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' (57) Abstract

A device (10) suited for inspecting selected positions of a nuclear power plant.
The invention-comprises a boom (12) for extending to a position in a nuclear power sta- ‘
tion to be inspected, and a video camera (14) affixed to the boom for permitting the visu-
al inspection of the position to be inspected. In preferred embodiments, the video came-
ra (14) is affixed to a pan and tilt mechanism which may be adjusted by a remote
joystick or by a control box (25) situated on the boom. The video camera includes an au-

to-focus feature.
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INSPECTION DEVICE

Field of the Invention

The present invention is directed to the field of
inspection devices and methods. In particular, the present
5 invention is directed to nuclear power plant inspection
devices. '
Background of the Invention
Nuclear power plants typically contain three major
components as shown in Figure 1: a reactor which produces

10 superheated water which is transported to one or more steam
generators; the one or more steam generators which generate
steam; and a power turbine, driven by the generated steam,
which produces electrical power. Nuclear power plants may
have miles of pipes and ducts which must be inspected and

15 examined for corrosion, leakage and damage. These regions
include the reactor bowl, the tube sheet, support plates and
the tubing within the steam generator.

X It is particularly difficult to inspect all areas of
the plant including the primary bowl and steam generator.

20 These areas are often highly radioactive and may leak
contaminated liquids. TYpically, direct human inspection of
the key areas of the steam generator and reactor bowl is
limited to several minutes per six-month period.
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There are a number of issued patents which disclose
devices for nuclear power plant inspection and repair. U.S.
Patent No. 4,673,027 discloses a device for inspecting and
repairing the tubes of a nuclear reactor steam generator. The
device includes a manipulator which is insertible in the
chamber and which may be locked onto the tube sheet for
supporting remotely controlled and monitored inspection
instruments and tools. The manipulator includes a support leg
which is adjustable in length in an axial direction, a main
arm connected to and movable relative to the support leg and
an equipment carrier which is connected to the main arm.

U. S. Patent No. 4,653,971 discloses a device for
selectively positioning a tool carried by a vehicle which
moves on a perforated plate, while the device utilizes an
elbow which swings a telescoping arm into position.

Similarly, U. S. Patent No. 4,945,979 discloses an improved
robotic arm for effecting a tube plugging operation. The
system also includes an elbow control mechanism.

U. S. Patent No. 4,205,939 discloses an apparatus
for remotely repairing the tubes in a steam generator. The
device includes a boom pivotally mounted on a column and a
system for rotating the column and the boom therewith. The
disclosed device further includes a tool which is operable on
the tubes. |

U. S. Patent No. 4,231,419 discloses a manipulator
for inspecting and repairing the tubes of heat exchangers. An
inspection arm is inserted and removed through a lead-in
nozzle and a swivel arm carries an extendable and retractable
mouthpiece carrier with a mouthpiece which can be aligned into
the tube openings. U. S. Patent No. 4,919,194 discloses a
method of positioning a robot for inspecting and maintaining
the steam generator within a nuclear plant.

U. S. Patent No. 4,302,772 discloses a device for
television inspection of an inner surface of a closed
cylindrical vessel having vertical access and an access hole
in the vessel’s upper part. The device includes a television
camera and at least one flood light for lighting an area to be
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inspected. The camera is suspended from a flexible tube which
is held rigid under torsion and through which pass electricity
supply cables for the camera and floodlight.

U. S. Patent No. 4,424,531 discloses an inspection
device for inspecting internal spaces in nuclear reactor
installations. The device includes a camera arranged on an
adjustable tube. U.S. Patent No. 4,967,092 discloses an
apparatus for optically checking the inner profile of a tube.
The apparatus includes a probe which is positioned in, and
movable longitudinally within, the tube.

Finally, U.S. Patent No. 4,702,878 discloses a
device for searching and retrieving objects on a tube sheet of
a steam generator. The device includes a sled having a probe
and a gripper which is connected to a flexible tube having
control means.

While each of the above mechanisms have been
utilized to inspect and/or repair of nuclear power plants and
include the use of robotic manipulators or arms, none have
been successfully utilized to facilitate the easy hand
inspection of the primary bowl of the reactor by an operator
or the inspection of the steam generator and associated
tubing. Most of the above devices require the use of complex
mechanical systems which must be controlled from a remote
position.

There has been a long felt need for a versatile and
all purpose nuclear power plant inspection device which can be
used to inspect the reactor bowl, steam generator areas,
tubing and ducts, and other areas within the nuclear power
plant. There has also been a long felt need for an inspection
device which is hand held and portable, which can be used to
inspect large portions of the nuclear power plant, and which
can be utilized for a variety of non-nuclear power plant
applications. '

Summary of the Invention
In accordance with this long felt need, an

inspection device and method are disclosed. In a most
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preferred embodiment, the invention comprises boom means for
extending to a position to be inspected, and video camera
means affixed to an end of said boom means for permitting the
visual inspection of said position to be inspécted.

In a second embodiment, the invention is directed to
a nuclear power plant inspection device comprising boom means
for extending to a position in a nuclear power plant to be
inspected, and video camera means affixed to an end of said
boom means for permittingrthe visual inspection of said
position in said nuclear power plant to be inspected.

In another embodiment, the present invention
comprises a device for inspecting the primary bowl of a
nuclear reactor. The invention further comprises boom means
for extending into the primary bowl of a nuclear reactor, and
CCD video camera means affixed to the end of said boom means
for visually inspecting said primary bowl.

The presént invention is also directed to a method
for inspecting portions of a nuclear power station. The
method comprises the steps of extending a boom to a section of
a power station to be inspected, said boom having a CCD camera
attached thereto for permitting the visual inspection of said
section to be inspected. '

The device of the present invention can be utilized
to inspect the primary bowl of the reactor, the steam
generator, and other difficult to reach portions of a plant.
The present invention is deSignéd to be hand held and
manipulated. It is further expandable by means of a plurality
of telescoping members and can extend up to 32 feet.

The inspection device of the present invention, in a
preferred embodiment, utilizes a charge-coupled video camera
which facilitates the inspection of selected portions of the
plant. In yet other embodiments, the inspection device
includes means for maintaining the inspection device in a
vertical position.

While a preferred embodiment and application of the
present invention is directed toward nuclear power plant
inspection, it is to appreciated that the inspection device of
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the present invention may be utilized for a large number of
non-nuclear related applications, including inspection of
chemical plants, oil refineries, waste treatment plants and
facilities, fossil fuel burning electric power generation

§ plants and other applications. These and other advantages of
the present invention will become apparent from the detailed

description and claims which follow.

Brief Description of the Drawings
Figure 1 is a representation of the components of a

10 nuclear power plant.
Figure 2 is a perspective view of the hand-held
inspection system of the present invention.
Figure 3 is a prospective view of the pan and tilt

- mechanism utilized with the hand-held inspection system of the

15 present invention.
Figure 4 is a perspective view of the hand-held

inspection system of the present invention.

Detailed Description of the Present Invention

The present invention is described with reference to

20 the enclosed Figures wherein the same numbers are utilized
where applicable. The present invention, in preferred
embodiments, is directed to a device for inspecting portions
of a nuclear power plant. However, it will be immediately
apparent to those skilled in the art that the inspection

25 device of the present invention is in no way limited to

nuclear power plant inspection and may be utilized for a large

number of non-nuclear related applications. Nonexclusive
examples of potential alternative uses include the inspection
of chemical plants, oil refineries, waste treatment plants,
30 and coal and fossil fuel burning electric generation plants.
Referring to Figure 2, the inspection device 10 of
the present invention, in a most preferred embodiment,
comprises a boom means 12 for extending to a position to be
inspected. The boom means 12 is designed to be hand held and
35 is affixed at a distal end to video camera means 14.
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In a preferred embodiment, the boom means 12
comprises a plurality of teleecoping members 16 which can be
adjusted manually and mechanically locked to a fixed length by
means of a plurality'ofrlocking means or clamps 18. In this
manner, the length of the boom means 12 can be selectively
adjusted. In a preferred embodiment, the boom means 12 should
comprise enough telescoping members 16 to facilitate the
expansion of the boom means a total length of about 32 feet.
This length is sufficient to facilitate the full vertical
examination of a nuclear steam generator and other difficult
to reach positions of the piant. _

As shown in Fiqure 2, the device 10 of the present
invention can be supported in a vertical position by means of
a stand such as a tripod stand 20. Stand 20 pernits the

device to be retained in a selected position while, for

example, the operator views a remote TV monitor to which the

camera means is electrically interfaced so that images can be
relayed to the remoteATV'monitor.

~ As noted above, the distal end of the boom means 12
has affixed thereto a video camera means 14 attached to a pan
and tilt mechanism 22. As shown in Figure 3, the pan and tilt
mechanism 22 comprises a box 24 with a tiltable pivoting
member 26. The pivoting member 26 facilitates the approximate
180° vertical tilt of the video camera means 14. 1In a
preferred embodiment,'the video camera also should be able to
pan 359°. In this manner, the video camera 14 can completely
inspect a selected position or section of the plant.

The video camera means 14 preferably transmits video

images to a TV monitor situated at e remote location. In a
preferred embodiment, the video camera will incorporate CCD.
("charge-coupled device") technology. The advent of CCD image
transducers has permitted television cameras to be fabricated
in very small sizes. The CCD detector assembly is positioned
to receive optical images from the camera lens so that it can
convert the components of the received image_to corresponding
electrical signals. Electrical circuitry associated with the
detectors converts the image component signals to standard
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video signals for use by television receiver/monitors. In the
present invention, the CCD circuitry may, for example,
comprise Sony Model A-7560-026A, which functions to convert
optical images received from a lens assembly into electrical
video signals. The lens assembly of the preferred embodiment,
may, for example, comprise Sony Model VCLO8SBYA.

In an alternative embodiment, a small video receiver
can be interfaced along the boom means 12 or on one of the
telescoping members 16 and electrically interfaced to the
camera means 14 so that a video image of the inspected area
can be directly viewed by the user of the inspection device as
he or she is inspecting the area. In a preferred embodiment,
a small video receiver is, for example, a Sony WALKMAN which
is clipped or otherwise mounted to a telescoping member 16 or
the boom means 12. In the case when the small video receiver
is directly attached to the inspection device, it may not be
necessary to run electrical lines back to a remote location so
that another individual can view the inspected area on a
remote terminal. However, it would be possible to run
additional lines back to a remote area so that both the person
at a remote terminal and the individual actually performing
the inspecting can simultaneously view the inspected area.

The video camera means 14 will also preferably
incorporate an auto focus mechanism which, along with the pan
and tilt means 24, may be controlled by a remote operator with
a joy stick (not shown) at a remote location. As shown in
Figure 2, both the pan and tilt mechanism 22 and autofocus may
alternatively be controlled by the operator of the inspection
device by means of a control box 25 with activation buttons
25a attached to the boom means 12. A joystick may also be
provided to control box 25 for easier manipulation of the
camera means and pan and tilt by the operator of the
inspection device. Furthermore, the control box may include
controls to electromechanically extend the boom means 12 and
telescoping members 16 to the desired length.

Figures 2 and 4 illustrate connecting cables 28
which facilitate the remote operation of the auto focus and
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pan and tilt mechanism 28. The cables 28 from the video
camera lead to the closed circuit TV monitor situated at a
remote location. '

In operation of the inspection device provided in
accordance with the present invention, the length of the boom
is initially adjusted by fixing the position of the
telescoping members 16 with locking means 18 or alternatively
extending the boom means with electromechanical controls. The
boom means 12 with attached CCD video camera 14 is then
extended to a position in the plant to be inspected. The CCD
camera transmits an image via the cables 28 to a remote TV
monitor, or to the video receiver attached to the boom means
12 or telescoping members 16. In another case, the position
of the CCD camera can be changed by adjusting the pan and tilt
mechanism 22 either remotely or by the activation of buttons
situated on a hand control box 25 attached to the boom means
12. As shown in Figure 4, the opeérator 30 may utilize a
headset 32 where he can be directed into an appropriate
position by a remote operator viewing the TV monitor at a
remote location. '

The device of the present invention can be utilized
for a large number of applications in a nuclear power plant.
For example, the device may be utilized to inspect the primary
bowl of the reactor. 1In this case, the boom containing the
CCD camera is lowered into the primary bowl of the reactor via
a manhole. The CCD video camera attached to the end thereof
is then adjusted via pan and tilt mechanism 22 to inspect
various portions of the reactor bowl which is to be viewed and
inspected. As shown in Figure 4, the device of the present
invention can also be utilized to inspect overhead piping and
ductwork 34. |

The present invention has been described with
reference to the enclosed Figures. It is to be appreciated
that other embodiments fulfill the spirit and scope of the
present invention and that the true nature and scope of the
present invention is to be determined with reference to the

claims appended hereto.

*



10

15

20

25

WO 93/23853 PCT/US93/04561

- 9 =
Claims
What is claimed is:
1. An inspection device comprising:

boom means for extending to a position to be
inspected; and

video camera means affixed to an end of said
boom means for permitting the visual inspection of said
position to be inspected.

_ 2. The device of Claim 1 wherein said video camera
means is affixed to pan and tilt means attached to the end of
said boom means.

3. The device of Claim 1 wherein said video camera
means is a charge-coupled device.

4, The device of Claim 1 wherein said boom means
comprises a plurality of telescoping members.

5. The device of claim 1 further comprising means
for supporting said device in a vertical position.

6. The device of claim 1 further comprising a
video receiver attached to the boom means for receiving video
images of the inspected position.

7. A nuclear power plant inspection device
comprising:
boom means for extending to a position in a nuclear
power plant to be inspected; and
video camera means affixed to an end of said boom
means for permitting the visual inspection of said position in
said nuclear power plant to be to be inspected;

8. The device of claim 7 wherein said boom means
comprises a plurality of telescoping members.
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9. The device of claim 7 wherein said video camera
is affixed to a pan and tilt mechanism attached to the end of

said boom means.

10. The device of claim 7 wherein said video camera

is a charge-coupled device.

11. The device of claim 7 wherein said boom means

comprises a plurality telescoping members.

12. The device of claim 9 wherein said pan and tilt
means is controlled by a control box affixed to said boom
means.

13. The device of claim 12 further comprising a
video receiver attached to the boom means for viewing the
inspected position by an operator of the inspection device.

14. A method for inspecting difficult to reach
portions of a nuclear power station comprising:
extending a hand held boom to a position in a
power station to be inspected, said boom having a CCD camera
attached to an end thereof for permitting‘the visual
inspection of said position to be inspected.
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