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HUB CONNECTION FOR PIPELINE INSPECTION DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/668,873 filed May 9, 2018, the entire contents of which are incorporated by reference

herein.
FIELD OF THE INVENTION

[0002] The present invention relates to pipeline inspection devices for inspecting sewers,

drains, pipes, or other conduits.
BACKGROUND OF THE INVENTION

[0003] Pipeline inspection devices can be used to determine the location of obstructions
in underground pipes or find damaged areas that affect the integrity of pipe systems.
Generally, a pipeline inspection device includes a cable that can be pushed down a length of
the pipe. The end of the cable may include an imaging device, such as a video camera, to
help identify an obstruction or damage within the pipe. The end of the cable may also
include a location device, such as a sonde, to transmit the location of the end of the cable.
The location device allows a user to find the end of the cable and dig down towards the pipe

at the proper location where the obstruction might be.

SUMMARY OF THE INVENTION

[0004] In one embodiment, the invention a pipeline inspection device, including a
rotatable drum housing a cable, where the cable is extendable into a pipe, a camera positioned
on an end of the cable, and a hub housing electrical components of the pipeline inspection
device and including a battery housing. A stand includes a mounting assembly having a first
portion rotatably supporting the drum and a second portion supporting the hub within an
interior of the drum, the second portion including a core, where the hub is removably coupled
to the mounting assembly via the core. The hub is removably coupled to the mounting
assembly by a first engagement member on the hub and a second engagement member on the

core.

[0005] In another embodiments, the invention provides a pipeline inspection device

including a rotatable drum housing a cable, where the cable is extendable into a pipe, a
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camera positioned on an end of the cable, and a hub housing electrical components of the
pipeline inspection device and having a battery housing. A stand includes a mounting
assembly supporting the drum and the hub, where the drum is rotatably supported on the
stand such that the drum is rotatable relative to the stand. A brake assembly is configured to
selectively limit a rotational speed of the drum. The brake assembly includes a disc, a brake
pad engagable with the disc, and an actuator configured to control a degree of engagement

between the disc and the brake.

[0006] In yet other embodiments, the invention provides a pipeline inspection system
having a pipeline inspection device including a rotatable drum housing a cable, where the
cable is extendable into a pipe, a camera positioned on an end of the cable and configured to
capture images of the interior of the pipe, a hub housing electrical components of the pipeline
inspection device and including a wireless communication module, and a stand including a
mounting assembly supporting the drum and the hub. The system further includes a
dedicated monitor removably coupled to the stand, where the dedicated monitor is configured
to display images captured by the camera, and where the dedicated monitor includes a
wireless communication module in wireless communication with the hub. The system further
includes a smart device configured to display the images captured by the camera, where the
smart device includes a wireless communication module in wireless communication with the

hub.

[0007] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of a pipeline inspection device according to a first

embodiment.

[0009] FIG. 2 is a perspective view of a stand of the pipeline inspection device illustrated

in FIG. 1.
[0010] FIG. 3 is a side view of the stand illustrated in FIG. 2.

[0011] FIG. 4A is arear perspective view of the pipeline inspection device of FIG. 1.
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[0012] FIG. 4B is a rear perspective view of a pipeline inspection device with another

embodiment of a stand.

[0013] FIG. 5 is a perspective view of a core of a mounting assembly.

[0014] FIG. 6 is a front perspective view of a hub according to one embodiment.

[0015] FIG. 7 is a side view of the hub illustrated in FIG. 6.

[0016] FIG. 8 is a top view of the hub illustrated in FIG. 6.

[0017] FIG. 9 is a first rear perspective view of the hub illustrated in FIG. 6.

[0018] FIG. 10 is a second rear perspective view of the hub illustrated in FIG. 6.

[0019] FIG. 11 is a detailed view of an engagement member of the hub.

[0020] FIG. 12 is another detailed view of the engagement member illustrated in FIG. 10.

[0021] FIG. 13 illustrates a mounting assembly for use with the pipeline inspection

device.

[0022] FIG. 14 is a front perspective view of the hub according to a second embodiment.
[0023] FIG. 15 is a rear perspective view of the hub illustrated in FIG. 15.

[0024] FIG. 16 is a top view of the hub illustrated in FIG. 15.

[0025] FIG. 17 is a front perspective view of a hub according to a third embodiment.
[0026] FIG. 18 is a rear perspective view of the hub illustrated in FIG. 18.

[0027] FIG. 19 is a first perspective view of a brake assembly for use with a pipeline

inspection device.
[0028] FIG. 20 is a second perspective view of the brake assembly of FIG. 20.
[0029] FIG. 21 is a cross-sectional view of the brake assembly of FIG. 20.

[0030] FIG. 22 is a perspective view of a monitor mount.
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[0031] FIG. 23 is a front perspective view of a dedicated monitor for use with a pipeline

inspection device.

[0032] FIG. 24 is a rear perspective view of the dedicated monitor of FIG. 24.
[0033] FIG. 25 is a side view of the dedicated monitor of FIG. 24.

[0034] FIG. 26 is a bottom perspective view of the dedicated monitor of FIG. 24.

[0035] FIG. 27 is a schematic diagram of a hub, a dedicated monitor, and a smart device

for use with a pipeline inspection device.

[0036] FIG. 28 is another schematic diagram of a hub, a dedicated monitor, and a smart

device for use with a pipeline inspection device in accordance with another embodiment.

DETAILED DESCRIPTION

[0037] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other embodiments and of being practiced or
of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as

limiting. The use of "including," "comprising," or "having" and variations thereof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional
items. Unless specified or limited otherwise, the terms "mounted," "connected," "supported,"
and "coupled" and variations thereof are used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings. Further, "connected" and "coupled" are not

restricted to physical or mechanical connections or couplings.

[0038] The invention disclosed herein provides a pipeline inspection device 10, as shown
in FIG. 1, which can be used to view the interior of the pipe, conduit, etc., such as a buried
sewer pipeline to locate obstructions, blockages, and defects in the pipe. Specifically, a user
can use the pipeline inspection device 10 to observe the interior of a pipe, often from a
distance away from the closest access port to the sewer pipeline. To view the interior of the

pipe, a cable 14 is directed down an access port of the pipe and through the sewer pipeline.
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The cable 14 includes an image capturing device (e.g., a camera 18) and/or a locator device

22 (e.g., a sonde) connected at a distal end thereof, for viewing the interior of the pipeline.

[0039] The pipeline inspection device 10 includes a reel 26 for housing the cable 14 and a
hub 30 for housing a power source and other electronic components for operating the pipeline
inspection device 10. The cable 14 is stored on the reel 26 in a wound configuration, but can
be unwound and inserted into a length of a pipe under inspection. The hub 30 provides
power to the components of the reel 26 in order to operate the pipeline inspection device 10.
As discussed in in greater detail below, the hub 30 is removably coupled to the reel 26. In
some embodiments, the hub 30 can be interchangeably used with two or more different reels

26.

[0040] FIGS. 1-3 illustrate one embodiment of the reel 26. The reel 26 includes a drum
34 for housing the cable 14 and a stand 38 for supporting the drum 34. The drum 34 includes
a closed end defined by a back wall, and an open end defined by a front wall 46. A side wall
50 extends around the perimeter of the drum 34 between the front wall 46 and the back wall
42. Together, the back wall 42, the side wall 50, and the front wall 46 define an interior 54 of
the drum 34 that houses the cable 14. The front wall 46 includes an opening 58 that provides
access to the interior 54 of the drum 34. As will be discussed in further detail below, the hub
30 can be inserted into the drum 34 via the opening 58. Once inside the drum 34, the hub 30

is positioned so that the cable 14 is wound around the hub 30.

[0041] The drum 34 rotates about an axis extending through the back wall 42 and the
opening 58 of the front wall 46. The cable 14 is stored within the interior 54 and is wound
about the axis of the drum 34. The drum 34 can be different sizes in order to accommodate
different size or lengths of cables 14. Because the cable 14 is stiff (e.g., a push cable), the
cable 14 exerts an outward force towards the walls of the drum 34, and particularly, towards
the side wall 50. As the cable 14 is pulled out of the drum 34, the drum 34 can rotate in a
first direction about the axis of the drum 34. Conversely, as the cable 14 is pushed back into
the drum 34, the drum 34 can rotate in a second direction that is opposite the first direction
about the axis of the drum 34. In some embodiments, the drum 34 includes ribs on the inside

of the drum 34 to provide for increased frictional engagement with the cable 14.

[0042] The drum 34 is supported above the ground by the stand 38. FIGS. 2-4A illustrate

a first embodiment of a stand 38, and FIG. 4B illustrates a second embodiment of the stand
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38. It should be understood that some of the features of the stand 38 are interchangeable
from one embodiment to the other. The stand 38 includes a base 66 and a center support 70
extending upward from the base 66. In the illustrated embodiment, the base 66 includes one
or more feet 78 that contact the ground. In other embodiments, one of more of the feet 78
can be replaced with wheels 82, as shown in FIG. 4B. The center support 70 includes one or
more handles to help maneuver and operate the pipeline inspection device 10. In the
embodiment illustrated in FIG. 4A, the center support 70 includes a first handle 98 extending
in forward direction above the drum 34. In other embodiments, the handle 98 may be
oriented in a different direction. For example, in some embodiments, the handle 98 may
extend backwards, away from the drum 34 or may extend in a vertical direction. In the
embodiment illustrated in FIG. 4B, the center support 70 includes a first handle 98b
extending in a forward direction above the drum 34, as shown in FIG. 4A. In addition, the
center support 70 in FIG. 4B also includes a second handle 102 extending vertically. In the
illustrated embodiment, the second handle 102 is an extendable handle, such as a telescoping

handle, that may be extended to a greater length.

[0043] Additionally, the center support 70 also includes a monitor mount 110 (shown in
both FIGS. 4A and 4B), which can be used to support a monitor or other components of the
pipeline device 10. The monitor and display will be described in greater detail herein.
Furthermore, in some embodiments, such as FIG. 4A, the center support may include a
backpack plate 242 that enables a user to carry the reel 26 on his/her back. For example, the
backpack plate 242 can be coupled to backpack straps or a full backpack to enable a user to
carry the reel 26 as a backpack. In the illustrated embodiment, the backpack plate 242 is
removably attached to the center support 70.

[0044] Referring back to FIGS. 2-3, the drum 34 and the hub 30 are supported on the
stand 38 by a mounting assembly 118. The mounting assembly 118 includes a rotatable
portion 90 and a fixed portion 94. The drum 34 is mounted on the rotatable portion 90 of the
mounting assembly 118, while the hub 30 is mounted to the reel 26 via the fixed portion 94
of the mounting assembly 118. The mounting assembly 118 includes a mounting plate 122, a
shaft 126, a slip ring 130, and a core 138. The rotatable portion 90 of the mounting assembly
118 includes the mounting plate 122 and (a portion of) the slip ring 130, which are rotatably
fixed relative to one another. Thus, the drum 34, the mounting plate 122, and the slip ring

130 rotate together relative to the stand 38. The fixed portion 94 (which may also be referred
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1o as a stationary portion) of the mounting assembly 118 includes the shaft 126 and the core
138. The hub 30 is attached to the core 138 and, thus, remains rotatably fixed (i.e.,

stationary) relative to the stand 38.

[0045] More specifically, the shaft 126 is coupled to the center support 70 of the stand
38. The shaft 126 provides a cantilevered support for the drum 34 above the base 66 of the
stand 38. The mounting plate 122 is fixed to the back wall 42 of the drum 34. In some
embodiments, the mounting plate 122 is integral with the back wall 42 of the drum 34. The
slip ring 130 is supported on the shaft 126 and engages with the back wall 42 of the drum 34.
The slip ring 130 allows for transmission of electrical signals, while allowing the drum 34 to
rotate relative to the reel 26. The mounting plate 122 and the slip ring 130 rotatably support
the drum 34 on the shaft 126. The core 138 is coupled to a distal end of the shaft 126 and
extends into the interior 54 of the drum 34. The core 138 supports the hub 30 when the hub
30 is inserted into the interior 54 of the drum 34 via the opening 58 on the front wall 46.

[0046] With reference to FIG. 5, the core 138 has a generally polygonal front face 162
with a side wall 166 extending around the perimeter of the face 162. The core 138 also
includes a plurality of engagement members 154 that enable the hub 30 to be removably
coupled to the reel 26. The engagement members 154 are sized and shaped to engage with

corresponding engagement members 170 on the hub 30.

[0047] Specifically, in the illustrated embodiment, the core 138 includes a first type of
engagement member 154 in the form of a flattened portion 160 formed along the side wall
166 of the core 138. In the illustrated embodiment, the core 138 includes a first flattened
portion 160a formed along a bottom of the core 138 and a second flattened portion 160b
formed along a top of the core 138. The flattened portions 160 help to create a secure
engagement between the core 138 and the hub 30. In addition, when the hub 30 is coupled to
the stand 38, the flattened portions 160 help prevent rotation of the hub 30 relative to the core
138. In other embodiments, the core 138 can include fewer or additional flattened portions

160.

[0048] The core 138 also includes a second type of engagement member 154 in the form
of a pair of arms 168 extending radially outward from the side wall 166. In the illustrated
embodiment, one pair of arms 168 extends from a left side of the core 138 and another pair of

arms 168 extends from a right side of the core 138. A space 172 is formed between each pair



WO 2019/217676 PCT/US2019/031516

of arms 168. As will be described in greater detail below, the space 172 is sized and shaped

to receive one of the engagement members 170 on the hub 30.

[0049] In addition, the core 138 includes a third type of engagement member 154 in the
form of a recess 158. The core 138 includes at least one recess 158 that aligns and engages
with a portion of the hub 30. Specifically, in the illustrated embodiment, the core 138
includes the recess 158 on the face 162 of the core 138. The recess 158 is sized and shaped
to receive an engagement member 170 on the hub 30. In some embodiments, the core 138
may include a projection and the hub may include a recess sized and shaped to receive the

projection.

[0050] In other embodiments, the core 138 can include additional or fewer engagement
members 154. In addition, the core 138 may include engagement members 154 of different
types that are suitable to provide a coupling mechanism for the hub 30 to be secured to the
core 138. For example, the core 138 may include various projections and/or recesses on the
core 138 to correspond to engagement members 170 on the hub 30. In one embodiment, the
core 138 includes a projection extending radially outwardly from the side wall 166. In
another embodiment, the core 138 includes three projections: one projection extending in a
downward direction towards the ground when the reel 26 is in an upright position, and two
projections extending in an upward direction when the reel 26 is in an upright position.
When the hub 30 is coupled to the core 138, the projections prevent the hub 30 from rotating
relative to the drum 34 and stand 38. Accordingly, in some embodiments, the projections
may replace the flattened portions 160. In other embodiments, the projections 164 may be

replaced with recesses that receive projections 164 on the hub 30.

[0051] With reference to FIG. 5, the core 138 also includes electrical connections 176
(e.g., terminal blocks) that engage with electrical connections 180 on the hub 30. More
specifically, the core 138 includes two electrical connections 176 disposed on the face 162 of
the core 138. In other embodiments, different types of electrical connections 176 may be
used. The core 138 includes a housing 184 for receiving and protecting the electrical
connections 176. The housing 184 projects from the face 162 of the core 138 and includes
two openings 188 for receiving the two electrical connections 176. In the illustrated
embodiment, the openings 188 are each formed by two side walls 192 and a back wall 196
forming a U-shape. The openings 188 are oriented in opposed directions and share the back

wall 196. In other embodiments, the housing 184 can have different sizes and shapes to
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accommodate different types of electrical connections 176. The core 138 supports the hub 30
on the reel 26 such that the electrical connections 176 on the core 138 engage with the

electrical connections 180 on the hub 30.

[0052] Referring to FIGS. 6-10, the hub 30 includes a cylindrical body 182 that is
received within the interior 54 of the drum 34 and supported on the reel 26. The cylindrical
body 182 is defined by a front end 186, a rear end 190, and an outer wall 194 extending
around the perimeter of the hub 30 between the front end 186 and the rear end 190. The
cylindrical body 182 defines a housing for maintaining the electrical components of the
pipeline inspection device 10. The hub 30 includes a power source and other electrical
components for operating the pipeline inspection device 10. For example, the hub 30
includes a battery 174 (FIG. 7) and the electrical connections 180 that engage with the
electrical connections 176 on the core 138. The electrical components of the hub 30 may also
include a processor 278 (or controller), a memory source 282, a video processor 286, a
wireless communication module 178 (e.g., a Wi-Fi hub, a Bluetooth module), etc. In other
embodiments, the hub 30 may include more or fewer of these electrical components. In some
embodiments, the body 182 is air and/or water tight in order to protect the electrical

components.

[0053] In the illustrated embodiment, the front end 186 of the hub 30 includes a battery
housing 202 for receiving the battery 174. The battery 174 is removable from the battery
housing 202 of the hub 30. In some embodiments, the battery 174 may be a rechargeable
power tool battery back, such an 18V Li-ion battery pack. The battery housing 202 includes
a cover 206 that can be opened and closed to insert and remove the battery 174, respectively.
The cover 206 is attached to the front end 186 by a hinge (not shown) and a latch 212. The
hub 30 also includes a channel 218 extending through the cylindrical body 182 from the outer
wall 194 to the front end 186. When the hub 30 is inserted in the drum 34, the channel 218
receives the cable 14 and helps guide the cable 14 into or out of the drum 34. The hub 30
includes a handle 222 provided on the front end 186 of the hub 30. The handle 222 extends
outwardly from the front end 186 of the hub 30 and can be used to maneuver the hub 30 into
the opening 58 of the drum 34. In the illustrated embodiment, the hub 30 also includes a rim
234 that extends around the perimeter of the cylindrical body 182 for mating with the
opening 58 of the drum 34. When the hub 30 is received within the drum 34, the rim 234
engages with the edge of the opening 58 to help align the hub 30 relative to the drum 34.



WO 2019/217676 PCT/US2019/031516

[0054] With reference to FIG. 9-10, the rear end 190 of the hub 30 has a cavity 198
configured to receive the core 138 of the reel 26 so that the hub 30 can be supported within
the interior 54 of the drum 34. Specifically, the cavity 198 is formed by a back wall 200 and
a peripheral wall 204 extending around the perimeter of the back wall 200. The core 138 is
received within the cavity 198 with the face 162 of the core 138 aligned with the back wall
200 of the hub 30, and the side wall 166 of the core 138 aligned with the peripheral wall 204
of the hub 30. The cavity 198 includes the electrical connections 180 that engage with the
electrical connections 176 on the core 138. The electrical connections 180 are molded into
the back wall 200 of the cavity 198. In the illustrated embodiment, the electrical connections
are receivers for receiving the terminal blocks 176 on the core 138. In other embodiments,

the electrical connections 180 may not be integral with the back wall 200.

[0055] With continued reference to FIGS. 9-10, the cavity 198 of the hub 30 also includes
the engagement members 170 that engage with the engagement members 154 on core 138 of
the reel 26. As mentioned, the engagement members 170 secure the hub 30 to the reel 26 and

help align the hub 30 and maintain a solid connection between the hub 30 and the reel 26.

[0056] The peripheral wall 204 defines a first type of engagement member 170 in the
form of a flattened portion 156. The flattened portion 156 formed in the peripheral wall 204
of the hub 30 is sized and shaped to correspond to the flattened portion 160 formed in the side
wall 166 of the core 138. Accordingly, in the illustrated embodiment, the hub 30 includes a
first flattened portion 156a corresponding to the first flattened portion 160a on the core 138,
and a second flattened portion 156b corresponding to the second flattened portion 160b on
the core 138. As mentioned, the flattened portions 156, 160 help prevent rotation of the hub
30 relative to the stand 38.

[0057] The cavity 198 also houses a second type of engagement member 170 in the form
of one or more latches 214 that engage with the core 138 to secure the hub 30 to the reel 26.
In the illustrated embodiment, the hub 30 includes two latches 214, however, in other
embodiments a greater or fewer number of latches 214 may be used. The latches 214 are
received within the space 172 between the pair of arms 168 on each side of the core 138, and
clamp on to the side wall 166. As will be described in greater detail below, the latches 214
are movable between a locked position, in which the latches 214 are engaged the core 138,

and an unlocked position, in which the latches 214 are disengaged from the core 138.

10
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[0058] The handle 222 includes a trigger 226 that activates the latches 214 on the rear
end 190 of the cylindrical body 182. Pressing the trigger 226 rotates the latches 214 from the
locked position to the unlocked position. In the illustrated embodiment, pressing the trigger
226 rotates the latches 214 outwardly to the unlocked position. The latches 214 are biased
inwardly towards the locked position such that releasing the trigger 226 causes the latches

214 to automatically rotate towards the locked position.

[0059] With reference to FIGS. 11-12, each latch 214 includes a plurality of linkages 216
that work together to adjust the latches 214 between the locked and unlocked positions. In
the illustrated embodiment, the latches 214 each include a first linkage 216a with a hook 232
configured to engage the core 138. Specifically, the hooks 232 can grip an engagement
member 154 of the core 138 to couple the hub 30 within the interior 54 of the drum 34. The
first linkage 216a is rotatable about a pivot point 224 between the locked and unlocked
positions. A second linkage 216b causes rotation of the first linkage 216a. The second
linkage 216b is actuated by the trigger 226 to cause rotation of the first linkage 216a to
release the hook 232 from the core 138 of the reel 26.

[0060] The hub 30 also includes a third type of engagement member 170 in the form of a
protrusion 230. As shown in FIG. 9, the cavity 198 of the hub 30 includes at least one
protrusion 230 that is shaped to align with the recesses 158 (FIG. 5) on the core 138. For
example, the hub 30 includes a square protrusion 230 that is received within the square recess
158 on the face 162 of the core 138. In some embodiments, the protrusion 230 defines a
pocket that receives a sensor for monitoring the amount of cable 14 that has been extended
from the drum 34. Additionally, in some embodiments, the hub 30 may also include

additional protrusions or recesses corresponding to protrusions and recesses on the core 138.

[0061] To couple the hub 30 to the stand 38, the hub 30 is inserted into the interior 54 of
the drum 34 and the core 138 is received within the cavity 198 of the hub 30. The contact
between the engagement members 170 on the hub 30 and the engagement members 154 on
the core 138 help orient the hub 30 and guide the hub 30 onto the core 138. As previously
mentioned, the hub 30 is removable from the drum 34 and may be attached to two different
sized reels 26. Pipes typically come in two different sizes: a 1.5 to 3 inch diameter pipe and a
3 to 6 inch diameter pipe. Each of the two types of pipes requires a different diameter camera
and cable. The smaller pipe (i.e., 1.5 to 3 inch pipe) requires a smaller diameter camera and

cable that is more flexible, while the larger pipe requires a larger diameter camera and

11
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cable. Each of the smaller diameter camera and cable and the larger diameter camera and
cable requires a corresponding large or small sized reel and cable drum, which are part of
correspondingly sized pipeline inspection devices. In the illustrated embodiment, the hub 30
may be removably detached and interchangeably attached to each of the drums of the
different sized pipeline inspection devices, such that a user only needs a single hub 30
containing the electronics (e.g., the video processor, the battery, the wireless communication

module (Wi-Fi hub), etc.) that can be used with either of the reels 26.

[0062] FIGS. 13-16 illustrate a mounting assembly 418 (FIG. 13) and a hub 430 (FIGS.
14-16) according to another embodiment. With reference to FIG. 13, the mounting assembly
418 includes a rotatable portion 404 and a fixed portion 406. A drum is mounted on the
rotatable portion 404 of the mounting assembly 418, while the hub 430 is mounted to the reel
26 via the fixed portion 406 of the mounting assembly 418. The mounting assembly 418
includes a mounting plate 422, a shaft 426, a slip ring 432, a disk 428, and a core 438. The
rotatable portion 404 of the mounting assembly 418 includes the mounting plate 422, (a
portion of) the slip ring 432, and the disk 428. Thus, mounting plate 422, the slip ring 432,
and the disk 428 are rotatably fixed relative to one another, and rotate together with the drum
34. The fixed portion 406 of the mounting assembly 418 includes the shaft 426 and the core
438. The shaft 426 and the core 438 are rotatably fixed relative to one another and relative to
the stand 38.

[0063] The shaft 426 is coupled to a center support of a stand. The shaft 426 provides a
cantilevered support for the drum above a platform of the stand. The mounting plate 422 is
fixed to the back wall of the drum. In some embodiments, the mounting plate 422 is integral
with the back wall of the drum. The slip ring 432 is disposed within a space 442 formed by
the back wall of the drum. The slip ring 432 allows for transmission of electrical signals,
while allowing the drum to rotate relative to the reel. The mounting plate 422 and the slip

ring 432 rotatably support the drum on the shaft 426.

[0064] The disk 428 also rotates with the drum. The disk 428 includes magnets 446 that
rotate with the disk 428 and the drum as the cable is unwound from the drum. The magnets
446 are used in conjunction with a sensor 450 on the hub 430 to measure how much cable has
been unwound. Specifically, as the drum rotates, the magnets 446 rotate about the axis of the

drum. The sensor 450 (e.g., a Hall sensor) is located on the stationary hub 430 along the axis.
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As the magnets 446 rotate, the sensor 450 can monitor 114 the movement of the magnets 446

to determine how much cable has been extended from the drum.

[0065] With continued reference to FIG. 13, the core 438 is coupled to a distal end of the
shaft 426. The core 438 does not rotate with the drum, but rather, is fixed relative to the shaft
426 and the stand. The core 438 supports the hub 430 when the hub 430 is inserted into the
interior 54 of the drum via an opening on the front wall 46. The core 438 also includes
electrical connections 476 that engage with electrical connections 480 on the hub 430. The
core 438 includes a plurality of engagement members 454 that enables the hub 430 to be

removably coupled to the reel.

[0066] In the illustrated embodiment, the core 438 has a generally circular face 462 with
a side wall 466 extending around the perimeter of the face 462. One of the engagement
members 454 is formed along the side wall 466 on a top side of the core 438. Specifically,
one of the engagement members 454 is formed by a flattened portion 464 of the side wall
466. The hub 430 can grip the core 438 along the flattened portion 464 of the side wall 466.
The flattened portion 464 also prevents the hub 430 from rotating relative to the core 438 and
the stand. In addition, the core 438 includes another engagement member 454 in the form of
arecess 458 that aligns and engages with a portion of the hub 430. The recesses 458 help
secure the hub 430 to the reel and maintain a slide electrical connection between the two. In
other embodiments, the core 438 may include additional engagement members 454 for

coupling to the hub 430.

[0067] Referring to FIGS. 14-16, the hub 430 includes a cylindrical body 482 that is
received within an interior of the drum. The cylindrical body 482 is defined by a front end
486, arear end 490, and an outer wall 494 extending around the perimeter of the hub 430
between the front end 486 and the rear end 490. The rear end 490 of the hub 430 has a cavity
498 that includes various engagement members 470 that engage with the core 438 of the reel.
The engagement members 470 secure the hub 430 to the reel and help align the hub 430 and

maintain a solid connection between the hub 430 and the reel.

[0068] The cylindrical body 482 defines a housing for maintaining the electrical
components of the pipeline inspection device 10. In the illustrated embodiment, the front end
486 of the hub 430 includes a battery housing 402 for receiving a battery. The battery is
removable from the battery housing 402 of the hub 430. The battery housing 402 includes a
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cover 406 that can be opened and closed to insert and remove the battery, respectively. The
cover 406 is attached to the front end 486 by a hinge 410 and a latch 412. The hub 430 also
includes a channel 424 extending through the cylindrical body 482 to receive the cable and

helps guide the cable into or out of the drum.

[0069] In addition, the hub 430 includes a handle 222 provided on the front end 486 of
the hub 430. The handle 222 extends outwardly from the front end 486 of the hub 430 and
can be used to maneuver the hub 430 into the opening of the drum. The handle 222 includes
atrigger 444 (FIG. 16) that activates a latch 414 on the rear end 490 of the cylindrical body
482. The latch 414 is one of the engagement members 470 disposed within the cavity 498 of
the hub 430. The latch 414 is configured to engage with the engagement member 454 on the
core 438 of the mounting assembly 418 of the reel. Pressing the trigger 444 rotates the latch
414 from a locked position to an unlocked position. In the illustrated embodiment, pressing
the trigger 444 rotates the latch 414 upward into the unlocked position. The latch 414 is
biased towards the locked position such that releasing the trigger 444 causes the latch 414 to

rotate automatically downward and into the locked position.

[0070] The hub 430 also includes various other engagement members 470 that help align
and support the hub 430 within the drum. The cavity 498 of the hub 430 includes at least one
protrusion 420 that is shaped to align with the recesses 458 on the core 438 of the mounting
assembly 418. For example, the hub 430 includes a square protrusion 420 that is received
within the square recess 458 on the face 462 of the core 438. The protrusion 420 defines a
pocket that receives the sensor 450 for monitoring movement of the magnets 446 to help
determine the amount of cable that has been extended from the drum. In some embodiments,
the core 438 and the hub 430 may include more or fewer recesses 458 and protrusions 430,
respectively, to help align the hub 430 with the drum. In the illustrated embodiment, the hub
430 also includes an engagement member 470 in the form of a rim 434 that extends around
the perimeter of the cylindrical body 482 for mating with the opening of the drum. When the
hub 430 is received within the drum, the rim 434 engages with the edge of the opening to
help align the hub 430 relative to the drum. In the illustrated embodiment, the rim 434
further includes a hook 436 to help grip the edge of the opening in the drum. In the
illustrated embodiment, the hook 436 is arcuate and extends along a bottom edge of the rim

434.
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[0071] FIGS. 17-18 illustrate a hub 530 according to yet another embodiment. The hub
530 includes a cylindrical body 582 for maintaining the electrical components of a pipeline
inspection device. A front end 586 of the hub 530 includes a battery housing 502 for
receiving a battery. The front end 586 also includes two handles 522. The handles 522 are
spaced apart such that one handle 522 is on each side of the battery housing 502. The
handles 522 are generally parallel to one another and extend in a vertical direction when the

hub 530 1s received within the drum.

[0072] A rear end 590 of the hub 530 is configured to receive a core of a stand to support
the hub 530 on the stand. Specifically, the hub 530 includes a plurality of engagement
members 570 that engage with the core 18. As shown in FIG. 18, the hub 530 includes a
cavity 598 configured to receive the core. Inside of the cavity 598 are two engagement
members 570 in the form of hooks 566. The hooks 566 can selectively grip the core to
removably couple the hub 530 to the core. The hooks 566 are moved between a locked and
an unlocked position by buttons 564 on the front end 586 of the hub 530. The hooks 566 are
disposed within recesses 568 (another engagement member 570). The recesses 568 help
align the hub 530 with the core to prevent rotation of the hub 530 relative to the core. In the
illustrated embodiment, there are two buttons 564, each corresponding to one of the hooks
566. When the buttons 564 are squeezed inwardly, the hooks 566 are disengaged from the
core. The hooks 566 are biased to a locked position such that releasing the buttons 564

automatically moves the hooks 566 towards the locked position.

[0073] FIGS. 19-21 illustrate a brake assembly 302 for selectively limiting the rotational
speed of the drum 34 relative to the stand 38. In the illustrated embodiment, the brake
assembly 302 is disposed on the center support 70 of the stand 38 behind the back wall 42 of
the drum 34. The brake assembly 302 includes a disc 306, a brake pad 310, and an actuator
314. The disc 306 is rotatably fixed relative to the drum 34 such that the disc 306 rotates
with the rotation of the drum 34. In the illustrated embodiment, the disc 306 is rotatably fixed
relative to the drum 34 by a plurality of interlocking teeth. Specifically, the disc 306 includes
a first plurality of teeth 318 extending radially inward. The drum 34 includes a second
plurality of teeth 322 extending radially outward from a cap 326 disposed on the back wall 42
of the drum 34. The engagement between the first plurality of teeth 318 and the second
plurality of teeth 322 maintain the rotational orientation of the disc 306 relative to the drum

34. In the illustrated embodiment, the first plurality of teeth 318 are evenly spaced around an
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inner circumference of the disc 306, and the second plurality of teeth 322 are evenly spaced
around an outer circumference of the cap 326. However, in other embodiments, the teeth
318, 322 on one or both of the cap 326 and the disc 306 may be unevenly spaced or may not
extend around the entire circumference. Likewise, one or both of the cap 326 and the dis

may include a greater or fewer number of teeth.

[0074] With continued reference to FIGS. 19-21, the brake pad 310 is selectively
engagable with the disc 306 to limit rotation of the disc 306, and thereby, limiterotation of the
drum 34. The brake pad 310 may selectively exert a frictional force against the disc 306 in
order to slow rotation of the drum or bring the drum to a complete stop. The amount of
frictional force between the brake pad 310 and the disc 306 determines the degree to which
the rotation of the drum is limited. The brake pad 310 is movable relative to the disc 306 by
an actuator 314. The actuator 314 is operable to move the brake pad 310 between a first
position corresponding to a first frictional force against the disc 306, and a second position
corresponding to a second frictional force against the disc 306. The second frictional force is
greater than the first frictional force, and therefore, the rotational speed of the drum 34 is

slower when the brake pad 310 is in the second position.

[0075] In the illustrated embodiment, the actuator 314 is a rotatable knob with a threaded
shaft 330. The brake pad 310 is coupled to the end of the shaft 330. The shaft 330 is
threadably engaged with a caliper 334. The caliper 334 includes an annular recess 338 that
receives the brake pad 310 and the disc 306. In particular, the disc 306 can rotate within the
annular recess 338 of the caliper 334. The brake pad 310 is movable towards and away from
the disc 306 within the space provided by the recess of the caliper 334. Rotation of the
actuator 314 threads the shaft 330 into or out of the caliper 334 to adjust the position of the
brake pad 310 within the annular recess 338. Accordingly, rotation of the actuator 314
moves the brake pad 310 towards or away from the disc 306 to either increase or decrease the
frictional force between the brake pad 310 and the disc 306. The greater the frictional force
between the brake pad 310 and the disc 306, the slower the rotational speed of the drum 34.
Therefore, the brake assembly 302 can be used to control the speed of the drum 34 (i.e., slow
the speed of the drum to various rotational speeds) or to inhibit the drum 34 from rotating all

together.

[0076] With reference to FIGS. 22-26, the pipeline inspection device 10 includes a

dedicated monitor 114 and a monitor mount 110 for removably coupling the dedicated
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monitor 114 to the reel 26. FIG. 22 illustrates the monitor mount 110 extending upwards
from the center support 70. The monitor mount 110 includes an insert member 342 that can
be removably received within a receptacle 346 (FIG. 26) of the dedicated monitor 114,
Specifically, the dedicated monitor 114 can be selectively coupled to the monitor mount 110
by sliding the dedicated monitor 114 onto the insert member 342. The insert member 342 has
a generally rectangular shape with oppositely facing front and rear faces, top and bottom
faces, and side faces. The insert member 342 also includes detent members 350 disposed on
the side faces. The detent members 350 are biased away from one another, for example by
springs. When the insert member 342 member is received within the receptacle 346, the
detent members 350 snap into recesses 348 in the receptacle 346 to hold the dedicated
monitor 114 on the monitor mount 110. To release the dedicated monitor 114, a user can
squeeze buttons 354 disposed on the side faces of the insert member 342 to overcome the
spring bias of the detent members 350 and retract the detent members 350 out of the recesses

348.

[0077] The monitor mount 110 rotatably supports the dedicated monitor 114 to provide
rotation of the monitor 114. In the illustrated embodiment, the monitor mount 110 enables
the dedicated monitor 114 to be rotated about three axis of rotation. Specifically, the monitor
mount 110 includes a pivot mount 358 and a ball and socket mount 362. The pivot mount
358 provides rotation of the monitor 114 about a first axis 366. The ball and socket mount
362 provides rotation of the monitor 114 about a second axis 370 and a third axis 374.
Furthermore, both the pivot mount 358 and the ball and socket mount 362 include locking

members 378 that help maintain the monitor 114 in the desired rotation.

[0078] FIGS. 23-26 illustrate various views of the dedicated monitor 114. The dedicated
monitor 114 is a monitor 114 that is specifically designed for use with the pipeline inspection
device. In other words, the dedicated monitor 114 is a monitor 114 that is not capable of
being used as an independent computer or with other devices. Rather, the dedicated monitor
114 is specifically designed to be used only with the pipeline inspection device. The
dedicated monitor 114 includes the receptacle 346, which is sized and shaped to receive the
insert member 342 of the monitor mount 110. Specifically, the receptacle 346 is positioned
on the bottom of the dedicated monitor 114, and has a generally rectangular shape that is
complimentary to the size and shape of the insert member 342. The receptacle 346 also

includes recesses 348 for engaging with the detent members 350 on the insert member 342.
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When the dedicated monitor 114 is coupled to the monitor mount 110, the dedicated monitor

114 is supported above the stand 38, and can be rotated to a desired orientation.

[0079] The dedicated monitor 114 includes a display screen 382 for showing images
(both pictures and videos) captured by the camera 18 and a cover 386 to protect the display
screen 382. In the illustrated embodiment, the dedicated monitor 114 also includes features
to help make the dedicated monitor 114 more versatile in how it is being used. For example,
in addition to being able to couple the dedicated monitor 114 to the monitor mount 110 on the
stand 38, the dedicated monitor 114 can be carried around a worksite by a user or rested on
other surfaces. Specifically, the dedicated monitor 114 includes a handgrip 390 on the back
side of the dedicated monitor 114. In the illustrated embodiment, the dedicated monitor 114
includes two handgrips 390, one on each side, so that the dedicated monitor 114 can be held
in either hand. The handgrips 390 are designed to be large enough to be grasped by a user
wearing gloves. The dedicated monitor 114 also includes a stand 394 on the back side of the
dedicated monitor 114 to support the dedicated monitor 114 on other surfaces around the
worksite. The stand 394 extends from a rear of the dedicated monitor 114 at a non-
perpendicular angle so that the dedicated monitor 114 is supported on a surface at a

comfortable viewing angle.

[0080] Referring to FIGS. 27 and 28, the dedicated monitor 114 includes a wireless
communication module 398. The dedicated monitor 114 can communicate wirelessly with
the hub 30 to receive the images captured by the camera 18. Specifically, the wireless
communication module 178 of the hub 30 can be selectively connected to the wireless
communication module 398 of the dedicated monitor 114. Accordingly, the dedicated
monitor 114 can be operated while coupled to the monitor mount 110 or when removed from
the monitor mount 110. In some embodiments, the dedicated monitor 114 may include an
onboard battery 402 housed within the dedicated monitor 114. In other embodiments, the
dedicated monitor 114 may be powered by the hub 30. For example, the dedicated monitor
114 may be plugged into the hub 30 (directly, or indirectly via the reel 26) to receive power
from the battery 174 housed within the hub 30.

[0081] The hub 30 can receive images captured by the camera and send them to the
dedicated monitor 114 to show on the display screen 382 for an operator to view.
Specifically, the hub 30 can receive the images (pictures and video) captured by the camera

18 and can process the images prior to transferring the images to the dedicated monitor 114,

18



WO 2019/217676 PCT/US2019/031516

For example, the hub 30 can compress the images, rotate images, enhance the images, or
conduct other processing before wirelessly transferring the images to the dedicated monitor

114.

[0082] The hub 30 can also wirelessly communicate with a smart device 406, such as a
smart phone, laptop computer, or tablet computer to display the images captured by the
camera 18. The smart device 406 is a different computing device from the dedicated monitor
114, and can be used for other purposes apart from the pipeline inspection device.
Specifically, the smart device 406 includes a display screen 410 configured to display the
images and a wireless communication module 414 configured to connect to the wireless
communication module 178 of the hub 30. The smart device 406 may also include a
processor 418, a memory source 422, a video processor 426, and a battery 430.

Additionally, the smart device 406 may include an application with a graphical user interface
(GUI) configured to display the images captured by the camera 18. The hub 30 can process
the images prior to transferring the images to the smart device 406. In addition, the smart

device 406 may be able to further process the images via the application.

[0083] In some embodiments, the hub 30 may be in wireless communication with both
the dedicated monitor 114 and the smart device 406 simultaneously. For example, the images
captured by the camera 18 may be simultaneously displayed on the dedicated monitor 114
and the smart device 406. In some embodiments, the hub 30 may only be in wireless
communication with one of the dedicated monitor 114 and the smart device 406 at the same
time. For example, the hub 30 may be configured to automatically decouple from the
dedicated monitor 114 when a wireless connection is made between the hub 30 and the smart
device 406. Likewise, the hub 30 may be configured to automatically decouple from the
smart device 406 when a wireless connection is made between the hub 30 and the dedicated

monitor 114.

[0084] The embodiments described above and illustrated in the figures are presented by
way of example only and are not intended as a limitation upon the concepts and principles of
the present invention. As such, it will be appreciated that various changes in the elements
and their configuration and arrangement are possible without departing from the spirit and
scope of the present invention. Various features and advantages of the invention are set forth

in the following claims.
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CLAIMS

1. A pipeline inspection device, comprising:

a rotatable drum housing a cable, the cable extendable into a pipe;

a camera positioned on an end of the cable;

a hub housing electrical components of the pipeline inspection device; and

a stand including a mounting assembly having a first portion rotatably supporting the
drum and a second portion supporting the hub within an interior of the drum, the second
portion including a core, the hub being removably coupled to the mounting assembly via the
core,

wherein the hub is removably coupled to the mounting assembly by a first

engagement member on the hub and a second engagement member on the core.

2. The pipeline inspection device of claim 1, wherein the core is received within a cavity

disposed within a rear end of the hub when the hub is coupled to the mounting assembly.

3. The pipeline inspection device of claim 1, wherein the second portion of the mounting

assembly fixedly supports the hub to prevent the hub from rotating relative to the stand.

4. The pipeline inspection device of claim 1, wherein the core includes a first electrical
connection extending from a front face of the core, and wherein the hub includes a second
electrical connection that is selectively engagable with the first electrical connection to

provide power to the pipeline inspection device.

5. The pipeline inspection device of claim 1, where the second engagement member is
formed by a side wall of the core, and wherein the first engagement member includes a latch

having a hook that selectively grips the side wall.

6. The pipeline inspection device of claim 5, wherein the hook is received within a space

between two arms extending radially outward from the side wall of the core.

7. The pipeline inspection device of claim 5, wherein the hub includes a trigger actuable
to disengage the hook from the core to enable the hub to be removed from the interior of the

drum.
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8. The pipeline inspection device of claim 1, wherein one of the first engagement
member and the second engagement member includes a projection and the other of the first

engagement member and the second engagement member includes a recess.

9. The pipeline inspection device of claim 1, wherein the core includes a front face with
a side wall extending around the perimeter of the face, and wherein the second engagement

member is formed by a flattened portion in the side wall.

10. The pipeline inspection device of claim 1, wherein the first portion of the mounting
assembly includes a shaft extending from a center support into the interior of the drum, and

wherein the core is coupled to a distal end of the shaft.

11. The pipeline inspection device of claim 1, wherein the hub includes a battery housing

for receiving a battery.

12.  The pipeline inspection device of claim 1, wherein the hub includes a wireless

communication module configured to wirelessly output images captured by the camera.

13. A pipeline inspection device, comprising:

a rotatable drum housing a cable, the cable extendable into a pipe;

a camera positioned on an end of the cable;

a hub housing electrical components of the pipeline inspection device and including a
battery housing; and

a stand including a mounting assembly supporting the drum and the hub, the drum
being rotatably supported on the stand such that the drum is rotatable relative to the stand.;

a brake assembly configured to selectively limit a rotational speed of the drum, the
brake assembly including a disc, a brake pad engagable with the disc, and an actuator

configured to control a degree of engagement between the disc and the brake.

14.  The pipeline inspection device of claim 13, wherein the disc is rotatably fixed relative

to the drum such that the disc rotates with rotation of the drum.

15.  The pipeline inspection device of claim 14, wherein the brake assembly selectively
limits the rotational speed of the drum by exerting a frictional force between the brake pad

and the disc.
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16.  The pipeline inspection device of claim 15, wherein the actuator is operable to move
the brake pad between a first position corresponding to a first frictional force against the disc,
and a second position corresponding to a second frictional force against the disc, the second

frictional force being greater than the first frictional force.

17.  The pipeline inspection device of claim 16, wherein the drum rotates at a slower
speed when the brake pad is in the second position than when the brake pad is in the first

position.

18. The pipeline inspection device of claim 16, wherein the drum is inhibited from

rotating when the brake pad is in the second position.

19.  The pipeline inspection device of claim 17, wherein the actuator includes a rotatable
knob.
20. A pipeline inspection system, comprising:

a pipeline inspection device including
arotatable drum housing a cable, the cable extendable into a pipe,
a camera positioned on an end of the cable and configured to capture images
of the interior of the pipe,
a hub housing electrical components of the pipeline inspection device and
including a wireless communication module, and
a stand including a mounting assembly supporting the drum and the hub;

a dedicated monitor removably coupled to the stand, the dedicated monitor configured
to display images captured by the camera, the dedicated monitor including a wireless
communication module in wireless communication with the hub; and

a smart device configured to display the images captured by the camera, the smart

device including a wireless communication module in wireless communication with the hub.

21.  The system of claim 20, wherein the hub is configured to be in wireless

communication with the dedicated monitor and the smart device simultaneously.

22. The system of claim 20, wherein the hub is configured to be decoupled from the

dedicated monitor when in wireless communication with the smart device.
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23. The system of claim 20, wherein the dedicated monitor is removably coupled to the
stand by a monitor mount having an insert member receivable within a receptacle on the

dedicated monitor.
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