l

INFLUENCE OF FIBER AND MATRIX
VARTABLES ON THE FATIGUE AND CREEP
CHARACTERISTICS OF HYBRID COMPOSITES
Final Report
(April 1, 1976 to July 31, 1976)

November 1977
by

K. E, Hofer, Jr.
L. C. Bennett

Q

IIT Research Institute

for
Department of the Navy
Naval Air Systems Command
Washington, D.C. 20360

CODE AIR-52032D

Approved For Public Release
Distribution Unlimited .

DEPARTMENT OF memtfsﬁT
PLASI‘!CS TECHN!CAL EVALUATIOH CE:! ER
lRRADCOM, DOVER, N. J. 0780

11T RESEARCH INSTITUTE

HgeT L L

DTIC QUALITY INGPECIED §

e e

LAY

o~

2,

ht

<Al




LIS O, . i e . - . e —

S S [T -

e e

. ¥NSG D14 DROLS PROCESSING - LAST INPUT IGNORED

_ ¥M3G DT DROLS PROCESSING-LAST INPUT IGNGRED

- 1 (F 3

-- - ¥xxDTIC DOES NOT HAVE THIS ITEMxxx
-= 1 - AD NUMBER: D429137

== 5 - (ORPORATE AUTHOR: IIT RESEARCH INST CHICAGO IL
-

- - UNCLASSIFIED TITLE: INFLUENCE OF FIBER AND MAT QIX VARIABLES ON
-- THE FATIGUE AND CREEP CHARACTERISTICS OF MYBRID (OMPOSITES.

5 - DESCRIPTIVE NOTE: FINAL REPT.,

--10 - PERSONAL AUTHORS: HOFER,K. E. , JR.IBENNETT ,L. L.

- REPORT DATE: NV, 1977

--12 - PAGINATION: 93p

=14 - REPORT NUMBER:  D6120

==15 - CONTRACT NUMBER: N00013-75-C-0470

--20 - REPORT CLASSIFICATION: UNCLASSIFIED

--22 - LIMITATIONS (ALPHA):  APPROVED FOR PUBLIC QEL:A:E DISTRIBUTION
.- UNLIMITED. riinieintetomstemmimsbuinsimasiniai : :
--33 - LIMITATION CODES: ! S

-=XXXFIXX




{

j
- O EE B O W A O e o O o = o o o o gh e W

|

IIT Research Institute
Technology Center
Chicago, Illinois 60616

Final Report

INFLUENCE OF FIBER AND MATRIX
VARTABLES ON THE FATIGUE AND CREEP
CHARACTERISTICS OF HYBRID COMPOSITES

Contract No. N00019-76-C-0470

Prepared By

K.E, Hofer, Jr.
L.C. Bennett

IIT Research Institute

for

Department of the Navy
Naval Air Systems Command
Washington, D.C. 20360

November, 1977




UNCLASSIFIED ;

SECURITY CLASSIFICATION OF TKIS PAGE (Whan Data Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATlON PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
4. TITLE (and Subtitle) . 5. TYPE OF REPORTY & PERICD COVERED

Influence of Fiber and Matrix

Variables on the Fatigue and Creep Final Technical Report

Characteristics of Hybrid Composites &'WR“mmB%Tgam”“T““mER .
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
K.E. Hofer, Jr. and L.C., Bennett N00019-75-C-0470
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

IIT Research Institute

10 W. 35th Street
Chicago, Illinois 60616

11. CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATE
Naval Air Systems Command | _November, 1977
Washington, D.C, 20360 B ”WWER°‘5§°“
14, MONITORING AGENCY NAME & ADDRESS(i{ different from Controlling Ofiice) 15. SECURITY CLAS_S.V(‘OI th_lc report)
N.A Unclassified
o bde 15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

6. DISTRIBUTION STATEMENT (of thie Repor?)

Approved For Public Release, Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

N.A.

18. SUPPLEMENTARY NOTES

N.A.

18. KEY WORDS (Continue on reverae side If necessary and identify by block number)
i posites, Hybrid Cempesites, Riber-Reimfereed—— | <%
Rlasties, GraphéEeAELbe%s, Glass—Fibexs, Fatigue, Creep, Sredrmg T

Env1ronmeﬂ;a1 Conditioning, Thorret—300 Graphlte/ e
Laminatesy” Moisture Weight Gain. ﬁépV7AJQL”, £ poxy 5205

20: ABSTRACT. (Continue on'reveroe aide if necessary and identify by block number)

The study described herein was conducted to establish
the effect of simultaneously applying a hostile (high
humidity) environment and fatigue stress cycling on the
mechanical response of glass/graphite/epoxy hybrid com-
posites. The effect of prolonged tensile loading on the
strength of these hybrids was also investigated.

Db , 525‘!13 1473 EDITION OF 1 NOV 65 1S OBS:OLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

i

i
4
4
4
|
¢
]
i
'
|
[
:
¢
’
'
;
¢
'
i




SECURITY CLASSIFICATIOH OF THIS PAG‘-'(Whan Date Entered) *

Comparison between the results of this program and a
similar prior program were made in an effort to correlate
the effect of stacking sequence on the fatigue resistance
of hybrid composites.

The results indicate that the tensile fatigue resistance
of hybrid composites increase over unexposed composites.
The elastic moduli of the hybrids investigated remained
constant over the range of 103 to 2x10% cycles. The re-
sidual strength reduced with cyclin? and a substantial
and definable increase in Poisson's ratio Wlth stress
cycling was noted.

N an e w4 W I WP WO N0 N G & W W

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

ii




FOREWORD

This technical report was prepared by the Mechanics
of Materials Research Division of the IIT Research Institute,
Chicago, Illinois. The authors include K, E, Hofer, Jr.
responsible for overall program management and acting as the
principal investigator, L, C. Bennett, responsible for the
fatigue testing aspects of this effort. Other supporting
staff for this effort include Renard Porte, creep testing
engineer and T. Todner, composite fabrication.

The effort described was conducted in support of
materials studies for the Naval Air Systems Command during
the period April 1, 1976 through July 31, 1977,

M. Stander (AIR 52032D) was the program monitor on behalf
of the Naval Air Systems Command,

This report was submitted by the authors November,
1977.
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SECTION I

1.0 INTRODUCTION

The objective of this program was to establish the
interaction of high-humidity, stacking sequence and fatigue
stresses on the mechanical behavior and creep characteristics
of hybrid graphite/glass/epoxy composites suitable for
application to the stringent requirements of Naval Aircraft.

The fatigue test program is shown in Table I. It shows
the various environmental preconditioning treatments which
are purportedly degradative to advanced fiber/epoxy composites.
Table II presents the creep test program which was aimed at
establishing the long term resistance of graphite/glass/epoxy
hybrid composites to sustained mechanical loads,

1T RESEARCH INSTITUTE
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TABLE II CREEP AND STRESS RUPTURE PROGRAM
FOR GRAPHITE/GLASS HYBRID COMPOSITES

DRY AT 70°F
ORIENTATIONS

Hybrid
Type 0° Quasi-Isotropic

RT RT
1:1
1:2 5 5
2:1 5 5

11T RESEARCH INSTITUTE
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SECTION II

2,0 MATERIALS AND FABRICATION

It was important in this program to utilize materials
which would form the basig of comparison for the results of this
current study. Hofer (1)W utilized a material of current in-
terest T-300/Narmco 5208 prepreg and it was decided to use this

material for the studies described herein.

The complete ternary system was T-300 Graphite/S-Glass
rovings/Narmco 5208. 1In an earlier study by Rao and Hofer(z)
the importance of properly interleaving the layers of glass
prepreg and graphite prepreg was demonstrated and this process
was followed in this study as well as that of reference 1.
Although it had been shown that the cost effectiveness of glass
is best realized when the stiffer graphite prepreg layers are
utilized as the surface plies there were indications that glass
outer layers would afford some protection for the inner graphite
plies and hence one of the purposes here was to investigate the
effect of alternative stacking sequences on fatigue and creep
life. This had the unfortunate side effect that some of the
composites were constructed in the core-shell manner with in-
creased shear stresses at the glass to graphite transitions
between plies.

Table III shows the ply stacking sequences used for the
basic and hybrid composites used in the fatigue and creep
studies (see Tables I and II) and the ply stacking sequences
previously studied in reference 1.

* Numbers in parenthesis refer to the references
section at the end of this report.

I'T RESEARCH INSTITUTE
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TABLE III
' MATERIAL AND “STACKING ARRANGEMENTS FOR THE BASE
AND HYBRID COMPOSITES MATERIALS USED
' IN THE FATIGUE AND CREEP TEST PROGRAMS
' Plate Graphite/Glass Ply by Ply Orientation
Type Ratio No. For Hybrid Composites R=Graphite;
. L=Glass
0° 1:1 8 [OL/OR/OL/OR/OR/OL/OR/OL]
' 2:1 6 [OL/OR/OR/OR/OR/OL]
l 1:2 6 [OL/OL/OR/OR/OL/OL]
Q.I" 1:1 8 [+ 45 L/OR/90R/90R/OR/F 45L]
| 2:1 12 [+ 45 L/OR/90R/90R/OR/OR/9O0R/9OR/
OR/+ 45 L]
l 1:2 12 [+ 45 L/OR/90R/90L/OL/OL/90L/90R/
OR/+ 45 L]
l 0° 0:1%%* 6 [0/0/0/0/0/0]
1:0%% 6 [0/0/0/0/0/0]
' 1: L¥k% 8 [OR/OL/OR/OL/OL/OR/OL/OR]
2 T¥kk 6 [OR/OL/OR/OR/OL/OR]
I 3 1kdk 8 [OR/OL/OR/OR/OR/OR/OL/OR]
l 90° 0: L¥sk 8 [90/90/90/90/90/90/90/90]
1:0%% 8 [90/90/90/90/90/90/90/90]
l 1; 1%%* 8 [90R/90L/90R/90L/90L/90R/90L/90R]
2; 1%k 9  [90R/90L/90R/90R/90L/90R/90R/90L/90R]
' 3:1kkk 8  [90R/90L/90R/90R/90R/90R/90L/90R]
Q.I.” 0 Lk 8 [0/45/135/90/90/135/45/0]
| 1; Qe 8  [0/45/135/90/90/135/45/0]
1 1w 8 [OR/45L/135L/90R/90R/135L/45L/0R]
l 2; Lo 12 gy GOR(45L,/135L/S0R/OR/ R/90R/135L/451/
3: Lk 16  [OR/90R/OR/90R/45L/135L/90R/OR/
l OR/90R/135L/45L/90R/OR/90R/0R]

* Quasi Isotropic, ** Data Already Available
*% Fatigue Data Available, ref. 3 -5-
' *%% Fatigue Data Available, ref. 1




The 1:1 quasi-isotropic hybrid is of the core-shell
type with four + 45° glass plies and two transitional zones
of glass to graphite or vice versa. The ratio of 0° graphite
to 90° graphite is 1:1., Previous studies had the same ratio
of graphite to glass with four transitional zones thus being
of the true interleaving type.

The 2:1 quasi-isotropic hybrid also contains four + 45°
glass plies, has two transition zones and a ratio of 0° graphite
to 90° graphite of 1:1.

The 1:2 quasi-isotropic hybrid has the 1:1 ratio of 0°
graphite to 90° graphite, four + 45° glass plies, four transition
zones, The ratio of 0° glass to + 45° glass is 0.5:1.

Complete details of the fabrication process are described
in Appendix I to this report.

1IT RESEARCH INSTITUTE
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SECTION TII

3.0 ENVIRONMENTAL EXPOSURE

The most important single variable in the Naval environ-
ment has been shown to be the presence of moisture. Moisture
degrades most of the epoxy resins useful for composite laminates
at elevated temperatures as has been repeatedly demonstrated
in the literature (1, 4, 5, 6, 7, 8, 9).

These degradatory mechanisms have serious implications
wherever advanced composites either single fiber types or
hybrids are employed. For this reason the effects of both
long term moisture exposure and of the degradation that takes
place when the humidity is coupled with temperature becomes
important.

This program employed steady-state exposure to 98% relative
humidity and 165°F temperature for 300 hours to simulate
typical moisture absorbtion levels commensurate with saturation
at high humidity locale for aircraft. No attempt was made to
define a precise moisture level based on this specific composite
material at a specific locale. However the exposure used is
simular to that producing saturation levels in AS3501-5 after
20 years, the last year, of which, is spent in Guam (a high
humidity locale).

The specimens which were subjected to humidity exposure

were prepared as follows:

1) All specimens were finish machined and the
tabs were bonded prior to initiation of the
preconditioning treatment. For room tempera-
ture tests subject to prior humidity con-
ditioning the adhesive was FM 1000.




2) The samples were then coated with Navy
specification epoxy primer and poly-
urethane topcoat on the sides and all
edges as well as the tabs of the speci-
mens. The materials used were identi-
fied as primer: Epoxy, Polyamide. Top-
coat: Polyurethane, Component(l) 8010-
00-181-8150 base, Component(2) 8010-00-181-
8150 hardener.

3) The samples were individually weighed
prior to insertion in the chamber.

4) Each sample was arranged in stainless-
steel holding trays in the chamber to
permit maximum exposure to the moisture-
laden air as it rose from the heated
basin below the samples.

These steps were followed to permit rapid testing of the
samples after removal from the chamber. Upon removal from the
chamber, the specimens were reweighed and the moisture weight
gains were noted. The tests generally could not be performed
immediately due to machine unavailability, and therefore the
samples were sealed in a protective wvinyl, moisture proof
container and restored in the chamber. These samples were
then reweighed, prior to testing, to determine if moisture loss
had occurred. Generally no moisture was lost in this way.

The steady state exposure of the T-300 Graphite/S-Glass/
Narmco 5208 Hybrid resulted in moisture pickup by the exposed
coated samples. Figure 1 shows the moisture pickup versus

oo
time for a similar material .

* AS3501-5A
11T RESEARCH INSTITUTE
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Figure 1.

Time of Exposure, Days

MOSITURE ABSORBTION OF GRAPHITE/EPOXY
COMPOSITE DURING EXPOSURE TO 165°F/98%
RH (AS3501-5A)
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4,0 FATIGUE BEHAVIOR OF HYBRID COMPOSITES

The fatigue testing program described in Table I was
performed using an SF-1-U Sonntag Universal Fatigue Testing
Machine. The frequency of cycling was 30 Hertz (1800 cpm).
All materials were tested in a Tension-Tension load cycle
(R = 0.1) where

R = Minimum Stress per Cycle
Maximum Stress per Cycle

All specimens were bagged using a polyethylene bag
throughout the fatigue testing, so as to prevent the loss of
moisture occurring during the fatigue test due to test arti-
facts such as specimen heatup, etc. The overall individual
fatigue specimen test results are given in Appendix II to
this report (see Table VIII and Figures 27 to 38).

Figure 2 shows the behavior of T-300 Graphite/101l4 S-Glass/
Narmco 5208 hybrid composites with a 1:1 (graphite-to-glass)
ratio before and after exposure to the high-humidity environ-
ment described in Section 3.0. This data was the only data
showing a decrease in the fatigue resistance with prior moisture
saturation, For most cyclic life levels a decrease of from
5 to 10% was shown. Here the outer layers of the 0° hybrid
composite were glass. In an earlier study (1) a similar com-
parison for 0° hybrid (also T-300 Graphite/1014 S-Glass/Narmco
5208) but with the graphite on the outer plies, a 107 increase
in fatigue resistance was shown for a 50% graphite 0° hybrid
with moisture absorbtion. Moisture weight gains were of the
order of 1.0 to 1.27% by weight in the current study. This
corresponded closest to those levels in reference 1 at 1000 hrs/
120°F/98% RH. Furthermore the wet stresses at every cyclic life
level for both stacking sequences, namely

[OL/OR/OL/OZR/OL/OR/OL] - current study

11T RESEARCH INSTITUTE
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and [OR/OL/OR/O,L/OR/OL/OR] ~ref 1

were virtually identical at the 1% moisture absorbed level.
The two unconditioned fatigue resistances varied con-
siderably with that of the current study being vastly
superior. Such comparisons of unconditioned samples may be
of academic interest only however.

Figure 3 presents a comparison of the dry versus wet
fatigue resistance for a 2:1 (graphite-to-glass) hybrid com-
posite. Again the glass layers are on the outside of the
composite. The wet fatigue resistance here is about 10% greater
than the corresponding dry strength. A comparison of this

stacking sequence,
[OL/OAR/OL]

with that in reference 1,
[OR/OL/OZR/OL/OR]

shows that the wet hybrid at the 17 moisture absorbed level
performs about the same for both stacking sequences. However,
the dry fatigue resistances are considerably different. One
characteristic appears in both studies., More curvature in the
fatigue S-N diagram is apparent for the dry composites than in
the case of the wet composites.

Figure 4 shows a comparison of a high glass percentage
hybrid in both the wet and dry condition. Here the difference
is striking with approximately a 25% increase in fatigue re-

6 7

sistance wet at cyclic life levels of 10~ to 10° cycles.,

Furthermore the wet high cycle fatigue strengths of the 337%
graphite hybrids are only about 5% less than those for wet 677%
graphite hybrids. Cost savings would be more significant than
for the highly directional composites.

11T RESEARCH INSTITUTE
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For the 507 (graphite) quasi-isotropic composites the
outer plies were +45° glass. There was no essential difference
in the fatigue resistances of the wet or dry composites as is
clearly shown in Figure 5. Again a comparison with the results
of reference 1 were made. The two stacking sequences were:

[i45L/OR/902R/OR/$45L] ~ current study
and [OR/+45L/90,R/+45L/0R] - reference 1

The results showed no difference in fatigue behavior wet or

dry or in either stacking sequence. This particular composite
type had the most consistent behavior for the two stacking
sequences either dry or at the 1% moisture absorbed level.
Since the 1l:1 quasi-isotropic composite delaminated severely
under fatigue the conclusions of reference 1, namely that under
moisture attack the matrix is most seriously affected and early
so that the 0° plies which are all graphite begin to assume

the principal share of the cyclic tensile loads remains viable,
Furthermore, this load redistribution occurs regardless of the
outer-inner location of the 0° graphite plies.

Figures 6 and 7 present similar results for 2:1 and 1:2
(graphite-to-glass ratios) hybrid composites of the quasi-
isotropic types. The 2:1 quasi-isotropic hybrid can also be
compared with another stacking sequence. Thus;

[iASL/OR/902R/02R/902R/OR/-T-45L]
of the present study, and
[OR/90R/+45L/ 90R/0,R/90R/+45L/90R/OR]

of reference 1 both show an increase of 87 wet fatigue strengths
over the dry fatigue S-N diagrams. Furthermore the 1% absorbed
moisture levels for the two stacking sequences show approximately
the same fatigue diagrams (less than 5% differences).

IIT RESEARCH INSTITUTE
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The wet 1:2 hybrid results shown in Figure 7 indicate
a 25% loss in load carrying capability from the 2:1 hybrid
shown in Figure 6. However, for the same 12 plies of
material only &4 are graphite in the 1:2 case whereas 8 were
graphite in the 2:1 case. It is also important that only two
of the four 0° plies in Figure 7 are graphite while in Figure 6
all four 0° plies were graphite. Again considerable cost
savings might be realized using 67% glaSs hybrid composites.

The static tensile mechanical properties of the hybrid
composites after fatigue cycling are shown in Figures 8-15.
The stress levels selected for the fatigue cycling were those
corresponding to failure above 2X106 cycles. The residual
elastic modulus generally remained constant over the span from
103 to 107 cycles. In addition all of the 0° hybrid composites,
i.e., 33%, 50% and 67% graphite ratios showed a constant re-
sidual Poisson's ratio v with cyclic history. In general,
the residual strengths decreased as a result of prior stress
cycling, greater strength reductions being noted for the wet
hybrids than for the dry (unconditioned) composites. For all
quasi-isotropic hybrids, the residual Poisson's ratio increased
as a function of prior stress cycling, This increase was also
noted in reference 1 and seems to be a verified anomaly in the
behavior of the quasi-isotropic hybrid (and baseline (100%)

graphite) composites.

1T RESEARCH INSTITUTE
13




-A -

o
L 160
)
3 140
>
(@]
120
Q4
/]
@ 100
Y
)
wn
g 80
g
o
N
ki 60

- pre—

No Preconditioning

- szZoo Hrs/165°F/98% RH

103 10%

10° 10° 10/

Cycles, to Failure, Cycles

Orientation:

Temperature:

Stress Cycle:

[OL/OR/OL/OZR/OL/OR/OL]

75°F
R

0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 50%, by plies

FIGURE 2 Comparative Fatigue S-N Behavior for S-Glass/
T300 Graphite/larmco 5208 Hybrid Composites
Before and After Exposure To High Humidity
Environment.

14




o

2 200

v

o 180k 300 Hrs/165°F/98% RH

&

5 160

[« W

0

2 140}

“

]

[95]

e 120}

2 No Preconditioning

N

X 100 L | |

= 3 4 5 6 7
10 10 10 10 10

Cycles, to Failure, Cycles

Orientation: [OL/OaR/OL]
Temperature: 75°F
Stress Cycle: R = 0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 67%, by plies

FIGURE 3 Comparative Fatigue S-N Behavior For S-Glass/
T300 Graphite/Narmco 5208 Hybrid Composites
Before and After Exposure To High Humidity
Environment.

15




"
-~ 160
- 300 Hrs/165°F/98%RH
% 140
o |
(@]
~
g‘ 120 }—
/)]
W
8 100 -
i No Precondition
wn
g 80
=
P
§ 60 | 1 |
103 10% 10° 10° 10’

Cycles, to Failure, Cycles

Orientation: [OZL/OZR/OZL]
Temperature: 75°F
Stress Cycle: R = 0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 33%, by plies

FIGURE 4 Comparative Fatigue S-N Behavior for S-Glass/
T300 Graphite/Narmco 5208 Hybrid Composites
Before and After Exposure To High Humidity
Environment.

16




- b e B B
. R

o
53]
100
»
S 80
o
™
(&
560
o,
0
2 40
-
4J
w
§ 20
=
e
o 0
=

300 Hrs/165°F/987% RH

No Preconditioning

104 5 6

10 10 10

10
Cycles, To Failure, Cycles

Orientation: [i45L/OR/902R/OR/;45L]
Temperature: 75°F
Stress Cycle: R = 0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 50%, by plies.

FIGURE 5 Comparative Fatigue S-N Behavior For S-Glass/
T300 Graphite/Narmco 5208 Hybrid Composites
Before and After Exposure To High Humidity
Environment. .

17




o
)]
Y
. 120
(O]
-t
S 100 L
| ]
N 300 Hrs/165°F/98% RH
s o [
t\
4]
H 60 —
2! No Preconditioning
5 sl
o
5
= 20 I | |
103 10% 10° 10° 10/

Cycles, to Failure, Cycles

Orientation: [iASL/OR/902R/02R/902R/0R/¥45L]
Temperature: 75°F
Stress Cycle: R = 0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 66%, by plies

FIGURE 6 Comparative Fatigue S-N Behavior For S-Glass/
T300 Graphite/Narmco 5208 Hybrid Composites
Before And After Exposure To High Humidity
Environments.

18




- ab & m am

-t N S

| D an 4 & am

Maximum Stress per Cycle, ksi

60 300 Hours/165°F/98% RA
50
40 .
No Preconditioning

30
20
10 [ I |

103 10% 10° 10° 10/

Cycles, To Failure, Cycles

Orientation: [145L/0R/90R/90L/02L/90L/90R/0R/$45L]
Temperature: 75°F
Stress Cycle: R = 0.1/T = 75°F/¢ = 30 Hertz

Percentage Graphite: 33%, by plies

FIGURE 7 Comparative Fatigue S-N Behavior For S-Glass/

T300 Graphite/Narmco 5208 Hybrid Composites
Before and After Exposure To High Humidity
Environments.

19




N Gk EE o Sy b W A g am Iy aE B R TR A B I TE

Residual Tensile Strength, ksi

200

180

160

140

120

100

Maximum Stress Per Cycle, ksi

160

140

120

100

co
o

(@)
(@)

N N
(@] wu

-
w

w

Residual Elastic Modulus, msi
o )

| Fatigue S-N Curve
R=20.1
| ] | -
103 10% 10° 10° 10/
Cycles, to Failure, Cycles
1.
Residual Elastic Modulus
| —{0.
/7
C)
— /\_ Residual —0.
Strength
% ‘_‘
. / _10.
Residual Poisson's
Ratio | 1 I 0
103 10% 10° 10° 10’

o
V

oo

~
Residual Poisson's Ratio,

(@)

N

Load Cycles Applied Prior to Testing, Cycles

Material: [OL/OR/OL/OZR/OL/OR/OL]

Cyclic Stress Level : 110 ksi

Prior Conditioning : None

FIGURE 8 Residual Strength, Elastic Modulus and Poisson's

Ratio for Composite Material (¢=1800 cpm,
R=0.1, T=75°F, Orientation, Stress Level and
Prior Conditioning as noted), 50% Graphite
By Plies.

20




)

- - .

- o .

_ "' - — - -‘

Residual Tensile Strength, ksi

200

180

160

140

120

100

2 16
2 160
2 140
[&]
>
(@]
w 120
Q
[a W)
@ 100
(0]
18]
]
2 80
% 60
lo]
=

Residual Elastic Modulus, msi
- — () N
wn [en] wu (e} w

(@]

— Fatigue S-N Curve

///F- R=20.1

l | l

103 10% 10° 10° 10/
Cycles, to Failure, Cycles
1.0
Residual Strength
Residual Elastic
— Modulus —0.8
= —o- —{o0.6
— —0.4
. Z{izA —0.2
Residual Poisson's Ratio
i i | 0
10° 10% 10° 100 107

Load Cycles Applied Prior to Testing, Cycles

Material: [OL/OR/OL/OZR/OL/OR/OL]

Cyclic Stress Level: 110 ksi
‘Prior Conditioning:: 165°F/98% RH/300 Hours

FIGURE 9 Residual Strength, Elastic Modulus and Poisson's

Ratio for Composite Material (¢=1800 cpm, R=0.1,
T=75°F, Orientation, Stress Level and Prior
Conditioning as Noted), 50% Graphite By Plies.

21

Residual Poisson's Ratio, v




1

Residual Tensile Strength, ksi

200

180

160

140

120

100

Maximum Stress Per Cycle, ksi

Residual Elastic Modulus, msi

200

180

160

140

120

100

N
(9]

N
(&)

—
w

=t
o

(9}

(@

]

Fatigue S-N Curve

0.1

103 104 10° 10° 10/
Cycles, to Failure, Cycles
1.0
- .8
9 08 o—
| L b.s
Residual Strength
- _D.4
Residual Elastic Modulus
o Ay A -\
- —.2
Residual Poisson's Ratio _
| | | P
103 10% 10° 10° 10’

Load Cycles Applied Prior to Testing, Cycles

Materials: [OL/O4R/OL]

Cyclic Stress Level:

110 ksi

Prior Conditioning: None

FIGURE 10

Residual Strength, Elastic Modulus and Poisson's

Ratio for Composite Material (¢=1800 cpm,
R=0.1, T=75°F, Orientation, stress Level and
Prior Conditioning as Noted), 67% Graphite by

Plies.

22

Residual Poisson's Ratio, v




Sl Sl

240

220

200

180

160

140

Residual Tensile Strength, ksi

C

180

=
D
(@]

5

e
N
(@]

Maximum Stress Per Cycle, ksi
’_I
o
(@]

co
o

25

20

15

10

|
Residual Elastic Modulus, msi

Fatigue S-N Curve
R=20.1

| | |

103 10% 10° 10° 10’
Cycles, to Failure, Cycles

Residual Elastic Modulus

- / - 0.
@ L @

P —0 |,

B Residual Strengths )

- —0
A\, e

| f‘* " = —40.

Residual Poisson's Ratio

| ] |

103 104 10° 10° 10/

Load Cycles Applied Prior to Testing, Cycles

Material: [OL/O4R/OL]

yvclic Stress Level: 135 ksi
Prior Conditioning: 165°F/98% RH/300 Hours

FIGURE 11

Residual Poisson's Ratio, v

Residual Strength, Elastic Modulus and Poisson's
Ratio for Composite Material (¢=1800 cpm, R=0.1

T=75°F, Orientation, Stress Level and Prior

Conditioning as Noted), 677% Graphite by Plies.




Residual Tensile Strength, ksi

o
/)]
i
~ 160
(0]
4
U
& 140
~
[J]
©120
wn
wn
(]
5100
wn
2 &0
o
"
(4]
= 60
o
180~ & 25
2
160p = 20
o
Q
140 7, 15
o
4
o
=
—
100 8 5
o]
-
¢5]
80L. 2 o

Fatigue S-N Curve
0.1

| | |
103 10 10° 10° 107
Cycles, to Failure, Cycles
1.0
Residual Strength
- Residual Elastic Modulus — 0.6

@ -0-@ @

— —40.4
__A
r— AN
- -C‘” A Jo.2
Residual Poisson's Ratio
| | { 0
103 104 107 10° 107

Residual Poisson's Ratio, v

Load Cycles Applied Prior to Testing, Cycles
Material: [02L/02R/02L]

Cyclic Stress Level: 114 ksi
Prior Conditioning: 165°F/98% RH/300 Hours

FIGURE 12

Residual Strength, Elastic Modulus and Poisson's
Ratio for Composite Material (¢=1800 cpm, R=0.1,
T=75°F, Orientation, Stress Level And Prior
Conditioning as Noted), 33% Graphite by Plies.

24




Maximum Stress Per Cycle, ksi

o
4] o
w)
=120 8
‘_G -
% 100 L 3
g o
) S
“ o
In) @]
n 80 L. =
(W) (@]
- D
) 60 W
o = «©
0] —
e m
et —
b €T3
g 409
5 o
ol o
1]
g 20 L o
i I~

100

80

60

40

120

10

— Fatigue S-N Curve
l///F— (R =0.1)
-
| | i
103 104 10° 106 10/
Cycles, To Failure, Cycles
1.0 o
Residual Elastic Modulus o
— —-o.sfg
° g
e o)
— @) O —0-6
VAN
— Residual Strength 0.4 8
n
-
— -10.2 g
\ . . 2
l Re31d?al P01s30ﬁ 8 RatTd 0 $
~
103 104 10° 10° 10/

Load Cycles Applied Prior to Testing, Cycles
Material: [+45L/OR/90,R/OR/+45L]

Cyclic Stress Level: 52 ksi
Prior Conditioning: 165°F/98% RH/300 Hours

FIGURE

13

Residual Strength, Elastic Modulus and Poisson's
Ratio for Composite Material (¢=1800 cpm, R=0.1
T=75°F, Orientation, stress Level and Prior
Conuitioning as Noted), 50% Graphite by Plies.

25




|

o

0

L

o 12

I'J .

> 100 Fatigue S-N Curve

Y (R=0.1)

v

&80,

n [ —

$ - \ \

5 60—

w

e

o

5

= 2 | | I

103 10 10° 10° 107
- Cycles, to Failure, Cycles
[©)] o~
K4 9]
~ 1401 : 10l 1.0 5
i w JZ/'—' Residual Elastic Modulus .
0 ) o
g 1200 = g P -J0.8 1
5 g ¢ ° 3
9] = .
e lOO-.3 o Residual Strength -0.6-2
o o 9]
2 a Residual Poisson's A
2 80_5 L— Ratio —0.4
3 s o) 3
5 6035 2 —0.2 §
P o o
© sble o —Z l l 0 3
103 10 10° 10° 107

Load Cycles Applied Prior to Testing, Cycles
Material: [tABL/OR/902R/02R/902R/OR/i45L}
Cyclic Stress Level: 65 ksi
Prior Conditioning: 165°F/98% RH/300 Hours

FIGURE 14 Residual Strength, Elastic Modulus and Poisson's
Ratio for Composite Material (¢=1800 cpm, R=0.1,
T=75°F, Orientation, Stress Level and Prior
Conuitioning as Noted), 677% Graphite by Plies.

26




Maximum Stress Per Cycle, ksi

90 ™

80 |-

70 |-

50 |-

40

Residual Tensile Strength, ksi
Residual Elastic Modulus, msi

40

30

20

10

10

. Fatigue S-N Curve
(R =0.1)
| | |
10° 10% 10° 106 107
Cycles, to Failure, Cycles
1.0
>
Residual Elastic Modulus -
o
- —0.8 .7
R
o
R
- ® —0.6 «
o 5
9]
— Residual Strength —0.4 2
O O
¥
Residual Poisson's Ratio _
- <<£§ —0.2 g
A A A A :’
r A yAY LA o
o
| | | 0 @
10° 10 10° 10° 10/ A

Load Cycles Applied Prior to Testing, Cycles
Material: [i45L/OR/9OR/9OL/02L/9OL/9OR/OR/i45L]

Cyclic Stress Level: 42 ksi
Prior Conditioning: 165°F/98% RH/300 Hours

FIGURE 15

Residual Strength, Elastic Modulus and Poisson's
Ratio for Composite Material (¢=1800 cpm, R=0.1

T=

75°F, Orientation, Stress Level and Prior

Conditioning as Noted), 33% Graphite by Plies.

27




SECTION V

5.0 RESPONSE OF HYBRID COMPOSITES TO PROLONGED LOADING

The response of hybrid composites to prolonged tensile
loading was measured using specimens identical to those
employed in the tensile fatigue studies described in Section
4.0. Creep strain versus time curves for several hybrid
composites were generated at several stress levels,

The equipment shown in Figure 16 was utilized. Each
stand was located on a vibration free floor. For achieving
the required levels of loading, a load multiplication
arrangement was provided by an appropriate ratio of loading
arm (L.A.) to reaction arm (R.A.). For example, a loading of
300 1bs. on the load platform provided a force of 3000 1lbs.
on the specimen when the L.A./R.A., ratio was kept at 10.
Because of the large creep stresses needed, the ratio was
maintained at 10:1 throughout the testing. An electric timer,
triggered on each stand at the start of loading and shut off
at specimen failure by a microswitch recorded times to failure.

The specimen was aligned in the grips prior to mounting
on the creep stand. The jig consisted of a metal base plate
with indentations to accomodate the specimen grips including
the bolts., The grips were first placed on the base plate and
located appropriately over the indentations. A pair of
suitably located pins aligned the specimen side parallel to
the line of axial bolts. After this alignment, the grip bolts
were tightened. During the tightening process, the specimen
was prevented from twisting by an angle section attached to the
base plate.

A multi-channel data acquisition system was used for

I'T RESEARCH INSTITUTE
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monitoring and recording the strains in several specimens
simultaneously. When a specimen failed, the loading arm
triggered the microswitch which turned off the timer thus
recording the time at failure from the beginning of the

loading.

Each stand was calibrated with a specimen of known
mechanical properties (2024T4 Aluminum). The appropriate
percentages of average ultimate tensile strength levels were
computed from the static test data generated for each material
in this program. When the specimen was mounted on the stand
just prior to loading, a load representing the desired stress
level was placed on the loading platform while the platform
was supported on a hydraulic jack. The strain gage bridge
was then zeroed and the strain indicator balanced. Then the
jack was released gently but quickly to bring an instantaneous
loading on the specimen. The timer was started simultaneously
with the release of the load. Since the timers installed were
capable of recording to a tenth of an hour, initial readings
of strain were taken with the assistance of a stop watch.

Figures 17-26 present the results of the prolonged loading

test program for various hybrid composites. In almost every

case the tensile creep strains were small and showed only
secondary creep tendencies. None of the composites were cap-
tured in the tertiary creep stages. In most cases creep measure-
ments were taken out to 500 hours or more. The all 0° hybrid
showed little or no creep strain increase over initial strain out
to 500 hours. Approximately 2 to 5% greater strains than

initial elastic strains were the general rule. For comparable
stress levels (say 125 ksi), the increases were 3%, 8%, 10%
over initial elastic strains for the 67%, 50% and 33% graphite
(by plies) hybrid composites respectively. For the quasi-iso-
tropic hybrid composites the comparable increases over initial
elastic strains were 5%, 10% and 107 respectively for 67%, 50%
and 337 graphite percentages.
IIT Research Institute
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SECTION VI

6.0 SUMMARY AND CONCLUSIONS

The current study confirms previous work performed for
NASC as described in reference 1. The following conclusions
were reached on the basis of the results described herein.

o For a variety of stacking sequenées, and
under moisture saturated conditions, the
elastic modulus of advanced composite
hybrids (Graphite and S-Glass fibers)
remains constant to the 107 cyclic level.

o The 67% glass (by plies) would appear to
sacrifice very little fatigue resistance
or creep strain over the 677 graphite (by
plies) hybrids and the cost savings would
be significant.

o The tensile fatigue resistance of glass/
graphite/epoxy hybrids in the saturated
(1%) condition appears to be greater than
in the corresponding dry state.

o The phenomenom of increasing Poisson's
ratio with stress-cycling of quasi-isotropic
composites appears to be independant of
stacking sequence,

o Principal failure modes for the 0° hybrids
with gravhite internal plies is by failure
of the graphite first followed by load
transfer to the glass. This is then followed
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to gradual failure of the 0° glass plies.
(As shown in the previous study, when

the 0° graphite plies were on the outside,
the initial failure of the graphite was
almost immediately followed by failure of
the internal 0° glass plies.

o For comparable stress levels the hybrid
composite creep strains are quite low even
when substantial glass content is present
and in particular practical orientations
such as quasi-isotropic, show little or no
change in the amount of creep (over initial
strain) for graphite to glass ratios of 67%,
50% or 33%. Thus creep would not pose a
bigger problem as the glass content is in-
creased. While the initial strain levels
might be greater due to decreased modulus the
proportionate creep remains about the same over
the range of graphite to glass ratios studied.

RECOMMENDATIONS

Substantial cost reductions for advanced composite structures
can be realized through hybridization. The effect on hybrid com-
posites has been examined in the case of tension fatigue, tensile
creep and impact. However certain other areas remain to be ex-
amined for the unidirectional and quasi-isotropic composites in
order for their utilization to be generally accepted in the aero-
space industry. These include:

o Effect of the combination of moisture and
fully-reversed fatigue on the endurance
of hybrids - The parameter which would
certainly effect behavior most here would

IIT RESEARCH INSTITUTE
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be the influence of the material composition.

Effect of small voids such as air entrapment
in the resin on the moisture/fatigue resistance
of hybrids.

Creep resistance in compression of moisture
laden hybrids.

Effect of stress variation/moisture/voids
combined on the fully-reversed fatigue behavior
of hybrids. By appropriately stacking the
hybrids and employing crack stoppers, the
behavior would most certainly be enhanced.

LIT RESEARCH INSTITUTE
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APPENDIX I LAMINATE AND SPECIMEN FABRICATION DETAILS

This appendix describes the method by which the basic
composite and hybrid composite materials were prepared for

use on this program.

II.1 Material

Thornel 300 Graphite/Narmco 5208 is a current graphite/
epoxy composite material which is being investigated widely
for application to aerospace structural components. This
material is available in a wide variety of forms but is
generally utilized in the prepreg tape form.

The specification to which the Thornel 300 Graphite/

Narmco 5208 material was ordered was:

General Dynamics specification: FMS 2023, Type ILI,
Form A. '"Graphite Fiber High Tensile Strength. Intermediate
Modulus, Epoxy or Modified Epoxy Resin Impregnated," dated
November 30, 1972 and all amendments.

This specification has been widely used throughout the
industry and is available directly from General Dynamics
Convair Division Fort Worth, Texas. The tape was in the 12-

inch wide form.

The glass fiber/epoxy was the S-glass rovings/Narmco
5208 system. It was also utilized in the 12-inch wide

prepreg tape form.

I1.2 Material Procurement

Twenty lbs. of the graphite prepreg and five 1bs. of the
HIT RESEARCH INSTITUTE
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glass prepreg were utilized during this program. The material
was ordered in the 12" wide continuous tape form under the
trade name Rigidite 5208/Thornel 300 Type III, Form A. After
several batches of bad material of both fiber types had been
rejected, batch No. 747 was delivered and accepted. The
resin (solids) content, room temperature and 350°F flexural
strengths and moduli and the horizontal shear strengths were
determined for the 0° orientation by Whittaker Corporation
Costa Mesa, California. The certification report by Whittaker
that this batch conforms to Spec. FMS 2023 is presented in
Tables IV and V.

Upon reciept of the materials from the prepregger,
quality assurance panels were prepared. Longitudinal and
transverse flex and 0° interlaminar shear specimens were cut
from these panels and tested in accordance with recommended

- advanced composites test procedures. The results are shown

in Table VI.

On the basis of these test results the méterials were
adjudged suitable for use on this program.

I.3 Laminate Fabrication

All lamina, laminates, hybrids and specimens were pre-
pared at IITRI for use on this program.

The fabrication techniques followed at IITRI have been
discussed in reference 1. An autoclave provided the pressure

and temperature necessary to cure the Narmco 5208 epoxy in
accordance with the following schedule recommended by General
Dynamics for fabricating panels:

1. Full vacuum (26" HG) is applied to the bagged
green layup.,
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TABLE IV

WHITAKER CORPORATION MATERIAL CERTIFICATION REPORT

NARMCO MATERIALS, INC.

’ ey
A SUBSIDIARY OF Y Z3aELANESE CORPCRATION
600 VICTORIA STREET ® COSTA MESA, CALIFORNIA 92627

. 32067 A nverce
[ IIT Research Institute B No. 66- =
Purchasing Dept. cosTe MEsh
LD = 714/548-1144 AT 12/7/76 PAG 1 oF
*To" 10 West 35th Street TWx £ /1/ T: L
. . . 910.596_1375 CUST. ORDER NO. DA
l_ChJ.cago, Illinois 60616 J. Anderson
) 46567 10/12/76
TESTING RESULTS
ITEM +f1
MATERIAL Rigidite 5208-31014-12"
Batch #800
Areal Fiber
Roll Amount Resin Content Weight Mfg.Date Test Date
2 14.6 1bs 32% 205 gm/sq.m“ 12/7/76 12/7/76
Warranty expires: 3/7/77 @ 40°F.

This is to certify that the above material was manufactured, tested and
found to conform to the applicable specification and terms of the
purchase agreement, as indicated by the above test results.

Qod L. Yforat

Qualifly Control Representative

THE
OUR KNOWLEDGE A
TSFE‘;E‘&EI'SIBSFCONTNNED HERCIN 1S ACCURATE

: e CORPORATICN
N SWEVER, MTTHIR CILAVESE GOy

e s
NOR AHYCT IS TITUANS Shetarrinacy
LIAGH ITY V7T T8 D i p ATt
or conTE - o rinAl ‘.‘?"’?"R""NAT“Y“N
CONT 1™ 1 b LAy INFOPMATION

S onTARTY © X}
oF Tan s-l'ﬁ-i'éoa THIE USE com.c:_: ;LT;:E)E s
S M(\;:;NER OF USE AND \XJHTE;H?S‘ R I
LTIEY'}NFR\NGEMENT OF PTAHTENUSER.

SOLE RESPONSIBILITY OF
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MARMCO MATERIALS, INC.

600 VICTORIA STREET # COSTA MESA, CALIFORMIA 92627

TABLE V

CERTIFIED TEST REPORTS

A SUBSIDIARY OF <u5s ELANESE CORPORATION

TO

INVOICE

["IIT Research Institute ] | No. 66- 32067 nummER
Purchasing Dept. e o _
°To~ 10 West 35th Street o % | oate  7-26-76 pace 1 or 1
Chicago, Illinois 60616 910-596-137§ | cusT. ORPER No. oate 5-13-76
] 46567
J. Anderson Chg,#1 (7-23-76

. ges

TESTING RESULTS

ITEM #3

MATERIAL Rigidite 5208-T300 (12")

Batch #747

Roll: 13

Amount: 25.7 1bs,

Resin Content: : 427, 9

Fiber Weight: 155 grams/m

Volatiles: 0.4%

Mfg. Date: 7-22-76

Test Date: 7-22-76 RECE] VE_ D
JUL 271976

Warranty expires: - 10-26-76 @ QO°F, IITRI

This is to certify that the above material was manufactured, tested and
found to.conform to the applicable specification, and terms of the pur-
chase agreement, as indicated by the above test results,

@/M 4

UQuaf‘H:y Contro¥—Representative

O THE pEST OF OU
7O R KNOWLEDGE
gNnORMATlON CONTAINED HERE!NTI?iCCUﬂATE:

" HOWEVER, NEITHER CELANESE EORPORATION

NOR ANY OF IT5 AFFILIATES ASEL M b4

i ' ATES ASSU’\" J

gfacngw YWHATSOEVER FOR THE Acigflg%f

CONOMPLETENESS OF THE INFGRMAHON

& T,-;weo HERZIN. FINAL DETERI I ATION
PTHE SUITABILITY OF £15Y fPEcme ATION

O MATERIAL FOR fied A6 ECNTEMPLATER,

THE Malwstn &% 4755 ANS NIHETHER FHERE 45

HET IATRINGEMENT OF PATENTS IS THE

SOLE RESPONSIRIITY OF IHE USER,
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TABLE VI

IITRI QUALITY ASSURANCE MECHANICAL PROPERTY TEST RESULTS
FOR T-300 GRAPHITE/NARMCO 5208
AND S-GLASS ROVINGS/NARMCO 5208 PREPREG MATERIALS

T-300 GRAPHITE/NARMCO 5208

0° Flex strength (ksi) : 267
90° Flex strength (ksi) : 8.5
Interlaminar Shear

strength (ksi) : 14.7

S-GLASS/NARMCO 5208 (Batch 3)

0° Flex strength (ksi) : 237
90° Flex strength (ksi) 11.5
Interiaminar Shear

strength (ksi) : 11.1

1T RESEARCH INSTITUTE
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2. The panel is heated from room temperature
to 275°F + 5°, -10°F in 40 + 8 minutes
(corresponding to a 4 to 6 degrees F/minute
heat up rate).

3. The layup is held at full vacuum and 275°F
+ 5°F -10°F for 60 + 5 minutes.

4. Pressure is then increased to 80 psi + 5 psi.
The vacuum is vented to outside air when the
pressure has reached 25 psi.

5. Upon reaching 85 + 5 psi, the temperature is
increased to 355°F + 10°F - 5°F in 15 + 3

minutes.

6. The system is held at 85 psi + 5 psi and 355°F
+ 10°F -5°F for 120 + 5 minutes.

7. The system is then cooled to 1l40°F maintaining
the 85 psi + 5 psi pressure in not less than

30 minutes.

8. The panels are postcured subsequently for 240 +
5 minutes at 400°F + 10°F. The heatup rate for
postcuring panels is from RT to 400°F in 64 +
10 minutes.

Throughout the postcure, the panels are loosely supported.
between two layers of 1/2 to 3/4 inch thick aluminum honeycomb

core.

11T RESEARCH INSTITUTE
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The quality assurance panel layups consisted of 15 and
18 plies covered with 1 ply of 1581 bleeder cloth and 1
ply of 181 vent cloth. Fiber volumes of approximately 4%
were obtained using a top surface caul plate.

All laminates were examined using ultrasonic C-scan
NDT procedures. The orientations and ply arrangements for the
various laminates were discussed in the body of the report.
To assist in this effort an N.D.T test panel, with voids
purposelully placed on the inside of the panel was prepared.
The panel was an eight ply [0°/90°/0°/0°/0°/0°/90°/0°]
with the flaws between the middle two zero degree plies. The
panel measured 6" x 14" and contained 1) a piece of masking
tape, 2) a strip of polyethylene film, 3) a strip of teflon
vent film 4) a section of release paper. One-twenty cloth
was added to the laminate in the areas not occupied by the
various flaws so as to maintain continuity of thickness over
the panel area. This panel was used to establish the gate
for the C-scan for acceptance or rejection of all test

panels.,

1.4 Specimen Fabrication Procedures

This section briefly lists the test specimens and
procedures utilized for generating the data during this program.
A detailed description of the test specimens, specimen fabrica-
tion procedures and test equipment is found in Reference 10.

The same specimen configuration was utilized for tension
fatigue (R = 0.1) and creep tests. The IITRI straight-sided
tab ended coupon was utilized for these properties. After
environmental conditioning and/or fatigue cycling each static
tensile specimen was fitted with three electrical-resistance
foil strain gages.

I'T RESEARCH INSTITUTE
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The specimens used for all flexural testing was the
fifteen ply, coupon universally used for testing advanced
compos tes. Specimens were loaded in a 3 (0° coupon) or
4-point (90° coupons) bending fixture. Elevated temperature
tests were conducted in a Missimer circulating air oven and

loads were applied in tension to a flexural test rig.

The interlaminar shear strength of oriented fiber
composites was determined on short beam shear specimens.
Elevated temperature tests were performed with the assistance

of the fixture described above.

The principal* mechanical properties for the S-Glass/
Narmco 5208, the T-300 Graphite/Narmco 5208 and the S-Glass/
T-300 Graphite/Narmco 5208 Hybrid composites are shown in
Table VII. They are used frequently as the reference base-
line data in the subsequent fatigue, residual strength and
creep studies. These properties are well characterized and
were taken from the literature in an effort to concentrate
more thoroughly on the major objectives of this current

program.

* The principal mechanical properties include those properties
of the basic lamina parallel to and transverse to the fiber

direction.
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TABLE VII PRINCIPAL PROPERTIES OF T-300 GRAPHITE AND

S-GLASS REINFORCED NARMCO 5208 EPOXY COMPOSITES
Material/ Property Temp. Strength | Elastic| Poisson's| Reference
Orientation (°F) (ksi) Modules Ratio *
(msi) (in/in) |

T-300/0° Tension 70°F 218 26.3 0.28 Ref. 3

260°F 214 29.8 0.31 Ref. 3

350°F 208 28.5 0.26 Ref. 3

Compression | 70°F 218 23.0 0.34 Ref. 3

260°F 208 21.7 0.30 Ref. 3

350°F 206 22.5 0.31 Ref. 3

T-300/90° - | Tension 70°F 5.85 1.50 0.01 Ref. 3
260°F 4.11 1.68 0.01 Ref. 3

350°F 2.89 1.78 0.01 Ref. 3

Compression | 70°F | 36.3 1.64 0.01 Ref. 3

32.6 1.68 0.01 Ref. 3

30.4 1.60 0.01 Ref. 3

S-Glass/0° | Tension 70°F 260 8.8 0.23 Ref. 11
Compression | 70°F 119 -- - Ref. 12

S-Glass/90° | Tension 70°F 6.7 3.6 0.09 Ref. 12
Compression | 70°F 25.3 -- -- 1 Ref. 12

* See References at end of Report.
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APPENDIX II

INDIVIDUAL FATIGUE TEST
RESULTS
AND S-N CURVES
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Appendix II INDIVIDUAL FATIGUE TEST RESULTS AND S-N CURVES

This appendix presents the data for the basic and hybrid
composites. It is restricted to the basic S-N curves and
individual fatigue coupon cycle information. The next appendix
presents the results of the individual specimen utilized in
the residual strength and residual mechanical properties test
determinations.

Table VIII shows the individual specimen by specimen test
results. It includes specimen thickness on a ply basis
fiber orientation, prior conditioning, cyclic stress level
and cycles to failure or at runout and the residual strength
of all runouts as appropriate. Figures 27 through 38 present
the maximum tensile stress per cycle versus cycles to failure
curves for all materials as they were generated on this program.
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APPENDIX III

INDIVIDUAL FATIGUE RESIDUAL MECHANICAL PROPERTIES DATA

This appendix presents the schedule and individual
test specimen results of the studies related to the deter-
mination of the residual mechanical properties of the basic

and hybrid composites.

Table IX shows specimen orientation, prior conditioning,
stress level, applied load cycles and the residual strength,
elastic modulus and Poisson's ratio as determined for each

specimen.
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APPENDIX TV

INDIVIDUAL PROLONGED LOADING TEST RESULTS
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Appendix IV INDIVIDUAL PROLONGED LOADING TEST RESULTS

This appendix presents the data for the hybrid composites
subjected to prolonged loading. It is restricted to basic
specimen data. Individual creep strain versus time curves
were presented earlier in Chapter V.

Table X shows the individual specimen by specimen stress
levels, fiber orientation, times of load application and
residual strength for several samples which ran out.
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