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SUMMARY

Fractography and analysis was performed on specimens of three-dimensional
quartz phenolic (300P), qraphite/epoxy (G/L) composite material, and tape
wrapped carbon phenolic (TWCP) materfal. These specimens had been fractured
under wel’ characterized test conditions and the pretest condition of the mate-
rials was well known in all cases. The fractoaraphy was correlated with the
test results to see what effect, if any, that testing at various strain rates

and preconditioning of the material had on the fracture appearance of these
materials.

The 300P material, which had a significant strain rate sensitivity, also
fractured in a significantly different manner when tested at high strain rates
compared to static tests. Macroscopically, more transverse shear was observed
in the specimens which were tested dynamically, and microscopically, these
specimens showed a much finer structure in the fracture surfaces of the resin
pockets.

The particular graphite/epoxy material used in this program had little dif-
ferences in the fracture surface, reaardless of strain rate at which it was
tested and the deqree to which it was degraded before test. Mo differences could
be detected microscopically and a somewhat finer declamination was observed on
the "Circumferential" orientation specimens when tested at high strain rates.
This correlated very well with the test results.

The TWCP materials had little difference im the appearance of the specimens
tested statically compared with those tested dynamically, either microscopically
or macroscopically, which aqreed with the test results. Although there was no
microscopic difference in the fracture surfaces of vira‘n material compared to
deqraded material, the angle at which fracture occurr~d on the "axial" orienta-
tion specimens was different between the preconditioned and virgin materials.
This could explain the difference in the test results which was observed, i.e.,
the degraded material had less strenqgth.
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PREFACE

This report covers one task of the Dynamic/Degraded Properties (PDP)
Program. Three other tasks of this program were done under contract (funded by
AFWL through project orders) from SAMSO/ARRES to Effects Technology, Inc.,
Santa Barbara, California and are reported in SAMS0-TR-77-90, Vol. 15, "Dynamic
and Degraded Properties of Reentry Materials" by R. Globus, K. VanBlaricum, and
R. Parisse, all of Effects Technology, Inc. The need for the ODP Program was
suggested by the Nuclear Hardness Evaluation Procedures (NHEP) Program, a joint
Atr Force-Defense Nuclear Agency program being technically directed at AFUL.

The author wishes to gratefully acknowledge Mr Charles J Miglionico,
AFWL/DYV, Materials Science Group, for all of the excellent Scanning Electron
Microscopy and his technical advice which enabled the timely completion of
this program.
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SECTION I
INTRODUCTION

The dynamic/deqgraded properties program was devised to look at the properties
of varfous candidate reentry vehicle materials after they had been degraded in
a simulated nuclear radiation (X-ray) exposure. Also the effect of high strain
rate loading on the properties of these materials was examined. Currently,
most designers use material properties that were determined by conducting
mechanical tests on virgin materials at very low strain rates, usually referred
to as "static" tests. Such data are usually readily available (see ref. 1 and 2).
However, in service, the critical loads often occur as dynamic loads or at very
high strain rates. In order to understand the one-dimensional shock response
of these materials, considerable work has been done in gas gun and magnetic
flyer impact facilities which loads the material at extremely high strain rates,
in the order of 10° cm/cm/sec or higher (see ref. 3, 4, and 5). This, however,
gives 1ittle data on structural properties where strain rates seldom exceed
10 x 10? cm/cm/sec. Thus, there is a broad gap between static properties (where
testing is usually done at strain rates of 1077 cm/cm/sec or lower) and the
impact properties. This program attempts to fill this technology gap and to
determine the importance of these properties to reentry vehicle designers.

The second major area that was investigated in this program was the mechanical
properties of materials that had been damaged in a simulated nuclear encounter,
When one looks at the scenario of a typical reentry vehicle mission, any poten-
tial X-ray encounter would occur prior to reentry. Thus, the aerodynamic ioads
of reentry will occur after any damage from the nuclear encounter. This portion
of the program investigated the properties of materials that had been exposed
to a simulated nuclear encounter to check that there was sufficient residual
strength left in the material for the reentry vehicle to survive the aerodynamic
forces of reentry.

This program we, organized into four major tasks. These were:

1. Materials Testing - - Conduct static and dynamic tests on virgin, and
damaged materials.
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2. Analysis - - Using data generated in the above task, identify failure
modes, define failure criteria and determine critical properties.

3. RV Hardness Assessment - - Assess the applicability of data generated to
RV nuclear VAH determination. )

4. Fracture Analysis - - Determine the modes of failure through fractography
analysis.

The first three of the above tasks were performed under an Air Force Contract
with Effects Technology, Inc. and the results of these tasks are reported in
SAMSO TR-77-90 Vol. 15 (ref. 6). The fourth task was performed in-house at the
Ajr Force Weapons Laboratory {AFWL) and i{s reported in here.

There has not been much work reported in the way of fractography on reentry
vehicle materials. However, there has been some very interesting work which
studied the impact properties of hybrid composites {(ref. 7, 7 and 9). In this
work, a considerable amount of fractoaraphy (including SCM fractographs) was
renorted.

This task used the same specimens as those used in the Materials Testing
Task {results published in ref. 6). These materials are: (1) three dimensional
quartz phenolic (3DQP), (2) tape wrapped carbon phenolic. and (3) graphite/
epoxy (G/E) composite material. The 3DOP specimens were all cut from rinqs
which were 21.6 cm diameter x 5.1 cm long. The material was produced by Fiter
Materials, Inc. The G/E composite material consisted of 22 plies of T300/5278
of [90./0./9n,/0/+45/0/90,/0,/901]. The TWCP material was I'ITCO flat molded
FMS822A material layed up at a ply orientation of 20 degrees.

The specimens were carefully examined visually and with low power optical
microscopy hefore they were mechanically tested. This was used primarily to
determine the consistency and to a lesser extent, the quality of the material
used in the program. Low power microscopy was also used to determine the cvtent
of damage in the deqraded materials, i.e., look for microcracks that riiaht ro
present in the material before i1t was subjected to the threc poin® homd tests,

After the three point bend test (results of which are reporte e cof &7
the specimens were carefully examined visually, with low Dower (0 27 0
scony, and with the scanning electron microscope (S[™'. are v "eaee @ ooy
any differences between like specimens that were tested «*rtr. s ™ o2 o
tested dynamically and between specimens made of viroin ateriy’ Ler o eotteny
6
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made of deqraded material. With optical means, maanifications from 2X to 20X

were found to be most useful and are referred to as “macroscopic” examinations

in this report. Similarly, magnifications of (00X to P00\ were found to be

the most useful in the SEM and these results are referred to as “"microscopic”
examinations.



[

AFWL-TR-77-274

SECTION 11
THREE DIMENSIONAL QUARTZ PHENOLIC (3DOP) MATERIAL

The 30QP specimens were examined before testing by visual examination and
low power microscopy. The density of the specimens was also measured. The
specimens used for testing were cut from two different rings of material which
had supposedly been fabricated by the same process and by the same technique.
This material varied considerably from sample to sample and from rinq to ring,
Samples cut from the first ring were significantly different from the samples
cut from the second ring.

INOP material consists of bundles of quartz fibers which are impregnated with
resin arranged in a three dimensional weave. Resin fills the voids in between
the bundles of fibers. Examination of this material revealed that frequently
the voids between the fiber bundles was not completely full of resin and occa-
sionally had very little resin in the voids. Another significant observation
was that the fiber bundles were not always straight. They efther buckled or
were nonorthogonal to each other. Photoaraphs of this material are shown in
fiqure 1. The voids described above are clearly visible in fiqure ib. Since
all of the specimens were cut from rings, the specimens cut in "circumferential”
orientation were arc segments rather than straight. Actually, the “axial"
specimens were also arcs, but the curve was across *he width rather than the
lennth,

The density measurements on the 3DQP revealed the inhomogenity of this
material, Specimens cut from one ring ranged from 1.62 to 1.66 g/cc density
with an average of 1.65 q/cc. Specimens cut from the second ring ranqged from
1.65 to 1.69 a/cc with an average density of 1.68 a/cc. ‘

Fiqures 2 and 3 are photographs of the 3D(P specimens after test. As can be
seen, the specimens subjected to dynmamic testing (¢ = 10° cm/cm/sec) failed with
somewhat more transverse shear. Fiber and fiber bundle pull-out was rather
extensive on all the specimens and most of the specimens hung togetheir after
test by the intertwining of pulled out fibers.




ﬁ

|

|

. *x0z uawiodads aaddn (p) “X02 uawioads wolzeg (2)
*x0z uswidads 3 ppiw () X2 build JuauadyjLp woay IND :ws—umam WO330J SUOLIPIUBLUO JUBUILSLE OM]

e bujda dwes wody IND UM mcwEGwam om3 43ddn (e) *suawldadg 4UQE IO SMILA 21d02S0adey, ‘| dJnbils

B

AFWL -TR-77-



e

oA Ty -

L o e R W S

AFWL-TR-77-274

The 3DQP fracture rurfaces were examined with the scanning electron micro-
scope (SEM). Some of the photomicrographs taken with the SEM are shown in
figures 4 and 5. Fiqures 4a and b and 5a and b were taken during a preliminary
examination of the fracture surfaces and it was noted that the specimens which
had been tested dynamically showed a much finer fracture pattern in the resin
areas at high magnifications (compare fiqure 4b with figure 5b). Since low
power photomicroqraphs of speéimens did not appear much different (fiqures 4a
and %a), it was thought that the high power pictures might have been coincidental
and were not representative. Thus, several additional specimens from both
those that had been statically tested and those that had been dynamically tested
were examined closelyv for this feature and it was found that those that had heen
tested dynamically consistently had a much finer fracture pattern in the resin
areas compared with those which had been tested statically. Figures 4c and 4d
o7 "static" tests and figures 5c and 5d of "dynamic" tests are other areas
which clearly show this difference. Ho significant differences could be
detected in the fiber areas of the specimens.

Two completely different and unrelated explanations are offered to account
for this difference in the appearance of the fracture surface in the resin
areas of the 3DOP when tested at these different strain rates. The first is
that the resin, being a polymeric material, behaves like a viscous material,
at least on the microscopic scale. Thus, when this material is loaded at a
very low strain rate, i.e., static loading, the flaws or cracks in the material
qrow by a viscous flow or separation at the tip of the crack. ‘Instead of a
sharp crack propagating rapidly by a cleavage-like process, a blunt crack tip
propaqates by a flow of the material at the tip. This viscous flow leaves the
relatively smooth fracture surfaca that was observed on the statically tested
specimens. On the other hand, when the material is strained at a high strain
rate, there is insufficient time for the necessary viscous fiow and the resin

. fractures by the rapid propagation of all the flaws which are of the proper

orientation and of sufficient size. These cracks then run together to produce
the overall fracture surface on the resin pockets. It is the rapid propagation
and joining of these cracks that give the fine structure of the fracture sur-
face of the resin in the specimens which were tested dynamically.

The second explanation assumes that fracture occurs in the resin by rapid
crack propavation in both the siatic case and the dvnamic case. This assumes
that the static fracture toughness is less than the dynamic fracture toughness

11
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and consequently, the.existing flaws in the material are sufficient to-cause
critical crack qrowth when the material is tested statically and thus a single
critical flaw propagates across the resin pocket in a cleavage-l1ike manner and
causes the relatively smooth surface. On the other hand, when the material is
tested dynamically, a number of the existing flaws grow (since none of the flaws
are of critical size) until at least one becomes critical size. Thus, the fine
fracture structure observed in the dynamic tests is caused by the muyltiple crack
qrowth.

14
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SECTION 111

EXAMINATION OF VIRGIN GRAPHITE/EPOXY (G/E) AND
TAPE WRAPPED CARBON PHENOLIC (TWCP) MATERIAL

A number of the virgin G/E and TWCP specimens were examined both visually
and with low power optical microscopy before the three point bend tests were
conducted. A sample of each material was also viewed in the SEM.

Nearly all of the G/E had scattered voids. Typical examples are shown in
fiqure 6. On many of the G/t specimens, boundaries between individual plies
could be observed. This can be seen in figure 7. These boundary areas appear
to be rich in matrix. These boundaries were readily apparent when viewed in a
small bench microscope, even without a fine polish. However, in order to photo-
graph this phenomenon in a metalloqraph, the surfaces had to be polished to |
micron arit and even then were not so readily apparent. Samples of G/E were
also viewed in the scanning electron microscope. SIM photomicrographs are
shown in fiqure 8. ‘

M of the TWCP samples examined were very uniforit, Cxamples of TUCP are
shown in fiqure 9 and these are quite representative of all the TMCP, The SIM
was also used to view the TWCP., SEM photomicroqraphs are shown in figure 10,

15
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Figure 6.

Virgin G/E Composite Before Test. (a) Edge View of "Circumferential"
Orientation Specimen Showing Small Voids 20X. (b) Edge View of
“Axial" Orientation Specimen Showing Elongated Voids 20X.

16
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Figure 7. G/E Composite Showing Ply Boundaries.
Specimen Showing Two Boundaries 100X.
Specimen Showing One Boundary 100X.

17
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b

‘ Figure 8. SEM Pnotomicrographs of Polished G
i Parallel to the Surface 2000X. (b
| To The Surface 2000X.

1 18

/E Composite.

(a) Fibers Running

) Fibers Running Perpendicular
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Figure 10. SEM Photomicrographs of Polished TWCP. (a) 500X. (b) 20n0X.
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SECTION IV
EXAMINATION OF DEGRADED G/E AND TWCP MATERIAL

Twelve specimens were used to produce the degraded sample of graphite/epoxy
and TWCP. These specimens were all lay-ups of TWCP bonded to G/C with Silastic
J adhesive. The dimensions were 10 mm of TWCP, 1 mm of Silastic J, and 3 mm
of G/E. - The specimen sizes used were 71 mm by 71 mm by 14 mm. Figure 11 is
photographs of the specimens before jmpact with TNCP showing on top in 1lla
and G/E showing on top in 11b. All specimens were impacted on the TWCP side.

The twelve specimens were mechanically impacted in the Air Force Weapon's
Laboratory's impact facility using the magnetic flyer. The conditions for each
of the specimens are given in table 1, (taken from ref. 10). After impact, the
specimens were examined with low power magnification to check for any damaqe.
In addition, each specimen was checked for thickness arowth afier impact by
measuring the thickness with a micrometer before and after impact. Most
specimens were also checked for damage by ultrasonic techniques. Specimens
which were impacted at the higher levels did show some damage at the edqes.
Fiqure 12 {s a photograph of specimen 2 after impact. It shows two cracks in
the G/E, one crack near the bond and one near the back surface. There is also
a very small crack in the TWCP near the bond line. Figure 13 is a photograph
of a specimen which had no apparent damage from impact (specimen 7). A porosity
bubble in the Silastic J bond can be seen in figure 13. Such porosity was secen
on some of the specimens.

After impact and subsequent examination, each impact specimen was sectioned
into six bars for three point bend tests at Effects Technology, Inc. (fTI1).
Alos, the G/E was separated from the TWCP by cutting through the Silastic J
bond. After sectioning into beams, the edges of approximateiy one third of
the specimens were polished and the beams sent to AFWL for microscopic examina-
tion. The remainder of the beams were visually examined at £TI. The results
of the visual examination are given in Appendix 1.

Microscopic examination of the G/E indicated that the edqe cracking that was
observed on the edges of the impact specimens did not extend very far into the
center of the specimen. Figure 14 is a photograph of the end of a beam cut
from impact specimen 2 (same as shown in figure 12). The crack of delamination

21
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Figure 11. Specimens lised for Mechanical Impact. (a) View Showing TWCP on Top.
(b) View Showina "/t On Top.
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Figure 12. Specimen No. 2 After Impact. Note the Two Cracks in the G/E
(on the right) and the Very Small Crack in the TWCP (on the left)
7X.

Figure 13. Specimen No. 7 After Ilmpact. No Apparent Damage. Note Small Pore
in Silastic J Bond {Middle white Laver) X,

) This Document
Reproduced From
Best Available Copy
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Figure 14. G/E Beam Cut From Specimen No. 2. Note that Crack (Same One That
was Visible in figure 12) Does Not Extend Very Far Into Specimen 20X
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ends a short distance from the end. Damage was observed on a few of the speci-
mens near the center of the beams, hut it {is suspected that this occurred during
separating the G/E from the TWCP because of the nature of such damage. It was
qenerally concluded that damage to the G/E as a result of the mechanical fmpact
was rather small and confined to the edges. No damage was detected (at least
attributable to mechanical impact) on any specimen impacted at the lower levels.

On the TWCP on the other hand, virtually all of the specimens contained
microcracks, whether impacted at the 200 MPa peak stress or 300 MPa peak stress.
Only a couple of the polished specimens did not appear to have microcracks.
EXampIes of microcracks in the TWCP can be seen in the photographs shown in
figure 15. It was much more difficult to detect microcracks on the unpolished
specimens so it is suspected that many of the THCP specimens which were said to
have "no visible damage" in Appendix I actually contained microcracks that would
have been visible had the specimen been polished. It was therefore concluded
that most, if not all, of the TWCP contained microcracks after beina subjected
to mechanical impact.

26
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Figure 15.

Edge Views of TWCP Beams After Mechanical Impact.

(&

ntial" Specimen Showin
Higher Maanific. tion o

Microcracks Parallel
"Axial" Specimen 20X.
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(ﬂ) "Axial"
Orientation Specimen Showing Diagonal Microcracks 6X. (b) "Circum-

to the Surface 8X.
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SECTION V
EXAMINATION OF G/E SPECIMENS AFTER THREE POINT BEND TEST

In examining the G/E specimens after being subjected to the three point bend
test, the extreme conditions were chosen for study. Thus, the static test con-
dition was looked at in each case and compared to the highest strain rate dynamic
test (+ = 13 cm/sm/sec). Similarly, the specimens of virgin material were com-
pared to those taken from the most severly degraded material (material which
recefved the highest peak stress and/or impulse in the magnetic flyer). Since
all the specimens of degraded material were 71 mm long, only the 71 nm long
specimens of the virgin material were closely examined. A cursory examination
of specimens of other lengths (51 and 127 mm) indicated that the fracture was
not appreciably different from the 71 mm long specimens. In all test conditions,
both the "axial" orientation where the outermost plies were aligned across the
width of the specimen, and the "circumferential" orientation where the outer-
most plies were aligned along the length of the specimen were examined.

Visual examination of the specimens revealed that the “"circumferential"
specimens had less damage than the "axial™ specimens. In the static test on the
"circumferential” specimens, the outermost ply on the tensile side did not
2lways fracture completely. As seen in fiqure 16, only a longitudinal split
occurred on one specimen; on another, there was a transverse crack about one
third of the way across the specimen, ending at a longitudinal split; and on the
third "circumferential” specimen tested statically, there was a transverse crack
across the specimen. A1l of the "circumferential” specimens tested statically
had a transverse crack across the compression side of the specimen directly’
under where it was loaded. Two of these specimens appeared to have a fair
amount of residual strength. Although the statically tested "circumferential"
specimens had delamination, it was considerably less than most of the other
specimens - less than all the "axial" specimens, and less than the "circumfer-
ential" specimens tested dynamically.

The dynamically tested "circumferential" specimens made of virgin material
are shown in fiqgure 17. In all of these specimens, the outermost fiber plies
fractured and the specimens essentially broke into two parts although the two
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parts still hung lightly together. There appears to be finer delamination in
the dynamically tested specimens versus the statically tested ones - compare
figure 17d with figure 16d. )

The statically tested "axial" specimens are shown in figure 18 and the
dynamically tested "axial" specimens are shown in figure 19. There was not a
substantial difference between the visual appearance of the statically tested
and dynamically tested "axial" specimens. In all of the specimens, the outer-
most five plies (one layer of 90° and one layer of 0° plies) remained intact
on the compression side and all of the remaining plies fractured. Again, there
was a considerable amount of delamination which occurred on all specimens.

Samples which had been degraded by mechanical impact prior to test are
shown in figures 20, 21, 22, and 23 after they had been tested. There appeared
to be virtually no difference between the degraded specimens and the specimens
made of virgin material. As in the virgin material, the specimens in»the
"circumferential® orientation broke with finer delaminations when tested dynam-
ically than when tested statically - see figures 20b and 21b. There did not

appear to be significant difference between the two test conditions in the
"axial" specimens.

The scanning electron microscope (SEM) was used to look at the fracture
surfaces at high magnification. For the G/E composites, both virgin and
degraded material were examined after either static or dynamic tests. These
four material/test condition combinations are shown in figures 24, 25, 26, and
27. A typical low magnification SEM photomicrograph of the fracture surface
is shown in figure 28. By comparing similar areas from different test con-
ditions, it can be seen that there is no significant difference from one test
condition to another or from virgin material to degraded material. In comparing
figure 24a, 25a, 26a, and 27a with each other, one can see that failure parailel
to the fibers always occurred at or near the fiber-matrix interface (rather
than entirely within the matrix) and that there was always a rather fine struc-
ture or "river" pattern in the fracture of the matrix. From figures 24b, 25b,
26b, and 27b, it can be seen that there is no significant difference in the
fracture of the fibers themselves. Finally, from figures 24c and d, 25c and d,
and 27c, it can be seen that fiber pullout was approximately the same in each
test condition. Thus, it was concluded that there was no significant micro-
scopic differences between the test conditions and degree of degradation of the
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Figure 18. G/E Specimens After Test: Virgin Material, Static Test, "Axial"
Orfentation. (a) Tensile Side 2X. (b) Edge View 2X.
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G/E Specimens After Test; Virgin Material, Dynamic Test,

Figure 19.
"Axial" Orientation. (a) Tensile Side 2X. (b) Edge View 2X.
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Fiqure 20. G/E Specimens After Test: Degraded Materfal, Static Test,
"Circumferential® Orientation. (a) Edae View 2X. (b) Edge
View 10X,
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Figure 21. G/E Specimens After Test; Degraded Material, Dynamic Test,
"Circumferential” Orientation. (a) Edge View 2X. (b) Edge View 10X.
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Figure 22.

G/E Specimens After Test; Degraded Material,
Static Test, "Axial" Orientation. 2X.

Fiqure 23.

G/E Specimens After Test; Degraded Material,
Dynamic Test, "Axial" Orientation. 2X.
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Fiqure 27.

SEM Photomicroqraphs of Fracture Surfaces of G/E After Test:
Denraded Material, Dynamic Test. (a) View of Nelamination
Surface 2000X. (b) Sinqle Fiber End 11,500X. (c) Fiber
Ends in 45° Plv 509X.
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Figure 28.

Typical Low Magnification SIM Picture of /F Tracture Surface 700V,
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material when tested. Similarly, there was no significant microscopic difference
between specimens in the "axial" orientation and specimens in the "Circumfer-

ential” orfentation. This correlated well with the test results of the G/E,
(ref. 6).
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SECTION VI

EXAMINATION OF TWCP AFTER THREE POINT BEND TEST

Tape Wrapped Carbon Phenolic (TWCP) specimens were examined after being
subjected to the same test conditions as the G/E, i.e., the extreme strain rate
test conditions and the extremes in preconditioning of the material were exam-
ined. The only difference between the TWCP and G/E test conditions was that
the maximum strain rate (c = 48 cm/cm/sec) was higher for the TWCP because of
the greater thickness of the specimen (the velocity of the loading tup was the
same in both cases). As in the case of the G/E, the only specimen length
examined in detail were specimens 71 mm long. Specimens were cut in both the
"axial" and "circumferential" orientations.

Photographs of the' fractured TWCP sp.cimens are shown in figures 29, 30,
31, and 32. As can be seen bty comparing figure 29 with figure 30 or comparing
figure 31 with figqure 32, there {s no apparent macroscopic difference between
the statically tested and dynamically tested specimens. However, if one com-
pares figure 29c with figure 31c or figure 30c with figure 32c, it can be seen
that the fracture path followed a slightly different angle in the degraded
material than in the virgin material. The anale (to the axis of the specimen)
of the fracture path of the virgin material was 29 to 20° whereas the angle in
the degraded material was 23° to 24°. '

This difference in fracture angle between the virgin material is probably
due to the presence of microcracks in the degraded material. Pre-test examina-
tion of the degraded material revealed microcracks in a majority of the speci-
mens and it is felt that had the specimens been polished more an/or examined
at higher magnification, microcracks would have been dbserved in all of the
specimens. This material was laid up at a 20° angle of the plies to the axis
‘nd the interlaminar strenqgth is the weakest. Thus, the angle of weakest
material 1s 20°, but the angle of maximum stress in a three point bend test s
90° to the axis. Thus, the actual fracture path occurs somewhere between these

- two extremes and apparently resolved itself to approximately 30° for the virgin

material. In the deqraded mater1a1, on the other hand, microcracks formed on
the interlaminar planes as a result of the one-dimensional shock loading from
the simulated X-ray exposure. These microcracks made the already weakest plane
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still weaker. Thus, the fracture path would be expected to follow a path
closer to the layup than it did in the virgin material. This agrees with the

observed value of 23° to 24° for the degraded compared with 29° to 30° for the
virgin material,

The fractured TWCP surfaces were also examined with the SEM. The results
of this are shown in figures 33, 34, 35, and 36. In each case, a resin pocket
(which represented but a small fraction of the fracture surface) is shown and a
typical area of fibers is shown. As can be seen by comparing the various figures,
no trend could be detected with either strain rate or degree of degradation -
all surfaces appeared essentﬁal!y the same at high magnifications.
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Figure 33. SEM Photomicrographs of Fracture Surfaces of TWCP After Test;

Virgin Material, Static Test. (a) Fiber Area 500X. (b) Resin
Area 2000X.
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Fiqure 34, SEM Photomicroaraphs of Fracture Surfaces of TNCP After Test:
Virgin Material, Dvnumic Test.  (a) tiber Area 500X. (b)
Resin Area 2000X.
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fiqure 35, SEM Photomicrographs of Fracture Surfaces of TUCP After Test:
Deqraded Material, Static Test. ({a) fiber Area 500X. L)

Resin Area 2000X.
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Figure 36. SEM Photomicrographs of Fracture Surfaces of TWCP After Test;
Degraded Material, Dvnamic Test. (a) Fiber Area 500X. (b) Resin
Area 2000X.
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SCCTION VII
CONCLUSTONS

EN

The following conclusions are drawn from the results of this {nvestigation:

1. When differences are observed in the mechanical properties of a aiven
material when tested at different strain rates, there 1s usually a difference
in the appearance of the fracture surface.

?. Similarily, when no differences are observed in the mechanical proper-

ties of a qiven materfal when tested at different strain rates, then no dif-
ferences will be observed in the fracture surfaces.

3. Differences which are observed in the fracture surfaces of a aiven
material due to testing at different strain rates may be on a microscopic scale,
a macroscopic scale, or both.

A, The fracture surfaces of the 3DQF had a different appearance when
fractured at hiqgh strain rates versus low strain rates.

5. When subjected to a three point bend test, the G/F composite material

failed with a larqe amount of delamination. Thus, extreme care must Lo used in
interpreting the data obtained from this kind of test.

€. Little difference was observed in the fracture surfaces of TNCP frac-
tured at varfous strain rates, but the angle of fracture on the “axial™ orient-

ation specimens was different for dearaded material versus virqin material,
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APPENDIX 1
DDP
VISUAL INSPECTION (3X) OF DEGRADED TWCP & G/L

DEGRADATION
SPECIMEN CONDITION TWCP G/E
MA2 NVD Voids
D1A3 2 Kbar NVD HvD
D1A4 1.1 usec NVD b-interlam. separation
D1AS NVD NVD
D3A1 NVD NVD
D3A3 2 Kbar NVD NVD
D3A4 1.1 usec HVD NVD
D3A6 NVD NVD
D5A1 NVD NVD
D5A2 2 Kbar NVD NVD
DSAS 1.1 usec NVD NVD
D5A6 NVD Voids - R
p7c2 NVD poss. delam. T mid-plane
07C3 2 Kbar HVD NVD
D7C4 1.1 usec NvV2 NVD
p7C5s NVD NVD
Dac1 MNVD HVD
D9C3 2 Kbar NVD debond (from mag flyer or clean up?) Tb
DICc4 1.1 usec NVD debond (from mag flyer or clean up?} Tb
DIC6 NVD incomplete ply-B-Tb
D120 MVD MVD
1262 2 Kbar NVD small void (Tb)
n12cs 1.1 usec NVD small voids T & B
D12C6 NVD small voids - T
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G/T
NVD
NVD
NVD
NVD

voids L & R
voids L & R
delam, - L & R
debond? - L

NVD
MVD
NVD '
NVD
delam. starting - Rb
detam, startina - Lb
NVD
bondline crack? R

NVD

NVD
bondline crack
void - L

AFWL-TR-77-274
DEGRADAT ION

SPECIMEN CONDITION TvCP

D6A2 possible cracks - Rb
D6AD 3 Kbar possible crack - L&Rb
DoAY 0.7 ysec possible crack - R-b
N6AS5 NVD
NBAI possible crack - b. RRL
D8A3 3 Kbar cracks - b-R&L

D8AS 0.7 usec crack - bR &L

D3A6 possible crack - b-R

(L too dark)

nIoc? NVD
D10CcA 3 Kbar NVD
n1ocs 0.7 usec NVD
D10C6 NVD
N4A2 possible cracks - Lb
D4A3 2.8 Kbar possible cracks R.L b
N4A4 1.1 usec NVD
NAAS NVD

N2A1 MVD

A2 3.6 Kbar hairline cracks - b
N2A4 .7 usec NVD

A6 hairline crack - L & R

Code: b - near bondline, NVD = no visible damaqge

T & B - Top and bottom of circum. specimens with specimen code
as reference.

L & R - Left and right of axial specimens with specimen code
as reference.
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LIST OF ACRONYMS

AFWL Air Force Weapons Laboratory

oop Dynamic/Degraded Properties Program

DYV Environment and Effects Branch of AFWL

ETI Effects Technology, Incorporated

G/E Graphite Epoxy Composite

RV Reentry Vehicle

SAMSO/ABRES Space and Missile Systems Organization/
Advanced Ballistic Reentry Systems
Deputate

SEM Scanning Electron Microscopy

3o0p Three-dimensional Guartz Phenolic

TWCP Tape Wrapped Carbon Phenolic

VA&H Vulnerability and Hardness
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