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Abstract 

The team was tasked with designing a new flexible riser inspection tool meant to scan for defects                 

in flexible pipe risers on offshore drilling rigs. This device must be able to move up and down                  

pipes ranging from 6 to 9 inches in diameter across horizontal, vertical, and 20-D bends in                

various environments including hydrocarbons and seawater. In addition, it had to inspect the full              

360 degrees of the pipe for defects and report the location of said defects without damaging the                 

pipe in the process. After various design changes and supporting calculations, a final modular              

design was decided upon. This new design consisted of two sections. The first one contains               

multiple adjustable legs with motorized wheels attached to the end of them allowing the device               

to move up and down any size of pipe within the required range. The second section of pipe                  

contains ultrasonic sensors that can also be adjusted depending on the pipe size to optimize data                

gathering.  Both sections also serves as the battery and data storage housing for the entire device. 
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1   PROJECT DESCRIPTION 

1.1   Introduction 

This project is the culmination of the design of a inspection device for flexible pipe risers on                 

offshore oil rigs. This problem was given to the design team by Professors Doron and Ingram,                

the latter having worked in the energy industry for many years before joining Texas A&M               

faculty. In the following figure, a set of flexible pipe risers can be seen as the yellow hoses                  

connecting the oil rig to the seafloor. 

 

Figure​ ​1.1.1​. Example of flexible pipe risers working​[3] 

 

The product had to be able to satisfy several requirements which contributed to the selection of                

materials, sensors, method of transportation, and size. The team also focused on making the              

inspection tool as effective as possible all the while not over complicating its duty, which could                

cause additional problems. The specifications, design, and technology of the inspection tool            

designed by the team can be found in the following report. 

 

1.2   Background 

Offshore drilling is a very profitable yet expensive segment of the energy industry that is               

constantly making advances in processes and technology. One of the most important aspects of              

this segment is the flexible pipe risers that connects the crude in the sea floor to the oil rigs on                    

top of the water. These flexible pipe risers have several layers of interlocking metal ribbings and                
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polymer that allow for dynamic movement within the water while protecting the crude. By              

having these interlocking metal layers and polymer, the pipe is able to bend over a certain length                 

as the wires inside slide around ever so slightly. An example of this construction can be seen in                  

the figure below. 

 

Figure 1.2.1.​ Flexible pipe riser construction​[6] 

 

Each layer of the pipe was designed to support one function of the pipe. The inner carcass is                  

made of interlocking stainless steel to seal in the process fluids and be corrosion resistant. The                

inner layer, or pressure sheath, is a polymer layer designed to improve the pipes ability to                

prevent leaks of the internal fluid. The pressure armour layer is another layer of interlocking               

metal wires that, when under internal pressure, buckle together to prevent pipe bursting. A few               

examples of pipe armour wires can be seen in the figure below. 

 

Figure 1.2.2.​ Pressure armour variations​[6] 
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The tensile armour layer is made up durable steel wires and are designed to support tensile loads                 

resulting from both the internal fluids and the actual weight of the riser. Finally the outer sheath                 

layer is an additional polymer layer designed to protect the riser from the salt water of the ocean,                  

scratches and other external defects. 

 

Many modern oil rigs float in the ocean and are attached to the sea floor using cables tethered                  

across the entire circumference of the rig. These tethers however must allow for motion during               

events such as storms, currents, or winds. Therefore the entire oil rig can move around on top of                  

the water as seen in the figures below. 

 

 

Figure 1.2.3. ​Dynamics of a moving oil rig​[6] 

 

As a result, the risers, depicted as the yellow lines in the previous figure, must also have a high                   

range of motion and account for the movement of its connection points.  

 

The last aspect of pipe risers that needs to be covered in the background is the end fittings of the                    

risers. They are designed to bring each layer to an end while also supporting what each layer                 

was designed to support.  An example of an end fitting can be seen in the following figure.  
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Figure 1.2.4. ​Example of a end fitting​[6] 

 

The body of the end fitting is long so that way it can bring each layer to a solid end and ease the                       

stress at the beginning of the end fitting where the flexible pipe first enters. By making that                 

connection more tangential, the less stress is applied to both parts. This end fitting is located at                 

both ends of the pipe, but the group is much more interested in the fitting at the top of the rig due                      

to it being where the inspection tool will be inserted. This process of insertion is described in                 

later sections of this report. 

 

Being the only connection to transport crude oil to the top of the rig, it is very important to make                    

sure that these flexible pipes are up to code and will not fail. If the flexible pipe riser were to                    

fail, not only will the company lose capital with lost crude oil, but also there would be an                  

environmental impact because of the oil spill. We as engineers are bound to the Fundamental               

Canons set forth by the National Society of Professional Engineers (NSPE) and in following              

these canons must act ethically and minimize negative impact on others. Which is why this               

problem is important and requires a suitable product to maintain the safety and reliability of the                

flexible pipe risers.  

 

1.3   Objectives 

The main objective for this project is to design a pipe riser inspection tool that must meet many                  

specifications set forth from the clients. These twelve specifications are listed on the following              

page: 
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1. Work on pipe sizes from 6" to 9" ID with a total length of 4500 ft installed in water 

depths of up to 3300 ft. 

2. Be hydraulically powered. 

3. Be able to traverse along the vertical and horizontal sections of the pipe with ease, 

4. including around a 20-D bend. 

5. Be able to return to the top of the riser. 

6. Be constructed from materials compatible with seawater, trace amounts of hydrocarbons, 

CO2, H2S and corrosion inhibitors. 

7. Tool must not scratch or otherwise damage pipe wall.  

8. Internal layer may be:304L or 316L stainless steel or  

2304 or 2205 duplex steel. 

9. Be able to inspect the full 360 degrees of surface all along the riser. 

10. Be able to report the location of an anomaly. 

11. Tool body must have structural integrity to support self weight and working pieces. 

12. Be installable. 

 

The above list of specifications are all individual problems in themselves and are solved by the                

team in a variety of different methods. Each of these solutions are documents in this report in                 

their appropriate sections. 
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2   PROJECT TASKS 

In this section of the report, every specification set forth in the objectives are discussed and a                 

solution for each is presented by the team. Included are both former and current design decisions                

to demonstrate the evolution of the final product and why the team made the decision that it did.                  

This section also contains figures from the SolidWorks files that demonstrate the teams design of               

each part. 

 

2.1   Motion of the Device 

As specified in the design objectives, the riser inspection tool must be able to “traverse along the                 

vertical and horizontal sections of the pipe with ease.” Thus the motion of the tool cannot solely                 

depend on gravity or other external factors. Thus the team iterated multiple design options              

where the tool could power itself down the riser in a manner controlled by the user. Another                 

important factor in this design, was that it was stated in the objectives that the tool must not                  

“scratch or otherwise damage pipe wall.” This impacts the what kind of materials were selected               

to come into contact with the inner pipe walls and what kind of methods that would prevent the                  

most damage. The last objective that the motion of the device deals with is that the tool must fit                   

in pipes sizes ranging from 6 to 9 inches. So the method of transportation must be able to fit and                    

accommodate this range of size.  

 

2.1.1   Hydraulics 

The first method discussed amongst the team was to hydraulically power the inspection tool by               

adding a pump to the device and have it displace water from the front end to the back end to                    

create a pressure difference, pushing the tool forward down the riser. The reason as to why this                 

idea was first brought up was because of the specification to have the tool be hydraulically                

powered. To be able to perform this method of transportation, There must be watertight head               

seals on the device, blocking off the front from the back of the tool, so that a pressure difference                   

could be made in the first place. These seals must also come in various sizes so that the range of                    

pipe diameters specified in the project objectives would be met. The following figure is a hand                

drawing of said head seals. 
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Figure 2.1.1.1.​ Interchangeable head seals for hydraulically power 

 

However after internal discussion and verification from Prof. Doron, it was decided that             

hydraulic power was not a valid option. This decision was made because of the difficulty to                

keep a watertight seal at extreme depths of 3300 ft and the cost of having multiple seals for the                   

various riser diameters. Another factor leading to this decision is that in other hydraulically              

powered devices, such as PIG pipeline cleaners, there are pump houses that push the device               

forward in the pipe. Whereas in the riser system, the pump must be mounted onto the inspection                 

tool itself. This causes a great deal of complication as now a rotating piece of machinery must                 

travel down the pipe riser and maintain enough power to continue its motion. It was deemed that                 

too much effort would have to go into planning around this objective than instead of picking                

another method of transportation. The group was then told by Prof. Doron himself in class that                

this decision was acceptable in the project.  

 

2.1.2   Servo Motors and Wheels 

The next method of transportation became a part of the final design due to its ease of use. The                   

servo motor and wheels methods rings with Prof. Doron’s analogy of a “choo-choo train” where               

the motorized wheels will be pressed against the inner diameter of the riser and power it forward.                 

11 



 

MEEN 442-501 Final Report - Group 2 

In the figure below, a SolidWorks screenshot is available to see what is meant by the motorized                 

wheel with a scissor-lift expansion system. 

 

Figure 2.1.2.1.​ Servo motor, wheel, and scissor-lift assembly for transportation 

 

The scissor-lift expansion system’s purpose is to be able to expand the wheels arm radius so that                 

way it can fit the range of riser diameters without having to resize parts. This sub assembly is                  

discussed further in Section 2.4.1 of this report. The red rectangular prism in Figure 2.1.2.1               

signifies the servo motor and is connected to the axle powering the two black nitrile rubber                

wheels. The reason as to why nitrile rubber was selected as the wheel material is that it will not                   

scratch or damage the inner riser walls. It is also chemically resistant to seawater, trace amounts                

of hydrocarbons, CO2, H2S and corrosion inhibitors that could be present in the pipe riser, which                

is an additional objective of this project.  
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2.2   Return Method 

With the hydraulic system determined to be ineffective, it was determined that the system would               

need to be able to hoist up and down the pipe with onboard power. Torque and power                 

requirements were calculated and an appropriate motor, gearbox, and battery system were            

selected. During the design process, the possibility of a catastrophic onboard system failure was              

brought up. To solve this, it is possible to tether the flexible riser inspection tool to a wench                  

system at the head of the pipe, where in the case of emergency, the system can be hoisted                  

through and up the pipe. To ensure the steel cable would not scratch the surface of the pipe riser,                   

it would need to be coated with nitrile. The anchor points for the tether on the inspection tool                  

can be seen in the following figure. 

 

Figure 2.2.1.​ Emergency return tether anchor system 

 

2.3   Sensors 

2.3.1   Hall Sensor 

Based on research of other pipeline inspection gadgets, it was thought that a magnetic flux               

leakage sensor would be the most effective way to measure corrosion inside the pipe. This was                

because so called Hall sensors are very effective at determining defects in the walls of pipes.                

However, these sensors require a great deal of electrical current as well as created              

electromagnetic drag in the system. These two things, combined with the soft requirement that              

the system have onboard power made the use of Hall sensors infeasible. 
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2.3.2   Calipers 

The original design included calipers for determining large defects along the pipe. During the              

design process, it was determined that this would be beyond the immediate scope of this project,                

and that small corrosion defects would be the focus of this tool. However, the modular design of                 

the tool does allow for the addition of calipers at a later date without much change to the system. 

 

2.3.3   Odometer 

The original design was hydraulically powered. This meant that there was no direct way for the                

system to determine where along the pipe it was. Therefore, it was necessary that on the                

centering wheels there would be an odometer that could track the horizontal distance travelled by               

the system. The removal of the hydraulic power and switching over to electric motor wheels               

made the odometer redundant. This is because using the servomotor enabled the system to              

calculate distance travelled without an odometer.  

 

2.3.4  ​ ​Ultrasonic Sensor 

The sensors used in the final design are ultrasonic. It has been shown that ultrasonic sensors are                 

adequate in detecting defects in the wall of a pipe.​[7] These ultrasonic sensors require much less                

power than the Hall sensors, which satisfies the onboard power issue. Additionally, these sensors              

do not require contact with the wall, so variations in the pipe diameter will not be an issue to a                    

much higher degree than a Hall sensor would be.  
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Figure 2.3.4.1. ​The ultrasonic sensors in their housing 

 

 

2.4   CAD Design 

This section of the report dives into the detailing of the main sub-assemblies used in the CAD                 

design. The main features and relevant manufacturing methods will be discussed with material             

selection kept into consideration too. 

 

2.4.1   Extendable Wheel 

The following sub-assembly focuses on the mechanics of motion along the internal surface of the               

pipe riser. As mentioned in section 2.1.2, the assembly uses a scissor-lift expansion technique to               

expand the wheel arm radius. These arms are each attached to a compressed spring trying to push                 

the arm out as far as possible. This allows for the wheels to stay in contact with the internal                   

surface of the pipe throughout the entire inspection. All of the nuts, bolts, and the arms                

themselves are constructed out of 316 stainless steel due to its great chemical resistance to               

seawater, hydrocarbons, and other such environments that this device could come in contact with              

during service. The nuts and bolts being manufactured via hot forged and die forged respectively               

followed by a thread rolling process. The arms are made out of sheet metal that has been cut and                   
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bent to shape following the design. As for the wheels, they will be made from nitrile rubber due                  

to its chemical resistance as well but also because it will be able to grip firmly onto the internal                   

surface of the pipe, preventing the device from plummeting uncontrollably down the pipe, while              

not damaging this surface during the inspection. The motor and the gearbox will be purchased               

from an outside source with information regarding these devices located in Appendix 4.3 and 4.4               

respectively. 

 

 

Figure 2.4.1.1.​ Drive arm fully retracted position 

 

Figure 2.4.1.2.​ Drive arm fully extended position 
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2.4.2   Sensor Array 

The following sub-assembly involves the sensor array arrangement used to perform the function             

of gathering data of the internal surfaces of the wall for any concerning defects. The design                

allows for 360​o detection, as many sensing units are attached around the entire design. The               

sensor mounting ring and scissor-lift arms will be manufactured from 316 stainless steel sheet              

metal. The design utilises an assortment of folded tabs used to connect the scissor-lift              

mechanisms but also ensure correct alignment with respect to the main body. Additionally, there              

are folded tabs with slots. This design feature was included to allow for the pin to move and                  

provide motion for the scissor-lift. It should also be noted that these tabs have relief sections to                 

prevent warping during the bend process. The scissor-lift mechanisms are used to adjust the              

radial positioning of the ultrasonic sensors. This design feature was included to compensate for              

changes in internal pipe sizes. Attached to the end of the scissor lift mechanisms are the sensor                 

housing units. These units are made from high-density polyethylene (HDPE), which is            

commonly used today for corrosion protection with steel pipelines. The ultrasonic sensors will be              

sourced externally, whereas the housing units will be manufactured by conventional machining.  

 

Figure 2.4.2.3.​ 360​o​ ultrasonic sensor unit 
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2.4.3   Universal Joint 

The universal joint serves as a way to connect the two main bodies together and address the issue                  

of moving through bends within the pipe riser. The universal joint is formed from two identical                

parts, rotated at different orientations to allow for rotational movement in two different planes.              

The parts used in this sub-assembly are manufactured from sheet metal, with exception to the               

machined screws which are sourced externally. The design features a flange used to connect the               

joint assembly to the main body of the device. The flange plate replicates the hexagonal nature of                 

the body instead of a typical circular shape. Additionally, the flange plate features folded tabs to                

secure the hinged arm feature. At the center of the design, four individual pins are used to                 

connect the arms, providing a point of rotation. The joint will be manufactured using 316               

stainless steel as it will be in contact with other components of the inspection tool that are also                  

made from stainless steel. 

 

Figure 2.4.3.1.​ Universal joint connecting the two modules 
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2.4.4   Main Bodies 

The main bodies of the device are manufactured from sheet metal. The part requires to be cut                 

using a flat pattern and any suitable method such as laser cutting. This is followed by bending                 

processes to form all the required features. The body incorporates folded tabs in the design to                

attach the armatures revolving around the hexagonal body. These folded tabs have been designed              

for ease of manufacturing, with reliefs to prevent the metal from warping during the bending               

process. It is also evident that the folds located towards the center of the body include slots, as                  

depicted in ​Figures 2.4.4.1-2​. These slots were included in the design to allow the pins of the                 

extendable wheel assemblies to translate horizontally, which helps the flexibility of the device             

when operating on different pipe sizes. The hexagonal shape of the body allows for the device to                 

house any relevant electronics and batteries used to power the sensors and motors. As the body                

must be compatible with seawater, trace amounts of hydrocarbons, CO2, and H2S; the material              

should be corrosive resistant. The selected material for the main body parts will be 316 stainless                

steel, which is common throughout the design where sheet metal is incorporated. By utilising a               

common material, the device will not incur galvanic corrosion between the body and the              

armatures, improving the longevity of the body itself. 

 

Figure 2.4.4.1​ Main Power Body 
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Figure 2.4.4.2​ Main Sensor Body  
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3   RESULTS 

3.1  Complete Pipe Inspector Design 

 

 

Figure 3.1.1.​ Overall Design 

 

As stated in previous sections, the overall design has a focus on manufacturability. With              

most pieces made of sheet metal, the design is very simple to manufacture by requiring no metal                 

forging. The hardware was kept to Unified Thread standards and all complex or electronic parts               

were sourced. The modular design allows for future designs to use different sensing techniques              

and the simple adjustment method simplifies the process for switching between pipe sizes. 

 

3.2   Finite Element Analysis 

To determine the structural integrity of the design, finite element analysis was performed             

on all the load bearing parts. ​Figure 3.2.1-4 shows the stress analysis done on the fully extended                 

arm with the factors of safety calculated to be 3.3, 9.2, 75, and 3 for the long arm, short arm,                    

adjustment block, and body, respectively. Under the same conditions but completely retracted,            

the long arm had a factor of safety of 2.9, with the stress analysis shown in ​Figure 3.2.5​. This                   

shows the design is adequate in supporting the stresses required to support the system in the pipe. 
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Figure 3.2.1.​ FEA of extended long arm 

 

 

 

Figure 3.2.2.​ FEA of extended short arm 
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Figure 3.2.3.​ FEA of adjustment block under extended loading 

 

 

 

Figure 3.2.4.​ FEA of body under extended condition 
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Figure 3.2.5.​ FEA of retracted long arm 

 

In the case the system must be hoisted, analysis was done on the flanges and the body.                 

The stress analysis performed on the flanges and bodies are shown in ​Figures 3.2.6-7 ​where the                

factors of safety were found to be 5.2 and 20 for the flange and hoisting hook, respectively. This                  

shows that the design is sufficient to bear the loads required to hoist the system vertically via the                  

hoisting hooks. 
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Figure 3.2.6.​ FEA of flange while body is suspended 

 

Figure 3.2.7.​ FEA of fully suspended body 
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3.3   Conclusion 

This flexible riser inspection tool design fitted all of the needs required from it. It was able to fit                   

any size pipe with an internal diameter between 6 and 9 inches and move up and down said pipe.                   

Though this device was not hydraulically powered, as was requested, it has been justified that the                

electric motor design selected here with provide the tool with a lighter design and allow it to                 

move up and down the pipe in a simpler way than the alternative could have done. In addition, it                   

was able to inspect the full 360 degrees of the pipe’s inner surface within any environment,                

specifically hydrocarbon and seawater without damaging the pipe. The ultrasonic sensor was the             

best suited sensor for this design as it provided a simple way for the tool to inspect the pipe                   

without having additional sensors, require an enormous amount of power, or cause significant             

drag as sensors in previous versions for this tool had done. The combination of nitrile rubber,                

316 stainless steel, and HDPE as the material makeup of this design allowed it to be able to be                   

chemically resistant to all potential environments that the tool may be used in during its service.                

Finally, due to this design, this tool can be easily manufacturable as a result of it being                 

constructed entirely out of sheet metal and machined, polymer casted, die forged, thread rolled,              

and purchased components. Due to these manufacturing processes, any part of the tool can be               

easily replaced by a new piece allowing the lifespan of this tool to grow. While a physical                 

prototype of the design has not been created, multiple FEA’s have been run on the various                

structural pieces of the design that will carry a load. From these FEA’s, it can be determined that                  

this device should be able to withstand the stresses that it will operate under with a high enough                  

factor of safety to satisfy the requirements. Moving forward with this design process, a              

prototype should be built in order to conduct physical testing. This is so that this model can be                  

refined even further until a final design has been created and sent out to industry. 
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4 APPENDICES  

4.1 Individual Contributions 

Table 4.1.1.​ Teammate contributions to this project 

Team Member Contribution 

Aden Cracknell ● Design Discussions 

● Sensor Specifications 

Jacob Hartzer ● Original Drawings 

● CAD Design 

● FEA 

Colin Michels ● Created Original Presentation 

● Design Discussions 

● Created Final Presentation 

Connor Michels ● Created Original Presentation 

● Created Design Discussions 

 

4.2 Calculations 

4.2.1   Wheel Contact Pressure Requirements 

eight 31.56 lbsw =   

oef . of  f riction 0.56 c =  [1−2, 4−5, 8−9]  

ontact force .26 lbsc =  31.56 lbs
0.56  9 wheels*

= 6  

   

4.2.2   Motor Torque Requirements 

.2192 in bsτ = 31.56lbs  0.75in*
9 wheels 12:1 gear ratio*

= 0 − l  

 

4.2.3   System Energy Requirements 

E 005.84m .81m/s/s 4.315kg/0.85 166 kJP = 1 * 9 * 1 =   
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ensor E 24V ) /100MΩ 080s .22 JS = ( 2 * 1 = 6  

otal Energy Requirement 166 kJT =   

attery Energy 2V 1A r 600s/hr 2 .7 MJB = 1 * 1 * h * 3 * 1 = 5  

 

4.2.4   Free Body Diagrams 

 

Figure 4.2.4.1.​ Free Body Diagram of fully extended arm 
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Figure 4.2.4.2.​ Free Body Diagram of fully extended short arm 

 

 

Figure 4.2.4.3.​ Free Body Diagram of fully retracted arm 
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4.2 Ultrasonic Sensor Specifications 
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4.3 Motor Specifications 
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4.4 Gearbox Specifications 
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4.5 Coefficient of Friction Table 

Table 4.5.1.​ Table of various coefficients of friction 
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4.6 Bill of Materials 

Table 4.6.1​ Bill of Materials 

ITEM NO. PART NUMBER ASM. QTY. 
TOTAL 
QTY. MANUFACTURING METHOD 

1 PowerCart_assem 1   

1.1 Body_power 1 1 Sheetmetal 

1.2 DriveArm_assem 6   

1.2.1 AdjustBlock_assem 2   

1.2.1.1 AdjustBlock 1 12 Conventional Machining 

1.2.1.2 Screw_1_8x7_16 2 24 Die Forging & Thread Rolling 

1.2.2 DriveArm_Short 1 6 Sheetmetal 

1.2.3 DriveArm_Long 1 6 Sheetmetal 

1.2.4 AdjustScrew_275 1 6 Die Forging & Thread Rolling 

1.2.5 ScrewNut1_8x1_8 2 12 Hot Forging 

1.2.6 Spring 1 6 Wound Wire 

1.2.7 Gearbox_assem 1   

1.2.7.1 Motor_08PM_K0 1 6 Purchased 

1.2.7.2 ServoAxle 2 12 Turning 

1.2.7.3 ServoWheel 2 12 Turning 

1.2.7.4 MiniGearbox_PR5_9 1 6 Purchased 

1.2.7.5 Set Screw 3 18 Die Forging & Thread Rolling 

1.2.7.6 MachineScrew_0_0625_125 2 12 Die Forging & Thread Rolling 

1.2.7.7 Washer_0625 2 12 Sheetmetal 

1.2.7.8 ServoWheelTread 2 12 Polymer Casting 

1.2.8 M2bolt 2 12 Die Forging & Thread Rolling 

1.3 Power Pack 1   

1.3.1 ElectronicsHousing 1 1 Polymer Casting 

1.3.2 Lipo 6 6 Purchased 

1.3.3 Hard Drive 1 1 Purchased 

1.3.4 MachineScrew_0_125_375 2 2 Die Forging & Thread Rolling 

1.3.5 EndCap 2 2 Polymer Casting 

     

2 SensorCart_assem 1   

2.1 SensorBody 1 1 Sheetmetal 

2.2 DriveArm_assem 3   

41 



 

MEEN 442-501 Final Report - Group 2 

2.2.1 AdjustBlock_assem 2   

2.2.1.1 AdjustBlock 1 6 Conventional Machining 

2.2.1.2 Screw_1_8x7_16 2 12 Die Forging & Thread Rolling 

2.2.2 DriveArm_Short 1 3 Sheetmetal 

2.2.3 DriveArm_Long 1 3 Sheetmetal 

2.2.4 AdjustScrew_275 1 3 Die Forging & Thread Rolling 

2.2.5 ScrewNut1_8x1_8 2 6 Die Forging & Thread Rolling 

2.2.6 Spring 1 3 Wound Wire 

2.2.7 Gearbox_assem 1   

2.2.7.1 Motor_08PM_K0 1 3 Purchased 

2.2.7.2 ServoAxle 2 6 Turning 

2.2.7.3 ServoWheel 2 6 Turning 

2.2.7.4 MiniGearbox_PR5_9 1 3 Purchased 

2.2.7.5 Set Screw 3 9 Die Forging & Thread Rolling 

2.2.7.6 MachineScrew_0_0625_125 2 6 Die Forging & Thread Rolling 

2.2.7.7 Washer_0625 2 6 Sheetmetal 

2.2.7.8 ServoWheelTread 2 6 Polymer Casting 

2.2.8 M2bolt 2 6 Die Forging & Thread Rolling 

2.3 Sensor Array_assem 1   

2.3.1 Sensor MountRing 2 2 Sheetmetal 

2.3.2 AdjustScrew_475 3 3 Die Forging & Thread Rolling 

2.3.3 Washer_0125 9 9 Sheetmetal 

2.3.4 Nut_0125 3 3 Hot Forging 

2.3.5 Sensor Arm_assem 13   

2.3.5.1 Ultrasonic Sensor 2 26 Purchased 

2.3.5.2 SensorHousing 1 13 Conventional Machining 

2.3.5.3 Long SensorArm 1 13 Sheetmetal 

2.3.5.4 Short SensorArm 2 26 Sheetmetal 

2.3.5.5 MachineScrew_0_125_125 4 52 Die Forging & Thread Rolling 

2.3.5.6 MachineScrew_0_125_1875 1 13 Die Forging & Thread Rolling 

2.3.6 Short SensorArm 4 4 Sheetmetal 

2.3.7 Long SensorArm 2 2 Sheetmetal 

2.3.8 SensorHousing_offset 2 2 Conventional Machining 

2.3.9 Ultrasonic Sensor 4 4 Purchased 

2.3.10 MachineScrew_0_125_125 9 9 Die Forging & Thread Rolling 

2.3.11 MachineScrew_0_125_1875 2 2 Die Forging & Thread Rolling 
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2.4 Power Pack 1   

2.4.1 ElectronicsHousing 1 1 Polymer Casting 

2.4.2 Lipo 6 6 Purchased 

2.4.3 Hard Drive 1 1 Purchased 

2.4.4 MachineScrew_0_125_375 2 2 Die Forging & Thread Rolling 

2.4.5 EndCap 2 2 Polymer Casting 

     

3 UJoint_assem 1   

3.1 UJoint_Middle 1 1 Sheetmetal 

3.2 UJoint_Pin 4 4 Die Forging 
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