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(57) ABSTRACT 

A Self-propelled lateral inspection apparatus includes a 
propulsion motor that drives friction members to propel the 
apparatus along an inside Surface of a main Sewer pipe. The 
apparatus also includes a main camera and a lateral camera. 
The main camera is used to view the relative positions of the 
lateral camera and an opening to a lateral Sewer pipe to be 
inspected. The lateral camera is interconnected to a push rod 
cable having a flexible core and lateral camera wiring 
encased in a resilient shell. A rotate motor and a tilt motor 
act on a launch chute assembly to properly align the lateral 
inspection camera with the lateral Sewer pipe opening. A 
drive assembly, including a drive motor, at least one drive 
gear, and at least one pressure roller, inserts and retracts the 
push rod cable and lateral camera into and from the lateral 
Sewer pipe. 

16 Claims, 8 Drawing Sheets 
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1. 

APPARATUS FOR INSPECTING LATERAL 
SEWER PIPES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND 

The invention relates generally to Sewer interior video 
inspection devices and more particularly to devices for 
inspecting lateral Sewer pipes. 
A prior art lateral inspection device is disclosed in U.S. 

Pat. No. 4,651,558. The lateral inspection device disclosed 
in that patent includes a cylindrical body housing a lateral 
camera, and a sled having a main camera mounted thereon. 
The device is towed through a sewer main with a tow cables 
attached to Winches at the upstream and downstream man 
holes. An above-ground operator views the relative 
positions, of the lateral camera and an opening to a lateral 
Sewer pipe at an extended distance through the main camera. 
When the lateral camera is close to the lateral sewer pipe 
opening, the cylindrical body is rotated to properly align the 
lateral camera with the opening to the lateral sewer pipe, and 
the lateral camera is pushed into the lateral sewer pipe with 
a hollow flexible push rod. All the necessary electrical 
transmission wiring and video and light power wiring for the 
lateral inspection camera is housed within the hollow center 
of the push rod. 

SUMMARY 

Several problems with prior art lateral inspection devices, 
and particularly the one disclosed in U.S. Pat. No. 4,651, 
558, have been discovered. 

First, the prior art lateral inspection device is moved 
through the main Sewer pipe by winches located at an 
upstream manhole and a downstream manhole. It is very 
difficult and time consuming to accurately position a lateral 
inspection device with Such a two-winch system because of 
the long tow lines, the Sewage flow in the main pipe, the 
extended tangential view of the lateral opening provided by 
the main camera, and the difficulty in coordinating two 
remotely positioned winches. 

Second, the prior art main camera is mounted on a sled 
that is separate from the cylindrical body, and that is towed 
upstream of the cylindrical body. The main camera therefore 
faces backward with respect to the forward, upstream 
motion of the device through the main pipe. The prior art 
main camera does not transmit images of the lateral pipe 
opening until the main camera has already moved past the 
lateral pipe opening. Depending on the speed at which the 
device is towed through the main pipe, this may result in a 
Short reaction time between the moment the lateral pipe 
opening is first seen, and the moment that a side camera 
opening in the cylindrical body aligns with the lateral pipe 
opening. Should the side camera opening of the device move 
past the lateral pipe opening, the device must be stopped and 
pulled backward downstream. As mentioned above, such 
fine adjustment is difficult with the prior art two-winch 
System. 
A third drawback of the prior art device is that the 

device's cylindrical body substantially fills a typical main 
pipe through which the device is being towed. This partially 
obstructs the main camera's view of the relative positions of 
the lateral pipe opening and the side camera opening. 
Additionally, because the main camera is towed in front of 
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the cylindrical body at an extended distance, the view of the 
lateral pipe opening is either non-existent or oblique. The 
prior art positioning of the main camera therefore creates a 
highly distorted view, making verification of actual insertion 
difficult or impossible. It is difficult to accurately align the 
Side camera opening and the lateral sewer pipe opening 
under those conditions, and Such alignment may involve 
Some guesswork. In most cases, numerous attempts must be 
made before the prior art lateral camera is successfully 
inserted into the lateral Sewer pipe opening. 
The configuration of the prior art device makes viewing 

the insertion of the lateral cable into the lateral sewer pipe 
difficult or impossible. Therefore, the prior art device does 
not enable an operator to monitor the push cable's progress 
as the cable is inserted into the lateral sewer pipe. Lateral 
cameras are frequently Submerged in sludge within the 
lateral Sewer pipe, in which case the lateral camera view is 
temporarily interrupted. In the prior art device, the extended 
distance between the main camera and the lateral sewer pipe 
opening, and the oblique angle at which the main camera 
Views the lateral Sewer pipe opening, prevent the main 
camera from monitoring the lateral camera's progress in 
Such a situation. 

Another drawback discovered in the prior art device is 
that the side opening of the cylindrical body is essentially a 
curved chute that has a fixed orientation with respect to the 
cylindrical body. Consequently, the prior art device deploys 
the lateral camera through the side opening at a fixed, pre-set 
angle with respect to the cylindrical body. In some instances, 
the pre-Set angle may not be the ideal angle for deploying the 
lateral camera into the lateral Sewer pipe, or the prior art 
lateral camera may not be insertable at all at the pre-set 
angle. 

Therefore, a need exists for a lateral inspection apparatus 
that is easily propelled along and controlled within the inside 
of a main Sewer pipe, that accurately views the relative 
positions of a lateral pipe opening and a lateral inspection 
camera, and that allows accurate alignment of the lateral 
inspection camera and the lateral pipe opening. 
The present invention provides an apparatus for inspect 

ing lateral Sewer pipes from a main sewer pipe. The main 
Sewer pipe conducts a flow of Sewage therethrough in a 
downstream direction, with an upstream direction being 
generally opposite the downstream direction. 
The apparatus includes a propulsion motor for propelling 

the device along the inside of the main sewer pipe. The 
propulsion motor drives tractor treads or other friction 
members that interact with an inner Surface of a main sewer 
pipe wall. The propulsion motor is operable in a forward 
gear Setting in which the motor propels the apparatus in the 
upstream direction through forward rotation of the tractor 
treads. The propulsion motor is also operable in a reverse 
gear Setting in which the motor propels the apparatus in the 
downstream direction through reverse rotation of the tractor 
treads. The propulsion motor also has a neutral setting in 
which the motor does not rotate the tractor treads, and allows 
the tractor treads to rotate in either the forward or reverse 
direction So that the apparatus can be dragged from the main 
Sewer pipe if necessary. The apparatus is therefore self 
propelled and removes the need for a two-winch system. 
A main camera is interconnected with a launch chute 

assembly on a front end of the apparatus, allowing an 
operator in a remote control station to view upcoming lateral 
pipe openings. A lateral inspection camera is supported by a 
chute member of the launch chute assembly in a retracted 
position at the front of the apparatus. The operator is able to 
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View the relative positions of the lateral inspection camera 
and the lateral pipe opening with the main camera. Because 
the main camera and the lateral camera are positioned 
adjacent to one another on the front end of the apparatus, the 
main camera's view of the lateral camera and the lateral pipe 
opening are unobstructed by the apparatus during insertion. 
Also, the main camera of the present invention views the 
opening to the lateral Sewer pipe at a favorable angle for 
accurate positioning and insertion of the lateral camera. 
When the apparatus has advance the proper distance along 

the main pipe to position the lateral camera near the lateral 
pipe opening, the propulsion motor is turned off and left in 
forward gear. When left in forward gear, the motor will resist 
reverse rotation of the tractor trends. A rotate motor rotates 
the launch chute assembly about a longitudinal axis of the 
apparatus, rotating the main camera with the launch chute 
assembly. A tilt motor tilts the chute member and the lateral 
inspection camera about a transverse axis that is Substan 
tially normal to the longitudinal axis. 

This tilting and rotating motion allows precise alignment 
of the lateral camera and the lateral pipe opening. The rotate 
and tilt motors together allow fractional inch movement of 
the launch chute assembly and the lateral camera in forward, 
reverse, and angular directions. 

Because the main camera and the lateral camera are both 
Supported on the launch chute assembly, and the main 
camera is rotated about the longitudinal axis with the launch 
chute assembly, the lateral camera remains positioned in 
from of the main camera while the lateral camera is in the 
fully retracted position. The apparatus of the present inven 
tion therefore better facilitates alignment of the lateral pipe 
opening and the lateral camera than prior art lateral inspec 
tion devices. 

The lateral inspection camera is connected to a push rod 
cable comprising a flexible fiberglass rod core with all 
necessary transmission wiring for the lateral camera dis 
posed along an outer Surface of the fiberglass rod. A resilient 
shell encases the transmission wiring and the fiberglass rod, 
and defines a resilient outer Surface of the push rod cable. 
A drive System for inserting and retracting the push rod 

cable with respect to the lateral Sewer pipe comprises a drive 
motor operably interconnected to at least one drive gear 
having drive gear teeth. At least one pressure roller presses 
the push rod cable against the at least one drive gear causing 
the drive gear teeth to impinge on the resilient casing. The 
drive motor is capable of rotating the at least one drive gear 
in either an insertion direction or a retraction direction which 
causes respective insertion and retraction of the push rod 
cable with respect to the lateral sewer pipe. The drive motor 
is a gear motor that locks the at least one drive gear when the 
drive motor is turned off. 

Routinely the lateral inspection camera encounters an 
obstruction in the lateral Sewer pipe, and the drive motor is 
unable to push the lateral camera past the obstruction. In this 
case, the drive motor may be turned off, thereby locking the 
at least one drive gear. Then the propulsion motor may be 
engaged to move the apparatus in the forward direction and 
reverse direction in rapid Succession, thereby ramming the 
lateral inspection camera against the obstruction. The pro 
pulsion motor is more powerful that the drive motor, and 
therefore is able to overcome many obstacles that cannot be 
overcome by the drive motor. 

The lateral camera is further assisted and caused to roll or 
twist by rotating and tilting the launch chute assembly. 
Therefore, the rotate and tilt motors are also used to over 
come obstacles encountered within the lateral Sewer pipe. 
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Prior art devices using a two-winch System are unable to 

properly coordinate this rapid forward and reverse motion 
because of the difficulty of coordinating the winches and 
closely controlling the amount of forward and reverse 
motion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of the lateral inspection 
apparatus of the present invention disposed in a main Sewer 
pipe and having the lateral inspection camera inserted into a 
lateral Sewer pipe. 

FIG. 2 is a top plan View of the apparatus. 
FIG. 3 is a side elevational view of the apparatus. 
FIG. 4 is a cross sectional view of the push rod cable taken 

generally along line 4-4 in FIG. 1. 
FIG. 5 is a cross sectional view of a portion of the 

apparatus taken generally along line 5-5 in FIG. 2. 
FIG. 6 is a cross sectional view of a portion of the 

apparatus taken generally along line 6-6 in FIG. 5. 
FIG. 7 is a cross sectional view of a portion of the 

apparatus taken generally along line 7-7 in FIG. 5. 
FIG. 8 is a cross sectional view of a portion of the 

apparatus taken generally along line 8-8 in FIG. 5. 
FIG. 9 is a cross sectional view of a portion of the 

apparatus taken generally along line 9-9 in FIG. 5. 
FIG. 10 is a partial side cross sectional view of a portion 

of the apparatus taken generally along line 10-10 in FIG. 
2. 

FIG. 11 is an enlarged cross Sectional view of a portion of 
the apparatus. 

FIG. 12 is an enlarged side elevational view of the launch 
chute assembly of the apparatus. 

FIG. 13 is an enlarged front elevational view of the launch 
chute assembly of the apparatus. 

FIG. 14 is an enlarged croSS Sectional view of a portion of 
the apparatus. 

FIG. 15 is a schematic drawing of the electrical and video 
wiring of the apparatus. 

FIG. 16 is a schematic drawing of the electrical and video 
wiring of the apparatus. 

FIG. 17 is a schematic drawing of the electrical and video 
wiring of the apparatus. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a lateral inspection apparatuS 10 being 
used in an intended environment including a main Sewer 
pipe 12 and a lateral Sewer pipe 14. The preferred apparatus 
is sized for use in main Sewer pipes having a diameter as 
Small as Six inches, and a lateral Sewer pipe having a 
diameter as Small as three inches. Sewage flows from the 
lateral Sewer pipe 14 and through the main Sewer pipe 12 in 
a downstream direction 16. A remote control station 18 is 
located in a mobile vehicle, and includes all controls nec 
essary to use the lateral inspection 10. The remote control 
Station 18 can also be provided in compact form that can be 
carried by an operator. The mobile remote control station 18 
allows the lateral inspection apparatus 10 to be relatively 
easily Set up and used at one Segment of main Sewer pipe 12, 
and then moved to another Segment and again easily Set up 
and used. 
The lateral inspection apparatus 10, which in the preferred 

embodiment is a tractor, is inserted into the main pipe 12 
through a manhole or Sewer access conduit 20 downstream 
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of the lateral Sewer pipe 14 to be inspected. A Supply cable 
22 interconnects the remote control station 18 with the 
tractor 10. As described below, the Supply cable 22 includes 
all the power and Video wiring for the various motors, 
cameras, and lights of the tractor 10. 

Referring to FIGS. 2 and 3, the tractor 10 includes a frame 
24 having a front portion 26, a middle portion 28, a rear 
portion 30, Sides 32, and a longitudinal axis 34. A propulsion 
motor or tractor motor 36 is interconnected with the rear 
portion 30 of the frame 24. A launch assembly includes a 
launch chute assembly 38 interconnected with the front 
portion 26 of the frame 24, and a drive assembly 40 (see 
FIG. 5) interconnected with the middle portion 28 of the 
frame 24. A main camera 42 is interconnected with the 
launch chute assembly 38, and a lateral camera 44 is 
supported by the launch chute assembly 38 as described 
below. A push rod cable 46 interconnects the tractor 10 with 
the lateral camera 44. 

As seen in FIG. 2, the tractor motor 36 includes a power 
transmission 48 and a drive shaft 50. A Suitable tractor motor 
is a /3 hp motor provided by Minnesota Electric Technolo 
gies (MET) of Mankato, Minn. The drive shaft 50 rotates in 
either a forward direction 52 or a reverse direction 54 (see 
FIG. 3), and drives a pair of drive sprockets or tractor drive 
wheels 56 rotatably mounted on the rear portion 30 of the 
frame 24. Tractor treads or other friction members 58 are 
interconnected with, and driven by, the tractor drive wheels 
56 and extend along the sides 32 of the frame 24. A pair of 
driven tractor wheels or sprockets 60 are rotatably intercon 
nected with the front portion 26 of the frame 24 to facilitate 
operation of the tractor treads 58. 

The friction members 58 may be any means for propelling 
the apparatuS 10 along the inside of the main pipe 12. For 
example, the friction memberS 58 may be Suction caps, 
wheels, legs, rollers, claws, belts, or any other movable 
member that frictionally interacts with an inner Surface 62 of 
a main pipe wall 64 (see FIGS. 1 and 9). 

Referring to FIGS. 1 and 9, the tractor treads 58 interact 
with the inner surface 62 of the main sewer pipe wall 64. The 
propulsion motor 36 is operable in a forward gear Setting in 
which the motor 36 rotates the drive shaft 50 and tractor 
treads 58 in the forward direction 52. Forward rotation of the 
tractor trends 58 propels the tractor 10 in an upstream or 
forward direction 66 (see FIG. 1) that is generally opposite 
the downstream direction 16. 

The propulsion motor 36 is also operable in a reverse gear 
setting in which the motor 36 rotates the drive shaft 50 and 
tractor treads 58 in the reverse direction 54. Reverse rotation 
of the tractor treads 58 propels the tractor 10 in a reverse 
direction that is generally the same as the downstream 
direction 16. In this regard, the tractor 10 is a self-propelled 
tractor capable of forward and reverse movement under 
power. Because the tractor 10 is self-propelled, the tractor 
motor 36 can be used to easily and quickly change the 
direction of the tractor's movement between the forward 
direction 66 and the reverse direction 16. 

When the propulsion motor is turned off and left in the 
forward gear or the reverse gear Setting, the motor will resist 
reverse or forward rotation respectively. A free-wheeling 
clutch 68 is also provided that allows the tractor treads 58 to 
freely rotate in the forward and reverse direction 52, 54 
when the tractor motor 36 is in a neutral Setting. 

Referring to FIG. 4, the push rod cable 46 includes a core 
material 70 having a longitudinal compressive Strength 
Sufficient to push the lateral camera 44 into the lateral Sewer 
pipe 14, and a transverse flexibility Sufficient to negotiate 
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6 
bends encountered within the lateral sewer pipe 14. The 
push rod cable 46 extends out the rear end 30 of the tractor 
10 and down the main sewer line 12. The push rod cable is 
then joined with a highly-flexible cable 71 (see FIG. 1) 
containing the transmission wiring for the lateral camera 44, 
but having no core 70. The highly-flexible cable 71 loops 
back to the tractor 10. Although virtually any length of 
cables 46,71 can be used, the preferred length is about a 75 
foot push rod cable and about a 75 foot highly flexible cable 
71. The use of more push rod cable 46 than about 75 feet is 
made difficult due to frictional interaction between the push 
rod cable 46 and the lateral sewer pipe walls. 
As seen in FIG. 1, a tag line 72 is interconnected with the 

end of the push rod cable 46 and is used to monitor the 
distance to which the push rod cable 46 has been inserted 
into the lateral sewer pipe 14. The tag line 72 may also be 
used to pull the push rod cable 46 and lateral camera 44 from 
the lateral sewer pipe 14, and to pull the tractor 10 out of the 
manhole 20 if necessary. 
As seen in FIG. 1, the push rod cable 46 may be required 

to negotiate sever bends 73 in the lateral sewer pipe 14. In 
Some cases, it may be necessary to insert the tractor 10 into 
a main pipe 12 upstream of the lateral pipe 14 to be 
inspected. Because most lateral pipes 14 are angled about 
45 with respect to the main pipe 12, the push rod cable 46 
would have to bend around that initial angle to be inserted 
into the lateral sewer pipe 14. The preferred push rod cable 
46 is capable of negotiating Substantially all Such angles and 
bends. 

Referring again to FIG. 4, the push rod cable 46 also 
includes all necessary electrical transmission and Video and 
lights wiring (collectively referred to as “lateral camera 
wiring”) 74. The lateral camera wiring 74 includes all 
electrical and Video wiring necessary to remotely operate the 
lateral camera 44. The lateral camera wiring 74 also includes 
electrical power lines that Supply power to an array of lateral 
camera lights 76 (see FIGS. 10, 12, and 13) and to the lateral 
camera 44. The lateral camera wiring 74 is disposed along 
an outer Surface of the core 70. Encasing the lateral camera 
wiring 74 and the core 70 is a resilient shell 78. In the 
preferred embodiment, the resilient shell 78 is made of 
nylon, the overall diameter of the push rod cable 46 is about 
0.5 inch, and the core 70 is a fiberglass rod of about 0.187 
inch diameter. 

As illustrated in FIGS. 1 and 5-13, the launch chute 
assembly 38 aligns the lateral camera 44 with a lateral sewer 
pipe opening 80, and the drive assembly 40 inserts and 
removes the push rod cable 46 and lateral camera 44 with 
respect to the lateral Sewer pipe 14. The launch assembly 
includes three launch motors: a drive motor 82; a rotate 
motor 84; and a tilt motor 86. 
FIGS. 5–9 illustrate the preferred drive assembly 40 

which includes the drive motor 82 interconnected with the 
frame 24. In the preferred embodiment, the drive motor 82 
is a 10 Watt electric motor available from Micro Mo 
Electronics, Inc. of Clearwater, Fla., part number 3540K. 
The drive motor 82 is interconnected with a transmission 88 
that provides a power take-off shaft 90. A miter gear 92 is 
interconnected with the power take-off shaft 90 for rotation 
therewith. 

Referring now to FIGS. 5–7, the miter gear 92 drives a 
gear train including a power transfer gear 94, first and 
second pinion gears 96, 98; and first, second, and third drive 
gears 100, 102, 104. The mitter gear 92 meshes with the 
power transfer gear 94, which in turn meshes with the first 
pinion gear 96. The first pinion gear 96 meshes with the first 
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and second drive gears 100, 102. The second drive gear 102 
meshes with the second pinion gear 98, which meshes with 
the third drive gear 104. Each of the gears in the gear train 
is mounted for rotation with respect to the frame 24. Other 
gear train configurations involving fewer or more drive 
gears may be used without departing from the Spirit and 
Scope of the invention. Additionally, rotation of the various 
gears may be transferred to the other gears by way of belts 
and chains, or other Suitable rotational transfer means, 
instead of direct meshing. Also, the gears in the gear train 
may be friction rollers or any other suitable rotational 
members that transfer rotation of the power take off shaft 90 
to the drive gears 100, 102, 104. 
As seen in FIGS. 5,8, and 9, the drive assembly 40 further 

includes first, second, and third pressure rollers 106, 108, 
110 positioned generally opposite the first, Second, and third 
drive gears 100, 102, 104, respectively. The push rod cable 
46 is positioned between the drive gears 100, 102, 104 and 
the pressure rollers 106, 108, 110. The pressure rollers 106, 
108, 110 include springs 112 spring loaded to about 80-100 
psi in the preferred embodiment to ensure that the push rod 
cable 46 is pressed firmly against the drive gears 100, 102, 
104 by the pressure rollers 106, 108, 110. 

Referring to FIGS. 7 and 9, the drive gears 100, 102,104 
preferably have drive gear teeth 114 that impinge on the 
resilient shell 78 of the push rod cable 46, but that does not 
fully penetrate or damage the resilient shell 78, the wires of 
the lateral camera wiring 74, or the core 70. The resilient 
shell 78 is soft enough to allow the drive gear teeth 100,102, 
104 to impinge on an outer surface of the shell 78, but tough 
enough to resist full penetration of the shell 78 by the drive 
gear teeth 100, 102, 104. 

Although the preferred embodiment includes drive gears 
100, 102,104, other embodiments may use suitable friction 
preSSure rollers in place of the drive gears. Such pressure 
rollers would act on the push rod cable by way of surface 
friction instead of impinging on the surface of the shell 78. 

Referring now to FIG. 5, the drive motor 82 is capable 
rotating the drive gears 100,102,104 through the drive train 
40 in both an insertion direction 116 and a retraction 
direction 118. Rotation of the drive gears in the insertion 
direction 116 causes the drive gears to push the push rod 
cable 46 and lateral camera 44 into the lateral sewer pipe 14. 
Rotation of the drive gears in the retraction direction 118 
causes the drive gears to pull the push rod cable 46 and the 
lateral camera 44 out of the lateral Sewer pipe 14. 
AS best seen in FIGS. 10, 12, and 13, the rotate motor 84 

is interconnected with the front portion 26 of the frame 24. 
The rotate motor 84 includes a power take off shaft 120 that 
rotates a rotate gear 122. The rotate gear 122 meshes with a 
collar gear 124. The collar gear 124 is interconnected for 
rotation with a slip ring 126 and a rotate sleeve 128 that are 
supported by bearings 130 for rotation within in a housing 
132. The push rod cable 46 passes through the collar gear 
124, the slip ring 126, and the rotate sleeve 128. The collar 
gear 124, the slip ring 126, and the rotate sleeve 128 
therefore rotate about the push rod cable 46 and the longi 
tudinal axis 34 or an axis generally parallel to the longitu 
dinal axis 34. A Suitable rotate motor 84 is available from 
Micro Mo Electronics, Inc. of Clearwater, Fla., part number 
2233U. With reference to FIG. 13, the rotate motor 84 is 
capable of rotating the launch chute assembly 38 in both a 
clockwise 134 and a counterclockwise 136 direction. 

Referring to FIG. 12, the launch chute assembly 68 
includes a first bracket 138 interconnected for rotation with 
the rotate collar 128 with suitable joining means 140 (see 
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FIG. 10), Such as a fastener, a pin, or a clip. The main camera 
42 is interconnected with the first bracket 138 with mounting 
means 142, which may be, for example, fasteners, pins, or 
clips. The main camera 42 is positioned at an angle 143 with 
respect to horizontal. Preferably, the angle 143 is set to 
12-15, although it may be adjusted depending on the 
diameter of the main Sewer pipe. The main camera rotates 
with the first bracket 138 and rotate sleeve 128 about the 
longitudinal axis 34. A jump cable 144 interconnects the 
main camera 42 with a main camera power Supply and Video 
line 146. 

FIGS. 12 and 13 illustrate a second bracket 148 of the 
launch chute assembly 38 pivotally interconnected with the 
first bracket 138 about a first transverse axis of rotation 150 
(see FIGS. 2 and 13). A pair of attachment means 152, such 
as fasteners, pins, or the like interconnect the first and 
second brackets 138, 148, and allow pivotal movement of 
the second bracket 138 with respect to the first bracket 148. 
The first transverse axis of rotation 150 is substantially 
normal to the tractor longitudinal axis 34. The Second 
bracket 148 rotates with the first bracket 138 about the 
longitudinal axis 34. The first transverse axis 150 therefore 
rotates about the longitudinal axis 34 with a first and Second 
brackets 133, 148, while remaining substantially normal to 
longitudinal axis 34. 
AS seen in FIGS. 2, 10, 12, and 13, the second bracket 148 

includes a pair of opposite side walls 154 and a bottom wall 
156. The side walls 154 and the bottom wall 156 together 
define a channel 158 in which the lateral camera 44 is 
Supported when in a fully retracted position. The lateral 
camera 44 is deployed from the channel 158 when the drive 
gears 100,102,104 are rotated in the insertion direction 116. 
The second bracket 148 also includes angled flanges 160 
interconnected with a front edge of each of the Side walls 
154 and the bottom wall 156. The angled flanges 160 direct 
the lateral camera 44 into the channel 158 when the lateral 
camera 44 is retracted into the fully retracted position. 
The launch chute assembly 38 also includes a third 

bracket or pinion arm 168 that is connected at a first end to 
the second bracket 148, and that is pivotal about a second 
transverse axis of rotation 170 (see FIG. 2) defined by a pair 
of attachment means 172, Such as fasteners, pins, or the like. 
The second transverse axis of rotation 170 is substantially 
parallel to the first transverse axis of rotation 150 and is 
Substantially normal to the longitudinal axis 34. 
The second and third brackets 148, 168 are pivoted with 

respect to each other about the Second transverse axis of 
rotation 170. The third bracket 168 and the second trans 
verse axis of rotation 170 rotate with the first and second 
brackets 138,148 and the first transverse axis of rotation 150 
about the longitudinal axis 34, with the second axis of 
rotation 170 remaining substantially normal to the longitu 
dinal axis 34 and substantially parallel to the first axis of 
rotation 150. 

AS best shown in FIG. 13, a second end of the third 
bracket 168 opposite the first end thereof is interconnected 
with a pinion bar 176. The pinion bar 176 has extending 
therethrough a threaded bore 178. A drive screw 180 having 
a longitudinal axis 182 is threaded into the threaded bore 178 
of the pinion bar 176, and extends beyond the pinion bar 176 
in front of the tractor 10. 

With reference to FIGS. 12 and 13, the tilt motor 86 is 
mounted on a lower portion of the launch chute assembly 38. 
In the preferred embodiment, the tilt motor 86 is an electric 
motor available from Micro Mo Electronics, Inc. of 
Clearwater, Fla., part number 3540. The tilt motor 86 drives 
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the drive screw 180, rotating the drive screw 180 about its 
longitudinal axis 182. The tilt motor 86 is capable of rotating 
the drive screw 180 in a raise direction 184 (see FIG. 13) and 
a lower direction 186 that is opposite the raise direction 184. 
When the tilt motor 86 drives the drive Screw 180 in the 

raise direction 184, the pinion bar 176 moves along the 
threaded drive screw 180 toward the tilt motor 86, causing 
the third bracket 168 to push against the second bracket 148. 
This causes the second bracket 148 to rotate about the first 
transverse axis of rotation 150, thereby tilting the second 
bracket 148 and raising the lateral camera 44 with respect to 
the tractor longitudinal axis 34. When the tilt motor 86 
drives the drive Screw 180 in the lower direction 186, the 
pinion bar 176 moves along the drive screw 180 away from 
the tilt motor 86, causing the second bracket 148 to lower the 
lateral camera 44. 

FIGS. 15, 16, and 17 illustrate the electrical and video 
wiring of the tractor 10 in varying degrees of detail. The 
supply cable breaks into a first, second, and third cable 200, 
202, 204 a short distance behind the tractor 10. The first, 
second, and third cables 200, 202, 204 conveniently plug 
into respective first, second, and third tractor cables 206, 
208,210. A pair of pull chains or cables 212 (see FIG. 2) are 
interconnected with both the frame 24 and the Supply cable 
22 to allow the tractor 10 to drag the supply cable 22 behind 
it without disconnecting the plug connection. 

The first cable 200 includes a camera power line, a lights 
power line, a Video line, and a control line. The first tractor 
cable 200 is interconnected with a tone relay 214 that is 
mounted on the frame 24 of the tractor 10. The tone relay 
214 includes a tone decoder, a bank of relay drivers, and a 
camera Select relay. The tone relay reacts to tones Sent down 
the control line in a Similar fashion to automated touch tone 
phone Services. 

The camera power line, the lights power line, and the 
video line are wired into the camera select relay. When a 
Signal is sent down the control line from the remote control 
Station, the tone relay 214 decodes the Signal, and sends the 
signal to the relay drivers. The relay drivers instruct the 
camera Select relay to feed camera power and lights power 
to one of the main camera 42 and the lateral camera 44. The 
relay drivers also instruct the camera Select relay to receive 
Video signals from one of the main camera 42 and the lateral 
camera 42. 

The second cable 202 and second tractor cable 208 deliver 
power to the tractor motor 36, allowing the tractor motor 36 
to drive the tractor treads in the forward or reverse direction 
as described above. 
The third cable 204 includes a launch motor power supply 

for the launch motors. The launch motor power Supply is 
interconnected with the tone relay 214 through the third 
tractor cable 210. The tone relay 214 further includes a drive 
relay, a tilt relay, and a rotate relay. Electrical conduit 220 
connects the drive relay to the drive motor 82, the tilt relay 
to the tilt motor 86, and the rotate relay to the rotate motor 
84. 

Based on the Signal Sent through the control line of the 
first cable 200, the tone relay 214 instructs the relay drivers 
to energize one of the drive relay, tilt relay, and rotate relay. 
This operates the drive motor 82, tilt motor 86, or rotate 
motor 84, respectively, under power in a Selected direction. 

In this regard, only one of the main and the lateral camera 
42, 44 can be operated at one time, and only one of the 
launch motors can be operated at one time in the preferred 
embodiment. However, it is within the scope of the inven 
tion to provide Sufficient camera power, camera lights 
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power, and Video wiring lines through the Supply cable to 
operate all motors and cameras Simultaneously. The tractor 
motor operates independently of the launch motors in the 
preferred embodiments. 

Referring to FIGS. 10, 11, 14 and 15, the tilt motor 86 is 
electrically wired to the above-described slip ring 126. The 
Slip ring 126 includes a pair of circumferential grooves 222 
and a pair of rings 224 of brass or other electrical conductor 
preSS fit into the grooves 222. Electrical insulating material 
226, Such a rubber, lines the grooves and prevents electricity 
from being conducted through the Slip ring 126. Insulated 
collars 228 extend through the slip ring 126, allowing wires 
230 to electrically interconnected the tilt motor 86 and the 
rings 224. A pair of Spring pins or pogo pins 232 extend 
through a portion of the housing 132 and contact the rings 
224. The pogo pins 232 are electrically interconnected with 
the tilt drive relay through the conduit 220. Thus, electricity 
is supplied to the tilt motor 86 without twisting the electrical 
conductors. 

Referring to FIG. 15, a lateral extension cable 236 is also 
interconnected with the tone relay 214. The lateral extension 
cable 236 includes all the wiring necessary for the lateral 
camera 44, including camera power, lights power, and Video 
transmission wiring. The lateral eXtensions cable 236 
includes a plug at a distal end thereof for interconnecting the 
lateral extension cable 236 with a length of the highly 
flexible cable 71 and push rod cable 46. From the plug, the 
highly flexible cable 71 extends down the main sewer pipe 
12 in the downstream direction 16 and is dragged behind the 
tractor 10. The push rod cable 46 then loops back to the 
tractor 10, is fed through the launch assembly, and inter 
connected with the lateral inspection camera 44. 

In the preferred embodiment, the tractor 10 operates in the 
following manner. An operator at the remote control Station 
18 views the inside of the main pipe 12, the lateral camera 
44, and the upcoming lateral Sewer pipe opening 80 through 
the main camera 42. The tractor 10, with the lateral camera 
44 in the fully retracted position, is propelled by the tractor 
motor 36 and tractor treads 58 in the forward or reverse 
direction 66, 16 until the lateral camera 44 is positioned near 
the opening 80 the lateral pipe. Then the tractor motor 10 is 
disengaged, and the tractor motor left in forward gear to lock 
the tractor 10 against movement in the downstream direction 
16. 

The rotate 84 is then engaged to rotate the launch chute 
assembly 38 about longitudinal axis 34 until the lateral 
camera 44 is generally adjacent the opening 80 as Seen 
through the main camera 42. If further adjustment is 
necessary, the tilt motor 86 is engaged, causing the drive 
screw 180 to rotate and the pinion arm 176 to move along 
drive Screw 180. In this manner, the lateral camera 44 is 
raised and lowered with respect to the tractor longitudinal 
axis 34. 

Then the drive motor 82 is engaged, rotating the drive 
gears 100,102,104 in the insertion direction 116 to push the 
lateral camera 44 into the lateral sewer pipe 14. Once the 
operator at the remote control station 18 has confirmed that 
the lateral camera 44 has been properly inserted in to the 
lateral Sewer pipe 14, the operator Sends a Signal down the 
control line to Switch the video signal from that of the main 
camera 42 to that of the lateral video camera 44. 

The drive motor 82 continues to rotate the drive gears 
100, 102, 104 in the insertion direction 116 and the lateral 
Sewer pipe 14 is examined for cracks. If the lateral, camera 
44 encounters an obstruction, Such as a root, a clog of waste 
material, or a misaligned joint, that the drive motor 82 is 
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unable to overcome, the drive motor 82 is disengaged, 
thereby locking the drive motor 82 and drive gears 100,102, 
104 from rotating in the insertion and retraction directions 
116, 118. 
Then the tractor motor 36 is engaged and used to propel 

the tractor 10 in the reverse direction 16 a Small amount, on 
the order of one or two feet, and then in the forward direction 
66 in rapid succession. In this manner, the tractor 10 is used 
to ram the push rod cable 46 and lateral camera 44 into the 
lateral Sewer pipe 14 and against the obstruction. The tractor 
motor 36 is more powerful than the drive motor 82, and is 
therefore better able to overcome obstacles in the lateral 
sewer pipe 14. The tractor motor 36 may be rapidly switched 
between the reverse gear and forward gear Settings Several 
times to facilitate ramming the lateral camera 44 through or 
past the obstruction. 

The lateral camera 44 is further assisted and caused to roll 
or twist by rotating and tilting the launch chute assembly 38. 
Therefore, the rotate and tilt motors 84, 86 are also used to 
overcome obstacles encountered within the lateral Sewer 
pipe 14. 

Although particular embodiments of the present invention 
have been shown and described, other alternative embodi 
ments will be apparent to those skilled in the art and are 
within the intended Scope of the present invention. Thus, the 
present invention is to be limited only by the following 
claims. 

I claim: 
1. An apparatus for inspecting a lateral conduit from a 

main conduit, the apparatus comprising: 
a frame; 
a drive motor interconnected with the frame; 
at least one drive gear Selectively rotated by the drive 
motor in one of an insertion direction and a retraction 
direction; 

a push rod cable engaged by the at least one drive gear 
Such that rotation of the at least one drive gear in the 
insertion and retraction directions causes respective 
insertion and retraction of the push rod cable with 
respect to the lateral conduit, the push rod cable includ 
ing 
a core having Sufficient longitudinal compressive rigid 

ity to allow insertion of the push rod cable into the 
lateral conduit and having Sufficient transverse flex 
ibility to negotiate substantially all bends within the 
lateral conduit, 

a push rod circuitry disposed along an outside Surface 
of the core; and 

a lateral camera interconnected with the push rod cable 
for insertion into the lateral conduit with the push rod 
cable, wherein the push rod circuitry contains the 
necessary electrical and Video circuitry to operate the 
lateral camera; 

a movable friction member interconnected with the frame 
for movement with respect to the frame, and adapted to 
frictionally engage an inner Surface of a wall of the 
main conduit; and 

a propulsion motor interconnected with the frame, and 
operatively interconnected with the movable friction 
member for selective movement of the friction member 
to cause movement of the apparatus in one of a forward 
and reverse direction with respect to the main conduit. 

2. The apparatus of claim 1, wherein the push rod cable 
includes a shell Substantially encasing the push rod circuitry 
and the core. 

3. The apparatus of claim 27, wherein the drive gear 
frictionally engages an Outer Surface of the Shell. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

12 
4. The apparatus of claim 27, wherein the drive gear 

includes a plurality of drive gear teeth that at least partially 
impinge on an outer Surface of the shell to facilitate insertion 
and retraction of the push rod cable with respect to the lateral 
conduit. 

5. The apparatus of claim 2 further comprising at least 
one pressure roller, wherein the at least one preSSure roller 
applies pressure to a portion of the push rod cable to 
facilitate engagement of an outer Surface of the Shell by the 
at least one drive gear. 

6. The apparatus of claim 5, wherein the at least one 
preSSure roller includes at least one Spring that biases the at 
least one pressure roller against the push rod cable. 

7. The apparatus of claim 6. An apparatus for inspecting 
a lateral conduit from a main conduit, the apparatus com 
prising: 

a frame, 
a drive motor interconnected with the frame, 
at least One drive gear Selectively rotated by the drive 

motor in One of an insertion direction and a retraction 
direction, 

a push rod cable engaged by the at least One drive gear 
Such that rotation of the at least One drive gear in the 
insertion and retraction directions causeS respective 
insertion and retraction of the push rod cable with 
respect to the lateral conduit, the push rod cable 
including a core having Suficient longitudinal com 
pressive rigidity to allow insertion of the push rod cable 
into the lateral conduit and having Suficient transverse 
flexibility to negotiate substantially all bends within the 
lateral conduit, and a push rod circuitry disposed along 
an Outside Surface of the core, 

a lateral camera interconnected with the push rod cable 
for insertion into the lateral conduit with the push rod 
cable, wherein the push rod circuitry contains the 
necessary electrical and video circuitry to operate the 
lateral camera, 

a movable friction member interconnected with the frame 
for movement with respect to the frame, and adapted to 
frictionally engage an inner Surface of a wall of the 
main conduit, and 

a propulsion motor interconnected with the frame, and 
operatively interconnected with the movable friction 
member for Selective movement of the friction member 
to cause movement of the apparatus in One of a forward 
and reverse direction with respect to the main conduit, 

wherein the push rod cable includes a Shell Substantially 
encasing the push rod circuitry and the core, 

the apparatus further comprising at least One pressure 
roller, wherein the at least One pressure roller applies 
pressure to a portion of the push rod cable to facilitate 
engagement of an Outer Surface of the Shell by the at 
leaSt One drive gear, 

wherein the at least One pressure roller includes at least 
One spring that biases the at least One pressure roller 
against the push rod cable, and 

wherein the at least one Spring enables the at least one 
pressure roller to apply about 80-100 psi pressure to 
the portion of the push rod cable. 

8. The apparatus of claim 57, wherein the at least one 
drive gear includes three drive gears, and wherein the at least 
one preSSure roller includes three preSSure rollers. 

9. The apparatus of claim 1 10, further comprising a 
remote control Station and a Supply cable interconnecting the 
remote control Station with the apparatus, the Supply cable 



US RE38,999 E 
13 

including all electrical and Video circuitry necessary to 
operate the apparatus from the control Station and to allow 
inspection of the lateral conduit through the lateral camera. 

10. The apparatus of claim 1. An apparatus for inspect 
ing a lateral conduit from a main conduit, the apparatuS 
comprising: 

a frame, 
a drive motor interconnected with the frame; 
a least One drive gear Selectively rotated by the drive 

motor in One of an insertion direction and a retraction 
direction, 

a push rod cable engaged by the at leaSt One drive gear 
Such that the rotation of the at least One drive gear in 
the insertion and retraction directions causeS respec 
tive insertion and retraction of the push rod cable with 
respect to the lateral conduit, the push rod cable 
including a core having Suficient longitudinal com 
pressive rigidity to allow insertion of the push rod cable 
into the lateral conduit and having Sufficient transverse 
flexibility to negotiate Substantially all bends within the 
lateral conduit, and a push rod circuitry disposed along 
an Outside Surface of the core, 

a lateral camera interconnected with the push rod cable 
for insertion into the lateral conduit with the push rod 
cable, wherein the push rod circuitry contains the 
necessary electrical and video circuitry to operate the 
lateral camera, 

a movable friction member interconnected with the frame 
for movement with respect to the frame, and adapted to 
frictionally engage an inner Surface of a wall of the 
main conduit, and 

a propulsion motor interconnected with the frame, and 
operatively interconnected with the movable friction 
member for Selective movement of the friction member 
to cause movement of the apparatus in One of a forward 
and reverse direction with respect to the main conduit, 

wherein the propulsion motor is more powerful than the 
drive motor, and wherein the drive motor is adapted to 
be selectively locked, thereby preventing rotation of the 
at least one drive gear in either the insertion direction 
or retraction direction to permit the propulsion motor to 
be engaged to move the apparatus in the forward 
direction and in the reverse direction in rapid Succes 
Sion to overcome in obstruction encountered within the 
lateral conduit. 

11. The apparatus of claim 110, further comprising: 
a launch chute assembly interconnected with a front 

portion of the frame, the launch chute assembly at least 
partially Supporting the lateral camera when the lateral 
camera is in a fully retracted position; and 

a rotate motor interconnected with the frame and with the 
launch chute assembly, and adapted to Selectively 
rotate the launch chute assembly in one of a clockwise 
and a counterclockwise direction about a rotate axis 
that is generally parallel to the longitudinal axis. 

12. The apparatus of claim 11, further comprising a main 
camera interconnected with the launch chute assembly for 
rotation therewith about the rotate axis. 

13. The apparatus of claim 12, further comprising a 
remote control Station and a Supply cable interconnecting the 
remote control Station with the apparatus, the Supply cable 
including all electrical and Video circuitry necessary to 
operate the apparatus from the control Station, the relative 
positions of the lateral camera and an opening to the lateral 
conduit being viewable through the main camera from the 
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remote control Station, wherein the lateral conduit may be 
inspected through the lateral camera from the remote control 
Station. 

14. The apparatus of claim 11, wherein the launch chute 
assembly includes a launch chute member, and wherein the 
lateral camera is at least partially Supported by the launch 
chute when the lateral camera is in the fully retracted 
position. 

15. The apparatus of claim 14, wherein the launch chute 
member defines a channel in which the lateral camera is at 
least partially housed when the lateral camera is in the fully 
retracted position. 

16. An apparatus for inspecting a lateral conduit from a 
main conduit, the apparatus comprising: 

a frame; 
a drive motor interconnected with the frame; 
at least one drive gear Selectively rotated by the drive 

motor in one of an insertion direction and a retraction 
direction; 

a push rod cable engaged by the at least one drive gear 
Such that rotation of the at least one drive gear in the 
insertion and retraction direction causes respective 
insertion and retraction of the push rod cable with 
respect to the lateral conduit, the push rod cable includ 
ing 
a core having Sufficient longitudinal compressive rigid 

ity to allow insertion of the push rod cable into the 
lateral conduit and having Sufficient transverse flex 
ibility to negotiate substantially all bends within the 
lateral conduit, and 

a push rod circuitry disposed along an outside Surface 
of the core; 

a lateral camera interconnected with the push rod cable 
for insertion into the lateral conduit with the push rod 
cable, wherein the push rod circuitry contains the 
necessary electrical and Video circuitry to operate the 
lateral camera; 

a launch chute assembly interconnected with a front 
portion of the frame, the launch chute assembly at least 
partially Supporting the lateral camera when the lateral 
camera is in a fully retracted position; 

a rotate motor interconnected with the frame and with the 
launch chute assembly and adapted to Selectively rotate 
the launch chute assembly in one of a clockwise and a 
counterclockwise direction about a rotate axis that is 
generally parallel to the longitudinal axis, 

the launch chute assembly including a launch chute 
member; 

Said lateral camera being at least partially Supported by 
the launch chute member when the lateral camera is in 
the fully retracted position; and 

a tilt motor operably interconnected with the launch chute 
assembly to Selectively raise and lower the launch 
chute member and the lateral camera with respect to the 
rotate axis. 

17. An apparatus for inspecting a lateral conduit from a 
main conduit, the apparatus comprising: 

a frame; 
a drive motor interconnected with the frame; 
at least one drive gear Selectively rotated by the drive 

motor in one of an insertion direction and a retraction 
direction; 

a push rod cable engaged by the at least one drive gear 
Such that rotation of the at least one drive gear in the 
insertion and retraction directions causes respective 
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insertion and retraction of the push rod cable with 
respect to the lateral conduit the push rod cable includ 
ing 
a core having Sufficient longitudinal compressive rigid 

ity to allow insertion of the push rod cable into the 
lateral conduit and having Sufficient transverse flex 
ibility to negotiate substantially all bends within the 
lateral conduit, and 

a push rod circuitry disposed along an outside Surface 
of the core; 

a lateral camera interconnected with the push rod cable 
for insertion into the lateral conduit with the push rod 
cable, wherein the push rod circuitry contains the 
necessary electrical and Video circuitry to operate the 
lateral camera; 

a launch chute assembly interconnected with a front 
portion of the frame, the launch chute assembly at 
least partially Supporting the lateral camera when the 
lateral camera is in a fully retracted position; 

a rotate motor interconnected with the frame and with the 
launch chute assembly, and adapted to Selectively 
rotate the launch chute assembly in one of a clockwise 
and a counterclockwise direction about a rotate axis 
that is generally parallel to the longitudinal axis, and 

Said launch chute assembly including 
a first bracket interconnected with the frame and rotat 

able by the rotate motor about the rotate axis; 
a Second bracket interconnected with the first bracket 

for rotation therewith about the rotate axis and 
pivotable with respect to the first bracket about a first 
transverse axis that is Substantially normal to the 
rotate axis, the Second bracket defining a channel in 
which the lateral camera is at least partially housed 
when the fully retracted position; 

a third bracket interconnected with the second bracket 
for rotation therewith about the rotate axis, the 
Second and third brackets pivotal with respect to 
each other about a Second transverse axis that is 
Substantially normal to the rotate axis, and 

a tilt motor interconnected with the third bracket to 
selectively move the third bracket toward or away 
from the tilt motor, thereby causing the Second 
bracket to raise or lower the lateral camera with 
respect to the rotate axis. 

18. A Self-propelled apparatus for inspecting a lateral 
conduit from a main conduit, the apparatus comprising: 
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a frame, 
a push rod cable movable in an insertion direction and a 

retraction direction with respect to the lateral conduit, 
a lateral camera interconnected with the push rod cable 

for insertion into the lateral conduit with the push rod 
cable, 

a movable friction member interconnected with the frame 
for movement with respect to the frame, and adapted to 
frictionally engage an inner Surface of a wall of the 
main conduit, 

a propulsion motor carried by the frame, and Operatively 
interconnected with the movable friction member to 
cause movement of the friction member to move the 
apparatus with respect to the main conduit, and 

a drive motor interconnected with the frame, the drive 
motor causing the push rod to move in the insertion and 
retraction directions, 

wherein the propulsion motor is more powerful than the 
drive motor, and wherein the drive motor is adapted to 
be selectively locked, thereby preventing insertion and 
retraction of the push rod cable with respect to the 
lateral conduit, to permit the propulsion motor to move 
the apparatus in forward and reverse directions with 
respect to the main conduit in rapid Succession to 
Overcome an obstruction encountered within the lateral 
conduit. 

19. The apparatus of claim 18, further comprising a 
launch chute assembly Supporting the lateral camera, the 
apparatus further comprising a tilt motor, the launch chute 
assembly being Selectively tilted by the tilt motor to tilt the 
lateral camera with respect to the longitudinal axis of the 
main conduit. 

20. The apparatus of claim 19, further comprising a rotate 
motor, wherein the rotate motor is interconnected with the 
launch chute assembly to cause the launch chute assembly 
to rotate about an axis of rotation. 

21. The apparatus of claim 20, further comprising a main 
camera and further comprising a bracket interconnected 
with the launch assembly, wherein the main camera is 
mounted to the bracket and rotatable about the axis of 
rotation under the influence of the rotate motor. 


