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FIGURE5 ARRANGEMENT FOR INSTRUMENTED IMPACT EXPERIMENT ON POLYCARBONATE
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FIGURE 6 OSCILLOSCOPE RECORDS FROM
ELECTROMAGNETIC PARTICLE VELOCITY
GAGES No. 2 AND 3 IN
POLYCARBONATE SAMPLE
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FIGURE 7 COMPARISON OF PARTICLE VELOCITY HISTORIES FROM LASER
INTERFEROMETER AND ELECTROMAGNETIC GAGES
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FIGURE 9 OSCILLOSCOPE RECORDS FROM ¥b
STRESS GAGES IN POLYIMIDE SAMPLE
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FIGURE 27 INTERNAL CRACKS IN POLYCARBONATE PRODUCED BY A
SHORT LIVED TENSILE PULSE
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on the nominally dark brown polvimide fracture surface Bright red and
yellow thread-like marking radiated outward from the fracture centers,

and patches of red ften delineated the concentric ring pattern

FIGURE 28 TINY CRACK-LIKE FLAWS ABOUT THE
PERIPHERY OF A SHOCK-INDUCED
INTERNAL CRACK IN POLYCARBONATE



FIGURE 29

TINY CRACK-LIKE FLAWS WHICH HAVE BEEN
ENGULFED BY A GROWING CRACK RESULTING
IN HYPERBOLIC MARKINGS ON THE FRACTURE
SURFACE









FIGURE 30 OPTICAL MICROGRAPH SHOWING THE TWO
TYPES OF DEFECTS TO BE FOUND IN THE
INTERIOR OF INJECTION-MOLDED
POLYCARBONATE SHEET

However at sufficiently high stresses, the small bubbles will
become important in crack initiation, for then both defect types can be
activated with more n; less equal facility. Then, because of the larger
number of bubbles, they would control the initiation phase of the

fracture process.

Scanning electron microscope technigques were used to examine the
nucleation sites on brittle fracture surfaces of polyimide (Figure 3D.
Measurements of a large number of nuclei indicated that the maximum size
of preexisting flaws was essentially the same as found in polycarbonate;
namely, 20p. Close-up views (to 50,000X) of the centers of cracks failed
to reveal any consistent tangible inclusion. In the majority of cases,

a cavity or a roughened surface was found at the center of cracks in
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FIGURE 31 LOW MAGNIFICATION VIEW OF A
SECTION OF A FRACTURE SURFACE
IN SHOCK-LOADED POLYIMIDE

polyimide as shown in Figures 32 through 35. This is ip accordance

with the in situ observations of preexisting defects in polycarbonate

and suggests that the same type of preexisting defect structure exists
in polyimide, i.e., the rough fracture centers were the crack-like

dafects and the cavities were preexisting bubbles.

On rare occasions inclusions were found at crack centers. ne
such case is shown in Figure 36. A nondispersive x-ray analysis of

the smooth-sided object revealed that the inclusion is a hydrocarbon.

Estimate of the Critical Stress Intensity Factor Under Shock Loading

According to concepts of modern fracture mechanics, there exists
a number ch which describes the resistance of a material to catastroph-
ic brittle fracture under quasi-static ioading. This number is considered
to be a material property dependent only on testing temperature and

strain rate and independent of specimen geomeiry. Moreover, the number

71



FIGURE

32

A CAVITY-TYPE NUCLEATION SITE IN
POLYIMIDE



FIGURE 33 A POROUS AREA IN POLYIMIDE THAT
SERVED AS A CRACK NUCLEATION
SITE
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FIGURE 34 ROUGH AREA IN POLYIMIDE WHERE
AN INTERNAL CRACK WAS INITIATED
UNDER SHOCK LOADING
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FIGURE 35 FIBROUS AREA IN POLYIMIDE WHERE
AN INTERNAL CRACK WAS INITIATED
UNDER SHOCK LOADING



FIGURE 36 SMOOTH-SIDED PARTICLE FOUND
AT THE CENTER OF A CRACK
IN POLYMIDE

can be used in design calculations and is thus much like the yield

strength.

It 1s interesting to estimate the critical stress intensities of

polycarbonate and polyimide under the shock-wave loading and uniaxial

strain conditions which existed in these experiments. Since the cracks

form before unloading waves can run in from the sides, the specimen

behaves as if it were infinitely wide. e three-dimensional elastic

13
solution for a penny-shaped crack in an infinite medium is
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FIGURE 37a INTERNAL PENNY-SHAPED CRACK IN POLYCARBONATE
PRODUCED UNDER SHOCK LOADING SHOWING
CONCENTRIC GROWTH RINGS
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FIGURE 37b SCHEMATIC DEPICTION AND SUGGESTED VELOCITY
HISTORY FOR THE CRACK SHOWN IN (a)
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FIGURE 39 VOIDS THAT NUCLEATED AND GREW
VISCOUSLY UNDER THE MAGNIFIED
STRESS FIELD EXISTING BETWEEN
TWO CONVERGING CRACK TIPS

from reaching critical values there. Hence spall cracks alone were not
enough to disintegrate the specimen, since they did not reach the
specimen surface. Disintegration did occur, however, by means of
transverse cracks which extended from the impact surface to the spall
plane and formed a spoke-like pattern on the external impact surface of
the specimen (Figure 42). The pattern of these cracks implies that
they formed under hoop stresses and the fact that cracks were not
found in the free-surface half of the specimen, Figure 43 suggests that

these hoop stresses existed only in the impact half of the specimen,
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FIGURE 41

PARTIALLY RECONSTRUCTED
POLYIMIDE SPECIMEN SHOWING
HOW FRAGMENTATION RESULTED
FROM CRACK COALESCENCE
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FIGURE 42a RADIAL CRACKS ON THE IMPACTION SIDE OF A
POLYIMIDE SPECIMEN CONTRIBUTING TO THE
FRAGMENTATION PROCESS

FIGURE 42b SAME SPECIMEN WITH A LARGE SECTION
REMOVED TO REVEAL INTERNAL DAMAGE




JOVAVA 3HNLOVHS G3DNANI-XO0HS ONIMOHS 6 ON N3IWID34S JAINIATOd HONOHHL NOILD3S Q3IHSINOd

Ev 3¥NOI4

88







































