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The robotic pole inspection collar was developed to keep linemen safe when working on wooden utility poles. Florida Power and Light’s linemen currently use a hammer to test these utility poles, just by judging the sound of the rebound. Since the degree of hearing and other senses varies from person to person, and are subjective, this makes the hammer test inaccurate and a safety concern. The motivation of this project came from a safety incident where a lineman was injured after a utility pole broke while the linemen was climbing it. 
The robotic pole inspection collar is designed to climb utility poles and scan the interior of the pole in search of voids that would make the pole unsafe for climbing. To do this, a ground penetrating radar (GPR) was selected and tailored to the utility pole’s geometry. The GPR checks for discontinuities by scanning the wooden structure in search for anomalies in the dielectric constant that vary within the wooden pole. After the scanning is finished, the readings are interfaced to the linemen via their cell phones using a Blynk application. The robot is calibrated to climb poles of diameter between 9 inches to 13 inches, and to a height of 15 feet from the base. The ground penetrating radar can scan up to depths of 15 inches. This mechanism is designed to prevent a subsequent injury from occurring by offering an objective means to determine pole integrity.
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The pole climbing robot is constructed of serval important modules that are combined to create a robot that can climb a utility pole safety, while also being able to transport a payload that determines the pole’s structural integrity.
[image: ]
Figure 1 Frame Assembly
The robot frame consists of 6 multipurpose 6061 rectangular aluminum tubes that are 21 inches long, 2 inches tall, 1 inch wide, and with a  inch wall thickness. Out of the six tubes, two sets of three tubes are combined using hinges to produce two identical triangles.  The two triangles form a prism and are connected by 4, 18-inch-long round multipurpose aluminum 6061 tubes with a 1-inch diameter. The tubes are welded to the triangles to ensure a strong connection between the top and bottom of the robot. The top triangle has tensioning loops and a bracket for mounting a ratchet strap to the top to provide the required tension. Additionally, a piece of sheet metal is affixed to the back of the robot for mounting the ground-penetrating radar components and other electronics.
The tensioning module consists of two parts, a 1 inch wide ratchet strap for generating high amounts of tension on the top triangle and a bungee cord to hold the bottom triangle around the pole. 
[image: ]
Figure 2 Passive Wheel Assembly
The wheels are hourglass-shaped and mounted to each internal face of the two triangles using two ABS bearing mounts, metal bearings, and aluminum 6061 shafts of inch diameter. The bearing mounts house the bearings with a force fit while providing support to the aluminum shafts and the wheels for better contact to the pole.  The two base wheel modules are unique in that the top has an extended shaft through one of the mounts and is coupled to a motor and a spiked wheel, while the bottom has the same mount-to-mount distance without the additional motor modifications.  The four remaining wheel modules on the arms are all passive, featuring extra-long shafts along which the wheels can freely slide and rotate for better compliance to the varying diameter of the utility pole.
[image: ]
Figure 3 Motorized Base Wheel Mount
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Figure 4 Battery System
The battery system is designed to provide sufficient power to the microcontroller, GPR, and the motor that will be driving the robot. For convenience, a rechargeable 21.6 V 5.2 Ah battery was selected to be interchangeable with the linemen’s drill power supply. Since the devices will need power are incompatible with the same finite voltage, both buck and boost converters are used to control the necessary input voltage for these separate devices. The battery system is powered on and off with a rocker toggle switch on the outside of the cargo box.  The power supply will also feature a kill switch in case of emergency.
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[image: ]The frame module is machined to have mounting holes for the mounting of the wheel modules, various sensors, and other electronic components.  For added durability, the wheel module will be affixed to the frame using nuts, bolts, and epoxy adhesive to prevent decoupling.  The rachet of the ratchet strap is mounted to the bracket on the top of the frame and the strap is fed through the tensioning loops during operation.  The bungee cord is wrapped around and attached to the frame by their hooks fitting on the lowest point of the support tubes between the triangles.  The backplate is meant to provide ample space for mounting all the electrical components for the robot. The electrical components are secured to the backplate by various methods, depending on the sensitivity of the electrical component.Figure 5 Fully Integrated Assembly
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To use the robotic inspection collar:
· Charge the removable drill batteries to give the machine power. 
· Once charged, mount the battery on the battery slider on the interior of the robot. 
· Open the two arms and wrap the robot around the base of the wooden utility pole. 
· Feed the ratchet strap through the tensioning loops.
· Start tightening the straps until taught.
· Wrap the bungee cord around the lowest point of the support tubes and connect the hooks to each other.
· Turn on the master power switch with the red cap. 
· Connect the Blynk application to the Bluetooth receiver on the robot.
· Select a distance for the robot to travel.
· Select either ascend or descend to move the robot.
· The robot will scan automatically after stopping motion.
· Press the submit readings button and look at the terminal on the Blynk application for safety rating.
To remove the robot inspection collar:
· Turn off the master power switch with the red cap.
· Carefully remove the bungee cord from the frame.
· Disengage the rachet strap and remove it from the loops.
· Open the arms and remove the robot from the pole.
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If the robot does not move
1. Check to see if the battery is charged.
2. Check if Blynk app is connected.
3. Check to see if there are any loose connections.
4. Make sure the robot is not attached too tightly or loosely.
5. Reset microcontrollers.
If the robot does not scan 
1. Check for loose connection to sensors.
2. Reset microcontrollers.
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In case of emergency, immediately power off the device using the kill switch. If possible, after being powered off, remove the battery.  Report situation to supervisor. 
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