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(57) ABSTRACT

An apparatus for storing at least one elongated and flexible
object, such as an insertion tube that functions as a portion
of an endoscope or a borescope device. The apparatus
includes a rotating storage carousel having a base and a
peripheral barrier. An elongated and flexible object, such as
an insertion tube, is stored along the inner side of the
peripheral barrier and the base. The storage cavity of the
carousel rotates while accepting the transfer of the elongated
and flexible object for storage.

7 7
i
/7
140
380
1 10\ . Vs
270 ,|>332
:;Ng‘:%:m
250\2 \L~130
’ \
%
/] §§ 1oy 120
4 §\ ~
/ N
/ N
/ & 150
% \
¢ "
/) 162 N\
] 160 11
11U | Sy
/ IN—=N
YOOI ed X
1307 | (334 260



Patent Application Publication Jul. 5,2007 Sheet 1 of 16 US 2007/0156018 A1

N

6



US 2007/0156018 A1

Jul. 5,2007 Sheet 2 of 16

Patent Application Publication




US 2007/0156018 A1

Jul. 5,2007 Sheet 3 of 16

Patent Application Publication

64

oofh

\oooon

0 _-

“II. )
L96

13

FIG.2A L B —
2 AT

<

8

821

80

FIG.2B



US 2007/0156018 A1

Jul. 5,2007 Sheet 4 of 16

Patent Application Publication

Y/ L2 Ll /) Y7777
JOUAUAUATATATATATATATATAYATATATATATATATATATATATATQAYOAUAQ!

N

PN
v

P

W N\

D

i

/>\\|

A \,
Wi

W
N

QR
.

\:

2)

4}

Y
Y

A\

VA
W

W\

A\
I

§
i

»

WA

N




US 2007/0156018 A1

Patent Application Publication Jul. 5,2007 Sheet S of 16

XBRAID

FIG.2G



Patent Application Publication Jul. 5,2007 Sheet 6 of 16 US 2007/0156018 A1




Patent Application Publication Jul. 5,2007 Sheet 7 of 16 US 2007/0156018 A1

260~/ 130
T
a7 & 120
g \ 122~ I
1 1 t\ ~a
FIG.S g N§
fes J N
4 \
f \
/ \
/ 160 162 R\
7| . \ N— =
////////TS/O/J IL/;’://///A\ZGO
— 00

494



Patent Application Publication Jul. 5,2007 Sheet 8 of 16 US 2007/0156018 A1

140
10 . ;380 500
5 1~ I//////%é
260 N—130 154
Y = f
/ — — —— — —— —— —— — — —_—
L 1
A
4 4515 L~520
/ [}
2 122"
]
%
/ o | FG7A
¢ 10U
; 1
1 162 NN
a f———— - T — Q%S%

160 130.Ji \334  \y5p 260

o 14o¥3§§
\

270

(L L L L LA W72

N

=7
|

|
N

260~

A3 LLV YAV VAV VAV NV NN NN

560\

SONSNNOSOSSSSISSSSOSNSIXKSNSNSSS

160~ 130—T|. 1527 460
A 7]

| \532b




Patent Application Publication Jul. 5,2007 Sheet 9 of 16 US 2007/0156018 A1




Patent Application Publication Jul. 5,2007 Sheet 10 of 16 US 2007/0156018 A1

380

/110

—~
S

140 A
270 130
\\ DMANSSSSSSNSNSKSNSSNSSNSKTN]
Y LL assy
1V \ TV
1 % 1V
150 11
10 f
2 / 122 §\§ / /
W
11 N 122« ff |
1 162 160 1 1120
/
/ ) \’\ / /
1 % /
10 N | !
/ 760a % 760a 11
f 790a . 790a /
/ /

R Vg

)
g.')
(o]
>



Patent Application Publication Jul. §,2007 Sheet 11 of 16 US 2007/0156018 A1

ol
270

)
(\\\\\\\ BRSNS SNSNSNNT




Patent Application Publication Jul. 5,2007 Sheet 12 of 16 US 2007/0156018 A1

AVAN
h

140
772

II NS NNNN

520

(LA L L L L r I I I L

1G.9C

0%
/é
2 o



Patent Application Publication Jul. 5,2007 Sheet 13 of 16

1010
\ 1066 1064/
18 16ba
1022\\ 140~ . 26
/4 o
1020 —
FlQ%4 S . |
n 4 S
." ,H,\ T Qﬁl__T___
N 1038 | | i | <380bo
— T ] ,———y | I
-~ Usgoo 5 el L L 110ba!
11004 Vi b b4 _ _ 1
d L__y§1036§:i i g’: — 7] 1042
T g S 1026
FIG.10A
1064/ 16bb
18
(140 140 66 @(ﬁ%
)

110c

F1G.10C

S R—

*380bb

110bb

FIG.108

US 2007/0156018 A1






Patent Application Publication Jul. 5,2007 Sheet 15 of 16 US 2007/0156018 A1

12,140

510

Y
//
Q

[

- N
= \
LI -—
—— _:f': N 9’
— © =




Patent Application Publication Jul. 5,2007 Sheet 16 of 16 US 2007/0156018 A1

110d
/"

1212

— —
—
e
_—

F1G.12




US 2007/0156018 Al

INSERTION TUBE STORAGE CAROUSEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional patent application claims pri-
ority to a provisional U.S. patent application having Ser. No.
60/693,824 (Attorney Docket No. 702__108PRO), that is
titled “Insertion Tube Storage Carousel”, that was filed Jun.
24, 2005 and that is incorporated herein by reference in its
entirety.

CROSS-REFERENCE TO APPLICATIONS
INCLUDING RELATED SUBIJECT MATTER

[0002] This patent application includes subject matter that
is related to that of U.S. patent application Ser. No. 10/768,
761, (Attorney Docket No. 702__102NP), that is titled
“Remote Video Inspection System”, that was filed Jan. 29,
2004 and that is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0003] This invention relates generally to an apparatus for
storing at least one elongated and flexible object, and
specifically to an apparatus for storing at least one insertion
tube of the type that functions as a portion of an endoscope
or a borescope device.

BACKGROUND OF THE INVENTION

[0004] An insertion tube remote viewing device, such as
an endoscope or a borescope, is generally characterized as
having an elongated and flexible insertion tube with a
viewing head at its forward (distal) end, and a control
section at its rear (proximal) end. An endoscope is generally
used for remotely inspecting the interior portions of a body
cavity for the purpose medical diagnosis or treatment. A
borescope is generally used for inspection of interior por-
tions of industrial equipment.

[0005] Image information is communicated through the
insertion tube from the viewing head to the control section.
The image information is displayed onto a video screen for
viewing by an operator. Typically, an insertion tube is 10 to
100 feet in length and approximately 6" to 4" in diameter,
though tubes of other lengths and diameters are possible,
depending on the application.

[0006] The storage of insertion tubes can be problematic.
One approach stores an insertion tube within a spiral-shaped
storage cavity of a remote viewing device carrying case. The
storage cavity is sized and shaped to accept the transfer of
an insertion tube of a borescope. A user stores the insertion
tube into the carrying case by first inserting and pushing its
distal end into the opening of the spiral-shaped storage
cavity. The user then pushes the remainder of the insertion
tube into the opening of the spiral-shaped storage cavity
until the entire insertion tube is transferred into the cavity.

[0007] The pushing force required is usually a function of
the friction between the spiral-shaped storage cavity and the
insertion tube. For long insertion tubes, the friction and the
pushing force required to counteract the friction can become
excessively high. Consequently, an entire insertion tube
cannot be stored into the carrying case without substantial
effort. Furthermore, the spiral-shaped storage cavity can
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cause the insertion tube to twist and/or torque during the
storage procedure, creating the potential for damaging the
insertion tube itself or harming the delicate optical compo-
nents often located at the distal end of the insertion tube.

[0008] Other mechanisms for storing an elongated and
flexible object include a rotating reel (drum) type of mecha-
nism where a type of handle is attached to the reel. The reel
can be structured from a wire frame or solid surface material
and may surround a coiled wire, rod or tube. Manufacturers
such as Olympus, Rigid, Envirosight, Pearpoint and Ever-
estVIT have manufactured these types of reels. The handle
and the reel are rotated in order to wrap an insertion tube or
other type of elongated object around the reel. Other mecha-
nisms turn a reel by means other than a handle. For example,
a spring-loaded reel pulls an electrical power cord into a
vacuum cleaner. With this type of approach, the electrical
power cord is wound onto the outside of the spring-loaded
reel, referred to as a take-up reel. This type of mechanism is
not well-suited to store objects, such as a borescope insertion
tube, that resist coiling due to the objects’ bending stiffness.

SUMMARY OF THE INVENTION

[0009] In one aspect, the invention provides an apparatus
for storing an insertion tube of a remote viewing device,
such as of a borescope and/or an endoscope device. The
apparatus includes a storage carousel including a rotatable
cavity bounded by at least one inner surface, that includes an
inner surface of a base and an inner surface of a peripheral
barrier, and where the rotatable cavity is configured to rotate
around an axis of rotation and configured to accommodate
the storage of an insertion tube having a proximal end and
distal end.

[0010] In some embodiments, the apparatus also includes
a frame providing mechanical support to a pivot shaft and
includes an insertion port having an angle of orientation and
configured to guide a transfer of said insertion tube to or
from the rotatable cavity; and where the at least one inner
surface is configured to make physical contact and to
generate a frictional force between the insertion tube and the
at least one inner surface so that the transfer of said insertion
tube to or from the rotatable cavity causes the rotatable
cavity to rotate.

[0011] In some embodiments, the rotatable cavity is of a
conical shape and has a larger diameter located more proxi-
mate to the base and a smaller diameter located less proxi-
mate to the base. In some embodiments, the rotatable cavity
of a conical shape forms an acute angle adjacent to an
intersection of the inner surface of the peripheral barrier and
the inner surface of the base, and the acute angle is config-
ured to receive an insertion tube and to enhance the frictional
contact with the insertion tube.

[0012] Optionally, the inner surface of the storage carousel
is constructed from materials designed to further enhance
the frictional contact between the insertion tube and the
storage carousel. The at least one inner surface is configured
to make physical contact with the insertion tube having both
a proximal end and a distal end. In some embodiments, the
apparatus includes a motor and the rotatable cavity of the
storage carousel rotates in response to a force generated by
the motor.

[0013] Optionally, the base is an angled base and the
angled base is configured to form an acute angle adjacent to
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an intersection of the inner surface of the peripheral barrier
and the inner surface of the base, and where the acute angle
is configured to receive and to make physical contact with
the insertion tube and to enhance the frictional contact
between the at least one inner surface and the insertion tube.

[0014] In some embodiments, the storage carousel is
located within a case storing components of a borescope or
endoscope device. In other embodiments, the storage car-
ousel is attached to an outer surface of a case storing
components of a borescope or endoscope device. In yet other
embodiments, the storage carousel is located separate from
a case storing components of a borescope or endoscope
device.

[0015] Optionally, the apparatus includes an outer casing
enclosing the storage carousel and includes a cover plate, the
cover plate includes an insertion port configured to guide the
transfer of the insertion tube to or from the rotatable cavity
and in a direction either towards or away the proximal end
of the insertion tube.

[0016] Optionally, apparatus includes an insertion port
having an angle of orientation and is configured to guide the
transfer of the insertion tube to or from the rotatable cavity
and in a direction either towards or away from the proximal
end of the insertion tube. The apparatus can also include a
frame that provides mechanical support to the storage of the
carousel, and where the frame includes an insertion port.

[0017] In some embodiments, the apparatus includes a
pivot shaft and a frame, the pivot shaft having a first and a
second end and a longitudinal axis that is disposed co-linear
with the axis of rotation, and where the first end of the pivot
shaft is attached to the base and the second end of the pivot
shaft is rotatably attached to the frame.

[0018] In another aspect, the invention is a video bores-
cope system for remote visual applications including a
handset that is configured for inputting commands from a
user and a display that is configured for communicating
information to the user, an insertion tube including a distal
end and a proximal end that is attachable to the handset, the
insertion tube is configured to illuminate and to capture an
image from an area surrounding the distal end, a storage
carousel including a rotatable cavity adjacent to an insertion
port, the rotatable cavity being enclosed by a peripheral
barrier and a base that collectively have at least one inner
surface, the at least one inner surface is configured to cause
frictional contact with the insertion tube when the insertion
tube is transferred to or from the rotatable cavity via the
insertion port, the contact generates a frictional force upon
the at least one inner surface so that when the insertion tube
is transferred to or from the rotatable cavity, the rotatable
cavity will rotate around an axis in a direction in which the
insertion tube is being transferred.

[0019] In another aspect, the invention is an apparatus for
storing an elongated flexible object, including a storage
carousel having a base, a peripheral barrier, and an axis of
rotation, the base substantially defining at least one inner
surface that intersects the axis of rotation, the peripheral
barrier having an inner surface that surrounds the axis of
rotation, a rotatable cavity that is bounded by the inner
surface of the base and the inner surface of the peripheral
barrier; and where the storage carousel is configured to
rotate around the axis of rotation and the rotatable cavity is
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configured to accommodate the storage of an elongated
flexible object disposed along the inner surface of the
peripheral barrier and/or of the inner surface of the base, the
elongated flexible object having both a proximal end and a
distal end, and where the storage carousel includes a conical
shaped peripheral barrier, the conical shaped peripheral
barrier provides a rotatable cavity with a larger diameter
located proximate to the base and a smaller diameter located
farther away from the base. Optionally, the elongated flex-
ible object is an insertion tube for a remote viewing device,
such as for a borescope or an endoscope device.

[0020] In another aspect, the invention is a method of
storing an insertion tube of an endoscope inside a storage
device including the steps of providing a rotatable cavity
that is rotatable around an axis of rotation and that is
bounded by at least one inner surface, transferring a distal
end of an insertion tube into the cavity through an insertion
port, causing the cavity to rotate via a friction force resulting
from physical contact between a portion of the insertion tube
and the at least one an inner surface, transferring the
insertion tube further into the cavity to cause further rotation
of the cavity and to cause storage of a substantial portion of
the insertion tube within the cavity so that a proximal end of
the insertion tube is located proximal to the insertion port.

[0021] In some embodiments, the at least one inner sur-
face includes an inner surface of a base and the rotatable
cavity is of a conical shape has a larger diameter located
more proximate to the base and a smaller diameter located
less proximate to the base.

[0022] In some embodiments, the at least one inner sur-
face includes an inner surface of a base and an inner surface
of a peripheral barrier, and the base is an angled base and an
acute angle is defined adjacent to an intersection of the inner
surface of the base and the inner surface of the peripheral
barrier, and the acute angle is configured to receive and to
make physical contact with the insertion tube and to enhance
the frictional contact between the at least one inner surface
and the insertion tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The objects and features of the invention can be
better understood with reference to the following invention
description, claims and drawings. The following descrip-
tions of various embodiments of the invention are exemplary
and not intended to be limiting, unless otherwise specifically
described. The drawings are not necessarily to scale and the
emphasis is instead generally being placed upon illustrating
the principles of the invention. Within the drawings, like
reference numbers are used to indicate like parts throughout
the various views. Differences between like parts may cause
those parts to be indicated by different reference numbers.
Unlike parts are indicated by different reference numbers.

[0024] FIGS. 1A-1F illustrate various aspects and com-
ponents of a first embodiment of an insertion tube remote
viewing device having an insertion tube that can be stored in
accordance with the invention.

[0025] FIGS. 2A-2G illustrate a second embodiment of an
insertion tube remote viewing device and various aspects of
an embodiment of an insertion tube that can be stored in
accordance with the invention.

[0026] FIG. 3 illustrates a top view of an insertion tube
being transferred into a rotating storage carousel according
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to the present invention that includes a base, a peripheral
barrier, and a pivot shaft that bounds a cavity for storing an
elongated flexible object.

[0027] FIG. 4A illustrates a top view of the illustration of
FIG. 3 further including a frame and an insertion port.

[0028] FIG. 4B illustrates an alternate embodiment of the
invention of FIG. 4A further including an angled inlet tube.

[0029] FIG. 4C illustrates an alternate embodiment of the
invention of FIG. 4A further including a partial base plate.

[0030] FIG. 5 illustrates a side cross-sectional view of the
illustration of FIG. 4 showing a larger portion of the frame.

[0031] FIG. 6 illustrates a wall mountable embodiment of
the invention having a vertical orientation, a horizontal axis
of rotation and a cover plate that includes an insertion port.

[0032] FIG. 7A illustrates a side cross-sectional view of an
embodiment of the storage carousel having a vertical axis of
rotation and a cone shaped peripheral barrier that surrounds
a hub.

[0033] FIG. 7B illustrates a side cross-sectional view of an
embodiment of the storage carousel like that of FIG. 7A but
that is rotatably attached to the pivot shaft.

[0034] FIGS. 8A-8B illustrate a floor-standing embodi-
ment of the invention having a vertical orientation, a hori-
zontal axis of rotation and an outer casing that includes a
cover plate and a flat bottom support surface.

[0035] FIGS. 9A-9C illustrate multiple embodiments of
the invention including an angled base that is not substan-
tially perpendicular to the rotational axis.

[0036] FIGS. 10A-10C illustrate multiple embodiments of
the invention providing different locations for disposing the
storage carousel with respect to the location of a case for
storing endoscope components.

[0037] FIG. 11A illustrates and embodiment of the inven-
tion including a portable case, also referred to as a portable
base module.

[0038] FIG. 11B illustrates a side view of the embodiment
of FIG. 11 A where the handset is detached from the portable
base module.

[0039] FIG. 12 illustrates an embodiment of the insertion
tube carousel including a cone shaped insertion tube storage
cavity.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] FIG. 1A illustrates a first embodiment of an remote
viewing device 10, such as an endoscope or a borescope,
including an insertion tube 12 that can be stored in accor-
dance with the invention. As shown, the remote viewing
device 10 includes a first embodiment of a base module 34,
also referred to herein as a light box 34, a power plug 30, an
umbilical cord 26, a handset 16, also referred to herein as a
hand piece 16, an insertion tube 12 and a viewing head
assembly 14.

[0041] Disposed within the light box 34 is a light source
36 such as a 50-Watt metal halide arc lamp. The light source
36 of light box 34 can direct light through the umbilical cord
26, through the handset 16, through the insertion tube 12 and
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outwardly through the viewing head assembly 14 to the
environment surrounding a distal end 13 of the insertion
tube 12. Alternatively, a light source can be located within
other parts of the remote viewing device 10. For example, a
light source can be located within the handset 16 or within
the viewing head assembly 14.

[0042] In this embodiment, the umbilical cord 26 and the
insertion tube 12 each enclose a fiber optic illumination
bundle including one or more optical fibers. Light is gen-
erated and directed from the light source 36 through the
optical fibers. Other embodiments of insertion tubes, imple-
mented from various designs, can be used within the remote
viewing device 10.

[0043] As shown, the viewing head assembly 14 includes
a viewing head 2 and a detachable optical tip 6 that is
configured to be readily detachable by a user. Alternatively,
the optical tip 6 may be configured to be permanently
attached to the viewing head 2. The viewing head assembly
14 also includes a canister 44 (FIGS. 1B and 1C) that
surrounds an image sensor 32 (FIG. 1C) and a lens 33 (FIG.
1C). The canister 44 directs and focuses incoming light
towards the image sensor 32. Other embodiments of viewing
head assemblies, implemented from various designs, can be
used within the remote viewing device 10.

[0044] The detachable optical tip 6 includes transparent
material, such as a glass or plastic, that is configured to allow
passage of light from the light source 36 to the environment
surrounding the distal end 13 of the insertion tube 12. As
shown, the viewing head 2 also includes a lens 35 for
receiving incoming light from the surrounding environment.
In other embodiments, the lens 35 is included within the
optical tip 6. In other embodiments, the detachable optical
tip 6 includes one or more light sources, such as one or more
light emitting diodes (LED) that project light to the sur-
rounding environment.

[0045] In this embodiment, the detachable optical tip 6 can
be replaced by other embodiments of detachable optical tips
having different operational characteristics, such as having
different illumination characteristics and/or different light
re-direction and/or light focusing and/or field/depth of view
characteristics.

[0046] In some embodiments, an image processing circuit
(not shown), residing within the light box 34, processes
image information received by and communicated from the
viewing head 2 to the light box 34. The image processing
circuit can correct non-uniformities in a captured frame of
image data that are attributable to non-uniformities of a light
illumination pattern projected by the optical tip 6 of the
device 10.

[0047] A handset display 62 and/or a monitor display 40
are configured to display a continuous video image. The
handset 16 is configured to receive user command input via
handset controls 64 in order to perform various operations of
the remote viewing device 10. As shown, the handset 16 also
includes a visual user interface 66 which is communicated to
a user via the display 62.

[0048] A handset control circuit (not shown) inputs com-
mands communicated by a user via the handset controls 64.
The commands can direct movement of the distal end 13 of
insertion tube 12 into an orientation desired by the user. The
handset controls 64 include various control buttons 64A,
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64B and a joystick 64J and provide a means for the user to
communicate graphical user interface (GUI) commands to
the remote viewing device 10.

[0049] Insome embodiments, the image processing circuit
and handset control circuits are microprocessor based and
utilize one or a plurality of readily available programmable
off-the-shelf’ microprocessor integrated circuit (IC) chips.
Microprocessor IC chips have on-board volatile memory
and nonvolatile memory that store and execute program-
ming logic and are optionally in communication with exter-
nal volatile and nonvolatile memory devices.

[0050] The interior of the base module (light box) 34 is
substantially occupied by various electrical components that
are configured to support the operation of the remote view-
ing device 10. In addition to housing the image processing
circuit, the base module (light box) 34 and power plug 30
also carry various electrical circuitries for delivering elec-
trical power to various components of the remote viewing
device 10.

[0051] FIG. 1B illustrates an embodiment of a viewing
head assembly 14 disposed at the distal end 13 of the
insertion tube 12 shown in FIG. 1. The viewing head
assembly 14 includes the detachable optical tip 6 and a
viewing head 2 that are attached to each other. The viewing
head 2 includes a canister 44 that encapsulates the lenses 33,
35 and an image sensor 32 (shown in FIG. 1C) and elements
of an image signal conditioning circuit (not shown).

[0052] FIG. 1C illustrates a cross-sectional view of the
embodiment of the viewing head assembly 14 shown in
FIGS. 1A-1B. As shown, the optical tip 6 includes threads
3 located along an interior surface of the optical tip 6. The
threads 3 and the interior surface of the optical tip 6 surround
and make physical contact with threads 7 located along an
exterior surface of the canister 44 of the viewing head 2. As
shown, the threads 3 are physically engaged with the threads
7 in order to attach the optical tip 6 to the viewing head 2.
The lens 35 is disposed and aligned in series with the lens
33 of the viewing head 2.

[0053] As shown, the metal canister 44 encapsulates the
lens 33, an image sensor 32 and an imager component circuit
34. The imager component circuit 34 includes an image
signal conditioning circuit (not shown) and is also attached
to a wiring cable bundle 4B (See FIG. 1E) that extends
through the insertion tube 12 and that connects the viewing
head 2 to the handset 16 (FIG. 1A). In the embodiment
shown, a wiring cable bundle 4A (See FIG. 1D) is in
communication with the wiring cable bundle 4B and extends
through the umbilical cord 26 from the handset 16 to the
power plug 30.

[0054] In other embodiments, other fasteners providing
detachable attachment of the optical tip 6 to the viewing
head 2 may be employed. Other embodiments of viewing
heads implemented from various designs can be used to
support the operation of the remote viewing device.

[0055] FIG. 1D illustrates a cross-sectional view of the
umbilical cord 26 shown in FIG. 1A. The umbilical cord 26
encases a pair of fiber optic bundles 42. The umbilical cord
26 further encases the wiring cable bundle 4A that includes
a first set (plurality) of wires. The first set of wires of the
wiring cable bundle 4A extends from the power plug 30 to
the handset 16 and communicates with a second set of wires
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that extend through the insertion tube 12. Other embodi-
ments of umbilical cords that are implemented various
designs can be used to support the operation of the remote
viewing device.

[0056] FIG. 1E illustrates a cross-sectional view of the
insertion tube 12 shown in FIG. 1A. The insertion tube 12
encases light conducting fiber optic bundles 42, a second
wiring cable bundle 4B, (4) articulation cable assemblies 46,
and a working channel 8. The second wiring cable bundle 4B
includes the second set of wires that communicates with the
first set of wires of the first wiring cable bundle 4A. The
second set of wires of the second cable bundle 4B extends
through the umbilical cord from the handset 16 to the
viewing head 2.

[0057] The articulation cable assemblies 46 (FIG. 1E) are
configured to enable the user (operator) to control bending
of the insertion tube 12 at its distal end 13. The working
channel 108 enables the user (operator) to manipulate a tool
(e.g., a hook, a brush, or a magnet) extending from the distal
end 13 of the insertion tube 12. Other embodiments of
insertion tubes that are implemented from various designs
can also be used to support the operation of the remote
viewing device 10.

[0058] FIG. 1F illustrates one of the (4) articulation cable
assemblies 46 that is disposed within the insertion tube 12 of
FIG. 1E. The articulation cable assembly 46 includes a
stranded cable 92 encased by an outer spring conduit 54. A
tension force applied to one or more of the stranded cables
92 can cause the distal end 13 of the insertion tube to bend.

[0059] FIG. 2A illustrates an embodiment of a remote
viewing device 10 like that shown in FIG. 1A. As shown,
this embodiment includes a portable shipping/operating case
94 that includes a power supply 96 and a light source, such
as a metal halide arc lamp (not shown). The shipping/
operating case 94 is shown in operative communication with
a handset 16 by means of an umbilical cord 26. The handset
16 can include, by way of example, an LCD monitor 62 (that
can display images received by an imager), a joystick 64J to
control articulation of a distal end 13 of an insertion tube 12,
and a button set 64 to control the operation of the remote
viewing device 10.

[0060] The handset 16 is connected to the insertion tube
12 that terminates at a distal end 13. The insertion tube 12
can be sized according to the desired application, by varying
a diameter and a length of the insertion tube 12.

[0061] FIGS. 2B-2D illustrate the structure of an embodi-
ment of an insertion tube 12 made in accordance with the
invention. As shown, the insertion tube 12 includes a flexible
helical coil 72, also referred to herein as a monocoil. The
flexible helical coil 72 is a resilient structure that is config-
ured for elastic deformation into a continuous curved shape.
The flexible helical coil 72 can be, for example, a flexible
spiral tube made from a thin section of stainless steel that is
helically wound into a cylindrical tubular cross section.
According to the present embodiment, the flexible helical
coil 72 is made from stainless steel, although other structural
materials may be substituted, such as, for example with
aluminum, titanium and/or plastics.

[0062] A first braided tube 74, which in one embodiment
is a net-like braided structure, formed of interwoven metallic
or other fibers, is placed in an overlaying relation onto the
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entirety of the length of the flexible helical coil 72. The first
braided tube 74 in the illustrative embodiment is configured
to provide longitudinal stiffness for the insertion tube. In one
embodiment, the first braided tube 74 is formed from groups
of wires, in which each group of wires includes four wires.
Each group of wires forms an angle with the longitudinal
axis 98 of the first braided tube 74, this angle being referred
to herein as the braid angle, which may be better understood
by referring to FIGS. 2E and 2F.

[0063] Conventionally, the braid angle is kept constant
along the entire length of the first braided tube and is
approximately and typically 45 degrees, however, the braid
angle of the first braided tube 74 of the present invention
may be constant or may vary along the length of the first
braided tube 74. As will be appreciated by those skilled in
the art, for a given wire diameter and material used to make
a braided tube, the closer the braid angle to the longitudinal
axis 98 of the braided tube the stiffer the braided tube will
be with respect to longitudinal extension and bending.
Conversely, the further the braid angle is away from the
longitudinal axis 98 of the braided tube, the more flexible the
braided tube will be. Preferably, the braid angle at any point
along the length of the first braided tube 74 is less than 45
degrees. In one embodiment of the present invention, the
braid angle of the first braided tube 74 is maintained at
approximately 45 degrees for the entire length of the first
braided tube 74.

[0064] In an alternative embodiment, the braid angle of
the first braided tube 74 varies along its length from approxi-
mately 15 degrees at the proximal end 18 (FIG. 2A) to
approximately 45 degrees at the distal end 13. Varying the
braid angle along the length of the first braided tube 74 in
such a manner provides a more flexible region near the distal
end of the insertion tube 12 and a stiffer region near the
proximal end of the insertion tube 12. A more flexible distal
end 13 makes it easier to bend the distal end 13 and its
associated optics around obstacles, such as, for example,
navigating sharp corners in a conduit. A stiffer proximal end
makes it easier to push the insertion tube to overcome
frictional forces (“sticking”) and thereby advance the distal
end and its associated optics deeper into the inspection area.
In yet another embodiment, the braid angle of the first
braided tube 74 is about 30 degrees for the entire length of
the first braided tube 74.

[0065] The insertion tube 12 in the illustrative embodi-
ment further includes an intermediate polymeric layer 75
over the first braided tube 74. The intermediate polymeric
layer impregnates the first braided tube 74 but does not
penetrate to the flexible helical coil 72. The intermediate
polymeric layer 75 may be, for example, a layer of black
polyurethane 0.010 inch thick having a Shore 80A durom-
eter reading. The intermediate polymeric layer may be
applied by extrusion, spraying, brushing or other conven-
tional polymer application techniques. Alternatively, the
intermediate polymeric layer may be a preformed sleeve or
sheath that is slideably engageable with the first braided tube
74 or the first braided tube 74 may be wrapped with a
polymer covering.

[0066] A second braided tube 80, which preferably is a
net-like braided structure, formed of interwoven metallic or
other fibers, is placed in an overlaying relation onto the
entirety of the length of the first braided tube 74 such that the
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intermediate polymeric layer is disposed between the first
braided tube 74 and the second braided tube 80. The braid
angle of the second braided tube 80 is selected to comple-
ment the braid angle of the first braided tube 74, thereby
providing a desired amount of stiffness as well as promoting
the even flexing of the insertion tube 12. The braid angle of
the second braided tube 80 is used to promote the even
flexing of the insertion tube 12 while the braid angle of the
first braided tube 74 is used to control the bending and
longitudinal stiffness of the insertion tube 12.

[0067] As will be appreciated by those skilled in the art,
however, the functionality of the first and seconded braided
tubes 74, 80 may be reversed such that the first braided tube
74 is configured to promote even flexing and the second
braided tube 80 is configured to control the stiffness of the
insertion tube 12. The braid angle of the second braided tube
80 may be either constant or vary along the length of the
second braided tube 80.

[0068] Inone embodiment, the second braided tube 80 has
a constant braid angle of approximately 45 degrees. The
second braided tube 80 is preferably made from tungsten
wire or other suitable material. In one embodiment, the
second braided tube 80 is constructed from 46 groups of
NS-20 tungsten wire. Each of the 46 groups of NS-20
tungsten wire includes three wires. The second braided tube
80 is coupled to the distal and proximal ends 13, 18 of the
flexible helical coil 72.

[0069] As shown, a thin polymeric layer 82 is applied to
the outer peripheral surface of the second braided tube 80
and to the exterior portion of each end collar through
conventional means such as, for example, spraying, paint-
ing, brushing, applying a preformed sleeve or sheath, or by
wrapping. According to one embodiment, the polymer used
is a two-part, low viscosity polyurethane dispersion which
can be applied at room temperature and allowed to cure.
Curing may take place at either room temperature or by
placing the tubular assembly into an appropriately sized
oven and heating, depending on the bonding requirements of
the polymeric material used. Other suitable materials may
also be used.

[0070] An end collar 23 (FIG. 2C) is attached to each of
the distal and proximal ends 13, 18. According to one
embodiment, each of the end collars 23 are cylindrical
stainless steel members having an appropriately sized inte-
rior cavity, including an annular shoulder against which the
ends of the tube sub-assembly are retained by soldering or
adhesive bonding. The end collars 23 are attached after the
tube sub-assembly has been cut to a pre-determined length.
An end collar 23 that is attached to the distal end 13 is
configured for engagement with an optical imaging and
bending portion of (not shown) of the insertion tube 12 while
the end collar 23 that is attached to the proximal end 18 is
configured for engagement with a handset 16.

[0071] FIG. 2E shows a section of a braided tube having
a braid angle ap A Of approximately 45 degrees. FIG. 2F
shows a section of a braided tube having a braid angle
o~ of approximately 30 degrees. The first braided tube 74
mell?lni)e made from a stainless steel or other suitable material,
such as aluminum, titanium or alloys thereof, or plastics and
polymers. In one embodiment, the first braided tube 74 is
configured to be an electro-magnetic interference inhibiting
shield, such as, for example, by constructing it 74 from
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stainless steel wire or other electro-magnetic interference
inhibiting material. According to the present embodiment,
the first braided tube 74 is soldered or otherwise fixedly
attached to the flexible helical coil 72 (See FIG. 2B), at
respective distal and proximal ends 13, 18 (See FIG. 1A).

[0072] As shown in FIG. 2G, the insertion tube 12 may
further include a strain relief member 88. The strain relief
member 88 is a polymeric member that fits over the proxi-
mal end 18 of the insertion tube 12 and is coupled to the
insertion tube 12. The strain relief member has a variable
cross section that gradually decreases from a stiff section
adjacent to the proximal end 18 of the insertion tube 12. The
strain relief member 88 is configured for engagement with a
handset or display (not shown) and serves to prevent a stress
concentration where the proximal end 18 is coupled to the
handset 16, thereby reducing the stress levels in the insertion
tube 12.

[0073] FIG. 3 illustrates a top-down view of an insertion
tube 140 being transferred into a rotating storage carousel
110. The storage carousel 110 includes a rotatable cavity 150
and apparatus supporting its rotation. In this embodiment,
the storage carousel apparatus includes a base 160, a periph-
eral barrier 120, and a pivot shaft 130 that bound the
rotatable cavity 150. The cavity 150 is configured for storing
elongated flexible objects, such as an insertion tube 140 of
a remote viewing device. Some embodiments of a storage
carousel 110 can also be referred to as a reel or a drum. In
the illustrative embodiment a force applied to the insertion
tube 140 frictionally transfers to the storage carousel 110,
and causes it 110 to rotate in the counterclockwise direction.
The storage carousel 110 is configured to rotate in both the
clockwise and counterclockwise directions.

[0074] In this embodiment, the cavity 150 of the storage
carousel 110 rotates around a vertical axis of rotation 380
(shown in FIG. 5) that is substantially parallel to the
gravitational direction and that is generally coaxial with the
pivot shaft 130. The peripheral barrier 120 surrounds the
axis of rotation and defines an outer boundary of the cavity
150. The peripheral barrier 120 functions as a retaining wall
to hold and store at least one elongated flexible object, such
as the insertion tube 140, within the cavity 150.

[0075] The profile of the peripheral barrier 120 can be of
a cylindrical shape further having a circular or non-circular
shaped cross-section. Or, the profile of the peripheral barrier
120 can be of an axi-symmetrical shape, such as for
example, a cone shape (See FIG. 7A). For example, the
profile of the peripheral barrier can be of a circular or
polygon shape, such as a triangular, square, hexagonal, or as
shown, an octagonal shape. A polygon profile can cause
more effective friction between an inner surface of the
peripheral barrier and an insertion tube coiled and stored
within the cavity surrounded by the peripheral barrier. One
of ordinary skill will appreciate that the peripheral barrier
120 can be of any shape that can function as an effective
retaining wall for an elongated flexible object, such as an
insertion tube 140 stored within the cavity 150.

[0076] The base 160 functions as a retaining floor to
support and hold at least one stored elongated flexible
object, such as an insertion tube 140, within the cavity 150.
In this embodiment, the base 160 is disposed substantially
perpendicular, and is fixedly attached to, the pivot shaft 130
and rotates with the pivot shaft 130. In other embodiments,
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the base 160 is rotatably attached to the pivot shaft 130 while
the pivot shaft 130 is fixedly attached to the frame 260.

[0077] As shown, a force is applied to the insertion tube
140 that effectively pushes the insertion tube 140 into the
storage carousel 110. In response, the force applied to the
insertion tube 140 is transferred and directed generally
tangential to the perimeter of the storage carousel 110,
applying a rotational force that causes the storage carousel
110 to rotate in a counter clockwise direction.

[0078] In some embodiments, the peripheral barrier 120
and/or the base 160 is constructed in a manner that prevents
slipping and that aids in the transfer of force between an
insertion tube 140 and the carousel 110. For example, the
peripheral barrier 120 and/or the base 160 can be con-
structed with friction pads or ribs which provide resistance
to slipping at points of contact between the insertion tube
140 and the peripheral barrier 120 and/or the base 160.

[0079] As illustrated in FIGS. 7A and 7B, a cone-shaped
peripheral barrier provides an acute angle shaped corner,
having less than a 90 degree angle, located at the intersection
of the peripheral barrier 520 and the base 160. The acute
angle shaped corner creates more resistance to slipping of
the insertion tube 140 than is provided by a 90 degree angle
between the peripheral barrier 120 and the base 160.

[0080] As shown, a portion of the insertion tube 140 that
is stored within the cavity 150 is disposed around the pivot
shaft 130 and disposed adjacent to an inner wall of the
peripheral barrier 120 that bounds the cavity 150. The
insertion tube is transferred to the carousel both circumfer-
entially (FIG. 3) and/or axially (FIG. 5). During the transfer
of the insertion tube 140 into the cavity 150, additional
portions of the insertion tube 140 that enter the cavity 150
are disposed on top of previous portions of the insertion tube
and are stored adjacent to the inner wall of the peripheral
barrier 120. The peripheral barrier 120 retains the insertion
tube 140 within the cavity 150.

[0081] Preferably, any elongated and flexible object to be
stored into the carousel, such as the insertion tube 140 that
possesses sufficient rigidity to allow it 140 to be pushed into
the storage carousel 110. The rigidity of such an object
stored within the cavity causes a resistance to coiling that
manifests by the object generating a radial uncoiling force
that presses away from the pivot shaft 130 and against the
inner side of the peripheral barrier 120. The peripheral
barrier 120 is configured with sufficient strength to counter-
act such a radial uncoiling force and to retain the object, such
as an insertion tube 140, within the cavity 150.

[0082] The insertion tube 140 is removed from the storage
carousel 110 by simply pulling it out of the cavity 150. The
pulling force applied to the insertion tube 140 stored within
the cavity 150 transfers and applies a force to the storage
carousel 110, causing it to rotate in an opposite (clockwise)
direction.

[0083] In this embodiment the pivot shaft 130 is rotatably
attached to the frame 260 (FIG. 5) and fixedly attached to the
base 160. In other embodiments, the pivot shaft 130 is
rigidly attached to the frame 260 while the base 160 and the
peripheral barrier 120 are rotatably attached to, and rotate
around, the pivot shaft 130.

[0084] In other embodiments, the storage carousel 110
does not include a pivot shaft 130 and the base 160 rotates
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using means that exclude a pivot shaft 130. The means that
exclude a pivot shaft 130 can include the employment of ball
bearings or a circular track disposed on a lower side of the
base 160 (not shown). In yet other embodiments, the cavity
150 of the storage carousel 110 rotates in response to a force
generated by a motor.

[0085] Disposing an elongated and flexible object into a
coil can substantially reduce the dimensions required to
store such an object. For example, an insertion tube of 25
feet in length and approximately a third of an inch in
diameter and can be coiled into a cylindrical volume of
approximately 15 inches in diameter and length. Unfortu-
nately, some elongated and flexible objects, such as an
insertion tubes, resist coiling. Disposing such an object into
a coiled arrangement causes the object to generate an
uncoiling force that can interfere with its convenient and
efficient storage. The apparatus of the invention addresses
this problem by storing an object along an inner surface of
the apparatus.

[0086] FIG. 4A illustrates a top-down view of the embodi-
ment of FIG. 3 further including a frame 260 and an
insertion port 270. An insertion port is also referred to herein
as an entryway. As shown, only a portion of the frame 260
is visible from the top-down view perspective. The remain-
ing portion of the frame 260, not visible from this perspec-
tive, resides substantially parallel to and below the periph-
eral barrier 120.

[0087] As shown, the insertion port 270 is embodied as a
passageway through the frame 260. As shown, the passage-
way embodying the insertion port 270 has a substantially
circular shape. Preferably, the insertion port 270 is shaped,
sized and located to allow passage of an elongated and
flexible object, such as an insertion tube 140, into and out of
the cavity 150 with minimum applied force to the object.

[0088] FIG. 4B illustrates another embodiment of the
invention of FIG. 4A further including an angled inlet tube
272. The angled inlet tube 272 that is disposed adjacent to
the passageway of the insertion port 270 is configured to
further guide the passage of an insertion tube 140 into and
out of the cavity 150. The angled inlet tube 272 provides an
elongated cavity through which an insertion tube 140 can
pass into an out of the cavity 150.

[0089] In this embodiment, the pivot shaft 130 is attached
to the base 160 and rotatably attached to the frame 260. In
alternative embodiments, the pivot shaft 130 is rigidly
attached to the frame 260 and rotatably attached to the base
160. In the subject embodiment, the peripheral barrier 120
and the base 160 rotate with the pivot shaft 130.

[0090] FIG. 4C illustrates a variation of the embodiment
of FIG. 4A further including a partial base plate. In this
embodiment, the partial base plate forms a horizontal rim
266 located along the bottom of the peripheral barrier 120
that supports the stored insertion tube 140 from gravity like
a full base plate 160. Optionally, the partial base plate 266
is attached to the pivot shaft 130 via spoke-like structural
members 268a, 2685 and 268c.

[0091] FIG. 5 illustrates a side cross-sectional view of the
illustration of FIG. 4A showing a larger portion of the frame
260. As shown, portions of the frame 260 reside above,
below and substantially parallel to one side of the peripheral
barrier 120. The portions of the frame 260 residing above
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and below the peripheral barrier 120 are substantially par-
allel to the base 160 of the storage carousel 110.

[0092] As shown, the rotational axis 380 is coaxial with
the longitudinal axis of the pivot shaft 130 of the storage
carousel 110. In this embodiment, the pivot shaft 130 is
fixedly attached to the base 160 and rotatably attached to the
frame 260 at its top connection 332 and at its bottom
connection 334. An insertion tube 140 is shown being
transferred through the insertion port 270.

[0093] The base 160 has an inner surface 162 that is
configured to make frictional contact with the insertion tube
140. Likewise, the peripheral barrier 120 has an inner
surface 122 that is configured to make frictional contact with
the insertion tube 140. In some embodiments, the peripheral
barrier 120 and/or the base 160 are constructed with friction
pads (not shown) to provide substantial inner surface (122,
162) friction between the insertion tube 140 and the periph-
eral barrier 120 and/or the base 160.

[0094] In some embodiments, the peripheral barrier 120
and/or the base 160 is constructed with ribs (not shown)
which provide resistance to slipping at points of contact
between the insertion tube 140 and the peripheral barrier 120
and/or the base 160 respectively. In particular, expansion
forces that resist coiling of the insertion tube 140 create a
pressing force against the ribs within a peripheral barrier
122. The pressing force can produce a substantial frictional
force between the ribs of the peripheral barrier 120 and the
insertion tube 140. This frictional force can be exploited to
force the peripheral barrier and the cavity 150 to rotate in
response to the transfer of the insertion tube 140 into or out
of the cavity 150.

[0095] In other embodiments, a portion of the frame 260
does not reside below the base 160 and instead, the base
resides on ball bearings or a track, and rotates without any
other attachment to the bottom portion of the frame 260.

[0096] FIG. 6 illustrates a wall mountable embodiment of
the invention 400 having a vertical orientation, a horizontal
axis of rotation 380 and a cover plate 490 that includes an
insertion port 470. The cover plate 490 and the base plate
160 are also both referred to as end plates. In this embodi-
ment, the axis of rotation 380 is substantially horizontal and
substantially perpendicular to the direction of gravity.

[0097] The cover plate 490 is stationary and is not
attached to the peripheral barrier (not shown) that rotates
inside of an outer casing 420 during the transfer of an object
into or out of the cavity 150 (shown in FIG. 5). The cover
plate 490 includes an insertion port 470. Unlike the insertion
port 270 of FIG. 4A, the insertion port 470 of FIG. 6 is
embodied as a passageway through the cover plate 490. As
shown, the opening of the passageway of the insertion port
470 is of a circular shape. In other embodiments, the opening
of the passageway of the insertion port 470 can be of other
shapes.

[0098] As shown, an elongated object, specifically an
insertion tube 140, is being transferred into the storage
carousel 400 through the insertion port 470. As shown, a
radial gap 494 exists between the cover plate 490 and the
outer casing 420. To prevent contact between the stationary
cover plate 490 and the rotating peripheral barrier (not
shown), a gap (not shown) exists between the cover plate
490 and the rotating peripheral barrier which rotates inside
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of the outer casing 420. Optionally, a stationary surface (not
shown) attached to the frame and disposed outside of the
base 160 (not shown) is adapted for wall mounting using
various and well known attachment mechanisms.

[0099] Insertion tubes 140 can be used for inspecting
within potentially radioactive environments. For example,
an insertion tube 140 can be used to inspect heat exchange
tubes within a steam generator of a nuclear power plant.
Each heat exchange tube is designed to carry radioactive
coolant that causes radioactive contamination to the inner
surface of each heat exchange tube. Passing an insertion tube
through a radioactive heat exchange tube will cause radio-
active contamination to the insertion tube 140. Likewise,
storing a radioactively contaminated insertion tube into a
storage carousel will cause radioactive contamination to the
storage carousel 110.

[0100] To address this type of problem, in some embodi-
ments, the storage carousel 110 is designed to be removable
from other remote viewing device components and to be
hand carried (portable) by a user of a remote viewing device.
For this type of embodiment, the contaminated insertion
tube is only stored within an associated and contaminated
storage carousel 110.

[0101] FIG. 7A illustrates a cross-sectional view of an
embodiment of the storage carousel 110 having a vertical
axis of rotation 380 and a cone shaped peripheral barrier 520
that surrounds a hub 515. A longitudinal axis of the pivot
shaft 130 and of the hub 515 are each coaxial with the axis
of rotation 380. The axis of rotation 380 is substantially
vertical (parallel to the direction of gravity). The inner
surface of the cone shaped peripheral barrier 520 is angled
such that it is not perpendicular to the base 160 and not
parallel to the axis of rotation 380 of the storage carousel
110. In this embodiment, the pivot shaft 130 is fixedly
attached to the base 160 of the carousel 110 and rotatably
attached to the frame 260 at its top connection 332 and at its
bottom connection 334. An insertion tube 140 is shown
being transferred through the insertion port 270.

[0102] A cone shaped peripheral barrier 520 provides an
acute angle-shaped corner 590, having an angle of less than
a 90 degrees, formed between the peripheral barrier 520 and
the base 160. The acute angle shaped corner 590 forms a
space that receives an insertion tube 140 in a manner that
provides more resistance to slipping of the insertion tube
140 than that provided by a 90 degree angle between the
peripheral barrier 120 and the base 160.

[0103] Furthermore, a cone shaped peripheral barrier 520
also reduces the likelihood of tangling an insertion tube 140
stored within the cavity 150. Within a cavity 150 having a
cone shaped peripheral barrier 520, the maximum diameter
of the cavity 150 is located along the inner surface of the
cone shaped peripheral barrier 520 that is adjacent (most
proximate) to the base 160 (at the acute angle shaped corner
590) and the minimum diameter of the cavity 150 is located
along the inner surface of the cone shaped peripheral barrier
520 that is farthest from the base 160. As shown, a larger
diameter 152 is located proximate to the base 160 and a
smaller diameter 154 is located farther from the base 160.
The diameter of the cavity 150 continually reduces along the
inner surface of the cone shaped peripheral barrier 520 from
its maximum to its minimum value.

[0104] The radial uncoiling force of an insertion tube 140
causes the coil diameter of the insertion tube 140 to expand
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to the largest diameter permitted by the shape of the cavity
150. Consequently, the radial uncoiling force of an insertion
tube 140 causes it to press against and slide along inner
surface of the cone shaped peripheral barrier 520 (if neces-
sary) in order for it 140 to first coil at the largest diameter
adjacent to the base 160 of the cavity 150. While being
continuously transferred into the cavity 150, the insertion
tube 140 further coils and stacks within the cavity 150 along
the inner surface of the cone shaped peripheral barrier 520
in a direction away from the base 160. The coiling and
stacking of the insertion tube 140 in this manner reduces the
likelihood of tangling the insertion tube 140 when transfer-
ring it 140 to and from the cavity 150.

[0105] The pivot shaft 130 and the hub 515 are cylindrical
in shape. The hub 515 has a wider profile (larger diameter)
than that of the pivot shaft 130 and displaces more space
within the center of the cavity 150 as compared to the space
displaced by the pivot shaft 130 alone. The wider profile of
the hub 515 results in a more annular shaped cavity 150 that
reduces the likelihood of entanglement and better accom-
modates the transfer of the insertion tube 140 into the cavity
150.

[0106] During withdrawal of the insertion tube from the
carousel 110, the wider hub 515 causes the pulling force
upon an insertion tube 140 stored within the cavity 150 to
transfer to the carousel 500 at a radial location that is at least
a minimum distance away from the rotational axis 380 of the
carousel 500, effecting a more tangential force to the car-
ousel 500. In particular, the outer diameter (OD) of the hub
515 prevents the insertion tube from being pulled across the
center of the cavity 150 during the withdrawal of the
insertion tube.

[0107] FIG. 7B illustrates a side cross-sectional view of an
embodiment of the storage carousel 110 like that of FIG. 7A
but that is rotatably attached to the pivot shaft 130. Unlike
the embodiment shown in FIG. 7A, the base 160 of the
carousel 110 is rotatably attached to the pivot shaft 130 at
location 536 while the pivot shaft 130 is fixedly attached to
the frame 260 at locations 5324 and 5326.

[0108] As shown, the peripheral barrier 520, base 160 and
the hub 515 are attached as one piece and are rotatably
attached to the pivot shaft 130. The pivot shaft is fixedly
attached to the frame at locations 532a and 532b. Like other
embodiments of the invention, the inner side of the base 160
is a planar surface that defines a plane 560 which intersects
the axis of rotation 380. Like shown in FIG. 7A, a larger
diameter 152 of the rotatable cavity 150 is located proximate
to the base 160 and a smaller diameter 154 of the rotatable
cavity 150 is located farther from the base 160.

[0109] FIGS. 8A and 8B illustrate a preferred floor stand-
ing embodiment of the invention 110 having a vertical
orientation, a horizontal axis of rotation 380 and an outer
casing 640 that includes the cover plate 690 and a flat bottom
support surface 692. While disposed in a floor standing
position, the storage carousel 110 rests on the flat bottom
support surface 692.

[0110] Referring to FIG. 8A, the outer casing 640 excludes
the cover plate 690 and is shown to enclose the peripheral
barrier 620. Note that the cover plate 690 is shown in FIG.
8B. The peripheral barrier 620 surrounds the pivot shaft 130
and the hub 515 and has a cone shape, like that of the
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peripheral barrier 520 shown in FIGS. 7A and 7B. The axis
of rotation 380 is coaxial with the longitudinal axis of the
pivot shaft 130 and of the hub 515. The pivot shaft 130 and
the hub 515 are both cylindrical in shape. In this embodi-
ment, like FIG. 7B, the base 160 is rotatably attached to the
pivot shaft 130 while the pivot shaft 130 is fixedly attached
to the frame 260.

[0111] The cavity 150 bounded by the cone-shaped periph-
eral barrier 620 is annular in shape. The cone shaped
peripheral barrier bounding the cavity 150 creates a larger
diameter annular storage space towards the base 160 (not
shown) as compared to that of the storage space available
farther away from the base 160 and towards the cover plate
690, shown in FIG. 8B.

[0112] A cone shaped peripheral barrier 620 provides an
acute angle-shaped corner (not shown), like the acute angle
shaped corner 590 shown in FIGS. 7A and 7B, of less than
a 90 degree angle, formed between the peripheral barrier 620
and the base (not shown). The acute angle shaped corner
forms a space that creates more resistance to slipping of the
insertion tube 140 than that provided by a 90 degree angle
between the peripheral barrier and the base. Like shown in
FIGS. 7A and 7B, a larger diameter 152 of the rotatable
cavity 150 is located proximate to the base 160 and a smaller
diameter 154 of the rotatable cavity 150 is located farther
from the base 160.

[0113] Referring to FIG. 8B, the outer casing 640 includes
a cover plate 690 (not shown in FIG. 8A) including an
insertion port 670. Optionally, a stationary surface (not
shown) that is disposed outside of the base 160 can be
adapted to accommodate wall mounting of this embodiment
of the storage carousel 110.

[0114] In some embodiments, the angled inlet tube 272
(shown in FIG. 4B) is attached to the cover plate 690 at a
location over the insertion port 670. In this type of embodi-
ment, the angled inlet tube 272 is detachable from the cover
plate 690 in manner that exposes an opening (not shown) in
the cover plate 690.

[0115] The opening allows for access and service to the
inner portions of the carousel 110. Through this opening (not
shown), contents of the carousel 110, such as an insertion
tube 140, can be untangled (if necessary) and removed from
the cavity 150. Additionally, inner portions of the carousel,
including the hub 515, the base (not shown) and the periph-
eral barrier 620 can be cleaned.

[0116] Like other embodiments of the invention, pushing
and inserting an object, such as an insertion tube, through the
inlet port 670 and into the cavity 150 causes the storage
carousel 110 to rotate in a first direction. While rotating, the
storage carousel 110 accommodates receiving the object for
storage into the cavity 150 along the inner side of the
peripheral barrier 620.

[0117] Likewise, pulling an object, such as an insertion
tube, from the cavity 150 and through the inlet port 670,
causes the storage carousel 110 to rotate in a second direc-
tion opposite from the first direction. While rotating, the
storage carousel 110 accommodates the discharge of the
object from the cavity 150 through the inlet port 670.

[0118] In some embodiments, a passageway forming an
insertion port is sized and shaped to accommodate the
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passage and storage of a once-folded elongated flexible
object. In this type of embodiment, an elongated flexible
object, such as an insertion tube 140, is folded in half at a
location proximate to the middle of the elongated flexible
object. The folded portion of the elongated flexible object is
first passed through the insertion port 670. The insertion port
670 is sized to be sufficiently large to accommodate the
smallest bend radius of the elongated flexible object.

[0119] One advantage of this type of embodiment is that,
the storage time for transferring an object can be reduced to
half. Furthermore, when storing a folded insertion tube 140,
the viewing head of the insertion tube 140 is the last portion
of'the insertion tube 140 to transfer into the carousel 110 and
the first portion of the insertion tube 140 to be removed from
the carousel 110. In this embodiment, the viewing head can
be inspected or replaced without fully removing the inser-
tion tube 140 from the storage carousel 110.

[0120] As previously stated, the radial uncoiling force of
an insertion tube 140 causes the coil diameter of the inser-
tion tube 140 to expand to the largest diameter permitted by
the shape of the cavity 150. Consequently, the radial uncoil-
ing force of an insertion tube 140 causes it to press against
and slide along inner surface of the cone shaped peripheral
barrier 520 (if necessary) (See FIG. 7) in order for it 140 to
first coil at the largest diameter adjacent to the base 160 of
the cavity 150.

[0121] While being continuously transferred into the cav-
ity 150, the insertion tube 140 further coils and stacks within
the cavity 150 along the inner surface of the cone shaped
peripheral barrier 520, 620 in a direction away from the base
160. The coiling and stacking of the insertion tube 140 in
this manner reduces the likelihood of tangling the insertion
tube 140 when transferring it 140 to and from the cavity 150.

[0122] The pivot shaft 130 and the hub 515 are shown as
being cylindrical in shape, although the hub 515 can have a
conical shape similar to that of the peripheral barrier 620.
The hub 515 has a wider profile (larger diameter) than that
of the pivot shaft 130 and displaces more space within the
center of the cavity 150 as compared to the space displaced
by the pivot shaft 130 alone. The wider profile of the hub
515 results in a more annular shaped cavity 150 that reduces
the likelihood of entanglement and better accommodates the
transfer of the insertion tube 140 into the cavity 150.

[0123] During withdrawal of the insertion tube from the
carousel, the wider hub 515 causes the pulling force upon an
insertion tube 140 stored within the cavity 150 to transfer to
the carousel 500, 600 at a radial location that is at least a
minimum distance away from the rotational axis 380 of the
carousel 500, 600, effecting a more tangential force to the
carousel 500, 600. In particular, the outer diameter (OD) of
the hub 515 restrains the location of the insertion tube and
prevents the insertion tube from being pulled across and
proximate to the center of the cavity 150 during the with-
drawal of the insertion tube.

[0124] FIGS. 9A-9C illustrate a cross-sectional view of
embodiments of the invention including angled bases 760a
and 7605. As shown in FIG. 9A, the axis of rotation 380 is
substantially vertical. The inner surface of the cone shaped
peripheral barrier 120 is vertical and parallel to the axis of
rotation 380 of the storage carousel 110.

[0125] FIG. 9A illustrates a cross-sectional view of the
embodiment of the invention 700 including an angled base
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760a that is not substantially perpendicular to the axis of
rotation 380. The angled base 760a, like the cone shaped
peripheral barrier 520 of FIGS. 7A and 7B, provides an acute
angle shaped corner 790a, of less than a 90 degree angle,
formed between the peripheral barrier 120 and the base
760a. The acute angle shaped corner 790a forms a space that
receives an insertion tube 140 in a manner that provides
more resistance to slipping of the insertion tube 140 than that
provided by a 90 degree angle between the peripheral barrier
120 and the base 760a.

[0126] FIG. 9B illustrates a cross-sectional view of the
embodiment of the invention 710 including an angled base
7605 and a cone shaped peripheral barrier 520. Note that the
slope of the angled base 7605 is less than that of the angled
base 760a of FIG. 9A. The combination of the angled base
7605 and the cone shaped peripheral barrier 520 provides an
acute angle shaped corner 7905, of less than a 90 degree
angle, formed between the peripheral barrier 520 and the
base 760b. Like shown in FIGS. 7A, 7B and 8A, a larger
diameter 152 of the rotatable cavity 150 is located proximate
to the base 160 and a smaller diameter 154 of the rotatable
cavity 150 is located farther from the base 160.

[0127] Note that the size of the angle of the acute angle
shaped corner 7905 is less than that of the angle of the acute
angle shaped corner 790a of FIG. 9A. The acute angle
shaped corner 7905 forms a space that receives an insertion
tube 140 in a manner that provides more resistance to
slipping of the insertion tube 140 than that provided by a 90
degree angle between the peripheral barrier 120 and the base
160 of FIG. 5.

[0128] FIG. 9C illustrates a cross-sectional view of the
embodiment of the invention 710 of FIG. 9B including an
angled inlet tube 772. As shown, the angled inlet tube 772
directs an incoming insertion tube 140 towards the inner
wall of the peripheral barrier 520. Note that the stored
insertion tube 140 forms a layer along the inner wall of the
peripheral barrier 520 and then forms other layers stacking
away from the inner wall of the peripheral barrier 520. Each
layer is formed beginning at the farthest location away from
the cover plate 490 and ending at the location nearest the
cover plate 490. A new layer is formed when the forming of
the previous layer reaches the inside of the cover plate 490.

[0129] FIGS. 10A-10C illustrate variations of an embodi-
ment 1010 of the insertion tube remote viewing device 10
(See FIGS. 1A-2G) that include a case 1020 and an insertion
tube carousel 110a-110c¢ that is positioned at different loca-
tions relative to the location of the case 1020. The case 1020
has a generally rectangular shape and an interior cavity 1024
that can be used for storage of components of the insertion
tube remote viewing device 1010. As shown, an embodi-
ment of a display 1066 is disposed onto the top surface 1022
of the case 1020 of the remote viewing device 1010.

[0130] Referring to FIG. 10A, the interior cavity 1024 of
the case 1020 is shown to include a light (illumination) box
1036, an image and data processing module 1038 and an
insertion tube storage carousel 1104. The case 1020 has a top
surface 1022 attached to an optional hinge (not shown) that
can be lifted up to provide access to the interior cavity 1024
of the case 1020.

[0131] In this type of embodiment, the insertion tube
storage carousel 110a is positioned within the interior cavity
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1024 of the case 1020 and rotates around a horizontal axis
380a. An insertion tube 140 can be stored into or removed
from the insertion tube storage carousel 110a causing an
internal cavity (not shown) of the carousel 10a to rotate
around the horizontal axis 380a.

[0132] In another type of embodiment, the insertion tube
storage carousel 110ba is positioned along a vertical exterior
surface 1026 of the case 1020 and rotates around a horizon-
tal axis 380ba. A handset 16ba including a joystick 1064; is
shown protruding from the carousel 110ba. Other optional
embodiments of the handset 16ba can include an embedded
display 66 (FIG. 10B) that is disposed within the handset
16bb. The handset 16ba or 16bb is disposed at a proximal
end 18 of an insertion tube 140. A substantial portion of the
insertion tube 140, including its distal end (not shown), is
stored within an internal rotating cavity (not shown) of the
carousel 110ba or 11055.

[0133] FElectrical and optical cables 1042 (indicated by a
pair of dotted lines) are disposed within an umbilical chord
26 and are electrically and optically connected to the inter-
nals of this embodiment of the insertion tube remote viewing
device 1010 that include the light (illumination) box 1036
and the image and data processing module 1038.

[0134] Referring to FIG. 10B, the insertion tube storage
carousel 11065 is shown as detached from and positioned
outside of the case 1020 and oriented to rotate around a
horizontal axis 380bb. In some embodiments, the storage
carousel 110a-1105b is removable from the internal cavity
1024 and/or detachable from the outer surface of the case
1020. Like shown in association with the carousel 110ba, a
handset 1655 including a joystick 1064/ is shown protruding
from the carousel 11065. The handset 1655 is also disposed
at a proximal end 18 of an insertion tube 140 and substantial
portion of the insertion tube 140, including its distal end (not
shown), is stored within an internal rotating cavity (not
shown) of the carousel 11054.

[0135] FIG. 10C illustrates a side view of an embodiment
of a storage carousel 110c. As shown, an insertion tube 140
is protruding from the storage carousel 110c. (FIG. 10B).
[GEORGE IS TO PROVIDE A REDRAWN FIG. 10C to
show the insertion tube existing the carousel from a top, not
a side, surface.]

[0136] The profile of the storage carousel 110c¢ from the
side view has a octagonal shape as opposed to the generally
circular shape of the storage carousels 110a-11055. The
storage carousel 110 of the invention is in no way limited to
having a circular shape. As shown, embodiments of the
insertion tube storage carousel 110a-110¢ can be configured
to be disposed into a variety of positions and locations of the
insertion tube remote viewing device 10, 1010 to support the
operation of an insertion tube remote viewing device 10,
1010.

[0137] FIG. 11A illustrates an embodiment of the inven-
tion including a portable case 510, also referred to herein as
a base module 510. As shown, a user is carrying the base
module 510 by grasping and lifting a handset 16 that is
attached to the base module 510. The base module 510
includes a pocket 512 that encloses a portion of an insertion
tube 12, 140. An umbilical cord 26 is attached to and
wrapped around the handset 16. Alternatively, the user can
carry the base module 510 by grasping handles that are
proximate to the handset 16.
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[0138] In this type of embodiment, the insertion tube
storage carousel 110 (not shown), 110a (not shown) is
located within the interior of the base module 510 and is
configured to store at least a portion of the insertion tube 12,
140. An insertion tube 12, 140 is transferred to or from the
insertion tube storage carousel 110, 110a causing an internal
cavity (not shown) of the insertion tube carousel 110, 110a
to rotate around an axis. Preferably, the insertion tube
storage carousel 110, 110a rotates around a horizontal axis.

[0139] The base module 510 includes at least one first
passageway 514 through which at least a portion of the
insertion tube 12, 140 can transfer (slide) from outside of the
base module 510, into or out of the interior of the base
module 510 and into or out of the internal cavity of the
insertion tube storage carousel 110, 110q.

[0140] FIG. 11B illustrates a side view of the embodiment
of FIG. 11A where the handset 16 is detached from the base
module 510. As shown, the insertion tube 12, 140 remains
attached to the handset 16 and but is shown fully withdrawn
from the interior of the base module 510. The umbilical cord
26 remains attached to the base module 510. As shown, a
spare insertion tube is stored inside of an open storage
container 1800.

[0141] FIG. 12 illustrates an embodiment of the insertion
tube carousel 1104 including a cone shaped insertion tube
storage cavity 150. As shown in this embodiment, the
storage cavity 150 is bounded by a transparent-peripheral
barrier 1220 and is located between two end plates 1212 and
1214. The cone shaped insertion tube storage cavity 150 is
configured to rotate and to store an insertion tube 140. The
storage cavity 150 is configured to store a length of insertion
tube 140 in a helically wound configuration.

[0142] The peripheral barrier 1220 of the insertion tube
carousel 1104, which in the embodiment shown comprises a
transparent material such as a plastic, is configured to
constrain the insertion tube within the storage cavity 150
such as, for example, a right circular cone or a right circular
cylinder. The carousel 110 comprises an insertion port 1270
which in this embodiment is a tubular shaped entry fixed to
an external surface of an end plate 1212. The insertion port
1270 is aligned with an opening defined in the surface of the
endplate 1212. The insertion port 1270 can be conveniently
fastened to the end plate 1212 with any conventional fas-
tener, such as with screws.

[0143] As shown, the carousel 1104 can be conveniently
assembled by stacking the required components and holding
the endplates 1212, 1214 in place with fasteners, such as
with mechanical bolts and interoperating nuts. The rotatable
portion of the carousel 104 (e.g. peripheral barrier 1220) is
held by mating rotational guides (not shown) to the inner
facing surfaces of end plates 1212, 1214. The rotational
guides are positioned such that the storage cavity rotates
around a rotational axis 380 of the carousel 10d. A rotating
hub 1215 is disposed inside of the storage cavity 150. In
some embodiments, the base (not shown) and the peripheral
barrier 1220 rotate along with the hub 1215.

[0144] While the present invention has been particularly
shown and described with reference to various modes as
illustrated in the drawings, it will be understood by one
skilled in the art that various changes in detail may be
effected therein without departing from the spirit and scope
of the invention as defined by the claims.
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We claim:

1. An apparatus for storing an insertion tube of a bores-
cope and endoscope device, said apparatus comprising:

a storage carousel including

a rotatable cavity bounded by at least one inner surface
that includes an inner surface of a base and an inner
surface of a peripheral barrier; and where said rotatable
cavity is configured to rotate around an axis of rotation
and configured to accommodate storage of an insertion
tube having a proximal end and distal end; and where
said storage is performed without a physical attachment
between said insertion tube and said storage carousel
and where said storage carousel is configured to allow
said proximal end to be located outside of said cavity
while a remaining portion of said insertion tube is
stored inside of said cavity; and including

a frame providing mechanical support to a pivot shaft and
including an insertion port and configured to guide a
transfer of said insertion tube either towards or away
from said rotatable cavity; and

where said at least one inner surface is configured to make
physical contact and to generate a frictional force
between said insertion tube and said at least one inner
surface so that said transfer of said insertion tube
towards or away from said rotatable cavity causes said
rotatable cavity to rotate.

2. The apparatus of claim 1 where said rotatable cavity is
of a conical shape and where said rotatable cavity of said
conical shape has a larger diameter located more proximate
to said base and a smaller diameter located less proximate to
said base.

3. The apparatus of claim 2 where said rotatable cavity of
a conical shape forms an acute angle adjacent to an inter-
section of said inner surface of said peripheral barrier and
said inner surface of said base, and where said acute angle
is configured to receive said insertion tube and to enhance
said frictional contact of at least one of said inner surface of
said peripheral barrier and said inner surface of said base
with said insertion tube.

4. The apparatus of claim 1 where said inner surface of
said storage carousel is constructed from materials designed
to further enhance said frictional contact between said
insertion tube and said storage carousel.

5. The apparatus of claim 1 where said base is an angled
base and where said angled base is configured to form an
acute angle adjacent to an intersection of said inner surface
of said peripheral barrier and said inner surface of said base,
and where said acute angle is configured to receive and to
make physical contact with said insertion tube and to
enhance said frictional contact between said at least one of
said inner surface and said insertion tube.

6. The apparatus of claim 1 where said storage carousel is
located within a case storing components of a borescope or
endoscope device.

7. The apparatus of claim 1 where said storage carousel is
attached to an outer surface of a case storing components of
a borescope or endoscope device.

8. The apparatus of claim 1 where said storage carousel is
located separate from a case storing components of a bore-
scope or endoscope device.
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9. The apparatus of claim 1 where said rotatable cavity
includes a hub that is configured to restrain a location of said
insertion tube to a minimum radial distance away from said
axis of rotation.

10. An apparatus for storing an insertion tube of a
borescope and an endoscope, said apparatus comprising:

a storage carousel including a base, a peripheral barrier
and a rotatable cavity;

said rotatable cavity is bounded by at least one inner
surface that includes at least one of an inner surface of
a base and an inner surface of a peripheral barrier that
are configured to rotate around an axis of rotation and
that are configured to accommodate the storage of an
insertion tube, said at least one inner surface being
configured to make physical contact with said insertion
tube having both a proximal end and a distal end; and

where said rotatable cavity is of a conical shape and where
said rotatable cavity of said conical shape has a larger
diameter located more proximate to said base and a
smaller diameter located less proximate to said base.

11. The apparatus of claim 10 including an insertion port
having an angle of orientation and that is configured and
oriented to guide the transfer of said insertion tube in a
direction either towards or away from said rotatable cavity.

12. The apparatus of claim 11 including a frame that
provides mechanical support to said storage carousel, said
frame including said insertion port.

13. The apparatus of claim 10 where said at least one inner
surface of said rotatable cavity is configured to cause
frictional contact and to generate a frictional force between
said insertion tube and said at least one inner surface so that
transfer of said insertion tube to or from said rotatable cavity
causes said rotatable cavity to rotate.

14. The apparatus of claim 10 including an outer casing
enclosing said storage carousel and including a cover plate,
said cover plate including an insertion port configured to
guide the transfer of said insertion tube to or from said
rotatable cavity.

15. The apparatus of claim 10 where said storage carousel
is located within a case storing components at least one of
a borescope and endoscope device.

16. The apparatus of claim 10 where said storage carousel
is attached to an outer surface of a case storing components
at least one of a borescope and endoscope device.

17. The apparatus of claim 10 where said storage carousel
is located separate from a case storing components at least
one of a borescope and endoscope device.

18. The apparatus of claim 10 including an angled base
and where said angled base is configured to form an acute
angle adjacent to an intersection of said inner surface of said
peripheral barrier and said inner surface of said base, and
where said acute angle is configured to receive said insertion
tube and to enhance said frictional contact with said inser-
tion tube.

19. The apparatus of claim 1 where said pivot shaft has a
first and a second end and a longitudinal axis that is disposed
co-linear with said axis of rotation, wherein said first end of
said pivot shaft is fixedly attached to said base and said
second end of said pivot shaft is rotatably attached to said
frame.

20. The apparatus of claim 1 where said pivot shaft having
a first and a second end and a longitudinal axis that is
disposed co-linear with said axis of rotation, wherein said

12

Jul. 5, 2007

first end of said pivot shaft is rotationally attached to said
base and said second end of said pivot shaft is fixedly
attached to said frame.

21. The apparatus of claim 20 where said rotatable cavity
includes a hub that is configured to restrain a location of said
insertion tube a minimum radial distance away from said
axis of rotation.

22. An apparatus for storing an insertion tube of a
borescope or endoscope, said apparatus comprising:

a storage carousel having rotatable cavity and an axis of
rotation;

said rotatable cavity is bounded by at least one inner
surface that includes an inner surface of a base and an
inner surface of a peripheral barrier and where said
rotatable cavity is configured to rotate around said axis
of rotation and is configured to accommodate the
storage of an insertion tube; and

where said base is an angled base and said angled base is
configured to form an acute angle at an intersection of
said inner surface of said base and said inner surface of
said peripheral barrier, and where said acute angle is
configured to receive and make physical contact with
said insertion tube and to enhance frictional contact
between said at least one inner surface and said inser-
tion tube.

23. The apparatus of claim 22 including an insertion port
having an angle of orientation and configured to guide the
transfer of said insertion tube to or from said rotatable
cavity.

24. The apparatus of claim 23 including a frame that
provides mechanical support to said storage carousel, said
frame including said insertion port.

25. The apparatus of claim 22 where said at least one inner
surface of said rotatable cavity is configured to cause
frictional contact between said insertion tube and said at
least one inner surface so that transfer of said insertion tube
to or from said rotatable cavity causes said storage carousel
to rotate.

26. The apparatus of claim 22 including a pivot shaft and
a frame, said pivot shaft having a first and a second end and
a longitudinal axis that is disposed co-linear with said axis
of rotation, wherein said first end of said pivot shaft is
fixedly attached to said base and said second end of said
pivot shaft is rotatably attached to said frame.

27. The apparatus of claim 22 including a pivot shaft and
a frame, said pivot shaft having a first and a second end and
a longitudinal axis that is disposed co-linear with said axis
of rotation, wherein said first end of said pivot shaft is
rotationally attached to said base and said second end of said
pivot shaft is fixedly attached to said frame.

28. The apparatus of claim 23 where said rotatable cavity
includes a hub that is configured to restrain a location of said
insertion tube a minimum radial distance away from said
axis of rotation.

29. The apparatus of claim 22 where said inner surface of
said peripheral barrier is of a conical shape and where said
rotatable cavity of conical shape has a cavity with a larger
diameter located proximate to the base and a smaller diam-
eter located farther away from the base.

30. A video borescope system for remote visual applica-
tions comprising:
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a handset that is configured for inputting commands from
a user and a display that is configured for communi-
cating information to said user;

an insertion tube including a distal end and a proximal end
that is attachable to said handset, said insertion tube is
configured to illuminate and to capture an image from
an area surrounding said distal end;

a storage carousel including a rotatable cavity adjacent to
an insertion port, said rotatable cavity being enclosed
by a peripheral barrier and a base that collectively have
at least one inner surface, said at least one inner surface
is configured to cause frictional contact with said
insertion tube when said insertion tube is transferred to
or from said rotatable cavity via said insertion port, said
frictional contact generating a frictional force upon said
at least one inner surface so that said rotatable cavity
rotates around an axis in a direction in which said
insertion tube is being transferred.

31. An apparatus for storing an elongated flexible object,

said apparatus including:

a storage carousel having a base, a peripheral barrier, and
an axis of rotation, said base substantially defining at
least one inner surface that intersects said axis of
rotation, said peripheral barrier having a conical shaped
inner surface that surrounds said axis of rotation;

a rotatable cavity that is bounded by said inner surface of
said base and said inner surface of said peripheral
barrier; and where said storage carousel is configured to
rotate around said axis of rotation and said rotatable
cavity is configured to accommodate the storage of an
elongated flexible object disposed along at least one of
said inner surface of said peripheral barrier and said
inner surface of said base, said elongated flexible object
having both a proximal end and a distal end;

where said storage carousel includes a conical shaped
peripheral barrier, said conical shaped peripheral bar-
rier including an inner surface having a larger inner
diameter located proximate to said base and a smaller
inner/diameter located farther away from said base.
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32. The apparatus of claim 31 where said elongated
flexible object is an insertion tube for at least one of a
borescope and an endoscope device.

33. A method of storing an insertion tube of an endoscope
inside a storage device comprising:

providing a rotatable cavity that is rotatable around an
axis of rotation and that is bounded by at least one inner
surface;

transferring a distal end of an insertion tube into said
cavity through an insertion port;

causing said cavity to rotate via a friction force resulting
from physical contact between a portion of said inser-
tion tube and said at least one an inner surface;

transferring said insertion tube further into said cavity to
cause further rotation of said cavity and to cause
storage of a substantial portion of said insertion tube
within said cavity so that a proximal end of said
insertion tube is located proximal to said insertion port.

34. The method of claim 33 where said at least one inner
surface is of a conical shape and where said inner surface of
said conical shape has a larger diameter located more
proximate to said base and a smaller diameter located less
proximate to said base.

35. The method of claim 33 where said at least one inner
surface includes an inner surface of a base and an inner
surface of a peripheral barrier, and where said base is an
angled base and where an acute angle is defined adjacent to
an intersection of said inner surface of said base and said
inner surface of said peripheral barrier, and where said acute
angle is configured to receive and to make physical contact
with said insertion tube and to enhance a frictional contact
between said at least one inner surface and said insertion
tube.

36. The method of claim 33 further including a step of
folding said insertion tube at an approximate center location
of said insertion tube prior to the step of transferring said
insertion tube into said cavity by inserting said center
location first into said cavity.
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