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Fiber Diameter 1 1.2
Modulus of Elasticity 2 1

Material 1 is more compliant and therefore used for the area around the hole. After
researching a lot of materials, a PAN-based carbon fiber material and an S-Glass
fiberglass material were found to have the closest desired ratios.
Characteristic Fiberglass:Carbon Ratio
Fiber Diameter 1.2:1-13:1
Modulus of Elasticity 1:2.93

The fiber diameter for the carbon fiber ranges from 7.6 — 8.6 um which is why the ratio
also ranges. The next step was to determine the proportion of each material that would
mimic bone. After reviewing the composition of bone, the desired proportionality was
found.
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From this it was determined that the fiberglass would be used around the foramen and
at a distance away from the foramen with the carbon material in between. The next step
was to find the proper ASTM Standard that applied for this project. The standard
entitled Standard Test Method for Flexural Properties of Unreinforced and Reinforced
Plastics by Four-Point Bending to be applicable standard.
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This standard also specified the dimensions needed for the beam. It gave that the ratio
between the distance ‘L’ and the thickness could not exceed 16:1, and that the width
could not exceed % of the distance ‘L’. Given that the working area in the hot press is
304.8 x 304.8 mm, the beam dimensions need to be: length — 228.6 mm, width — 57.2
mm, and thickness — 14.5 mm. The next step was to determine the hole size in the
beam. To make sure the stress concentration from the edge of the beam didn’t overlap
with the stress concentration from the hole, we set the hole a distance of 3 diameters
from the edge, giving a hole diameter of 9.5 mm.

elasticity gradient increases fatigue life. The only variable that will be different is the
composition, so its effect can be tested. This is also true when comparing beams (2) and
(3). Beam (4) can also be compared to beam (3) to test whether the preformed hole
increases fatigue life. The osteon orientation and density changes around a foramen
giving it greater static strength and fatigue life. By comparing beam (4) to beam (3), it
can be determined whether preforming a hole increases fatigue life. To further solidify
this claim, beam (1) and beam (2) can be compared to each other. The holes will be
preformed during the fabrication process, however to do this, a new fixture needed to be
designed.
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The above left image is the bottom plate of the fixture. The material is layered on this
plate. To create a preformed hole, the material can be layered around either of the
protruding pegs. The preformed hole mimics the foramen in bone. It was previously
determined (Garita & Rapoff, 2003) that the osteons are oriented in a transverse
direction which may increase the toughness of this region. To mimic this property,
composite layers will be wrapped around the pegs, giving the fibers a transverse
orientation. This causes the problem that there will be a fiber rich area around the peg.
To combat this, sections of the material being layered adjacent to the peg will be cut out.
This way, the extra fiber and resin from the material wrapped around the peg will seep
into the cut out region, alleviating the fiber rich area. The above right image is the top
plate was also designed containing holes at the same location as the protruding pegs.
Once the material is layered onto the bottom plate, the top plate is put on to compress the
material before it is put in the hot press. The material is then put into the hot press,
which heats up and compresses the material until it meshes into a composite. This
process was completed to get an idea of how it worked. Four layers of material were
layered onto a fixture and put it in the hot press. After the process was over, a composite
that measured 0.76 mm in thickness was made. It was then determined that it will take
approximately 68 layers to generate a composite that is 14.5 mm thick.

Future Work

The next step in this process is to start fabricating all four of the beam designs. When
this is completed the beams can be tested by a four-point-bend test to see whether the
fatigue life has been increased. This will be determined by cyclically loading the beams
and seeing how many cycles it takes to break each beam. A second method for
analyzing these beams will be to stop them at a set amount of cycles, section them, and
quantify the damage to the beams. The desired results are that the heterogeneous beams
with the preformed holes have a longer fatigue life and show less damage at the same
severity of cyclic loading than the other beams.
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