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This report was prepared by students as part of a university course requirement.  While considerable effort has been put into the project, it is not the work of licensed engineers and has not undergone the extensive verification that is common in the profession.  The information, data, conclusions, and content of this report should not be relied on or utilized without thorough, independent testing and verification.  University faculty members may have been associated with this project as advisors, sponsors, or course instructors, but as such they are not responsible for the accuracy of results or conclusions.
[bookmark: _Toc472068879][bookmark: _Toc484366961][bookmark: _Toc56177043][bookmark: _Toc56195426]Project Introduction
Our team has been tasked with the capstone project of designing and building a small-scale, remotely operated excavator that is fully electric. The excavator’s primary application will be to dig irrigation trenches that would otherwise be dug manually. Some of the requirements that our project demand include a durable design, capable of a full 8-hour workday, and the ability to dig at minimum 6-inch-wide and 12-inch-deep trenches.
[bookmark: _Toc56195427]Purpose of this Document
The scope of this document is to instruct the user on how to assemble the excavator, operate the Excavator, and the general maintenance of the excavator. Section 2 of this document will cover the Excavator assembly. Section 3 of this document will cover the general operating procedures and controls of the Excavator. Section 4 of this document will cover Excavator maintenance practices.
[bookmark: _Toc56195428]Excavator Assembly
This section will cover the general procedure intended to assemble/manufacture the Excavator. In addition, the materials, parts, and CAD models that were implemented will also be referenced within the text.  

[bookmark: _Toc56195429]Materials, Parts, & CAD Models
This subsection is dedicated to the listing of components and parts required to fully assemble the excavator.
[bookmark: _Toc56195430]Materials
· 1 ½ inch x 15 in PVC pipe (x2)
· 1 ½ inch x 14 in PVC pipe (x1)
· 1 ½ inch x 4 1/2  in PVC pipe (x1)
· 1 ½ inch x 13 inch PVC pipe (x1)
· 1 ½ inch x 5 inch PVC pipe cut (x1)
· 1 ½ inch x 4 inch PVC pipe cut (x1)
· 1 inch x 11 ½ inch PVC pipe (x2)
· 3/4 inch x 11 ½ inch PVC pipe (x2)
· 3x2 inch x 30 inch Wooden beam (x2)
· 3x2 inch x 6 inch Wooden beam with ½ inch hole (x2)
· 3x2 inch x 6 inch Wooden beam with 3/8 inch hole (x2)
· 3x2 inch x 5 1/2 inch Wooden beam (x1)
· 3x2 inch x 15 inch Wooden beam cut 45 degree ends (x1)
· 1 ½ inch PVC T fitting (x3)
· 1 ½ inch PVC 90 degree elbow fitting (x1)
· 6 inch stroke hydraulic RAM (x1)
· 1/4 inch x 4 inch carriage bolt (x6)
· 1/4 inch x 2 1/2 inch carriage bolt (x1)
· 3/8 inch x 8 inch carriage bolt (x2)
· ½ inch x 6-inch bolt (x1)
· ¼ inch nut (x7)
· 3/8 inch nut (x4)
· ½ inch nut (x1)
· ¼ inch washer (x8)
· 3/8 washer (x3)
· 15 inch aluminum fencing brackets (x1)
· 9 inch aluminum fencing bracket (x4)
· ¾ inch x 7 inch x 11 ½ inch wood board (x2)
· ¾ inch x 7 inch x 28 inch wood board (x1)
· 1 ¼ inch steel cap with 3/8-inch hole (x1)
· 3/8 x 6 inch eye bolt (x1)
· 3/8 inch lock washer (x2)
· 2 inch multi-purpose construction screws (x25)
· 1 ¼ multi-purpose construction screws (x6)
· 6 x 7 x 10 inch 3D printed bucket (x1)
· 1 hp electric motor (x1)
· Hydraulic tank (x1)
· 6 ft of ½ inch 4000 psi hydraulic hose (x2)
· 2 ft of ½ inch 4000 psi hydraulic hose (x2)
· Bi-directional hydraulic solenoid (x1)
· 3 liters of hydraulic fluid

[bookmark: _Toc56195431]Tools
· Crescent wrench
· Phillips head screwdriver
· Power drill
· Phillips head bit

[bookmark: _Toc56195432]CAD Models
· Tower design
· Boom design
· Dipper design
· Bucket design
· Bucket bracket design
· Full Arm assembly
[bookmark: _Toc472068888][bookmark: _Toc484366970]
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The first step of assembly is to identify each of the separate parts and group the common items together. Once the parts are in groups specified by the user, the following steps will walk the user through the full assembly process.

1. Arrange the ¾ inch boards in an + shape with the 28-inch piece in the center.
2. Place one of the 30-inch 3x2 wooden beams horizontally along the + so that the beam is in contact with all three pieces of board and bring the beam to the bottom edge of the smaller boards.
3. Once the beam is aligned, screw 2 of the 2-inch screws into each wooden board going through the beam first. This step will secure the boards together and will act as the supportive base for the arm.
4. After the base is tightly secured and placed flat on the floor, center the second 30-inch wooden beam on the + and butt the edge up to the horizontal beam, and orient the second beam vertically protruding upward, perpendicular to the first beam. Trace the edge of the vertical beam to ensure that the beam stays centered during step 5.
5. While keeping the beam centered on the base, turn the entire assembly upside down, and screw 2 of the 2-inch screws through the base, and into the vertical beam. Once screws are in, flip over again so that the base is flat on the floor and the 30-inch beam is perpendicular to the floor.
6. Next, all 4 of the 6-inch beams will be attached to the vertical beam, called the tower. The horizontal beam will be a reference for the “back” of the tower. Align the 6-inch beams with the ½ inch hole so that they are parallel to the ground, and the edges of the beams are flush with the back and the top of the tower. Before screwing the beams into place, ensure that the 3-inch surface is the surface in contact with the tower. After the orientation is correct, screw 2 of the 2-inch screws through the beams and into the tower, one below the other such as “:”.
7. Step 6 will be repeated with the 3/8-inch hole, however instead of the edge being flush with the top of the tower, the bottom edge of the beam will be 6 inches above the base, while the back edge is still flush with the back edge of the tower.
8. Place hydraulic RAM between the two wooden beams at the top of the tower with the ½ inch holes, such that the piston will extend downward and insert the ½ inch bolt through the wooden beams and the RAM. Once the bolt head is flush with the beam, place the ½ inch nut on the opposite side and secure it with the crescent wrench. Check that the RAM can rotate about the bolt before proceeding to step 9.
9. Screw one of the 3/8-inch nuts about half the length down the 3/8-inch eye bolt and then slide on 1 of the 3/8-inch lock washers. Next, slide the cap down to the washer with the threads of the cap facing away from the eye. Next apply the second lock washer and then screw on a 3/8-inch nut so that the end of the eye bolt is flush with the top edge of the nut. This will ensure that the cap will screw on to the RAM. Once the second nut is flush with the end of the eye bolt, rotate the first nut until it reaches the cap and tighten with the crescent wrench so that the nuts and washers squeeze together with the cap in the middle.
10. After the cap and eye bolt are joined, screw the assembly onto the end of the RAM and once it is tight, ensure that the eye is concentric with the 3/8-inch holes on the lower 6-inch beams.
11. Take one of the 15-inch PVC pipes with a notch cut out at the end and orient the notch facing upward. Place the ¼ inch carriage bolt length of 2 ½ inches through the ¼ inch holes on the side of the notch and through the eye. Screw on one of the ¼ inch nuts to secure the bolt in place.
12. After the eye is attached to the 15-inch pipe, place one of the 3/8-inch carriage bolts through the holes on the wooden beams and the pipe. Once the bolt is through all the components, place a 3/8 washer and nut on the other and secure tightly with the wrench. Test that the pipe segment rotates about the bolt smoothly.
13. If the pipe rotates smoothly, place the 5 ½ inch wooden beam across the top of the tower so that the edges are flush with the back of the tower and the outer edges of the horizontal beams. Screw 2 screws through the beam and into each of the horizontal beams and 1 screw through the beam and into the tower. 
14. To further increase stability, place the 15-inch wooden beam with 45-degree edges against the back of the tower and against the base, and screw 2 screws through each end.
15. Place one of the PVC T fittings at the end of the attached pipe and make the single open-end point vertically upward. Place the 4 1/2-inch pipe with cut in the T opening and have the notch opening away from the tower. In the remaining opening of the T fitting, insert the 13-inch pipe segment with the holes on the opposite end.
16. Use the 4-inch pipe with 1 ½ inch diameter to join the 90-degree elbow fitting and a T fitting together. Ensure that the bottom opening of the T fitting and the open end of the elbow are facing the same way. 
17. Insert the 14-inch pipe into the opposite end of the T fitting 
18. Place the last T fitting at the end of the 14-inch segment with the bottom of the T opening opposite the other T fitting.
19. Place the other 15-inch segment in the open end of the T fitting with the holes at the far end of the T. This will result in the dipper segment with a total length of 36-inches.
20. In the open section of the T fitting further from the elbow, insert the 5-inch pipe with a cut so that the cut faces away from the elbow.
21. Take the 15-inch fencing bracket and place the center on the top edge of the T fitting closest to the elbow and screw the 1 ¼ inch screws through the allocated holes so that the bracket wraps around the T and both edges are extending past the T at an equal length.
22. Line up the larger holes at the end of the bracket with the holes in the pipe at the end of the boom and insert a ¼ inch carriage bolt through all holes with a washer between the bolt head and the bracket. Finally secure the bolt in place with a second 1/4 washer followed by a ¼ inch nut.
23. The 1-inch pipes will slide into the notched pipes protruding from the T fittings and will be secured using a ¼ inch carriage bolt that will go through the notched pipe and the 1-inch pipe and will be fastened down with a ¼ inch washer and finally a ¼ inch bolt.
24. For the boom, slide the ¾ inch pipe inside the 1-inch pipe with the holes remaining outside. The ¾ inch pipe will then be placed inside the opening of the 90-degree elbow and then a ¼ inch carriage bolt will go through the elbow and the ¾ inch pipe and then be secured with a washer and nut.
25. There will be small holes in the end of the dipper with a diameter of 1/8 inch. The 9-inch brackets have pre-allocated holes that have the same diameter. Line up the holes and attach the brackets to the dipper with 1, 1 ¼ inch screw on each bracket. Be sure to have the brackets extending an equal length upward.
26. The bucket will then be attached at the end of the dipper with a 3/8-inch carriage bolt with washers on either side of the bucket and a nut to secure the bucket tightly.
27. The remaining 2 brackets have larger holes at one end, and those holes will match up with a larger hole on the bucket. A ¼ inch carriage bolt with a washer on both sides of the bucket and a nut will secure the brackets to the bucket, and they will also need to be oriented vertically at an equal distance.
28. The remaining ¾ inch pipe will be inserted into the 1-inch pipe on the dipper with the holes remaining outside of the 1-inch pipe.
29. Finally, the holes in the ¾ inch pipe will need to be aligned with the holes on the brackets such that all 6 holes are concentric. A ¼ inch carriage bolt will be inserted through all 6 holes and fastened down with a washer a nut.
[bookmark: _Toc472068898][bookmark: _Toc484366980]

[bookmark: _Toc56195434]Operating the Excavator
This section will explain to the user how to operate the systems that make up the excavator, and to assist the user in operating the excavator while in use. Additionally, some quick troubleshooting tips will be incorporated within the body of the text.
[bookmark: _Toc56195435]Excavator Controls

[bookmark: _Toc56177056][bookmark: _Toc56195436]Operation
1. Plug in the motor power cable along with the solenoid power cable.
2. Turn on computer with Arduino board attached to have access to remote operation
3. Turn on the switch that controls the motor which sends hydraulic fluid from tank to the solenoid
4. Ensure wires are secure and no hydraulic fluid is leaking from any part of the excavator.
5. Next, use the Arduino joystick to operate and control the arm, ensure no interference with the arm and allows free range of motion.
6. The joystick has two ranges of motion in the y direction, pushing the joystick up will make the hydraulic ram retract, pushing the joystick down with allow the hydraulic ram to extend.

[bookmark: _Toc56195437]Troubleshooting
1. Conduct a follow-up inspection of the hydraulic components. The intent of this follow-up inspection is to ensure that all of the hydraulic components are free of any leaks and damage, that could potentially be preventing the excavator arm from functioning as intended
2. Conduct a follow-up inspection of all connections leading to and from any electrical component. The intent of this follow-up is to ensure that all wires and connections are properly secured and affixed to their proper location, and to ensure that there is no damage to the components or any of the connecting wires.
3. Conduct a thorough inspection of the mechanism and its moving parts. The intent of this procedure is to ensure that there is no interference preventing the excavator from functioning as intended, and to ensure that the excavator as a whole has not sustained significant damage that would render it inoperable.
4. In the case where all of the previous steps have been successfully preformed, investigate the source code running the excavator. This procedure is intended to ensure that the issue is not stemming from codding errors. 
5. In the case where the above troubleshooting suggestions resulted in successful outcomes cease operation immediately and preform an in-depth analysis of the system to properly diagnose the root cause of the issue. 



[bookmark: _Toc56195438]Excavator Maintenance
This section of the document will detail how to perform the general maintenance needed by the excavator and when to conduct this maintenance and is intended to assist the user with the routine maintenance.

[bookmark: _Toc56195439]General Excavator Maintenance.
The following steps are intended to assist the user with the general maintenance duties, that are required prior to operation to ensure the excavator functions as intended.
1. Ensure proper amount of hydraulic fluid is in the hydraulic reservoir.
2. Make sure all cables are attached and in good condition.
3. Ensure that all hydraulic tubes are secured and tight with no leaking 
4.  Check to see that all joints are properly lubricated, and nothing is interfering with the arm range of motion.
5. Keep out of extreme weather conditions 

[bookmark: _Toc56195440]Overall Excavator Maintenance 
The following steps are intended to assist the user with the general maintenance duties, that are to be performed as necessary to keep the Excavator functioning as intended.
1. Preform visual inspection of all the hydraulic piping and connections ensuring there is no cracks, damage, or leaks that may otherwise cause issues while in operation.
2. Preform visual inspection of all the hydraulic components not associated with the piping and ensure there is no damage that may compromise the excavator’s operation. This includes but is not limited to components such as the rams, solenoids, and pumps. 
3. Preform visual inspection of all components associated with the electrical system of the excavator. In the case where visual inspection yields no positive confirmation as to the systems integrity, the person preforming the maintenance should follow up with manual methods to ensure the electrical system is not compromised. This includes but is not limited to tests such as turning on the excavator and testing functionality or using a voltmeter to ensure the electrical system circuit functions as intended.
4. Implement and maintain a detailed log of service provided to the excavator to reduce redundant work. A log of services provided may include but is not limited to things such as hydraulic fluid replacement, hosing replacement, and electrical component upgrades.
5. Follow all of the manufacturer recommendations and upgrade or replace excavator components as deemed necessary. This procedure should be implemented in conjunction with the service log.
6. Properly store the excavator when not in use and avoid storage where extreme weather conditions may present issues down the line. This procedure is the easiest to implement and will in most cases reduce the need for early major excavator maintenance. 
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