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Micro-computed X-ray tom ography (Micro-CT) has gained increasing im portance in the field of 3D
materials characterization and inspec tion because of its non-destructive na ture. The CT data is used to
generate 3D views of the internal structure, wh ich would otherwise be obt ained only by analyzing it
destructively. State-of-the-art laboratory-based Micro-CT X-ray tube-based systems, although suffering
from some limitations, are now at par with synchr otron-based high energy beam based CT approaches.
The measurement speed and qua lity of the data obtained has resulted in this technique being widely
used, not only in the m edical community where it all began (for bones and tissue), but also in the vast
area of materials science. In this paper, we describe several materials which are of interest to G E, and
how Micro/Nano-CT is being used to characterize them . The tom ography system used here is the
vtomex M micro/nano-CT (GE Sensing and Inspection Technologies), which has a 300 kVp micro-focus
source and a 180kVp nano-focus source.

Carbon-fibre reinforced polymer composites are being used as weight-saving for alum inium in several
large aircraft engine parts. Because the geometry of many parts of interest is complex, it is of interest to
investigate forming the laminate to these shapes after layup on a sim pler tool. However such form ing
processes can create local im  perfections inthe laminate including delam inations and wrinkles.
Investigation of parts thus m ade for such defects can be of great ben efit in exploring the limits of the
processes. An arc section of an axisymmetric formed composite part is imaged to identify defects in the
ply layup forming process, such as the form ation of any wrinkles, as well as ply angle changes that
would be expected based on the starting and final ge ometries. This sample was imaged using the micro-
focus source at 180kV tube voltag e and 110pA fila ment current; the total acquisition tim e was 57
minutes. A nominal resolution of 33pum was obtained. The orientation of the fibre tows in this sample is
+/- 45° and 0°/90°. The image in Figure 1 is a CT slice showing a cross-section of the com posite in the
axial-radial plane. The gaps between plies can be clearly seen in the outer corner of the formed radius.
Other views confirm that the angles between the tows increase from the inner to the outer radius. Thi s
variation suggests that as the plies are formed to their final shape, the resin allows sliding between and
within them, as explored for draping [1]. In order to understand the movement of the plies and check for
the formation of wrinkles during the process of forming, we have performed an in situ forming study by
imaging at various increm ents of pressure. The sa mple was formed within custom made tooling, in a
furnace oven. At several interm ediate steps in the pro cess, CT was performed on the sample inside the
tooling using the m icro-focus source at 150kV tube voltage and a filam ent current of 110pA. The
imaging parameters were selected to provide de  sired resolution of individual fiber tows while
maintaining an acquisition time of 17 minutes that minimized transient effects after forming. A nominal
resolution of 50pum was obtained. It was seen that the thickness of the laminate and the friction between
the laminate and tooling play important roles in the quality of the formed part.

Nickel-based superalloys are commonly used in ai  rcraft engine turbine blades. These blades are
subjected to sustained-peak low-cycle fatigue (SPL CF) [2] due to the cyclic loading during the gas-
turbine operation. CT serves as a valuable tool to locate and measure the cracks that form as a result of
fatigue damage. Using Micro-CT, one can investigate the morphology and depth of large cracks that are
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formed as a result of testing.  Such a m easurement is di fficult to do by traditional m etallography
techniques because of ambiguity in the location of sections to measure the deep cracks. Additionally the
distribution of the cracks throughou t the specimen can be obtained by Micro-CT. The SPLCF tested
cylindrical dog-bone shaped fatigue sam ples (5 mm in diameter) were imaged using the m icro-focus
source at 180kV tube voltage, and a filam ent current of 60pA to obtain a nom inal resolution of 11 pm.
Long exposure times were required to penetrate the sample, resulting in an acquisition time of 4.5 hours
for the 20 mm gage section of the specimen. This CT inspection is the fi rst of its kind; it uses the high-
power and the high-resolution capability of the part icular instrument. Figure 2 shows the three deep
cracks in a fractured sample. The cracks detected are of a typical thumbnail shape, and have propagated
perpendicular to the direction of the applied axial stress.

In conclusion, CT has been proved as an indisp ensable tool for ev aluating materials and com ponents
during any stage of their fabrication and post-testi ng. Samples of any size and geometry can be im aged
with minimal sample preparation. As the scope for new applications of CT continually increases, there is
a greater drive towards the develo pment of more efficient X-ray s ources, accurate recon struction
algorithms and higher spatial resolution as well as te  mporal resolution. Finally, the incorporation of
other analytical m odalities such as phase identificati on through EDS, in the CT  systems would be
revolutionary.
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Figure 1. A CT slice of the cross-section of the Figure 2. A 3D volum e reconstruction of the
formed composite. The width of the im age is fractured Ni-based superalloy specim en. The
29.0 mm to scale. cracks are highligh ted inred ; the m aterial is

rendered transparent to aid in visualization. The
width of the image is 8.7 mm to scale.
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