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Keeping the Current Flowing: Non-destructive Testing of Power Plant Generator Rods
plicability of the new technology for
the inspection of power plant turbines
in several feasibility studies.
The mica insulation of current conductors in
the generator was investigated. Early detection of defects and cracks in the insulation is

“Already on the first specimen, which
was tomographically recorded in advance, we were able to recognize
the defect in the terahertz image.”
Dr. Andrey Mashkin
Siemens Energy

Preliminary examination: Dr.
Friederich in the power plant
generator, whose mica insulation, which is sometimes difficult to access, can be examined
using terahertz technology.
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The inspection of power plant generators is a complex undertaking, partly
because of the sheer size of the generators and partly because of their structure. Not all locations are accessible and
space for the use of measurement technology is often limited. In recent years,
however, many terahertz and millimeter-
wave technologies have evolved from
scientific backgrounds into specific industrial applications, including non-destructive testing for defects below the
surface in quality control and product
maintenance. Together with Siemens
Energy, we were able to prove the ap-

crucial for the functionality and running time
of the generators. The goal was to detect internal defects before the surface material ruptures. Camera-based inspection methods only
detect defects on the surface and are therefore not an option on their own. This is because
it is too late for maintenance and timely repair.
The defects must be detected before they are
visible from the outside.

Radar-based measurement technology
combined with terahertz waves
“Imaging-based terahertz testing is particularly
well suited for this purpose,” says project
manager Dr. Fabian Friederich from the “Materials Characterization and Testing” department. “Radar-based approaches, in fact, enable the acquisition of depth information and
simplify the differentiation of individual features of the measured object.” Corresponding

Material Characterization and Testing

terahertz imaging systems are often based on
quasi-optical lens systems that offer a certain
degree of flexibility, e.g., with regard to the
choice of focal length and thus working distance. The quasi-optical components for the
terahertz range are usually quite large and are
therefore not suitable for the inspection of
generator rods. The remedy here is a combination of radar-based measurement technology and the use of a type of endoscope, which
is guided between the generator rods. This
consists of a plastic waveguide as a near-field
antenna in conjunction with a terahertz radar
sensor.

Promising test measurements
The measuring tip was first tested on a defective generator rod in the laboratory. It was
guided over the surface in the area of the defect and the surface of the generator rod was
scanned point by point to generate a volumetric image of the area. Comparative images with
X-ray CT were used to detect and rule out the
defect characteristics. The investigations led to
very promising results, so that in the next step,
specific approaches for the application of the
method in typical interstices of the generator
rods were tested.

For this purpose, the ITWM experts first investigated suitable materials for the guidance and
influences due to bending of the measuring
tip, in the form of further comparative measurements on the generator sample taken. On
the basis of these findings, adapted measuring
tips were subsequently worked out on plastic
plates and combined to form an endoscope.
Finally, exemplary measurements were carried
out on assembled generator bars to validate
their suitability for use.

What is next?
In the next steps, other aspects of the measurement geometry are investigated; for example:
What is the influence of the angle of incidence
on the measurement signal? Other approaches to solving the problem of the measuring tip
in the field are also being examined. “We want
to realize a fully adapted measurement system
that can be used routinely to check generator
rods on this basis,” says Dr. Fabian Friederich.

X-ray CT image

crack defect
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The photo on the left shows a section of a generator rod. The X-ray CT image of the sample
cross-section shown in the background on the right shows a crack inside the insulation. The embedded terahertz image has a different perspective that shows that the crack extends over the
entire width of the generator.

More information at www.itwm.fraunhofer.de/terahertz-testing
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