 ____ 0.25 7134 10.2S 6684 _____

0.50 309b 0.50 7210.50 6801 ____

1 8260 1 738a 1 6922

4 _ _ _ 69 705- 8690 5 7712 5 7225

{ 874L _ *j 7 6 - 7268
46 r46 1 , 46 ___0

1 _ ' _____ 142 8480 142 7926

240 ______ 240 8718 ______ 240 _ ____

L.310 10.. .1 - 310 6873 1310 8258 _ ____

407._I 10634 40_ _ _ _ 0 86370

I ____ _ _ _ _
54 M4 _0 _2254 88

Recoe overr Recovery

0 I3212 lod f 2107 load off

0.5 2502 __j 1678 _____
_.___,• ___ 1±. 1328 ____ ,__ __{3• .

-1 2062, __ _ _ 1519 1_____

2 1874 2f 1382___ 2____ 1230 j
33 1328 3 1172

;.......................



*1

HyE 1076J
Te: L.S, creep Tes;: Crdep .es r: Ex*9

O4ier: _+45 . Orient: +451 Orient: +45*

So0&C. No: J12--3 Spec. No: .. -B S~ec.No: s-3.
Temp: 72*F(22'C) .. . cr : 72*F(22*C) TempS: 72&P122% ,

Stss: 15.60 kS.i 70% ult. StMes.: 15.60 kLi 70 % ult. St~s j ksija3ir

Mau. Ace,,-- Elap. Aczu, Map.. _ Ac •, .

0 6229 0 6.334 0 .0 _ _.__.2.4

(I nn .. ,t, Jin (i..)
0.017 6370 0.017 6728 0.017 6240

0.10 6586 0.10 6914 0.10 6426

0.25 671.6 0.25 7065 0.5 55
0.50 6806 0.50 7166 . 0.s0 --- ,.,
.1 oo 1 7268 1 6737

2 6996 2 7387 2 6831

-) ,• -.. o -, , -, ____ -_ _ _.

-.... 6 __-24_.___

4 7094 4 7490 4 6920

- - T

C, 7142 ___7546__ 6 6978 _ ____

8 7172 . 8 7580 a 7006

24 7395 ___ __ 24 7828 24_____ ___ 7222 _ ____

1.76 7732 __ ____ 176 8220 176__7554_

272 I 7881L _ __2_!J___-

30 7996 3908 419 as.Ia 7
508 811.5 SOB 8.664 so____ 70 __23___

_ . _

Rcvr Recov~ry

0 . 1-.0~7 Recaer of 0 ! e f

_ - 1"_14 91_
___ nmII I _______ I______ I -_______ I I - •



tUyE 1076J
T _e __s_: I__ _ --_- T,,st; Testz Ce ...

Orient: +459 Orient: --s. Orient: :t45'

Spec. No: Z6-4 Spec. No: J10-4 Spoec. No: j12-4

T C=Z: 260F(127*c) Temp: 260°F(127°C) Tepr., 26 0oVI270C1

st~5 13.19 315± 80%k UaL St=na: 13.19 k-Si 80% U..t. Stxass 13.19 1s±80 w ult.
. -.. --- •

Ea.Accum.. M ap. jAccunu M1ap. ACCizm.
Timii Stainr Remarks Tie Strain Remarks Time Strain Remarks(hmr, a .) A il/ W (rs.) i {-in/.m). _ .w} ..)l (iliain)

i I. r,13a 61o_ 0Gill 8561 -
0.017 6356 0.017 6257 0.017 8810a

C.i 7230.10 ~7247 0.0- 19

0.251 7677 02 8102 66
, ,,8046 0.50 $ 31 0.50.

1 8402 1 8771 501 Lr
2 8393 2 9222

66 10226 6____ 6 gage f~ile~

1.6, -_ -

_- ... . __ _ _, I

+ _. .. -.. 1 _

1 _!

---- _ _

K 0-. ___ - ____.

Reote.--y I-....-- R _____ I

K1 :_,____ i-i ______



& ~ E 1 76.7

C 3-": Creer; Tes:: Creop " 7s:: Cr p .

.0.r" em: ±5" r 4° e nt., 145- ri.nt: °45*

SpeC. Ne: J3-7 Spa. No: is-3 Stec. No: Js-10

T e• *: 260-F(127-c) T ep p: 260F*(127'C) TeMp: 260P?(127*C)

SteWS- 11.55 k•i70 Ul.t. S 'Zss: - .1.55 iai 70 % Ult. 3i 't•ws 11.55 kd 70% 'It.

Ela. AA c=q -. Accuap. Acc u=. EIlap. Lcuz5.
Time $train R etarks Tizae Strain Re~llrks T. Strain Remarks
(hr 9.) 01 in/ in) Mr____ bs.) (Ainliu) ______(z.j(minlin)

0 7071 0 4590 0• oo_038 ,

0,017 gage failed 0.017 4869 0.017 5315

7fail=rq k____ 0.10 5010 0.10 15560 _____

_______ 0.25 5139 0-25-1-- 57-1

I ______0.50 5273 _.50 851___

=. _ __ __ 1 5414 1 6000 .... _ I I

2 5576 2 6162

3 5715 3_ _1

,. 5386 .63B6

44hI zI _ _04 _ _ _ _

_______ 00 7512 100____ 7567___

_______ 203 7351. 174___ 7991___

_ 270 75 2_ 240__4
_5 7 6 395, 8836 ____

, _____I ___ __ ___ __r__

______ _______ 446 ____011 ______ 446 9016 _ ____

58 1 70 2 I _ _0_

_ _ _ "_ _ _ I _ _ _ _ _•

R *CUY@Ty Recovery RecoveryI3 |___._.__._.__ .. ,

S387 Load ff 0 I 4463 Lod o.ff

1 3248 1 3641

2j12 2 13513. _____
3 G03 3437



_yE f076;-0
_____________e st Cretep Te s: Creep

Ocie•: ±'- Orient: +45' Orient: +45-

Spec. No: J6-3 Spec. NO: J7-10 Spec. No- TS-3

TemP: 260*F(127'C) Temp: 2605F(127-C) Temp: 26o-rFt27"c

so.nsu g9* ut. Stmu %it.0 o. Stres 90 ksi . 61 a.t_

Slap. A'cu.• Ela Accwn. E'a.. Aceun.
Tizt% Striz Rema~ks T1=* Strain R *marks TIme Strain Re~iarks

0 4754 0 4128 0 3932 _ ____

0.017 3107 0.017 4263 0.017 13990 _ ____

- o, - - -. • o .506"•- - 9 • -

0.1 5528 0..0 4.. .. 0..0945031....1

0.5 1,, ____ 0.2 481 0.2

1 576 1 4996 1 050 6

- .. ._ _

2 5032j 2 5115 2 5587

- -- I -.. -

5766, __ •2 91 ___

3 5870 o 519 3 , !Lo7' o

25 611425 55 01

122 644__a I 5122 - _ (_
29 6657 ____ _ 219 6146 219 j9779 ______

SI' ' l •~ __ I _,6.

33 6846 ___ __ 6332- _____ 337 105

45 74 456__.6491.i 42,11L _ _

50-4 -7-0- _0 5650 1

R ecovery Recovery Recovery

0 321 Load Off __2_A!.adof_ -I 728 Ia Off

0i0]_____ -Z-. i i~.... i iU.. n __I __ n /L.....oadT i

0.5 2722 ______ 0.5 262 76- .

- 1l 2660 i 2550 I_ _
590~ !2 J 2 2476 J _ _ _ 2 J7357 ____

3 2546 3 2435 3 7234



_HyS 1076J

Test.~ Tees: e.- .~:

Orier.:: +4S Oriel: a-45* Orienr: +459

Spec. No.' J3-3 Spec. No: g-4. Spec. Nv:

Temp: 350'F177"cM Temp: 35F1'7'7.c)- Te~Ip: 3 5 0tc"i 7 7 -•i

Stess:tn L3.8 j 80 St=- 1.Sin 3 .2Bs80 k 'a Ut. StauS 13.28 Iti S80% ult.

ElaP.AA cum. Elap1 CM. ZIA,*. Accu=L:Ti=6I Strai Rea~axk* Time Stramiz Remarks Tim* Strai Remarks

-4(- .)I 4. , - ., -it . .....
i I 111 0 714b 0 8204
0.017 11960 0.017 7563 0.017 J8431

0,10 12634 0.0 Q20 9416 _ _0.25 12956 .2 8340519691 _____

- _ I ~~~-'- -i

0.50 13069 0.50 8367 ____ 0.50 97L?56
I. 188o I 192I 8 1..a. iaf

4 25946 _____ 4 22202 503 __

A ecove42 Rae-1very eR___cover_ y _

nofpa...... _ _ __ _

S..... .. 5., _ I -

• : " .. . : , " i i ' i... .. . ..i503: T:i" :it: :€ -' ....



1yEi076J
Test: Creep Tes:: Creep Ts:: Creep

O---ien.: +459 Orien-t; +45' Orient: +45-

50ec. Na: J3-8 Spec. No: J4-7 Snec.N o: JlO-9

Te--•p: 350rj(177-cj Ter~p: ggvr77*r1 Tj: 350*Fj I777rM

St=WS.: 11.62_1~-zp% tilt. St=Ss: 11.62 ksi70 % Ul4t. Stess-IJAkS~g i .-0

Elal. Accumn. EMap. Accum. Accuv.-
Tihe Strain Remazks Time Strain Remarks Time Strain Renark3

0 . 10676 0 9641 0 11268
0.017.7 11179 0.017 10195 .017 11859 ....

0.-10. 12510 0.10_ 10942 0.10 13o3
0.25 113308 ____ _ 0.25 12141 0.25 141 q2
0.50 13813 0.50 13052 0.50 14966

1J 14531 1 13815 1. 16099
2 11002 2 14531 2 16729

24 12677 24 21027 24 gage f4 led

146 19627 1146 a f, 502 2•1 ,

ý360 1933o0•!
23 18940

1,-i, __ _ _,

__L_5 - _ _ Of
I . - - - ..

I.
_ __5 I' _ _ /I

3 15548__

_ _•, ,... :,•• ..... TI••'-•--r 4i•,•T•;•i••,



S~ HyE 1076Z

Tes.: Crte-•p T a 5 c_'__, _

O.i en: +45 _ _Orient: +45 _ _Orient: +45

Szec. No: J7-9 Spec. No: J1O-s Snec. No: J..-4

Te ,: 3 7 350*r(177C 350P(177*C) Te amp: 350-F(177-C)

St-.U : 9.96 kS 60% Ult. St:;W - 9.96 ki160% Ult. SXtZWS 9.96 ki 60% UI.t.

M , ap. IAccum.Elp Accu=•Ez, • ,cn

Tinii Strain xnak Tin R ernarks TihcI Strain Resnarks

2.) (9 win) ___ (hra) flui ) in __12 _ __fu______

0 4895 0 5792 0 15444
*0.017 5373 0.017 6289 0.017 5698

0.0_35 0.10 8100 629__

02 7080.2.5 1 86.31 0.5 169 ___

0.501 7554 0.50 9303 ______ .50 7142

-- [{144 g age faA3led. 14. 23880..

504 fai5 1 201 2

- . - - -.. -= t
- 9. -- - 7

,_ ___.4 m•,ur ... . 2 05

,339 gage fai,'

' - ' __ __ __ __ _ _ __

__.____I ......_ __ __

__i... ... .. i,,_

; __ __,_

_- - _4

Recovery ____ R______ a_______ 1oe Recovery_



HY9 1076J

Test. -Test: ..est: TI .es

Oi---n:: 0/-t45/90° Ovientt: 04/9o.0 . Orient: L1.45/90'

SDec. No: J16-8 SoeC. No: J13-1 S.oeC. No: J.7-6

Texnp: 72*FC22C) Temp: 72*F(22"C) Temp:. 72"(22°C)

S 5: 93.-46 k 80 Ul% it. S on 93.46 kSi 83_ Ult. Strs 93.46 W Ult.
,, ,,, - ,,, - ... . ..

Elap. Accum.. Elap. Aeccl,. M".2. Accum.-
Time Srzain Remarks Time Strain Rexnarks Time Strain Remarks

rIs. (A" in.) (.. .). (Pin/i. n)_ 3.C )l ,._ _i

0 344f 0 nfl loaing 0
0.017 8378

0.10 -84001

0.25 8428

1 8425

65 8586 - . -

114 8566 _____ ____ __ ___

_ _H3 - -o

_L-.._ I
I I_

!_I-
''1 { I. -

!: cov°e'= Re<<'= !... <'°"°y

!• • ! oh -iI
*: t



I

_YE 1076J

Test:____ _ ......... Test. Tceo a i•Tesc:_ _ r_ _

Oie-- 0/+45/900 Orient: l/+45/90- Orient: 0/+45/90-

Spec. No: J21-9 Spec. No: J13-9 Spec. No: jis-i0

Teip. 72_P(220C) T e=p: 72*F(22*c) Texnp: 72'F(22*C_

St 81.77kS2. 70 %Ult. StaSs: 81.77 ksi 70 U11- St=tsS 81. 77 k1i 7W% Ult.

Elap. Accum. MlAP. Accum. EI&P. Accul.
Time Strai Remark* Time Strain Remxks Time Sktai•n Remarks
Mrs.) (8 inoiin) (Inuhn (h.rs.). (In/i)

0 6446 ___ 0 6722J__ 0 676
0.017 6469 { 0.017 67" . .017 6784
0.1o 6486 0.10 6759 0.10 I 810-. -o• I -.s .. O• .
0.251 643 .. 0.25 6763 0.25 6822
0./ 6 0.50 6771 0.50- 643
I 1 6 600 t _ __ 1 6773 1 I 6840

2 6499 ______ 2 6777 ______ 2 6843

4 6496 - - 6789 FV97___6__

5• 6534 6- 619 68567. ...
6 I___ 7 6790 36 3 609J

24 6535 24 67PIAr_ _MM
52 65.34__ 127 6762____ ______

Soo_ 6620 II.I: " I
- . .- -.-

11 51 1 _ __ __ 2 1 630 __ _ _ _ __ _ _ _

- - I __________

18 2 34 2 6_

I . 6598 I _ _._45 6 3 6I o._I

424 .• II ' I • _! .1 _ _ I-

13 -1 ___3 LW



HyE 1076J
T e St. Creep -es:: creep Test. creep

O"e-.: 0/+45/90° Orient: 0/+45/900 Oriet: o1_+45/90°

Spec. No: J22-8 Spec. No: J13-10 Spec. No: J22-10

Temo: 72'F(22-C) Temp: 72*F(22*C) Tenp:, 72*F,22$c3

St-ss: 70.09 ksi 60% ul.. StM.: 7u.o09 isi60 Ult. Stxms 7 009 ')i 60_ Ut.

flap. Accum. E la-p. Accuzz. Elap. Accum.
Time Strain Remarks Tine Strain Remarks Time Strain Remarks
(hx, ) (9L in/ in) (1= .) (Ain/in) (hrs.), (AiU,/i ..)

0 5573 ___ __ 0 6030 _________

0.017 5593 0.017 60,53 0..017 6868

0.10 5620 0.o-_10 6074 o.1o0 689
-.• -___ oo -- -- o• -7

0.25 5627 '0. 25 6082 0.25I 6904

1 3634 1 6094 1,I 6•o T 69.21•...

2 5631 2 6097 , 6933 .....

3 5627 ..... 3 6094 3 . ... 934_'__

170.5655 10 _16 23_ 69861.

236 5673 _____ 236 6184 _____ 259 I7028
331 5688 331 I 6202 .363 I 6

.427J 5663 427 61.. - 4 _•77 435 ?I
570 5691 .. S71 6214 Soo 5 7080 _ _

_ I

-. _ i _ _ _ __

_ --- 11

__ ... 77
P ecovery Recovery - . Recovery

05 110.5 21154J21

21 97l 2 14 1 •i:3 92 3 140 -



-.4

:yE 1076J

T e $ __: Creep Test: Creep Test: creea
O rie n : 0/+45/90 O rie n t 0/ +45/'90 O rie n /t: °+4 5/90 *

S.rec. No:. _ 15-7 Soec. No: - J16-9 Spec. No: J16-l0

Temp: 260*P(127*c) Temp: 2600F(127eC) Te*__6l2!012__

St;a3: 96.06 kSi 80% Ult. Stesw - 96.06 ks± 80% ult. S uW 96.06 ki 80% 'Alt-

Elapm. Accu=. Elap. Accumu Elap. Accun.
Time Sktain Remazks Tiee Strain Ren-arks Tihe Straiz Remarks
(hrs.) 01 WJin/) ______ ( s.) (Ain/ in) S.)___ (bA inin

0 7702 0 6433 0 8159

0.017 7710 0.017 6435 ______ 0.017j 8163

0.101 7694 0.10 6435 0.10 8170 _____

0.25 7700 10.25 6425 0.251 8179 _____

0.50 7692 0.50 6423 _ __ _ 2-_ 0.5 ai811 _ ____

1 7693 1 6415 1 8183 ._

30 I 7654 100 6401 _ ____ 30 8203 ______

1.0 7627 .218 6411 L0 .....
13.4 failed ___ ___ 313 6423 _ ____ 130.4 failed ______

________ ________ 493 6432

_______ ________ 506~ 6436 __ __ - ____ _____

""I 
1

_________ o 
-- -

_• t
- 0 -230 l'doft -i

I __ ____ I _ ____ __ 5 -230 _ _ _ _1 I

*~~~~~ ~~ - ~- 182 _ _ _ I _ __ _ _



HyE 1076J
Test: cren 'Test:.Cr~eep Test. re

- 0/+-45/90° Oriernt 0/±45190" Orient: C./o+45/9Oo

Spec. No: J20-8 Spec. No: J21-1c Spec. No: J22-9

T eriD: 2c0*F (127-C) r Tamp: 26o2-F1227*cl

St--wss: 84.05 •i 70 % ult. Stress: 84.05 k3i 70% Ult. Sftras.s 05 1iq.% Ult-

Elap, Accu!. Elap. Accun. Mapr. Accur.
Ti=e Stain Remaa-ks Time Strain Rem1arks Time Strain Rezarks
" "L1',.1 (A in/in) ..... Q W in._2 ) (ilialin)
0 6599 0 7263 0 645 ,0.017 6S99 o 0. ' 7 7235 0'.o17 6459

-- - , - - . .....-.-

0.10 6599 0.3.0 7290 0.10 6455

0.25 6593 0.25 7303 0.25 6453
0.50 6594 0.50 7306 ! o0.50 6455

1 6595 . 7313 1 6451

3 6585 2_____ 36450 _____A ~4 6584 _____ 4 7305 3 6451 ______

5 6583 5 7302, 4 45
79 6562 79 7291 5 6453

175 j 6553 ______ 175 72724 6443 4
293 6567 293 7312 96 643b _

412 I 412 -731.J8.....

____________________6451

________ _________ _______ _________ 6458 ______

_ _ _Off - - - _ _ I'I --- ' __....__...___,__ , • ..... ________:-- m. -

2%

-45 3 2...42&.LZL
___ il-3



_________ ______________1vZ 107SJ

esr: CreeD Tes t: c6 __________

.i: 0/+90 ient: 0/+45/90" Orienxt: 0/445/90*

Spec. No: J14-9 Spec.No:,, J14-10 Spec. No: 714-6

TC=P: 260%F'P ?*7C) Teap! 260*3F127*C) Ten: 260,f(12?C)

Sstsu 72.O4 ksi 60 % ult. Stxumas 72.04 kji 60% u!Lot . T 72.04 sSo% ultZ.

Ma- Acun slp Ac, - Ma.Acun

T~ine Skain Remnazrks T~ie jsaix Re=mikm Tire Strain Remazks

0 5521 0 6912 0 58-77

0.017 5525 0.017 6914 0.017 5884I.io 5539_ 0.10 7063 0.10.5881_
0.25 5544 0.25 704$ .5 r~

0. 5554 0.50 7061 0-5K _ _81

2 5561 -2 " ,7035

~98 5589 _ ____ 98 7025 _ ___ 24 58e0

1§ 60 u - -99 59

__... .__ __ _• _ 99 ,.,, ,

I ,,________._ ._ L.11 •3

__d__ ,K_ _ 266 7043 "_T..171 5860

331.-___ 331 7051 _ ____ 267 5868

426 ______ 426 7058 ______ 333 5875-

{ Soo { 58,2,

-! ....-. _ -..

Itecovery Recovery -Recovery

1 oad off E E45 IL ...
ti o.•0.5, 10,4 o,._ -6 -0___ .5 -

1 121 [1 -13 _33

21 1151 2 -20
III - - - -



-- ___ ____ ____ ___EYE 1076.1

T~: CepTest, Cresep Test: CreeP

to=i=.: 0/+45/90* Orient.- 0/±/5/90° Orient: o/+45/90'

S per. No-_ J20-7 Spec. No: 31"-8 .Spec. No: J21-7
Te=1": 350'F(177C T ,: a50u a',(177'C) 'etp: 350*P(177*C)

Stsm. q4-49 ks~i6O ; ult. S"xass: 94.49 k3i 30% ul.t, S ft -2.9ki Ult.
E.lp Accus,. Ela-p. Ac,"a.= Elap. Ac•um.
Time Stzain Reznarka Ti=m Stain Remarks Trime Strain ReOMrk3
.( _ (A in/_•_ _ "_ _) . ._. __/ (h r , .) (fg t 'imi )

783 .. 2.j failed a l.18ad .__ -0. 8064__
0.0-7 7841 

-.01 $06
0.10 7842~ 0.10 8080

.25 784 _____0.27T 8084 ____

U.50 7856 ______0.50 Bol

J - -.• - - - o• I -•

• 7956 1 ! ... 0' 86 ..

2 786852 80

3 7876 
_L63 8___-_

4 7880 _____ ___ _ 234 8 184 _____
5 7886 332 _ _

"'[ " ( ' ' 1 ( ~~l (.,, ,a~ -... - ,

6 7902 4_____ 02 21182 _____--24 7892 
502___ 8220___

97 7657 ____ 
__ _ _ _

16.3 1 7667 _____ 
____ _____

3 80 j 7791
411 7823

43j 7834__- '

r0ýf _801.

0 90~.~ 
__d___g_0_7_

.A !oI. dx 
.'i

-2 318 -i32
Id3



__ ¥YE 10763

~e5~ CX.p Tet: C,1 es;: C0e~p

O-ie.,- __: 0___5 ___, _ Orient: 0/+45/901 Qrrien.: 0/:45/90G

Spec. No: J16-7 SpeC. No: J17-7 Sper. No: J13-8

Te.-: 350*F(177*C) Temp: 350*F(177*C) Te••: 350SF.(177*C)

stus -26 ,,i ,b l. S~t 26ki7tut te

Elap. Accu.. Ziap. Acc•m• . ELlap. Accuin.
Time Strain Remarks Time Strain Remarks Time Strain Re=asks

0 6601 0 6217 0 54751

0.017 6634 0.017 6227 0.017 5499

0.10 6646 0.10 6231 0.50 7568

0.566501 _____ 0.5 645 0.251 5657 _____

-• - + -_ . 6o : o1
0.50 6654 0.0 6'00.0 52

- -,* - -° . - -- - I•
1 6666 1 6300 1 5706
2 j 6650 2 6~318 2 5733

3 6"6 3 6342 24 5946

24 j 6591 24 655.4 90 6147____

¶ -

7 6648 _75 6739 215_
315 I 7039 __ ___ I 315 6872 384 657 ______

411 7076 [______ 411 61392 51 62

_LOG 709 5 6894

[ýi 6 1 _8 - -

0.217 0.5-17 2. t

3 216 3 462 3 3



4.

STest: Creep T fYE .1076J
______________ Cree es- celp- a ________Creep _

O e0=: 0/S/90. Orint: 0/+45/90- Orent 0/+4s/,04

S No: J15-9 SeCo No: J22-10 Spec.NO" J2N-9

TtQp: 350'F(17.'Q) Tercp: 350 ,1,c) Ter.p, 350 v$177?c)

St-.SSS 70.87 Xi• ult. Ste=:8 70 _1 ult. StMS 7,0.S kSi f§0t u.t.

Elzp, Accum. Elap. Acc=rc. Elau. AccuIL•
Time Strain Remarks Time Strahi Reav:ks Time Straiz Reuxa-ks

0 496 0 5959 0.._ .54a9 .

-.017 4995 0.017 5979 , 0.017 5491 -

o0.0 500o, 0.10 6004 0.10, 550

-. 2 $019 _ _ 60 0.25 _ _ ,_

0.50 1 4911 ______ 0.50 652 0.01a

1 4927 f____ __ 1 6562 1 5176-..
3 4963 3 6580 3 547

4 4978 4 6584 - 4 ,5457_

5 4995,, 6586 .. %.. L. . 5
6 1 5011 6 6587 .. 2.5.. 52755

24 5214 24 6659 148 5779

99 5396 .... .. 99 6978 ±2,67,,, 5839

196 5423 1%6 7205 364 5s62 _

294 5424 1294 7328 _ ____ 462 5877 _ ____

362 5421 362 7373 527 . 5877 ....

__ 431 5414 , ____, _ 431 7403 _

504 5394 I504 7398 ___________

3 14 3 7
4 27

_ _ .. , - [ ...- 1
S .... , j i 3 • . _ __i - . -,° . , '

~ I.~g~L ~ ~ G~..lL 4 27
0.5 j220

I - . - -

________ _________ 3 73
187 ________



6535-1Test: cr•• .. Tesc: cr 1 •_ .__._ est: c•e

+4s:_+__- Orient: 145 Orient: . 45'

Spec. No: K4-9_ Spec. No: Me-8 Spec. No: xl1-6
T e .: ,. 72 . c Te.p: .... 72" -*C) Temp. 72*P(22*c)

St=-ss: 13.22 ksoi S0% Ol.t- St=='. 13.22 ksi o0% ,.ilt. 5tXS:LU••ksi I .gl.

E1*P. Accum- E1al. Ac=i. ELap. Accui.
Time St~:ain Remaiaks Ti=e Strai• Re=mrkm Time Strain Re=-rks

..Lhs! (A n/. (Ms.) (A in) Mai .s.,a i. inI

S4932 0 4968 0 ;Am

0.017 5134 o_0.017 5107 0.015 5580
010 5357 0.10 5347 _.010 591

0.25 5486 0.25 5468 0._5______

0.50 5601 o 0.50 5590 0.-50. 619

1 3. 718 1 5706 1____ __u _____

5842 . .- 2 5828 2 AA2q

3_ 5900 3 65__o_, 69

4 6406 4__,39 __...._ 71M

-3 702-3 7170 335 a043. _____

431 7170 4"31 7289 431 8180

504 j 7244 504 7366 _ 504 __"69AI -

Rcovery' R.covery Recovery

I 5 -- ,7 ,,18

2 1442 14483 2 1736_

.. . .. .



6535-1
e ,C- Cre Teast: Creesp Trst: Cxee

! .- '4s Orient: +4s" Orient: + '5 .

Spec. No: K8-6 Spec. NO: 10-9 Spec. No: K11-6

Temp: 72*F(22*C) Temp: 72'F(22*C) Tem p: 72=(22•)

St=ss: 11,57 kSi 70% ult. Stwesa: 11,57 i 7 to a ut. Stress .1 .57 _ ksi % Ult.

M.ap. Accu. El ElaElap Acu Accu=n.
Time S•rain Rem=zk3s Ti= Staiz Renmarks Tr=e StrainMrs.) . Mrs=') • .) (i a/n (h s.,f i / n, R m a

0 4246 0 4456 4j S82

0.01 449____ 1 _____ .017 4627 0 -017 f 4690

0.o10 4626 -o_.10 4784 -0.10- 4872
0.25 I 4731 10 L0.25 4897 0.25 49_770,0,8, - ____,, i__ __ _,, ___,,_

0.50 4831_ 0.50 5010 0.50 I 5097

16 4890 1 5076 1 51
2_____ 4968 2 177 - 51590 _____

5 51 25 5165 252503

9 1 56 - 582I _ _ _ _

19 577 19 0919 14

t .. .... _ _ _ _ _ _,

Reoe7 R ecovery RecoveryS 1530 oad off5 0 0 1757 load off 0 l5oa _ off

- ---• - I ___________,_________•,

_ _ __... 1. . I 0 3 1053
, _____, _ i________I__I__IIIII I I I____I'__



6S35-1
esý Creep Tes;: Creep Tes. Cree

Orint -- 5 Orient: +45* 1~n : 45-

"SDec. No: K3-2 Spec. 10o: K3-3 Sec. No: K3-4

T eT.: 72*F(22*C) T emp: 72*F(22*C) Ter=p 72*F(220)

St~e= 9.9)2 ksi 60% u~t. StzeSS-. 9.92 kSi60% Ult. StZMS 9.92.i~i 601 Ul.t.

E accu Elap. }A~cu= Eiap. AccLw.-
Time Strain R emarka Time Strain Remarks Time Strain Remarks(h- ~ 0=1.) (•Ain/u (hmaz.s T gilin

0 3417 0 3310 0 3S28
-. 017- 3550 0.017 J 3399 . 0.017 L 3626

0.1.0 3632 0.10 3466 0.10 3700

0.25_ 3700 0.25 3_•4 02S 3767
0.502 37640 I ...._O_502 3572 7 .... ....... ""0.5'0 __3832 _

1 . ' • 303 .... 36.. 1 ... 872

4 3 4544 46 424 3 94

_ _ __ -785 43

45 54 5 2I 6 5 46--6

-0.5I~ _ _7S6 _



6S35-1

['Zest: C-ep Test: .. ep -res;: Cr=e _

-O."e.=- +45. Orie.. ±5-- Orient: ±W

Spec. NIo:_ 6-8 Spec. No: KS-9 Soec. JNo: - M6-10

Te=em: 2... WF(.27'C) Temp: 260-r(127C) Ta=p: 260••(127-C)

StMs.- 1.-45 ks.i 80_ 1Ult. Stuns: 12.45 k. 80% i1t. St=xea 12.45 ki80 % ult

M~ap- Acc*IZI- EL&F. A~ccu. E~ap*. Accuxo.
Time Straiz 3emaxks T~rne Stais Reoarks Time SLrain Remaks
Mlrs.) (j iuiin)j_____ (hrs.) (Jfjahi) (hrs~ ~i.Ir) _________

0 5213 0 6456 0 5197

0.017 5656 0.017 7-148 0.017 5484

0.10 6094 0.10 7743 ,0.10-1o 6131
0.25 6369 0.25 8148 0.25 1 330

0.50 6567 0.50 8610 0.50 6514

1 6783 1 9021 1 ~96 ______

2 6981 2 9719 2 6979

3 7173 4 10429 -_____ 41 7339 ______

43 8472 , . . . 5 . 10648 .... 5 ,_7458_
253 12829 7 X0976 , 7 7647

_la_ ___%t 2a L12d 14_ 12702 4. 8606

So no fie -A3. -r ftle.54 failmue______

500 no faill __________

-eco -ii1cver ....ry

.I __ _ _ _ _____

K zii _ _



6535-1

Te$:: creep Creep: CrOeep - T&:. CM., ,,

O-iafn: ±65° Oriemn: t-45  Orient: _45'

SIpec. No:_ K4-8 --- Spec. NO: 7-10 Spec. No: i10-7

Temp: 2600P1127•)c Temp: 260*?(127.c) Tem1, 28oOfP12,7orl

Stf-ms 10-- .89 ]• 70% gU. St€gsa: 10.89 k,. 70% U t. StX3 10.89 k5 70% Ult.

Elap. Accum. El I up. Accuu Accw.
Time Strain Remarks Tim.e Strain Remarks Time Strain Rewatk~~~~~( in==. / in.:• :.) .. s. (- Anl{ /'in) i,:=) (iJ=

0 4549 0 5362 0 , _7_4

0.017 4944 -- 0.017 1 56 3 0.017 4925
0.10 512 0.10 5"93 0

---- 7 __0.50_ 0.50 5830 _ _ _

1. 5 5607 1 6S36 1.•5 6025

2.5 5670 __. , 6 7122 ..... , 61.

3 j 5 7 0 4 _ _ _ _ _ _ 7 _ I L 7 3__ _ _
5 o506 .69 8557 r,5 6274
7 5872 174 9594 7 6363

24 56113 339 11648 _r_ _., 67o3

-- MA~L- .41L 4&4 14S 12 77SI~~~~~223 , 6803 .. 3 f~e 23 3

342 7016 _ - - L ......
459 j 7201 ______ 459 9722__ ______

508 j7275 _o _7

S~~~.........,.. ...

.86 10 ifE.~ -

1 -- 3- -,

2 _ I_ I I



6535-1

Test:- Creep Ts: Creeo Tait: Creep

Or-ent: ±45 Orient: 4 Orient- +45

Spec. NO: Y-4-10 Spec. No: KI0-8 Spec. No: K10-10

Te=,p: 260*F(1271C) Tap-p: 260"'V(127*C Teep: 260*F(127C).

St~s.: 9.44 kic 60_% ult. St==: 9.44 k*i60 lt. stinstj % L4._.

Mlap. Accum. Mlap. Accumn. MlAP. ACCU cue.. r
Ti=ee Stzrai R6=azrk Time Strzn Remarks Time Straini Remarks

0 .3405 0 3346 '_ .. .. 0 3631 01

0017 1 3597 0.017 3507 0.017 3753

0.10 3719 _0.10 3635 C.10 3966
- -, S - -_ o

3. 3e98 . •.25 1771 0.2 4101_......

0.50 39289 0.570 , 3,1507 10 4178N

39,46 1__3921

3 31

4 4173 4 41ý2L -4_ __

73 4667 7,3 4746 73 5473

245 500a 245 5222 245 6125

337 5141 337 5403 337 6435

458 5282 458 5597 . 458 6801 _

504 5315 504 5652 [ so_ ? ___ . ...

S17.4 Fl a off.. i 217 lodo, 1 1la f-

1 -i•- I- -0-4

-4-4
-415 19--._

-IZ,.L .. . ._ ' - - -.. _

... _e coverr Rec-ov.er Recovery

I. - q-

__ __ __ __ _ _ _ _ 205 __n _n u _I I



6535-1

Te st: qtego Teu Test:__________

Oriena:. +4 5 Oient: ±45* OOrient: _45.

-ec. No: - Spec- No: Y5-7 Spec. No: X5-8

Temnp: 3501'(177C) Tep: 350aF(177C) Temp:. 350P(177C)

St s=: 11.54 ksi 7.% U1t_ StSm: 11.54 k 70 Ult. Stxuus kij 7% Ult,

&lap. Acc=n. Elap. Accum. EMau. Acru-.m
Time SzaizL Remaks Time Shsn Remarks Time S Strain Rmxarks

0 5574 0 7114 0 6705

0.017 6329 0.017 766S 0.017 7090

0.10 7338 0.10 8900 0.1o 7904 ____

0-5 80:ý2 0.25 0c .25

1 9198 1 24217

2 9869 ______ _______ fa led

3 10102 504 no faO lure

5.5 11136

7 11456

8 1--8-

79 16567

144_ • 18440 =_==...__=_

247 20764 - - -.-

_IU_ 22307

415 23965

a - -_• --.---

..- . .- - - .. -- ---

SReover-y R.~ov•ry R e~eovz'e

0 20250 load off ,_,"

0.5 17465-

1 16962 _

5 L5865



6S35-1

I eS•: Creep Tcst: Creep T'es V. Crel

Orient: _+45_ Orient: 145- Orient: -45'

S.D€. No :-8Spec. No: KS-? Saec. No. K9-9

Toxn: 0(177C) To=?' 350OF(177 C! T ep: 3506PC1177
0 C)

S % 9.89 kSJ60_ Ult. 5strem 9.89 k~i60t iit. Se ws5 9.8ý9 kZ.60 % Ult..

Mlap. Accuffi. Elap. Ac==i~ Map. Accunm.
Tihe Strain Re-maIrks Tim.e Strain Remmarks Tine Strain Raznarks

(hr,.) (it in,/.i) ___ x.) (OA in) - l.uh.) 0A,21i/ )

0 I 5513 0 5374 0 6794
0.017 5895__] 0.017 5646 0.017 7194

0.10 7346 0.10 7178 0.10 _7792

.0.25 7923 0.25 7906 0.2S 8235

0.50 8631 0.50 8628 - 0.50 14336 -

1 9366 1 9411.1 _ 14763

2 10357 10321 2
__.._ - - -H•
11626 .. QAR7 - ilea n2 a

79 18644 79 21383 So , . .o.

174 22616 2174 _15911 -

247 24250 247 28046

343 26175 343 30486

414 27291 -414 3221- , -

508 28737 508 gage f led

- eovr -eovr - - -a -

- -4-- - -, -

0. .--. -39- i

-1 2-3-5-II-7-9-

- 3-9 - -

-:- - - - - -
-I . - -79--

A2 4 9II .



44

6535-1

"Test: creep Ts,:c . cr_ . Tear:. .

Orient-:__+4 __ Orient: ±45 Orient: ±-45

Spec. No: S11-7peC. No: K Spat. No: K910

Temp: 350"F(177*C) Tamp: 350*o(177'c) Temp: 330*F(177*1:

S•tea: 8.24 ks±50 % ult. S1: 8.24 ka± 50% Ult. SXmS8 $.24 kSi.% L :t.

Z&ap. Accum=. Map. A•cc• . Mlap. Accutm.
Time Strain Remarks Time Stain Remarks Time Strain. Remarzks

0 3668 Speci r overheat, before Spe 1-,n iail or•.

0.017 3954 test was run. oadinq.

0.10 4738

0.25 5258

0.50 5670 , ,,

1 6148 _____

S•.22Z .. - - -..- .

4 7474 .. .. ._ .,73 o '"

215 17577

263 17850 ,, , ....

458 2032.4- - -.- - - -

- a-, - - . -,-

S•r- -. - - ., -

fteow~ ecvr Recovery

0 17993 load off mn_,

0.5 17430

1 17275
2 17124

-. 
!

I.- ., _
I

•-------------------------------.....



6535-1

T ast: Creep. az cre~ep test Ceepý

Orient:_ See boow Orien: Sce below Orient: See .240Lw I

Spec. No, K24-4 SpaC. Noa .x26--2 Spec. No. I,24.

Tem-: 72"',(22.C) T eCpF- 72-(2c) Tenp: 72°F(22.C.

St .ss:. 72.70 Ta± sol u.. Sluss I.os, ig% ult.

-I12 4% C s=Za -AP ,.ar -I

Time Sti s 1i Remarks Tlmme Sbaiu Remrks V Saiz R *znmaks

0.017 6302 o.1
0.13 63160.0 6 1

0.25 6323 -- 2 : " " ---.-. ,,-o.50 63' 05 641

6 6330 35 6335 25 6452,

S 3F,% 91 647" E

71 6366

175 6322 6514•4o .. ,o4 .... 6514
-4 E--4-4 362 6511 _____

342 69 427 6534

502 64-6

-.......- --- - = 1[ " -

- -R-c-v-r-

0~~~______ Is odof0 27 laI-f

-t t --.

0. 1022

, r - r '

L4

1. - - - - - -



6535-1

aesz: Creep T _s" , at) "I..... Tes:: Cretep
* Orient: .•e beoiw Orient: See below Orient: See below

Spec. NO: K25-5 Spec. No: X25-3 Spec. No: -

r 4 ,p . 1: 72'F(22 C) Temp: 72eF(22•CI T.exp: 72F(22 C) ,.

S -am: 63.62 kj 70% uLt. Stssa: 63.62 k.i 70% U.. Stesu 63.62 .% uL•t.

. A flap. Accum. Elap. Accu=
Ti=e m Sktzia R~enazks Tige Srain Rearka TIme Strin Remarks

0 5346 0.o.,42 ...

007 5364 0.017 5431 0.017 59
0.10 5387 0.10 5454 0.10______
: _ . .. . . ... , ,, , . ,-
0.25 5394 0.25 5458

0.50 5400 0.50 54590.Si dll
24 5400 4 5461 5457 -

5 5406 5 5453
4 ...... 5457 4$ 5

" 5 5 -406 5 545 2
•6 54057 549AQ

54 5420 55 411 ,•,m•,.

119 5444 120 5468 1 4 _.___

221 5456 222 5475 5464S ;335 5494 16 5497

455 S489 - 5503 4 5 1S0,.

503 5482 504 5496t --- *- - --- R-

_.....____ - -_ _ _ _- - -I
- •,.-a-. ,. -l • -, ----- - ,,.- . 1....

T0 - -4.00-4.+4,,9]07

LI 7 sO770 __

F-4 4 .-



6535-1

Tet-CMTesc: crr est: Cre N

Oriet: See below._ Orie: See below O:rient See below

Spec. No: A5s-2 Spec. No: _36-4 SPOC. 10o: K34-1

"Temp , 72*F1229 C) Te=.: 72'P(22*C) Tamp; 71-rm-c)

StI nu:73.22 .80 u lt. St~mw73.22 ki4 801 W.t. StZV= . L ±J 12=.
Mlap. Accn6. Slap. ACCU. ElaP. Accus.

Time St=miz Remarks Time Skbmin Remarks Time Strain Remnzakz(I=,s.• (A iu/iu)----- O,!E.) Agw=lp) (ITS,) Ouwia

0 6413 0 failure m loadh.nq 0 6523

0.017 6435 0.017 6546
0.1.0 6456 0.10 6566

0.25 6466 0.25 6578

0.50 6470 ____ -0- 5

1 6472 r 5.
- . -,- - -, - --.•,2 6476 b-3 5912 .

3 6478 4 6591,
25 6499 5 6591

98 65168 _ 6590
171 6519 24 6617
267 6471 100 6624
338 6465 7

1270 6577
434 6466 341 6581
552 6482 437 65%4

- -- -: - - 506 6597 -

- - ------ - I

R ac'ver R ecovery

0 126 load off 16!.V s 173 _ _

S2 56 2 573 50 _ , •• " .,. 52

[0, +45,-'4S,0,0, 45, +45,0



..-. , .. .. ... . .

Test, C653-. Test: -. s

OrienZ See- below Orient: See below Orient: See belO. .

S ec. No: 34- 7 SpC. No: - -i .. S.=. NI: I

Tae-p: 72*F(22"C To=-p-- 72"F(22"C) Temp: 72"E(22c}

* - - 22 64 .-. u" 0al.

M.ap. Accwn. Elap. ACCUw. Map. Aci~n
Time Stri- R aw-r x Time 5t:as Remzrarkz Time Stua Rea.wks

0.017 5614 0.017 5746 0.017 5782- -. .. . *, [ r i~

0o10 5632 0.10 5767 0.10 5816

0.25 5642 0.25 5780 0______ 59.-
0.50 5650 ........ _ 0.50 5786 0.50 5-3

• -, --- -- I_.:5 653 1 57S2 1 5839
Z2 5658 2 5797 2_____ 584

4 5670 4 5808 4

5 664 5 I ,5, .5 5L52,

-, --- -, - -
ii7 5664 7 5802 7 584820 58 103 5828 1± 9r

271L 571,'m 271 5651, 271 5897 .36 '57074 .367 .58.36 . ,

438 5706 438 587 LU •..i SO 5707,, 510 510 SAg

- - , i-,

31 ýO, S3'i

i2.

---

- -ilI -'--- -

2 40

t-, +45,-45,0,0,-4.f, +45,01• ,m m m ,eX7 m137 m" i•'i•



6535-1

7 __________Creep__ re5;; Creep C st: Creep

Oria --: See below Orielt: See be-low Crieo: See bee w

Spec. •4,1o: K3854 Oc. No: 1K39-5 Spec. NO: X37-10
- I - •• . ,,

~m:72-C22-C) T rem:.2L

Strmm 77.83 kS± aob U~t. St*U U-It. tM 78 s~tU
"" .- - ,,.

Tije St Rermaazk3 Time £s•krsi Remuarks :- I Re*urks

0o 644• , falr anl lodn 0 ... 6 1
-. _1 ' 6422 . .0. 017 6 55•

0.10 , 6437 0..

0.25 6443 0.25-

" - _. 51 6579,0 09 48 6....--...50 J

12537 6592- Ii
2 o * - I -...... - -• - _ - .

461 4 2 __-' o83
4, .t -- ...-. t___ .

48 6502 464 6585

1506 6492 4______ 1 6509
~ 650 327 6592

J--

- - -• I- - -

;-T= -- -- t -- . .. -. I - '

.9u, _ 4_5,_-_5, lo 0.-45, +45, 0, 0-17

,I•--t .m



6535-1

fTest; CreeR Test: _______ Test: Creep

Orient: See below. Orient: See be1Iw Orignt: See below

Spec. No" K38-7 Spec. No: X39-3 S5ec. No: K37-5

Temp: 72*F(22.c) T9Z=: 72'P(22'C) T 2p' 72GF(22-C)

S' 68.10 ki 70', Ul.t. Stmum: 68.10 1s70% U. SftVi 68.10 kaiA. U.t.

mlp Ac~a p. p.Acur1 ap.. Accu=.
Tinme Strain R nazs Time Stzrai Rezmarks Time Strain Renazt
__2_ _ _ _ _ _in.) (Ain/!= ) . (_ inI/n) fa inin)

0.017 5765 0.017 5565 0.017 5819
.10 5778 0.10 5574 _, ,, 0.10 5833 _

0.25 5783 0.25 5579 0.25 ____

0 .50 5788 0.50 5585 0.50 5046

5 5794 i 559.

2 5799 2 5590 2 5859

S1 5816 71 5588 .7____80__

16-7 5826 1___ 67 5596 . 167 58 1
243 5838 243 5607 243 5901

338 5844 338 5610 338 5909

408 5821 408 5590 - 408 568

503 5834 503 5600 5._3 5894 '

- -i -

-- ..--.

71 - ua -f - -1 IIa -o-f

31 I 7---8 -

4 ....-.. -- - -

,) re, 90,+45,-45,0,0,-45, +45,0,01S

SSc

_ _n u m -



APPENDIX K
THERMAL EXPANSION' DATA

All of the theral1 expansion data generated during this
program are presented in this appendix. In addition, a typical
thermal expansion curve is included at the end of the section.
The procedure for computing coefficient of thermal expansion
from such a curve is detailed in Paragraph 3.5.10. These
data are summarized in Paragraphs 4.1 through 4.6.

41
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VTest: Coefficieant of 15he
'- M6-tjHM•L: AIMbum StanFdard

Fiber T~emup Coeff. Therm.. Va-ainfo Literpv-
Specimen orien- R~ange 22pazn4~or ti~r Value

-umbe 0-11on 4.4%

"212 12.29 -. 6.2%

392 13.0oo 4.5%

572 13.16 7.1%

This al minum s:andard and its a. 0A41ues, was supplied by,
Perkin Elmer, but is no traceable to D *.

1 __________________________________

(1.________ ---

_______________________________ __________________i__l____

i___________________________________

t LLi



Tet-- Coefficient of ermal ans-ior&

MaiteriaIA: T300/AFR800 - .... -

Fiber Temp. Coeff. Therm.
Specimen Orien- Range Expansion

Number tation (OF) (10- in/in-F) R.emarks
PBI-5 00 -67 -0.083

FB2-6 00 -67 -0.036

PB3-3 00 -67 -0.135

Avg. -0. " 85

FBi-7 0 0 72 -0.•358

FB3-4 06 72 -0.403

Avg. --. 37-1

FB1-1 00 260 -0.130

FB2-1 00 260 -0.125

FB3-1 00 260 -0.155

Avg. -0.137

FB1-4 09 350 -0.109

FB2-2 00 350 -0.327

FB3-2 00o 350 -0-170

Avg. -0 .202

" FA1-6 900 -67 12.18

;FAI-8 900 -67 11.96

FA2-4 900 -67 14.47

Avg. 12.87

rAI-7 900 72 13.60

FAI-9 900 72 13.32

FA2-5 goo 72 13.72

Avg. 13.35

______,____________________________.. .. ________________________________________

I. . . ' V :::...... •••• I •



Test: coelliclent o? Thermal Mxansion
Materiali: T300O/ARO0

Fiber Temp. Coeff. Therm.
Specimen Orien- Ranqe Expan-sion

Number ration (OF) (10" 6 in/in-'F) Remarks
FAI-I 900 260 12.85

FAI-3 900 260 14.79

FA2-3 900 260 15.70
Avg. 14.45

FA1-2 900 350 17.03
FA1-5 900 350 17.38

FA2-2 900 350 16.31

Avg. - 16.91

FC1-3 +450 -67 2.378

FC2-3 ±45* -67 2.905

FC3-3 ±45o -67 2.599

Avg. 2.627

FC1-4 +45* 72 2.440

FC2-4 ±450 72 2.732

FC3-4 ±450 72 2.171

Avg. 2.448

FC1-1 ±450 260 2.939
FC2-1 260 2.988

FC3-1 450o 260 2.508

Avg. 2.__ _ _ _ _,

FCI-2 ±450 350 3.416

FC2-2 ±450 350 3.529

FC3-2 ±450 350 2.768

Avg. 3.238
- - - -~ 1 _ _____ ___ ,

-. . .. .. ' 2
- -, _-..... , - - ,



Testz- Co. ic =ext 31a

Fiber TeaM. Coeffe. !TZem

spwc12n Orion- Rangqe EpxsNul.ue tati• (?F) f10-6iu/in'-°) _ ____edsa" u

GI0-A 04 -67 1.38 _

GIO-B -67 1.34

GIo-C 00 -67 1.29

Avg. 1.34

G10--A 00 72 1.28 _ _....

G10-3 00 72 1.52

GIO-C 0C 72 1.47

Avg. 1.56

G10-A 00 260 2.34

GI0-B 00 260 1.76

GI0-C 0" 260 1.92

Avqg. 2.01

G10-A 00 350 2.70

G10-B 00 350 2.12

G10-Ct__C 350 1.88
Avg. 2,23

GI0-D 90 -67 7.78

G10- 90 -67 8.11

G10-F 90 1 -67 7.78

Avy 7.89

GI 0-D 900 72 9.61

GI.0-E 900 72 9.67_

GI0-Y 900 72 9.39
A'ivg._ 9.5

Iw ._f ... ,
- -----



Test: Co. licleint of Thermal ainsio
MatEria: 30C/5559 ________

Fiber TaW. Coeff. Therm.
Specimen Orien- Range Xwanion
Number taticn (OF) (1O"6 in/ia-o1) Remarks

GIo-D 900 260 19.4

GIO-E 900 260 20.2

GI0-P 9010 260 16.9

Avg. 18.8

G10-D 900 350 38.2

Gio-E 900 350 41.4

GI0-F 900 350 33.9
Avg. 37.8

G15-A *450 -67 2.86,.-- -lJl..

GIS-B ±45o -67 2.92

GI7-A +450 -67 2.73

Avg. 2.83

GI5-A t45o 72 3.31

GIS-B -450 72 3.47

G17-A *450 72 3.22

Avg. 3.33

G15-A ±450 260 3.56

G15-B ±450 260 4.10

G17-C ±450 260 2.89

Avg. 3.52

GI5-A ±450 350 4.12

GIS-B 145* 350 5.14

G17-A ±450 350 2.94

Avg. 4.07

_ _ __ _ _ I _ _ _ _ _ _ _ _ !



Test: s coefficiant of The~rlExpansion. ..-......
material -.. .Hyh, 2534D...... .

Fiber Temp. Coeff. Therm.
Specimen I Orien- Range Expansion

Number I tation (,F) (10-6 in/in- F) Remarks
H32-2 00 -767 -1. 00,

H32-3 00 -67 -1.29
1H32-1 00 -67 -1.38

Avg. -1.22

H32-2 0E 72 -1.55

H32-3 00 72 -1.36

H32-3 00 72 -1.70

Avg.

H32-1 0O 260 -1.62

H32-2 03 260 -1.65

H32-3 00 260 -1.57

Avg. -. 6. .

"H32-1 00 350 -. 543
1H32-2 00 350 -2.92

-H32-3 00 350 -2.48

Avg. -. 194

IH32-4 900 -67 26.5 ...

H32--5 900 -67 26.6 ..
H32-6 900 -67 28.2

SAvg. 27.1

1H32-4 900 72 32.0
1H32-5 900 72 29.6

H32-6 900 72 30.3

Avg. 30.6

Im III-I.



Test: Coefficient of Therml eXpansion
Materiais:- YE 2034D ..... _ _ _

Fiber Temp. Coeff. Therm.
Specimen Orien- Range Expansion• Number ration (OF) _( 0-6in/in-OP ) R•emarks

H32-4 900 260 39.4

1H32-5 900 260' 37.1

H32-6 900 260 42.2

Avg. 39.6

a a.......... ........ -7_ ,_ _ .. .... __ ____,_ _ j
H32-4- q0• 350 58.7

n32-5 900 350 54.7

H32-6 900 350 59.9

Avg. 57.8

H34-1 450 -67 -0.463
H34-2 450 -67 -0.320
E34-3 450 -67 -0.0127

Avg. -0.265

H34-1 450 72 -0.517

H34-2 450 72 -0.475

H34-3 450 72 -0.221

Avg. -0.404

H34-1 450 260 -0.557

H 34-2 450 260 -0.694

1H34-3 450 260 -0.662

Avg. -0.638

1H34-1 4,50 350 -0.674

H34-2 450 350 -0.923

H34-3 450 350 -1.06

Avg. -0.886

-V -- I



ITest: Coeffic-ienlt of Thermal S§panslon
Material: T300/V378AFiber Temp. Coeff. The=m.

Specimen Orien- Range Expansion
Number tation (TB') (i0-fin/in-e') Remarks
143-I 00 -67 0.145

143-2 00 -67 0.099

I43-3 00 -67 0.415

Avg. 0.217 _

143-1 0o 72 -0.101

143-2 00 72 -0.162
143-3 00 72 -0.556

Avg. -0.273

143-i 00 350 -0.108

143-2 ja 350 -0.219
143-3 00 350 -0.281.

Avg. -0.203
%-

143-1 0° 450 -0.148 ...... .... ....

143-2 00 450 -0.217

143-3 00 450 -0.370

Avg. -0.245

144-i 450 -67 4.27

144-2 450 -67 3.80

144-3 450 -67 3.86

Avg. 3.98

144-i 450 72 2.96

144-2 450 72 2.84

144-3 450 72 3.12

Avg. 2.97

S.• , ., .



4 ITest: Coefficient of Thermal 20pansior±

P ~~Materials-:- T300/VS7SA _______ ___________

Fiber Temp. ICoeff. Them.
Specimen Orien- Range Expansion

Number tation, (Or) (10r 6 in iaa4r} Remarks________

I-a,- 45- a&2

144-2 450 350 2.89

14- 450 350 4.49 ____

Avg. 3.79 _____ ____

144-1 450 450 3.86

144-2 450 450 2.63

-144--3 450 450__ 1 4.65 _ _ _ _ _ _ _ _ _ _ _ _ _

Avg. 3.71.

143 -4 90 -729.5

143-5 900, -67 29.9

143-6 a0 6 25.9

'IAvg.__ - 28.4 _______________

143-4 90a 72 32.0
143-5 900 72 33.0

143-6 909 72 28.5

Avg. 31.2

14- 90 30 2,

143-4 9010 350 40.4

143-560 350 40.6

44Avg. 41.1

143-4 {900 450 43.6A

143-5 90.) 450 42.1 ______________

143-6 900 450 42.3

Avg. 42,7



F~st Coefient f ThermlNRoahe on
Hateriala: HyE. 076______ __________

Fi.ber Temp. Coeff. Therm.

Specimen Orien- Range Expansion
Number tation (F) (10- in/in-OP) Remarks

1 00 -67 0. 152 ..

2 00 -67 0.120

3 00 -67 0.130

Avg. 0.151

~b.. ~ ~2 . ..~.., L
1 0o72 -0.56Q

2 00 72 -0.578

3 00 72 -0.475

Av-. -0.538

1 00 260 -0.365

2 00 260 -0.486

3 0- 260 -0.457

Avg. --0. 436

1 00 _350 .- 0.988

2 0o 350 -0.492

3 00 350 -0.180

Avg. -0.320

1 . 900 .67 21.9

290 -67 22.4

3 900 -67 22.2

Avg. 22.2

4 900 72 23.8

5 900 72 25.2
____.___________________i ________________ ,__

6 900 72 24.3

Avg. 24.4

_ ___i , ,



Test: Coefficient of Therma-l Eansion
Materials.- --H 0_61_....

Fiber Temp. Coeff. Therm.
Specimen Orien- Range Expansion

N ber tation -.(OF) (10" 6 in/in-.P) Remarks
4 900 260 31.2

5 900 260 31.4

6 900 260 31.6

Avg. 31.4

4 900 350 34.7
5 900 350 35.0

6 900 350 34.2

Avg. 34.6

1 ±450 -67 3.02

2 ±450 -67 3.39
3 ±450 -67 2.85

kvg. 3.08

_I
1 *450 72 2.98

2 *450 72 2.44

___3 ±450 72 2.32

Avg. 2.58

1 ±450 260 2. 41 --.

2 ±450 260 2.58

3 ±450 260 2.61 Al

"__A____ 2.53- -
1 ± •450 a50 12.42

2 e459 350 _ 2.81 A...

3 :L45- 350 2.78

Avg. __ 2.67- - -



Test: Co. ficint 'o Th-.azma M3ansi.onHaterialsf,:, G-1960/9535-1 . ...

Piber {Temp. Coef f. Thormu.
Specimen Orien- ! Rane xpansionNumber rtation (07). (!0"•!A/in--F), R emark~s ....

K20-A , 00o -67 0.17

K20-B 00 -67 -0.06

1K20-C 00 -67 0.15
Avg. 0o108o

K20-A 00 72 -0.34

K20-B 00 72 -0.41

K20-C 0D 72 -0.38

Avg. -0.__37

K20-A 00 260 -0.27

R20-B 0 ) 260 -0.39

K20-C 00 260 -0.48

A-g. -0.38

-K20-A 0 350 -0.15

K20-B 00 350 -0.17

K20-C 00 350 -0.29

Avg. -0.20

1(20-D 900 -67 23.0

_K20-E. 900 -67 22A.0

K20-F 900 -67 22.S

AV-9 22.5

K(20-D 900 72 1 24.5

K20-E 900 72 24.0

1(20-F 900 72 25.3

Avg. 24.8
•.i -

U lm Ir n I I * .... "I 'ml-II[• , L



Test: Coefficient of Thermal Epsion -
NiteriaMl: G-160 6535-17.. ...

Piber Tep. Coeff. Therm.
Specimen Orien- Range Ezpeansion

Number tatio (. (OF) .. 1...k0
K20-D 900 260 29.8

K20-E 90 260 30.2
x2O-F 908 260 29.9

Avg. 30_._ 0

.K20-D 90 • 350 33.2
K20-E 900 350 31.7

K20-F 901o 350 32.3

Avg. 32.4

K40-A +45 -67 3.05

K(40-B ±45 -67 2.60

K40-C ±45 -63.3 ,

Avg. 2.93'

K40-A ±45 72 2.25

K40-B +L45 72 2.51

X40-C +-45 72 2.61

Avg. 2.46

K40-A ±45 260 2.24

K40-B ±45 2S0 2.23
7%40-C ±45 260 2.24

Avg. 2.24

X4 -.0• 45 350 2A• 3

K40-,B _+45 350 2.55

II II - -

X40-C ±45 350 2.19

Avg. 2.54

!•:-I' -• . .. r

II



'42

, Lower Temp. - 360 0 K (87 0 C) (189ýF)
Upper Temp. - 440 0 K (167 0 C) (3251F)

- CHeating Rate - 20 02 • (36 0 F)/min.

Chart Speed -0.2 inch/min.
Full Scale Range - 10 my (chromel-alumel T.C.)

-•---t •- 10 mv (equivalent to

0.02 mm length change)

1 ~Figure K-1- Thermnal Expaf~ion characteri.stics of SC/)55O--- Lmnt;9Die io



APPENDIX L

SPECIFIC HEAT DATA

All of the specific heat data generated during this
program are presented in this section. A typical set of

differential scanning calorimeter (DSC) traces, from wnich
specific heat is determined, is included at the end of this

section.

The values listed in the succeeding tables were computed

according to the following equation:

smass of sapphire stnd. D3 -D1
C (sample) a a x DD x Cp(sapphire stnd.),

where, Dl, D2 and D3 represent the relative displacements

of the DSC curves for the empty aluminum pan, sapphire

reference, and sample, respectively. For the sample traces

included,

8E54 12.4 div- 17.2 div cal• Cp(HyE i076J,#i) M 08di -17. i x 0.22545

S0.341 cal/gm-0 K, or 0.341 BTU/lb- 0 F

at 400 0 K, or 2609F.

I.



Test: Specific Heat

Ž4aterials: See Remarks ColuJm

Avs. Specific
Specimen Tem . Heat
Number (Of) (tu/1b,°-y . Remarks

-- -67 0.081 T300/AP1800 These are average values

--- 72 0.203 T300/AFRS00 _Individual values were

-- 260 0.302 T300/AFRS0O detroyed in flood.

--- 350 0.308 T300/APR800

-67 0.186 SiC/5506 These are average valuel

--- 72 0.221 SiC/5506 Individual values were

260 0.279 SiC/5o6 ... d... in fl.ood.

_________ 350 0.309 SiC/5506

1 -67 0.11D .,0 2034D

1 72 0.202 HyE 2034D

1 260 0.642 . yE 2034D

1 350 0.718 RyE 2034D

1 -67 .0.123 T300/V378A

1 72 0_._206 T300/V378A

1 260 0.748 T300/V378A

1 350 0.o_761 T300/1V378A



Test: Specific Heat

- materials: HyE 1076J

Avg. Specific
Specimen Temp. Heat Remarks

Number ( o) - LasaZlb
1 -67 0..213 ,

2 -67 0..124 . ... .....

3 -67 0.1.23

Avg. 0.153

1. 72 0.267

2 72 0.3177

3 72 0.172

Avg. 0.205 ..... ...

1 260 0.341

2 260 0.253

3 260 0. •8

Avg. ___ 0.274 _________

1 350 0.411

2 350 0.302

3 350 0.278

Avg. 0.•_330

523
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Test: Specific Heat

materials: G-160/6535-1

Avg. Specific
Specimen Temp. Heat.... .. .. (.1 RemarksHumber (oj (Btuiih- *F• .... ~zk

1 -67 -0-115

2 -67 0.180

3 -67 0.167
- . ii _ - , . ... .

Avg. 0.154
•- .-- ,, .i - - -

1 72 .... _0.._164$1_ _ _ _ _ _ __ _ _ _ _ _ _ ,.___ __ _ _,,__ __ ___,_

2 72 0.240

3 72 0.201
Avg- 0.202/- -

I 260 0.230

2 260 0.322

3 260 0.292

Avg-. 0.281

1 350 0.264

2 350 0.381

3 3O0 0.35S

Avg. 0.333

524
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OSC ANALYSIS .2.5" --

6AMPLE A ~ IL_- SAMPLE SIZE iG L...

LOWER IMIT C' - tMV~ UiTC c

C O I RAT -,----, ,- A

...... 4 --

-: --.--

.... S : ___ 
___ .? F! _ _ _ 1 = A

P--_ I -J --2, -- P 2 CH R S-E" - -'"' --

"",----- - ------ -- OP E R A i - it

2 - _--_-, -•._ ---r- -_ _

Figure L-1. DSC Analysis of Erpty Sample Pan.

525
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S f i I _ _ _ _ _ _ _ .1 ....

DSC ANALYSIS • AS•-".

t~ SAMPLE- JAW SAMPLE SIZE (mnGI-J8. l'a

SLOWEP LIMIT (OrA ---- ;3 P!4R-... UPPER LIMIT (' . _

COOLlIfG RATE ---- P A ;i 7 ýJc IPIP RAr !kýt~' -- ~~ A~Ž 7 'mjpt ___; "_

T: B- A---X---- :- 4- -

i_ .,j., ____r_• • i '- j.. i

J1EI I _ .FN2 H R PE

DATE ....... -7A---- AL---PRTR-ý-- Z--A

Fiquroý L-2. DSC Analysis of Sapphire Reference
Standard.
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"DSC ANALYSIS _z/4-,

~~j1-~-i SAMPL j~O~JJSAMPLE SIZE G) 2 C'
LOWER LIMIT (OI).. U LIPPER LIMIT tI l r-

-+---j----4 COJLING RATE' - A
-~jr _____ _?_H(E H I--

S.. .. ._, T• rBALANCE - _ SLC'P ONSET . - .
-4----- ~'CPi' I1 L_• __ PEN 2 0.iiy._. CHART SPEED (1Inisec} _ _

P AI E -- - -- -- - -- - ._ •..A-- -- --,,-

~4

Piqure L-3. DSC Analysis of lHyE 1076J Graphite/Epoxy
Composite Material.



APPENDIX M
THERMAL CONDUCTIVITY DATA

All of the thermal conductivity measurements made during
this program are tabulated in this section. The average
values presented in Sections 4.1 through 4.6 were taken

from linear regression curves drawn through all of the

respective data points tabulated here.

&

!.IRI



Test: Thermal Conductivity
Materials: T300 AFR800

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (@F) (Btu-ft/ft 2 -hr--F) Remarks

sF37-1 0 -69 - 0.295
F37-I 00 -30 0.341

F37-i 56 0.364

F37-1 00 60 0.486 " "

F37-1 00 65 0.854

F37-1 00 67 0.244

F37-1 00 70 0.611 1

F37-I 00 74 0.308

P37-I o 0 77 0.399
P37-I 00 81 0.3499

P37-I 00 82 0.301

P37-i 00 85 0.568

F37-1 00 91 0.552

F37-I 00 93 0.295
F37-I 00 96 0.434

P37-i 00 100 0.331

P37-1 00 101 0.491

F37-I 00 106 0.508

F37-I 00 112 0.487

F37-i 00 117 0.494

F37-I 00 118 0.529

F37-I 00 125 0.459 _

F37-i 00 130 0.524

F37-1 00 136 0.508

F37-i 0Q 136 0.385 _ ___

F37-I 00 145 0.529 i_

F37-1 00 150 0.481

F37-1 00 160 0.544,

37-1 00 164 0.557

F37-1 0Q 222 0.410



TeSt: - eP•al CondYuctivity
Materials: T300iAFR00 _ _- __ _ ' .... ___"_-

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number ration (Or) • (Btuft/ft 2 -hr-*F) Remarks
F37-1. 0 235 0.558

F37-1 04 291 0.463
F37-1 00 325 0.467

F37-1 00a 350 0.510

F37-2 00 -83 0.379

F37-2 0a -59 0.375

P37-2 00 89 0.564
F37-2 00 117 0.486

F37-2 00 144 0.536

F--F37-2 00 170 0.502

F37-2 00 217 0.551

"F37-2 00 279 0.515

F37-2 Qoo 354 0.643

F37-3 00 -75 0.294 .......

F37-3 0 -50 0.299

* -•aF37-3 00 -22 0.306 . .. . ........

F37-3 00 91 0.494

F37- 1 00 119 1 0.3933 _______

1F37-3 30 146 0.124

F37-3 173 0.431

F37-3 0° 222 0.443
* F37-3 00 273 0.479

F37-3 0i 334 3.503
F37-3 00 351 0.500

. .. ,, ,, . ... . .

_ _ _ _ _ _ _ _

* I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

"-__ ___'-• :2.........-" :r : L. ;-.;.:''"••••••v•o'...
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Test: Thermal Conductivityf Materials: T300 RS.OO

Fiber Thermal
"Specimen Orien- Temp. Conductivity

x Number tation (*F) (Btu-ft/ft 2 -hr--F) Remarks
F38-1 t450 -61 0.343

F38-I ±450 -50 0.373

F38-I ±450 61 0.288

F38-1 ±450 100 0.360

F38-I1 450 139 0.311 _

F38-I ±450 217 0.418

P38-1i ±450 300 0.429

F38-1 ±450 343 0.430
- I J ___

F38-2 ±450 -82 0.280

F38-2 ±450 -49 0.297

P38-2 ±450 90 0.374

F38-2 ±450 116 0.370

F38-2 ±450 142 0.370

F38-2 ±450 173 0.364

F38-2 4±450 221 0.396

F33-2 ±450 269 0.414

F38-2 ±450 323 0.447

,,:,
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Test: Wermal Conductivity
Materials: SiC/5506 ....... _____ _

Fiber Thermal
Specimen Orien- Temp. Conductivity° Nusd~oer tation" (OF) ... (Btu- ft/ft2-hr--F) Remarks

G1O-1 00 -102 0.456

GI0-1 00 - 48 0.567

GI0-1 00 88 0.512

G10-1 00 106 0.650

GI0-1 00 128 0.583

G10-1 00 156 0.623

GI0-1 00 182 0.602

GI0-I 00 238 0.581

GiO-I 00 290 0.626

G10-1 0O 339 0.608

G10-1 01 351 0.672 ........

G10-I 00 395 0.547

,.G10 -2 00 45 0.573 ,

G10-2 00 16 0,521K ,0,____ ,_ 0.579

G1O-2 00 88 0.579

G10-2 00 113 0.576

G1o-2 00 1I' 3 0.665

G10-2 0V 169 0.613

GI0-2 00 198 0.630

G10-2 0 241 0.636

G1O-2 00 293 0.645

G10-2 0 338 0.662

G10-2 00 376 0.630

4< . -.•...

I I 7 I I I I I I I I i iI- I



Test: Thermal Conductivity
Materials: HYE 2034D

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (OF) (Btu-ft/ft 2 -hr-F) Remarks
1H32-1 0 -61 0.410

1H32-1 00 -28 0.476

1H32-1 00 4 0.511

1H32-1 00 81 0.731

H32-1 00 iii 0.881

H32-1 00 139 0.588

IH32-1 00 177 U.856

H132-1 00 220 0.859

H32-1 00 268 1.019

"H32-1 00 313 1.031

H32-1 00 358 1.039

52-2 00 -768

IH32-2 00 -44 0.540

H32-2 0' 1 0.489

1H32-2 00 79 0.648

1H32-2 00 104 0.1926
1H32-2 0' 135 0.908

1132-2 0' 166 0.787

1132-2 0' 212 0.874

;H32-2 0' 262 0.937

P 132-2 Oo 306 0.943

I i 132-2 0' 352 0.972

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _. . ..__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



Test: Thermal Conductivity
J.Materia1g:_- H.E 2034D_ _

Fiber Thermal

Specimen Orien- Temp. Conductivity
Number tation ( 0 F) (Btu-ft/ft 2 -hr-OF) Remarks

H32-3 _ 00 -57 0.643 . .. 1

IH32-3 00 -35 0.633

H132-3 0o 8 0.701

1H32-3 00 81 0.771

H32-3 00 111 0.949

132-3 0o 136 0.758

H32-3 001 174 0.720

1132-3 00 217 0.735

32-3 00 264 0.788

32-3 00 312 0.841
.32-3 00 353 0.863

_ I _

. . - -,,,_ _,_ _ _ _ _ _ _ .,I

t -

V.K - .__._____ ___ ,_ _ ,



F Test: Thermal Conductivity
Materials: v 2034D.T Fiber Thermal

Specimen 0rien- Temp. Conductivity
Number tation ( 0 F) (Btu-ft/ft 2 -hr-9F) Remarks

V.37-1 1450 99 0_516..

1H37-1 450 113 0.625
H37-1 *45o0 il 0.507

H37-1 i45* 146 0.551

-H37-I *450 140 0.523
. H37-I 1-450 170 0.607

H37-1 ±450 170 0.629

1137-1 -450 199 0.563

1H37- +-450 235 0.594

H37-1 ±450 231 0.585

1137-1 ±450 286 0.596
1H37-1 *450 331 0.584

P37-1 339 0.603

H37-2 ±450 96 0.460
H37-2 *450

11030.60
-H37-2 *450 138 0.572

H37-2 *450 16 0.533
1137-2 *45* 192 ... 0.576
H37-2 ±450 228 0.555

1137-2 ±450 274 0.603

B37-2 t450 305 0.638

H37-2 ±450 366 0.555

H37-3 745- 80 0.703

1H37-3 ±45- 88 1.417

1137-3 *450 91 0.985
H37-3 -450 101 1.464 .........

" 1H37-3 ±450 ill 1.44

H37-3 ±40 125 1.238

1i7-3 *k450 196 0.764
H•37 3 •-•0 244 0.613

I -nn I I I



Test: THermal Conductivity
Materials. HyE 2034D _____i_.,_,._______

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (°F) (Btu-ft/ftZ-hr-GF) Remarks

U37- ±45" -2§6 Q. .... 2860. 377

H37-3 ±45- 326 0.330

H37-3 ±450 370 0.375

H37-3 ±450 55 0-257

H37-3 +455' 40 0.390

H37-3 1450 -130 1.093

• I.___ ____ ___i__ ____ ___ ____ ___ ___



"Test: Thermal Conductivity
Materials: T300/V378A

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (OF) (Btu-ft/ft 2 -hr-oF) Remarks

143-I .00 62 0.331

143-i .00 92 0.363

143-i 00 121 0.372
143-i 00 154 0.384

143-I 30 188 0.397

143-i 00 230 0.410

143-1 00 272 0.440

143-1 00 310 0.452

143-1 00 337 0.457

143-2 00 61 0.305

143-2 00 92 0.335
143-2 0* 123 0.346

143-2 00 157 0.331

143-2 00 235 0.396
43-2 00 235 0.398

143-2 00 276 0.399

143-2 00 316 0._408

143-2 00 339 0.419

143-3 00 -51 0.282

43-3 00 -20 0.116

43-3 00 -18 0.244

43-3 0__61 0.370

143-3 92 0,365
143-3 00 120 0.395
143-3 00 154 0.399

143-3 191 0.356
S[43-3 0°230 .. . 0.424

r43-3 0) 273 0.467

"143-3 312 0.436

-43-3 0 1 339 0.462



Test: Thermal Conductivity
Material$: T300 378A ... .

Fiber Thermal
Specimen Orien- Temp. Conductivity
Number tation (OF) (Btu-ft/ft2 -hr-*F) Remarks

144-i *450 -64 0.249

144-1 ±45- -39 0.242
144-i ±450 -19 0.249

144-i ±45- 72 0.225

144-1 145- 97 0.327

144-1 ±450 124 0.328

144-i 145- 121 0.318

144-1 t45- 123 0.320

144-1 t45- 149 0.329-

144-I ±450 195 0.335

144-1 t450 207 0.352

1144-i -450 255 0.354

144-i ±45- 280 0.363

144-i ±450 369 0.394
144-1 ±Z5- 367 0.287

144-1 145- 412 0.405
144-1 ±45° 436 0.414

_ __144-2 ±45- -82 0.273

144-2 ±450 -44 0.351

144-2 ±45- 18 0.388

144-2 ±450 119 0.32914-2 740 150.347
144-2 + 45'0 255 0.376. .... .

144-2 ±45- 368 0.432

±44-2 450 368 0.426
j 144-2 ±45- 435 0.462



N.,

Tet: ermal Conductivity
-Materials: T300/V378A

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (*IV) _(Btu-ftft2-hr-_ _ Remarks

144-3 +4511 -66 0.264
144-3 1-±45- -63 0.271

-144-3 ±45. -55 0.269

144-3 ±45- 9 0.290

144-3 *450 121 0.288

144-3 ±450 177 0.287 .....

144-3 ±450 260 0._343

144-3 ±450 374 0.367

144-3 ±45•o 418 0.376

144-3 ±450 447 0.383

__ _ __ _ _ _ __ _ __ _ __ _1..
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Test: Thermal Conductivity
Materials: HyE 1076J . ....

Fiber The rmal
Specimen Orien- Temp. Conductivity
Number tation (OF) (Btu-ft/ft 2 -hr- F) Reamarks

J33-1 *450 92 0.445

-33-1 ±450 124 0.507

J33-1 ±450 145 0.545

J33-1 ±450 214 0.578

J33-1 ±450 258 0.570

J33-1 ±45• 311 0.578

J33-1 ±450 341 0.601

J33-2 ±450 91 0.297

J33-2 *45O 116 0.429

J33-2 ±450 138 0.400
J 33- 2 F45. 203 .0.417
J •33-2 +45 - 248 0.471

j33-2 145"- 305 0.513

J33-2 ±450 334 0.453

J33-3 ±450 93 0.40)7

J33-3 ±450 120 0.493

J33-3 +450 145 0.460
J33-3 ±450 208 0.604
J33-3 ±450 260 0.563
3J33-3 305 0.572

F4 5 3050.570
J33-3 1450 343 0.580

J'3-3 145 0 -72 0.226

J33-3 ±450 -60 0 222

J33-3 ±450 -51 0 272 "'
tr 3 3 3  45- -25 0.273

i i~



_ Test: Thermal Conductivity
Materials: HyE 076J

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (OF) (Btu-ft/ft 2 -hr-*F) Rema.rks

J34-1 00 -75 0,418

J34-1 00 -47 0.397

J34-1 00 -26 0.397

J34-1 00 91 0.380

J34-1 00 Iii 0.416

'734-1 00 141 0.402
J34-1 00 211 0.432

J34-1 00 278 0.494

J34-1 00 324 0.480J34-1 00 335 0.519

7 J34-2 0° 5 0.393.....

J34-2 00 109 0.443

34-2 00 139 0.451

J34-2 00 187 0.453

J34-2 0Q 234 0.460

334-2 00 263 0.460

334-2 00 308 0.509

34-2 A 00 333 0.531

334-2 00 343 0.535

J34-3 06 91 0.425
E34-3 00 128 0.437

34-3 00 138 0.447

J34-3 0  205 0.483

34-3 00 269 0.488

34-3 00 312 0.518

"34-3 00 327 0.521

_ _ _ _ _ _



Test: Thermal Conductivity
Materials: G-160/6535-1 . .. ..

Fiber Thermal
Specimen Orien- Temp. Conductivity

Number tation (OF) (Btu-ft/ft 2 -hr-OF) Remarks
K20-1 00 81 0.397

K20-1 0 1 107 0.421

K20-1 0132 0.458
1K20-1 00 160 0.466

K20-1 00 217 0.509I _____ ______ _ _ _ ._ __ _ _ _ _ _ _ _ _

] 20-1 00 265 0.517

K20-1 00 311 0.509

K20-2 00 352 0.561

K20-2 0o 16 0.437

1K20-2 00 106 0.450

K20-2 00 133 0.456

1K20-2 0O 163 0.496

K20-2 00 -12 0.511
••iK20-2 0° 255 0. 580"

K20- 2 00 303 0. 743

R20-2 0o 342 0.619

K20-3 00 -25 0.113
K20-3 00 -25 0.•233

K20-3 f) o -19 0.208

1K20-3 00 -3 0.258

K,20-3 fa 85 0.357

K20-3 0_0 _ .1 0.388_
-<20--3 Oa 133 0.453

------ •K20-3 0•164 ... 0.479

1K20-3 00 217 0.641

K20-3 00 267 0.597

K20-3 0° 312 0.658

K20-3 00 347 0.665



Test: Thermal Conductivity
Materials: G-160/6535-1

Fiber Thermal

Specimen Orien- Temp. Conductivity
dumber tation (OF) (Btu-ft/ft 2 -hr-°F) Remarks
K40-1 +450 -62 0.395

K40-1 +450 -47 0.390

K40-1- +450 -21 0.426
K40-1 +450 107 0.435

K40-1 ±450 131 0.457

K40-1 ±450 161 0.509

K40-1 +450 256 0.496

K40-1 +45" 300 01659

i K40-1 ±+450 345 0.594

K40-2 ±450 80 0.395

1K40-2 +450 105 0.449

-K40-2 +450 133 0.437

1K40-2 ±450 162 0.459
1(40-2 +450 208 0.468

1K40-2 ±450 252 0.497

1K40-2 +450 297 0.546

K40-2 +450 344 0.516

1K40-3 +450 81 0.417

(K40-3 +450 109 0.438
1K40-3 +450 131 0.447

K40-3 +450 174 0.473

1K40-3 ±450 219 0.448

40- ±450 265 0.454

K40-3 -+450 311 0.513

K40-3 +450 350 0.521



APPENDIX N

GLASS-TRAkWSITION TEMPERATURE DATA

The glass-transition temperatures determined for the

materials characterized during this program are presented

here along with a typical loss-modulus vs. temperature
trace, from which the T 's are determined by DMA.

ii
A-



GLASS TRANSITION TEMPBRATURE

Dry Wet,

Material (4) (4)

T300/AFR800 468 381

SiC/5506 394 293

HyE 2034D 430 342

T300/V378A 2  702 702

H.yE 1076J 518 493

SG-160/6535-1 .507 471

1Specimen exposed to 160OF (711C) and 100% R.H. until it
reached equilibrium weight gain.

2 This material gained weight very rapidly during humidity
aging. If it dried just as rapidly also, the specimen
may have been completely dry by the end of the test,
hence, the wet value indicated may actually have been
for a dry material.

Ai
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I APPENDIX 0

HUMIDITY AGED TENSION DATA

All of the tensile data generated during this program on

specimens which had been humidity aged at 1600? (71iC) and

100% R.H. are presented in this section. Summaries of these

data are tabulated and plotted in the form of stress-strain

curves in Sections 4.1 through 4.6.
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APPENDIX P

HUMIDITY AGED COMPRESSION DATA

All of the compression data generated during this program

on specimens which had been humidity aged at 160*F (71 0 C) and

100% R.H. are presented in this section.

Summaries of these data are tabulated and plotted in
the form of stress-strain curves in Sections 4.1 through

4.6.
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APPENDIX Q

HUMIDITY AGED INTERLA-MINAR SHEAR DATA

All of the interlaminar shear data generated during this

program on specimens which had been humidity aged at 160OF (7l 0 C)

and 100% R.H. are presented in this section. These data are

summarized in Sections 4.1 through 4.6.
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Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160 0 F and 100% R.H.

Materials: T 3ra/nAF R80 . L/D Ratio: 4/1
Test Ultimate Exposure Weighý

Specimen Temp. Strength Time Gain
Number I*F) -(si) (Hrs) (%) Remarks

F21-4 .72 15-86 _. _2_L Q0.63 50% saturation

P21-5 72 16.66 27 0.62 50% saturation..

P21-13 72 ±6.62 27 0.62 50% saturation

P21-19 72 15.35 27 0.80 50% saturation

F21-21 72 14.73 27 0.54 50% saturation

P21-25 72 15.45 27 0.83 50% saturation
IF21-32 72 14.54 27 0.42 50% saturation

F21-34 72 16.27 27 0.65 50% saturation
F21-37 72 16.31 27 0.92 50% saturation

F21-38 72 14.90 27 0.63 50% saturation

Axvg. 15.64 0.67

Std. Day. 0.79 0.15

IF21-47 _" 27 0.52 50% saturation

F21,50 260 __._ 11.19 27 0.77 50% saturaticn

,V21-62 260 10.03 27 1.06 50% saturation

jF21-63 260 10.25 27 0.82 50% saturation

P21-70 260 10.68 27 0.72 50% saturation

Avg. 0.56 0.78
_Std. Da. 0.43 0.19

S-_ __.__ 4  i
.] -.. .-- - -•_ _- _ _ _

- .7 I _ _ _ _ _ _



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials : p300!AFRISQ L/D Ratio: 4/1

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain

Number ( 0 F) (ksi) (Hrs) (%) Remarks

F21-1 72 14.12 1216 . 01 saturation

F21-8 72 14.75 1236 1.17 saturation

F21-17 72 13.65 1286 1.19 saturation
F21-22 72 14.57 1206 1.33 saturation

F21-29 72 13.34 1236 1.37 saturation

F21-31 72 13.33 1286 1.55 saturation

IF21-40 72 14.14 1286 1.02 saturation

F21-42 72 13.37 1286 1.33 saturation

F21-52 72 12.35 1206 1.351 saturation

F21-59 72 12.92 1286 1.26 saturation

Avg. 13.70 1.26
SStd. Day. 0.64 0.17

1F21-2 260 7.41 1286 i saturation

F21-28 260 7.52 - 1286 1.31 Isaturation

j F21-30 260 7.33 1286 1.36 saturation

F21-39 260 7.43 1286 1.96 saturation
F21-60 260 7.63 126 19 saturation

Avg. 7.47 1.24
Std. Dev. 0.10 0.18

I_ _ _ _ __ __

1 __ _ _ _ _ _- _ _ __ _ _ _ I

I - - .



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160*F and 100% R.H.

Materials: SIC/5506 __L/D Ratio: 4/1

Test Ultimate Exposure Weighý
Specimen Temp. Strength Time Gain

-Number ( OF) (ksi) (Mrs) M (%) Remarks
G38-7 72 11.09 384 0.65 50% saturated

G38-15 72 11.07 384 0.45 50% saturated

G38-19 72 11.53 384 0.72 50% saturated

G38-27 72 11.875 384 0.49 50% saturated

G38-37 72 12.06 384 0.64 50% saturated

138-47 72 11.59 384 0.69 50% saturated

G38-49 72 11.77 384 0.71 50% saturated

G38-52 72 ....49 384 0.66 50% saturated

G38-55 72 11.76 384 0.65 50% saturated

fG38-64 72 11.85 384 0.66 50% saturated

Avg. 11.61 0.63

G310 _E_260 6.30 38 0.:51 % saturatedIG38-21 260____ 6.98 384 0.90 150% saturated
G38-43 260 7.00 384 0.63 150%_saturated

G38-59 260 6.67 384 0.67 50% saturated

G38-66 260 6.98 384 0.63 50% saturated

Avg. i6.79 0.67

Std. Dev. 0.30 0.14

i *1

I ---.. -.--- . ... _______ ... . ________-___

*1 186 6•_69 8 . 35%saute

I 'cg __ __ 79______67

___ _ ,-,.-..... . __dDe_._____0_30__.14

I I 
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Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 1601F and 100% R.H.

Materials: qiC/55rn(' LiD Ratio: 4/1

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain
Number (OF) (ksi) (Hrs) (%) Remarks

G38-3 72 10.85 240 1.06 saturation
G38-14 72 10.74 240 0.92 saturation

G38-22 72 12.46 240 1.85 _ _aturation

G38-26 72 12.56 240 1.49 saturation

G38-32 72 12.57 240 0.88 saturation

G38-34 72 12.57 240 0.90 saturation

1G38-35 72 12.57 240 1.06 saturation

1G38-38 72 12.59 240 0.87 saturation
G38-46 72 12.08 240 0.93 saturation
G38-50 72 12.16 240 0.96 saturation

G38-65 72 11.57 240 0.84 saturation

Avg. 12.06 1.07

Std. Dev. 0.70 0.31

G38-18 260 7.25 335 1.02 Isaturation

G38-29 260 7 14 335 0.96 saturation

G38-42 260 7.04 335 1.47 saturation

G38-53 326 7.01 335 1.07 saturation

G38-62 1 260 7.31 335 0.93 saturation

Avg. 7.15 1.09

Std. Dev. 0.13 0.21

.............. _ .
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Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160*F and 100% R.H.

Materials: HYE 2034D L/D Ratio: 4/1

Test Ultimate Exposure Weigh•
Specimen Temp. Strength Time Gain

Number (HF) (ksi) - (Hrs) (%) Remarks

H31-9 72 7.36 167 0.77 50% saturated
H31-13 72 7.64 167 0.65 50% saturated
H31-23 72 7.24 167 0.72 50% saturated

-31-27 72 6.89 167 0.84 50% saturated

H31-32 72 6.44 167 0.67 50% saturated
731-52 72 6.59 167 0.73 50% saturated

H31-60 72 7.13 167 0.70 50% saturated
H31-61 72 6.67 167 0.79 50% saturated
H31-43 72 7.32 167 0.68 50% saturated
H31-33 72 6.91 167 0.60 50% saturated

Avg. 7.02 0.72

Std. DeV. 0.38 0.07

H31-4 260 5.87 167 0.72 50% saturated
H31-11 260 5.33 167 0.55 50% saturated
H31-15 260 5.50 167 0.60 50% saturated

H31-62 260 5.46 167 0.92 50% saturated
H31-45 260 5..Z 167 0.76 50% saturated

Avg. 5.5o 0.71

Std. Dev. .20 0.15

-I ---------

__ _ -..... ......... __................. _ _.._ _ _1.........1 ....•T••• ••r•.•
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Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials: -BYE 20_4 _ L/D Ratio: 4/1
Test Ultimate Exposure Weight

Specimen Temp. Strength Time Gain
Number (OF) (ksi) (Hrs) (%) Remarks

H31-6 722 4 145 saturated

H31-14 72 7.29 862 1.15 saturated

SH31-18 72 7.35 862 1.26 saturated

H31-25 72 7.68 862 1.66 saturated

H31-26 72 6.99 862 1.51 saturated

H31-29 72 6.39 862 1.63 saturated.

H31-31 72 7.35 862 1.38 saturated

H31-38 72 7.16 862 1.33 saturated

H31-39 72 7.08 862 1.36 saturated

H31-50 72 7.43 862 1.19 saturated

Avg. 7.21 1.39

Std. Dev. 0.35 0.17

H31-37 260 4.32 862 1.26 saturated

H31-58 260 4.14 862 1.33 saturated

H31-65 260 4.16 862 1.30 saturated
H31-63 260 3.69 862 1.67 saturated

1H31-67 260 4.14 862 1.31 saturated

Avg. 4.09 1.37

Std. Dev. .24 0.17 .

1. __



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials: 300/3781 L/D Ratio: 4/1 .

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain

Number (OF) (ksi) (Hrs) (%) Remarks

I 15-5 720 14.40 <480 0.79 50% saturation

I 15-11 720 13.45 <481 0.86 50% saturation

I 15-15 720 13.67 <481 0.85 50% saturation

i 15-19 720 14.16 <481 0.81 50% saturation

I 15-23 720 13.86 <481 0.70 50% saturation

I 15-30 720 14.03 <480 0.74 50% saturation

I 15-44 72V 14.33 <481 0.46 50% saturation

I 15-46 720 13.96 <481 0.76 50% saturation

I 15-50 720 14.19 <481 0.65 50% saturation

I 15-52 720 13.88 <48L 0.81 50% saturation

Avg. 13.99 0.74

8td. Dev. 0.29 0.12

I 15-54 3500 8.71 <4g' 0.f5 5O% tirmtinn

I 15-57 3500 8.69 <481 0.72 50% saturation

I 15-60_ 3500 7-84 <4 0.74 50% saturation

I 15-72 3500 9.70 <481 0.77 50% saturation

I 15-73 3500 9.59 <481 0.74 50% saturation

Avg. 8.91 0.72

Std. Dev. 0.76 0.05

iSpecimens gained we ght so rapidly that they were already

saturated at first *eighing (4 hrs.). They were dried in

a dessicator at 720 f and 0% R.H. for 116 hr. to reach weight
gain indicated.



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 1600F and 100% R.H.

Materials: T30/V378A L/D Ratio: 4/1
Test Ultimate Exposure Weight

Specimen Temp. Strength Time Gain
Number (0 F) (ksi) (%) Remarks

1I 15-3 720 14.49 138 1.17 saturated

1 15-7 720 13.60 138 1 22 saturated

I 15-22 720 14.47 138 1.29 saturated

I 15-31 720 14.53 138 0.94 saturated

I 15-33 720 14.24 138 1.32 saturated

I 1 15-35 720 14.47 130 1.27 saturated

1 15-36 720 14.61 ilia 1.23 saturated

1 15-40 720 13.99 138 1. 17 saturated
I 15-42 720 15.04 138 1.27 saturated

15-48 72° 14.18 138 1.12 saturated

Avg. 14.36 1.20

Std. Dev. 0.39 0.11

1 15-51 3500 2114 13Q 1.15 saturated

I 15-53 3500 7.32 13 1.20 saturated

I 15-55 3500 7.55 13C 1.11 saturated

I 15-52 350° 7.04 138 1.22 saturated
1 15-77 3500 7.39 130 1.44 saturated

_Avg. 7.49 _ __.24

Std. Dev. 0.41 0.13



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 160OF and 100% R.H.

Materials:HVE 1076J L/D Ratio: 4/1

Test Ultimate Exposure Weighý
Specimen Temp. Strength Time GainNumber ( 0 F) (ksi) (Hrs) (%) Remarks

J26-20 72 9.62 188 .38 50% saturated
J26-25 72 11.27 188 0.54 50% satugated

J26-28 72 10.58 188 0.73 50% saturated

J26-58 72 12.87 188 0,.30 50% saturated

J26-68 72 15.17 188 0.77 50% saturated

J26-71 72 13.41 188 0.51 50% saturated

J26-79 72 11.17 188 0.53 50% saturated

J26-36 72 12.61 188 0.51 50% saturated

J26-50 72 10.14 188 0.42 50% saturated

J26-62 72 11.91 188 0.82 50% saturated

Avg. 11.88 0.55

SStd. Dev. 1.68 0.17

IJ26-31 260 6.45 188 0.65 50% saturated

J26-43 260 7.06 188 0.98 50% saturated

J26-45 260 9.43 188 0.34 50% saturated

J26-55 260 9.92 188 0.37 50% saturated

J26-75 260 9.34 188 0.84 50% saturated

__-v __- 8.44 0.64

Std. Dev. 1.57 0.28

I04



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 1600F and 100% R.H.

Materials: HyE i076J L/D Ratio: 4/1

Test Ultimate Exposure Weight
Specimen Temp. Strength Time Gain

Number (OF) (ksi) M(Hrs) (%) Remarks

J26-ll 72 13.41 1,675 0.98 saturated

J26-24 72 11.42 1,675 1.02 saturated

J26-32 72 9.42 1,679 1.16 saturated

J26-42 72 10.39 1,675 0.91 saturated

J26-47 72 12.59 1,675 1.03 saturated

J26-60 72 11.67 1,675 0.99 saturated
IJ26-65 72 11.02 1,675 1.17 saturated

J26-72 72 14.04 1,675 1.14 saturated

J26-82 72 14.11 1,675 1.28 saturated

J26-87 72 11.70 1,675 1.45 saturated

Avg. 11.98 1.11

Std. Dev. 1.55 0.16

IJ26-15 26Q 6.44 1i625 1.,1 saturated

J26-39 260 6.64 i.675 1.15 Isaturated
J26-54 260 6.62 1,675 1.24 saturated
J26-63 260 6.72 1,675 1.17 saturated

J26-76 260 7.78 1,675 1.28 saturated

rAvg. 6.84 1.21

Std. Dev0 0.54 0.05

rI



Test: Interlaminar (Short-Beam) Shear After Environmental
Aging at 1600F and 100% R.H.

Materials: -316016535i-1 L/D Ratio: 4/1

Test Ultimate Exposures Weight!
Specimen Temp. Strength Time Gain

Number (OF) (psi) (Mrs) (%) Remarks

K18-7 72 13.56 91 0.50 50% saturated

K18-9 72 14.05 91 0.60 50% saturated

K18-11 72 14.65 91 0.68 50% saturat-ed

K18-19 72 14.46 91 0.60 50% saturated

K18-33 72 13.79 91 0.47 50% saturated

1K18-40 72 13.97 91 0.42 50% saturate 1

K18-50 72 13.70 91 0.48 50% saturated

K18-54 72 15.08 91 0.54 50% saturated

K18-59 72 14.82 91 0.64 50% saturated

K18-61 72 14.56 91 0.60 50% saturated

Avg. 14.26 0.55

Std. Dev. 0.52 0.08

IK18-21 260 8.40 91 0.63 50% saturated

""K8-36 260 8.97 91 0.55 50% saturated
K18-42 ...... 260 9.86 91 0.56 50% saturated

K18-56 260 9.44 91 0.44 50% saturated
K18-60 260 9.76 91 0.59 50% saturated

Avg. 9.28 0.56

t-f. Dev. 0.60 0.07

_ _ _ __ _ I _ _'P-_ _ _ _ _ _ _

_ _ _ _ 4 _ _ _ _ _4 - I_ _ _

- _ __i~t.__

__it___
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Test: Interiaminar (Short-Beam) Shear After Environmental
Aging at 1600F and 100% R.H.

Materials: -1/a/6535-I LiD Ratio: 4/1
Test Ultimate Exposure Weighý

Specimen Temp. Strength Time Gain
Number (OF) (psi) (Hrs) (%) Remarks

K18-3 72 12.00 1530 1.20 Sat3rated

K18-5 72 10.99 1530 1.12 Saturated

K18-13 72 11.83 1530 1.17 Saturated

R18-17 72 12.56 1530 0.99 Saturated

K18-24 72 12.77 1530 1.38 Saturated

K18-27 72 12.62 1530 0.84 Saturated
K18-30 72 11.46 1530 1.15 Saturated

K18-43 72 12-81 1530 1.20 Saturated

K18-53 72 12.96 1530 1.24 Saturated

(K18-58 72 13.28 1530 1.25 Saturated

Avg. 12.33 1.15

Std. Dev. 0.73 0.15

j K18-4 260 6.28 1530 1.05 Saturated

K•j8-8 260 6.5C 1530 1.23 Saturated

K18-15 260 6.57 1530 1.03 Saturated

K(18-29 260 6.57 1530 1.26 - Saturated
1K18-39 260 6.62 1530 1.65 Saturated
Avg. _ _ _ . 6.51 _ _ __ 1.13 _ _ __ _ _ _

Std. Dev. 0.14 0.11

.jj.i_ __ - - _ __ _1-
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