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Other Major Component Inspection II
Remote Inspection of Steam Turbines with Turbine Casing in Place
G. Burkhardt, A. Parvin, J. Fisher, Southwest Research Institute®, USA

INTRODUCTION
Inspection of steam turbine internal components currently involves removal of the upper half of the
steam casing and disassembly of the turbine to provide access to these components. Figure 1 shows a
turbine in various steps of disassembly. Areas that typically require inspection are blades and vanes
and adjacent areas. Significant cost savings would be realized if interim inspections could be performed without the need to open the inner casing.
Under sponsorship of Tokyo Electric Power Company (TEPCO), Southwest Research Institute®
(SwRI®) is developing equipment to perform this type of inspection (U.S. patent pending by TEPCO).
The equipment uses a commercially-available articulated videoscope, combined with systems to
deliver the videoscope to internal portions of the turbine. One delivery system is called the screw-drive
device (SDD) and is inserted into the turbine through the exhaust end into gaps between blades. This
device is capable of traversing multiple stages and can reach approximately 2/3 of the length of the
turbine. The second system, called the manual guide tube device (MGTD), is inserted through handholes in the turbine inner casing, and then through steam extraction gaps to reach the blades. The
MGTD can reach the remainder of the stages that are not accessible with the SDD. Development and
testing of the devices was accomplished using a full-scale truncated mockup of a low-pressure steam
turbine that was developed from measurements on an actual turbine using a coordinate measurement
machine (CMM).

TURBINE MOCKUP
In order to develop and test the inspection devices, a mockup of a steam turbine was developed. The
mockup included the full-length blade and vane geometry, as well as the geometries of the inner
casing, hand-hole ports, and steam extraction gaps. Development of the mockup was initiated by
performing dimensional measurements on a disassembled turbine using a precision CMM.
Measurements were taken to determine the dimensions and profiles of the rotor and blades, the
diaphragms and vanes, and the inner casing and hand-holes. Computer models of the turbine
components were then generated and used for fabrication of the mockup. Figure 2 shows
measurements being taken with the CMM and the resulting computer model.
The turbine mockup is shown in Figures 3 and 4. The mockup consists of the turbine blade and
vane components (fabricated from plastic using a rapid-prototype SLA process) and the inner casing
(fabricated from wood). The blade and vane components are mounted on a box that places them at the
correct radius from the center of rotation. This assembly can be rotated around a shaft (using cables
and winches) so that the blade and vane components can be positioned at locations from
approximately 1 to 4 o’clock. The inner casing mockup duplicates the access available from the handhole ports (Figure 4) through the steam extraction gaps and into the blade and vane areas.

SDD
The SDD is a delivery mechanism for a commercially-available articulated videoscope; the
components are shown in Figure 5. The primary component is a flexible, tubular main body through
which the videoscope is inserted; the body has a helical shape on the outside so that it is propelled
forward when the body is rotated. When in position, this body provides a low-friction guide so that the
videoscope can be manually pushed or pulled forward along the desired path.
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Figure 1 - Exploded view of low-pressure steam turbine

Figure 2 - Measurement of turbine geometry using CMM (left) and computer model generated from
measurements (right)
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Figure 3 - Full-scale truncated mockup of steam turbine (interior view)
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Figure 4 - Exterior view of mockup

Figure 5 - SDD Components, control end (top) and inspection end (bottom)

The videoscope controls include knobs for articulating the end of the videoscope containing the
camera. The camera image is viewed on a video monitor (not shown).
The videoscope contains a “working channel” that allows a hook to be extended from the end of
the videoscope on a separate cable. This hook is used to engage the edge of a blade or vane so that the
videoscope can then be pulled forward by retracting the cable relative to the videoscope.
The SDD may also used with a flexible guide normally used for routing electrical cable. This
“cable guide chain” can bend in one direction but is rigid in the perpendicular direction. The SDD is
inserted into the turbine and the cable guide chain is inserted around the SDD so that the chain bends
in the direction of the blade curvature. The operator can slide the chain (and thus the SDD) along the
length of the blade, since it is rigid in that direction. This capability allows the SDD to be positioned at
different locations along the length of the blade but still allows flexibility so that the guide and SDD
can bend around the curved blade.
Operation of the SDD is illustrated as follows. Figure 6(a) shows the SDD inserted into the
mockup with the videoscope tip and working channel hook positioned between the stage 16 vanes
blades. Figure 6(b) shows the tip being articulated to view in a different direction. In Figure 6(c), the
hook is being extended into the stage 16 vanes; in Figure 6(d), it has been hooked onto the leading
edge of the stage 16 vane. In Figure 6(e), the videoscope has been advanced forward toward the
leading edge of the stage 16 vanes (by the operator pulling on the working channel cable), and the
SDD main body is being rotated and advanced into the next stage.
Testing of the SDD showed that it was effective for inspecting the vanes and blades in stages
starting at the exhaust end of the turbine and extending about 67% of the turbine length. Beyond that
distance, friction became too great to allow extension of the device into additional stages. For the
remaining stages, it was necessary to use the MGTD as described below.
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Figure 6(a) - SDD inserted into the mockup

Figure 6(b) - SDD videoscope tip articulated to allow inspection of a different region of the
vane (16N)

Figure 6(c) - Working channel hook being extended into the leading edge of stage 16 vane (nozzle)
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Figure 6(d) - Working channel hook secured onto leading edge of stage 16 vane

Figure 6(e) - Videoscope is advanced toward the stage 16 leading edge using the cable and hook, and
SDD main body is advanced by rotation

MGTD
The MGTD also acts as a delivery mechanism for a videoscope, and is used for turbine stages that
cannot be accessed by the SDD. The MGTD approach is based on entering the turbine through the
hand-hole ports and steam extraction gaps The MGTD consists of a rigid guide tube and videoscope
with working channel hook. In some cases, the helical main body of the SDD is also used. Figure 7
shows the inspection end of the MGTD. The rigid guide tube is preshaped for a particular inspection
area. This tube is inserted through the hand-hole and into the steam extraction gap. The videoscope is
extended from the guide tube and articulated for examination or further extended into the next stage.
Because direct paths are not available from the steam extraction gaps into all stages, the videoscope
must traverse several stages from this point in order to inspect adjacent stages.
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Figure 7 - MGTD Components

Figure 8 shows operation of the MGTD. The rigid guide tube is inserted through the hand-hole
port and into the steam extraction gap. An adjustable clamp is used to hold the guide tube in the handhole, and an inflatable air bag is used to hold the guide tube in the gap. (In these tests, the expansion
device was inflated using a hand-operated bulb shown in the figure; in the future, the bulb will be
positioned at the hand-hole end of the rigid guide tube so it can be activated by the operator.) The
videoscope is then inserted through the guide tube into the gaps between blades. The videoscope is
advanced by extending the working channel hook into the next stage until it engages the leading edge,
and the videoscope is then pulled forward as with the SDD operation.

TEST RESULTS
Evaluation of the SDD on the turbine mockup showed that about 67% of the turbine stages (starting at
the exhaust end and extending toward the inlet) could be inspected. Frictional forces prevented further
insertion. Testing of the MGTD showed that the remainder of the stages could be inspected; using a
combination of SDD and MGTD, all stages of the turbine could be inspected. An exception is that at
some stages, certain angular positions could not be accessed. This limitation occurred primarily near
the top of the turbine at stages near the inlet where gravity pulls the inspection devices toward the root
of the blades. Here, the gaps between blades are smaller, thus reducing accessibility. It was shown that

the video image quality was sufficient to resolve features smaller than 1 mm and that the entire length
of each blade and vane could be inspected.
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Figure 8 - MGTD inspection – view from outside of inner casing (top) and view from interior of
turbine (bottom)

CONCLUSIONS
A full-scale low-pressure turbine mockup containing all blade and vane stages (with limited
circumferential extent), inner casing, and hand-hole ports was successfully developed. This mockup
allowed development and testing of the SDD and MGTD inspection devices.
SDD and MGTD devices were developed to accomplish delivery of a commercially-available
articulated videoscope into a low-pressure steam turbine. Using a combination of both devices, all
turbine stages could be inspected, although there were a few angular positions at some stages that
could not be accessed. The video image quality was sufficient to resolve features smaller than 1 mm.

