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4. Quantifying damage using low
cost epi-fluorescent microscopy
Recent work has shown that
mechanical strength of CFRP
samples machined using two
different machines was statistically
different. 2D stylus and 3D areal
methods were not able to provide a
link between surface quality and the
mechanical performance, perhaps
due to the amount of matrix
smearing that occurred.
It is hoped that the epi-fluorescent
method is able to show this by
quantifying sub-surface damage.
Step 1
Trim a machined sample, set in
mounting resin infused with UV
particles and observe the through
depth defects using a microscope.

Scanning electron microscopy has
confirmed that matrix has smeared
across the surface due to high
temperatures exceeding the Tg of
the material and potentially hiding
defects.

Fibre orientation

1. Current surface quality metrics
Carbon fibre reinforced polymer
(CFRP) manufacturing processes
typically require an edge trimming
process to achieve the final part
shape. Edge milling is one method
of achieving this net shape.
Historically a stylus has been used
to measure the surface quality (e.g.
Ra) of the trimmed edge.
More recently areal measurement
methods such as focus variation
have been used to gather more
information (e.g. Sa).
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Figure 3 – Micrographs of differing fibre orientations

Figure 1 – Focus variation surface height images for a), b) 5 axis milling
and c), d) robotic arm milling for burr and herringbone tools

2. The need for sub-surface
measurements
Whilst temperature measurements
of the actual milled edge have
proven difficult, infra-red camera
measurements
show
tool
temperatures and machined chips in
excess
of
the
Tg
of
the
DGEBF/TETA
epoxy/amine
reinforcement of the material. These
measurements provide evidence
that matrix smearing is likely to
occur which may mask defects.

3. Seeing beneath the surface
X-ray computed tomography can
show sub-surface defects but this is
an expensive method in terms of
time and cost of scanning (below
image used 12 hours of scan time
and cost £400)
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Figure 7 – a) greyscale image with ROI and b) resulting cropped image
Figure 4 – CT scan showing pullout in a single layer of the CFRP
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Step 2
Crop to region of interest including
the definition of a theoretically
straight cut edge and change to
greyscale.
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Figure 6 – a) cast sample and b) resulting epi-fluorescent image

A low cost alternative is to slice the
machined sample and mount in a
fluorescent dye. Epi-fluorescent
microscopy can then be utilised to
observe through depth defects.

Step 3
Use
automatic
Otsu
image
thresholding to show only UV pixels
in a binary image. Determine
number of pixels to quantify
damage.

Figure 8 – Binary image allowing damage to be quantified in terms of
number of pixels

Figure 2 – a) tool temperature at 210°C b) epoxy dust, c) IR image
of epoxy dust at 126°C shortly after tool pass

Figure 5 – Epi-fluorescence demonstrating pull-out and sub-surface
defects
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