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Abstract
Each year, Mechanical Engineering Technology students receive a grant from The Joint Center for Aerospace Technology Innovation (JCATI) to engineer a device that is capable of breaking down carbon fiber trimmings for recycling. The students who received the grant this year have redesigned portions of the existing system in an attempt to solve issues that have kept the system from working properly in the past. Though much collaboration between group members has been needed, each member has been responsible for their own portion of the project. The purpose of this portion of the project has been to address binding and interference in the spur gears of the existing system. Many analyses related to drivetrain forces were done in order to determine what type of drive system would be able to handle the large forces that the system creates. Once a chain drive was selected as the best solution, shear and tensile load analyses were done to ensure that each component could withstand the large forces and pressures. The resulting chain drive required ANSI #100 chain and sprockets, along with some modification to existing parts. The drive system now functions correctly with no binding and less deflection than before. The chain drive has shown to be capable of withstanding the 2000 ft-lb of torque created by the reduction system. There is also much more strength in this portion of the drive system, resulting in better reliability. 
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[bookmark: _Toc65655782]
1. INTRODUCTION

[bookmark: _Toc65655783]a. Description
	The existing JCATI machine is a great base for delaminating and breaking down carbon fiber trimmings, but there are a few problems that need to be addressed. The first issue is that there is some need for more structural rigidity in order to keep the shafts for the crusher in alignment. Not only will the current misalignment cause excess wear, but it also causes a secondary problem of the gear drive system coming out of alignment. Since gears need to be aligned quite precisely in order to function correctly, chain drive is a better option. This drive system will be the part of the machine that is focused on in this project. 
This design would allow for more tolerance to deflection while still being able to effectively drive the system. By adding extra rigidity to the housing and to the shafts, as well as going to the synchronous belt or chain drive system, this would result in a much more usable and reliable machine. 

[bookmark: _Toc65655784]b. Motivation 
	This project was motivated by a need for a drive system that would allow for some tolerance to deflection. This would mean that the machine would run smoothly without binding. 
[bookmark: _Toc65655785]c. Function Statement
	The device would transfer power from the 5 hp electric motors to drive the crushing wheels continuously while feeding carbon fiber trimmings. It would also keep the driven gears synchronized properly even if they were to come out of alignment slightly. 
[bookmark: _Toc65655786]d. Requirements
	In order for the drive system to effectively run the delamination gears/spursspurs and have a continuous feed capability, it will need to meet some requirements. 
· [bookmark: _Hlk56451977]Capable of transferring 2000 ft lbs. of torque without slippage
· Allow for .063 in of deflection without binding or slippage
· Weigh less than 30 lbs. 
· Capable of running at full 1750 RPM of electric motor (Much less at the crusher after gear reduction).
· Able to transfer the power of the 5 hp motor without binding or breaking.
· Continuously feed carbon fiber trimmings without interruption.
· Have a noise reading of less than 85 dB.
· Chains should last for at least 5000 hours of run time. 

	
[bookmark: _Toc65655787]e. Engineering Merit
	This project is important because a functioning JCATI machine will allow for carbon fiber wing trimmings to be recycled. Carbon fiber is quite expensive and for Boeing or other companies to have a way to recycle these trimmings would not only be better for the environment, but it could help to save money as well. A functioning drive system is a big step towards the machine functioning as intended, especially as it runs the first portion of the recycling process. 
[bookmark: _Toc65655788]f. Scope of Effort
	This portion of the JCATI project will only include a revamp of the drive system. This includes the sprockets, chains, and means of securing the sprockets to the crusher shafts. 
[bookmark: _Toc65655789]g. Success Criteria
	Success depends on the drive system being able to transfer the power from the electric motors effectively to the crushing wheels at optimal RPM with smooth operation, no binding, no slippage, low noise and no chains breaking. 




[bookmark: _Toc65655790]2. DESIGN & ANALYSIS
[bookmark: _Toc65655791]a. Approach: Proposed Solution
	The new design was conceived by a need for a system that had more tolerance to it. Chain drives have long been used for drive systems that don’t always line up perfectly. This is why the solution is going in the direction of a chain drive system. 
[bookmark: _Toc65655792]b. Design Description
	The design will have 2 chain sprockets connecting the shafts on the bottom. The existing spur gears on the crusher shafts (Top and bottom on the crusher housing) will need to be kept so that the crushers will spin in opposite directions. 

 [image: ]
[bookmark: _Toc65655793]c. Benchmark
	This design is somewhat similar to the previous drive system that was being used. Both use rotating “discs” or “wheels” to transfer power, except this new design will use a chain in between the wheels rather than direct contact with gear teeth. This should be a more effective solution to driving the crusher wheels. 
[bookmark: _Toc65655794]d. Performance Predictions
	Based on the amount of torque there will be available at the chain drive system, it should be able to spin at the full 2.6 rpm that was calculated. It may slow down slightly under load, but it should easily stay above 2 rpm. The belt drive system itself will weigh less than 20 lbs. and will be less than 85 dB while running. It will be able to easily transfer enough torque to crush the carbon fiber strips. 
[bookmark: _Toc65655795]e. Description of Analysis
	The first analysis (Appendix A-1) is a starting point for the rest of the analyses because it was used to find the maximum torque that can be delivered to the drive system. It’s a fairly straightforward analysis. The maximum torque was found by first finding the torque output of the 5 hp electric motor at 1750 rpm. This torque was then multiplied by each gear reduction in the power train system (3:1, 15:1, etc.). The rpm at the belt drive was also found by dividing the motor rpm by the product of the ratios. This resulted in a max torque of 10,000 ft-lb. and an rotational speed rpm of 2.6 rpm. 
	The second analysis (Appendix A-2) started to become more in depth. First, a sprocket was found from McMaster-Carr that was compatible with the existing shafts. This baseline for pulley was needed to get a starting point for the diameter of the sprocket that will be used. Next was a free-body diagram. Once this was done, the moments around the center of the pulley could be summed to find the tension in the belt. 
Note that this calculation was done using the maximum torque that can be supplied by the gear reduction boxes and the electric motor. This is not necessarily the amount of torque that will be needed to crush the carbon fiber. 
This calculation showed a staggering 40000 lbf. It is going to be difficult to find a belt that can support this load/stress, so design changes may need to be made, as well as more analysis to find how much torque will actually be needed to crush the carbon fiber. 
[bookmark: _Toc65655796]f. Scope of Testing and Evaluation
	Testing will simply be done by checking that the device meets the requirements described. These requirements will be checked first by seeing that the device is capable of transferring enough power to crush carbon fiber strips. Then, a few tests will be done to check that it can handle deflection of the shafts and that it will be reliable. 
[bookmark: _Toc65655797]g. Analysis

i. [bookmark: _Toc56149579][bookmark: _Toc65655798]This first analysis was focused on finding the maximum amount of torque the gear reduction drive system could theoretically transfer using a 5 hp electric motor at 1750 rpm. The gear reduction ratios and the torque output of the motor were analyzed. Most likely, the torque needed to drive the crusher wheels will not be as great as the torque the gear reduction system can create. The resulting design parameter will be that the sprockets and chain will need to be made large/strong enough to handle this torque of 10,000 ft-lbs. at the belt drive. (Appendix A-1)

ii. [bookmark: _Toc56149580][bookmark: _Toc65655799]This analysis was aimed at finding out the maximum tension that the electric motor and gear reduction system could apply to the belt, as well as the average stress created in the belt at that maximum tension. After completing the analysis, it showed that the belt would need to be capable of supporting 40,000 lbs. of tension at maximum torque. The resulting design parameter will be either lowering the maximum torque that can be applied, going to a much larger belt, or switching to a chain drive system. (Appendix A-2)

iii. This analysis was done to find the amount of force to “shear” the carbon fiber. This should help to later find the amount of torque needed to rotate the crusher teeth into the fiber. This was done by finding the area of the end of a crusher tooth, and then using the formula for average shear stress to solve for the force needed. (Appendix A-3)

iv. After selected the needed chain size, analysis was needed to make sure that the chain could in fact handle the load. The chain rollers are in double shear, so that was considered. The cross-sectional area of the pins was calculated, and F/A was used to find the shear stress in each pin. (Appendix A-4) 

v. In order to find out whether or not a smaller chain could be used, more analysis was needed. This started with an analysis (Appendix A-5) to find the torque needed to crush into the material. In previous project designs, it was found that the force required to delaminate the carbon fiber was 8000 lb. on a steel tooth. This was used along with the initial angle of contact to find the moment needed to rotate the crusher, which came out to be 1948 ft-lbs. 

vi. This next analysis (Appendix A-6) was done to find the tension in the chain just to crush the carbon fiber (Not tension from maximum reduction system torque). Using the quantity of 1948 ft-lbs. found in the previous analysis, the moments about the origin of the sprocket where summed and T (Tension) was solved for, resulting in a tensile force of 7500 lbs. 

vii. In this seventh analysis (Appendix A-7), a few useful pieces of information were found. First off, the design power was found to have for future reference. When designing a chain or belt drive, this is often one of the first pieces of information found so that is what was done here. Then, the current center distance of the shafts that the sprockets will ride on was converted to length in pitches. Once this was found, the length of the chain in pitches could be easily found and converted back to length in inches/feet. The final result was 2.9 feet in total length. The resulting design parameter from this analysis means that a chain with a minimum of 3 feet in length must be purchased. More chain may be purposed just in case the center distance needs to be lengthened. 

viii. This simple analysis (Appendix A-8) was done to find the shear stress in the key stock that will be used. The keyway size for the sprocket and shaft comes out to be 5/16” by 5/16”, and the length of the key stock in contact with the sprocket is 1-5/8”. The moments around the origin of the sprocket were summed to find the torque that the sprocket would face to crush the carbon fiber, and then the force at the neutral axis of the keyway was found using F=M/d. Once the force was found, the average shear stress formula was used to find the shear stress (32,460 psi). The shear strength of 1045 steel is 65,300 psi, so there is a factor of safety of 2.01, meaning the size of the keyway should be sufficient for the application. 

ix. In analysis 09 (Appendix A-9) the angle of twist for the smaller diameter of the crusher shaft was found using the equation . It was found that the angle of twist in the shaft, when 2000 ft-lb. of torque is applied, is 1.27°. This is important to know because if the shaft is twisting excessively, the teeth on the actual crusher wheels could bind. There is also a lot of elastic potential energy in a shaft that is twisted excessively, which could be potentially dangerous. 

x. Analysis 10 (Appendix A-10) is a chain drive design spreadsheet. This was done to lay out all of the specifications for what the chain drive will have. With the design that will be used, there should be plenty of angle of wrap for chain engagement with the sprockets. The actual length of the chain needed will be 35 in. or 28 pitches. Actual center distance comes out to 6.875 in. 

xi. Analysis 11 (Appendix A-11) was done to find the actual power need from the electric motor to produce the 2000 ft-lb. of torque needed to crush the carbon fiber. Using the equation T=63,000P/n, the equation was solved for P to give P=(nT)/63,000. The torque and rpm and were simply plugged in to give a resulting power of 1 hp.

xii. In Analysis 12 (Appendix A-12), the spur gear design spreadsheet was filled out to find the maximum bending stress and pitting stress in the spur gears. This very detailed spread sheet produces accurate stress values in the spear gears in order to specify a material to use. This spread sheet also incorporates safety factors into the calculation. The resulting bending stress in the gears is very high at about 220 ksi. This analysis shows that the current material for the existing spur gears could be problematic, and the material may need to be changed. 

[bookmark: _Toc65655800]h. Device: Parts, Shapes, and Conformation
	The high torque needs of the drive system means that a chain has to be used in order to handle the tension created. A belt simply could not handle the force without being massive. ANSI size 100 chain will be used to ensure that it can safely transfer power. The largest sprockets that will fit without issue will be used to ensure the maximum amount of strength and the best fitment of the chain. 

[bookmark: _Toc65655801]i. Device Assembly
	The device assembly will place a sprocket on the output shaft of the last reduction box, and a sprocket on the bottom crusher shaft, connected by a chain. This will be strong enough to transfer power, while also giving a slight tolerance for deflection. This will eliminate the current binding issues between the existing bottom gears of the drive system. 


[bookmark: _Toc65655802]j. Technical Risk Analysis
	
	In this design, there is some danger associated with a chain drive. Breaking the chain could be very destructing and could seriously injure or kill someone. A chain guard will used for this reason. Even with this guard, care must be taken around the heavy chain drive. Any machining needed on the shafts or sprockets will also pose risk, so it is important that the operators of and mill/lathes have a partner in the lab, and they are checked off to be allowed to run the machines. 
[bookmark: _Toc65655803]k. Failure Mode Analysis
[bookmark: _Toc56105394][bookmark: _Toc65655804]	Failure modes were analyzed in both the chain and the keyway. The chain should not break until 24,500 lb. of tensile force is applied, giving a factor of safety of about 3. The keyway also has a factor of safety of about 2, so it should not fail under the loads the system will generate. 
[bookmark: _Toc65655805]l. Operation Limits and Safety
	In the operation of the device, it is important to take caution and not to overload it. The carbon fiber strips should not be forced in by hand. The machine should be allowed to pull the carbon strips in as needed. It is also important to everyone’s safety that the chain guard remains in place. In the case that the system is overloaded, parts in the reduction boxes will strip out before anything else breaks. 

[bookmark: _Toc65655806]3. METHODS & CONSTRUCTION


[bookmark: _Toc65655807]a. Methods
 	
This project is a continuation of an existing design done by previous students at CWU. Many parts for the project have been purchased, and new parts will as well. Many parts have also been made/will be made at the CWU campus using the equipment available, such as lathes, mills, welders, and other devices. 

Process decisions

A decision needed to be made fairly early on between using a chain drive or a belt drive to transfer power from the final reduction box to the crusher shafts. Using analysis and a decision matrix, this led to the decision to use a chain drive rather than a belt drive. In analysis 02 (Appendix A-2), it was found that the reduction drive system is capable of producing 40,000 lb. of tension in the chain or belt. This is much too high for a belt within the projects size constraints to handle and would also require a massive chain. It was later found in analysis 06 (Appendix A-6) that the torque actually needed for the device to function would require a tension in the chain of 7500 lb., which could be handled by a smaller, but still fairly large chain. 

A decision matrix that illustrates the factors that led to this decision can also be found in Appendix F. 

A decision also needs to be made about how the spur gear and sprocket will be attached to the bottom crusher shaft. The original lower shaft has limited space to place both the spur gear and the chain sprocket. The first option is to redesign and manufacture a new lower shaft with a long end to allow for more space. This would be the most straightforward option, but at the same time consuming and expensive. The lower shaft is somewhat complicate and requires tight tolerances, and it uses a large amount of material. It is also a hard to machine material, which would be time consuming to manufacture. With the current time crunch and lack of accessibility to the machine lab, this leads to the other option.

The second option is to shave down the hubs on the spur gear and the sprocket so that they can both fit on the existing shaft. This would also require drilling and tapping new holes for the set screws. A calculation will also be done to make sure that the shortened keyways can handle the stress created by the system. This will likely be the option that is used if it is proved to be viable. 

A decision also needs to be made regarding the construction of the chain guard. With the limited access to Hogue due to COVID-19, finding ways to do manufacture parts without use of the building is helpful. One way this could be done is to weld the chain guard together, rather than bend the sheet metal into its final shape. A welder is easily accessible outside of Hogue, making the option of welding much easier when it comes to finding time. A welded chain guard would also be potentially just as strong as one that is bent, and sheet metal is cheap enough to pay for out of pocket. Welding the guard could be done in a matter of hours, and this time saved out of Hogue could then be used to focus on other parts of the project during the time the team can access the building. 

When it comes to fitting all the parts on the crusher shafts, the second option was used. The time and cost savings were huge, and it should work just as well as a new shaft. 

The chain guard ended up being bent into shape at CWU, but time didn’t allow for it to be completely finished so it was brought home to have minor details completed. 

[bookmark: _Toc65655808]b. Construction

i. [bookmark: _Toc65655809]Description
	Since most of this drive system is already existing, there is a platform to construct off of. Many parts of the system will be reused, and the parts needed will mostly be ordered and then installed. Some parts may need modification however, such as milling down the width of the spur gear hub in order to fit the chain sprockets on the existing shaft. If this idea proves to not be ideal, then the entire crusher shafts may have to be remade in house at CWU. The key stock will be cut to length at CWU.  
	The drive system will be composed of three sub-assemblies as seen appendix B in the drawing tree. 

[bookmark: _Toc65655810]ii. Parts 
	One of the Roller Chain Sprockets 55-001 (Appendix C) and a Spur Gear 55-004 (Appendix C) may both need milling on the hub in order to make each part thin enough to fit both on the bottom crusher shaft. The other Spur Gear and Chain Sprockets should not need modification to fit. The Key stock 20-001 (Appendix C) will have to be cut to length with a bandsaw to fit correctly in the keyways. The Chain 55-002 (Appendix c) will have to be modified to the correct length, which may entail drilling out pins to remove a length of chain. Then chain ends will then be connected with the Chain Connecting Link 55-003 (Appendix C). The sprockets and chain will be installed on the shafts and aligned with each other, and then locked in place using their build in set screws. Sheet metal fabrication will be required on the Chain Guard 20-003 (Appendix C). 

[bookmark: _Toc65655811]iii. Manufacturing Issues
	Milling the hubs of the Chain Sprocket and Spur Gear will require each to be parts perfectly flat in the mill in order to obtain a flat hub surface. If longer shafts are made instead, they will have to be made out of very thick steel round bar. Since these shafts are somewhat complicated, it would be best to make them using CWU’s CNC lathe. This would also save manufacturing time. 
	Drilling the pins out of the chain could also prove to be difficult, but it is known that the lab tech Jim has done this in the past successfully. 
	After deciding to go with the option of shaving down the spur gear to fit better on the lower crusher shaft, it was found that enough of the hub could be taken off to only require milling on that one spur gear. In order to achieve this, both of the crusher shafts also had to be modified by cutting longer keyways. This allows the spur gears to be slid almost all the way up tight to the next step on the crusher shaft, and the chain sprocket to placed on the end of the lower shaft. 
	Extending the keyways on the shafts proved to be difficult. Set up to get the keyway perfectly rotated to the top of the shaft and to get the shaft level along its length required the use of a dial indicator chucked up in the mill. Small adjustments were made by keeping the vice somewhat snug and tapping the ends with a hammer. 
	There were also some issues with constructing the chain guard. Laying out the flat pattern was straightforward, but the edges that were bend are so long that once the flat pattern was rotated to bend another edge, it could only be bent so far before one of the edges interfered with the brake. To overcome this, each side was bent as far as possible and then bent the rest of the way by hand while holding the crease with a piece of metal. One of the flanges got bent into bad shape, so it will be cut off, flattened out and welded back on. 
	Cutting the key stock to length will be easy and straightforward with CWU’s machine lab bandsaw. 

[bookmark: _Toc65655812]iv. Discussion of Assembly
	The reduction system sub-assembly will be connected to the chain drive sub-assembly via the Reduction Box Output Shaft 20-002 (Appendix C), and then the chain drive sub-assembly will then connect to the spur gear assembly on the crusher housing. The chain drive will be connected to the reduction system via a chain sprocket, which will then connect to a chain sprocket on the bottom crusher shaft. A spur gear will be placed on this same bottom shaft, which will drive the spur gear on the top crusher shaft. The assembly will be operated by the electric motor at the beginning of the reduction system. VFDs may be used to control the torque output of the electric motor. 
	When compared to the benchmark, this system will be successful. The system will come in under budget and will be able to drive the crusher wheels effectively. Overall weight is a subject of concern, but this is not as critical as the actual operation of the system.  It is predicted that the system will crush the carbon fiber strips continuously. 


[bookmark: _Toc65655813]4. TESTING

a. [bookmark: _Toc65655814]Introduction

The main test of this device is making sure that it can effectively transfer the power from the electric motor and handle the torque created by the reduction boxes, while crushing the carbon fiber strips. This means that it will have to be able to transfer 2000 ft-lbs. of torque from the final reduction box to the crusher shafts. While running, deflection will also be checked in the crusher housing to see how well the chain drive is tolerating misalignment. If possible, it will also be tested for a noise reading of less than 85 dB. Further testing may be done to estimate the maximum amount of run time on one chain. 
 
[bookmark: _Toc65655815]b. Method/Approach
	Once the system is installed, initial tests will be done by running the entire system by hand (with a hand wheel connected to the input shaft of the reduction system) to make sure that the chain does not bind or slip. This process will start with no material in the crusher, then a balsa wood strip, then pre-crushed carbon fiber, then finally uncrushed carbon fiber. Once that is done, the device will be ran from the power of the electric motor to see if it is capable of continuous feed of carbon fiber. If this is successful, deflection on the crusher housing will be checked as well in order to see how the chain is coping with any misalignment. If a dB meter is available, the sound level can also be checked. It would be useful to check for wear in the chain and sprockets after some run time to estimate life of the chain/sprockets. 
[bookmark: _Toc65655816]c. Test Procedure
	To test the operation of the system, simply running it at full speed while feeding carbon fiber to create a load is the main focus of the testing. If the system is successful in running at full speed and power, then it will be known that it is capable of transferring the needed 2000 ft-lbs. of torque. In order to do this, VFDs for the electric motors will be very useful in order to give more control during testing. This will allow for the process to be ramped up slowly in order to make sure everything is functioning correctly and to avoid breaking components. 
[bookmark: _Toc65655817]d. Deliverables
	When testing the device, the most important thing for it to do is transfer power without binding. A checklist will be used to write Yes or No for the requirements, starting with driving the crusher wheels while crushing the carbon strips. If this is a Yes, then it is safe to assume that it has met the requirements of transferring 2000 ft-lbs. of torque and that it is capable of allowing for the amount of deflection in the shafts. This same process can then be used for the rest of the requirements, including weight, noise level, and estimated life of the chain and sprockets.
	On April 9, 2021, the device has been tested running by hand both empty and with a strip of wood. It was predicted before testing that the device would be successful in both of these tests. Testing showed that there were no issues in crushing the wood or running empty, but a problem was discovered with a spur gear. The bottom spur gear on the crusher appears to have some play in the keyway or around the shaft, causing it to rotate slightly before engaging with the shaft. This issue will be addressed before testing with carbon fiber as the higher loads could cause major issues. 


[bookmark: _Toc65655818]5. BUDGET

	The cost for this project has potential to be very expensive. Many of the parts are very large and need to be of high quality and strength. Initially, the plan for the drive system was to use a synchronous belt system. Through research, this proved to not strong enough and a chain drive was required. This in turn raised to cost because large chain can be very expensive. So far though, no other factors have really caused any sudden changes in overall cost. There haven’t been any errors/mistakes at this point, tax was considered, and shipping was about as expected. When it came to resolving the issue of switching to a chain drive, the cheapest supplier that still produced quality items was chosen. Even with the switch to the chain drive, the project is well within budget. 
	The parts that affected the budget most were the chain and chain sprockets. ANSI #100 Heavy Duty chain was required, which is about $29 per foot. Each chain sprocket was $125, so the two of them took the most from the budget. 
	So far, the parts from McMaster-Carr (Chain, Sprockets) have taken an unreasonable amount of time to arrive and are still not here. Other smaller parts such as key stock and sheet metal for the chain guard have been available in reasonable time. 
	Once the chain and sprockets are here, the project should be able to be completed fairly quickly. The parts that have needed modification are completed, so it’s just a matter of assembling the parts. At this point, the project hasn’t really been slowed because Jacob will need to finish the top plate before the system can go back together. 
	
[bookmark: _Toc65655819]a. Parts
	The larger parts of this project will be purchased online and shipped. This includes the roller chain and the sprockets. The sprockets, ANSI #100 Chain (4ft), and Connecting Link, and Adding/Connecting Link will be purchased from McMaster-Carr (Appendix C).  Sheetmetal for the Chain Guard will be supplied by CWU, and key stock for the chain sprockets will be supplied by Fastenal. 
[bookmark: _Toc65655820]b. Outsourcing
	There is no outsourcing for processes at this time.
[bookmark: _Toc65655821]c. Labor
	There is no outsourcing for labor at this time, however there will be labor involved on the designer’s part to assemble the project. The lab tech, Muir Hamilton, has been available to give general advice on how to go about manufacturing, and has been a great help in completing this project. 
[bookmark: _Toc65655822]d. Estimated Total Project Cost
	Parts themselves total at $589.18409.60. Shipping from McMaster-Carr is estimated at $50. Tax on the parts is $47.1332.77. This brings the project cost to a total of $686.31492.37. 
[bookmark: _Toc65655823]e. Funding Source
	The cost of this project is generously supported by The Joint Center for Aerospace Technology Innovation (JCATI). JCATI generously has given the project team a grant of $5000, giving each team member $1250 for each of their parts of the project. For this portion of the project, the total is coming in under that allowed amount at an estimated $686.13492.37. 



[bookmark: _Toc65655824]6. Schedule

a. [bookmark: _Toc65655825]Design

The schedule for this project has been divided into the following 8 sections: 
•	Proposal
•	Analysis
•	Documentation
•	Parts and Budget
•	Part Construction
•	Device Construction
•	Device Evaluation
•	Deliverables
For the design portion of the schedule, it will cover the proposal, analysis, documentation, and the parts and budget. Tasks within each portion are given an estimated time, and then the actual time taken is recorded. Each task also is marked to show if it was started/finished on time, late, or early. This is done within the colored bars shown in the example chart below. The full Gantt Chart is shown in Appendix E. 
[image: ]

Keeping the project at least very nearly on-schedule is very important, as this project needs to be completed by the last week of the third quarter of senior project. For fall quarter, the proposal needs to be completed for the tasks done in fall, and 12 analyses are required. Meeting with Professor Pringle has been very important as this has helped to keep the project on track and has also ensured that the appropriate analyses have been done. 
[bookmark: _Toc65655826]b. Construction
	Construction on this project requires a generous amount of time set aside to complete. A completed device is required by the end of winter quarter in order to move on to testing in the spring, so efficient scheduling is mandatory. Parts need to be ordered as early on in the quarter as possible to ensure they show up on time. At week 5, the parts have not arrived yet in even though they were ordered during week two. This is causing some scheduling issues, but tasks are still being completed that do not require the ordered parts.  
	On issue related to scheduling for construction is working out time to go into Hogue to work on the project. Between COVID-19, losing the full-time lab tech, class time, and working a job, finding time to go in has been possible but somewhat difficult. 
	It was discovered during week six of the quarter that there were some technical difficulties in ordering the parts for this portion of the project. By week ten, the chain had arrived, but there were still no sprockets. This obviously caused a major scheduling issue and the last bit of the project will have to be completed either during finals week or during spring quarter. 
	A lot of time was spent helping Jacob Atamian with his top plate. Since it was such a heavy and awkward plate to handle, at least two people were needed to handle it safely. This was a major piece that needed to be completed before much else could be assembled. Time spent on manufacturing and installing this part is noted on the Gantt Chart under 7d: Help Group Members.
	As seen on the Gannt Chart, most tasks for construction and assembly were started on time and ended on time. Buy Parts McMaster and Modify Spur Gear were started on time but completed late. As stated before, the parts were bought on time, but they still have not all arrived by the last week of the quarter. When it comes to the spur gear, it was thought that it was completed but when the group got close to assembly a problem was noticed. The newly drilled and tapped hole for the set screw had cracked towards the bottom of the hole and a piece of cast came out. This also ruined the threads. A new hole was drilled and tapped quickly after noticing, which now works perfectly. 
	
[bookmark: _Toc65655827]c. Testing



[bookmark: _Toc65655828]7. Project Management

	In this project, there is a fair amount of risk involved. The most obvious risk is when it comes to the safety of operating the crusher device. There is always a chance something could go wrong, or something was not accounted for, and failure of the device could occur. With the high loads the system will be under, failure could be catastrophic and cause injury. There is also financial risk within the project. The goal is to have the financial support provided to pay off with the result of a successful device, but again there is a chance that the device will not function as hoped. 
	Through effective project management however, these risks can be reduced and there will be a much higher chance of success. Outlined below are some of the resources used to manage this project. These resources, as well as expert guidance, will help to ensure success of the project. 

[bookmark: _Toc65655829]a. Human Resources
	Human resources are extremely important to this project. Professor Charles Pringle has been absolutely essential to helping the team in working around issues and to keeping progress going on this project. He has and will continue to provide expertise in all areas of the project. The lab tech Jim has also been very helpful with doing tests on the existing system and his help will be very useful to the construction of the updated designs. 
[bookmark: _Toc65655830]b. Physical Resources
	Many physical resources will need to be used in order to create and assemble the many parts of this system. A mill will need to be used to shave gear/sprocket hubs, which will be provided by CWU in the machine lab. Other various smaller devices will need to be used such as hand drills, wrenches, and hammers. These tools will mostly need to be used during the assembly of the device. A drill press my need to be utilized to drill chain pins as well. All tools will be provided by CWU and their machine lab. used to 
[bookmark: _Toc65655831]c. Soft Resources
	In the design of parts for this project, the most important soft resource that will be used is SolidWorks. This program has been and continues to be very useful to design parts and put together assemblies. 
	Other soft resources that have been very useful to this project are Microsoft Word, Excel, and Teams. Microsoft Word has been used to put together this proposal, and will be used for future updates. Excel is very useful for analyses with spreadsheets. Microsoft Teams will make regular communication with professors, experts, and teammates possible in the midst of the COVID-19 pandemic. 
[bookmark: _Toc65655832]d. Financial Resources
	Monetary support for this project has been generously supported through a grant from JCATI. This grant of $5000 makes it possible for each team member to have enough budget for each of their portions of this project. 



[bookmark: _Toc65655833]8. DISCUSSION


[bookmark: _Toc65655834]a. Design
	During the design quarter, many issues have come up that needed to be resolved and a there were a few changes in the design ideas. The process for some analysis of this project was also somewhat difficult to figure out. 
	When starting on this project, it was known that there was some misalignment between the original spur gears under load. Since gears need to have fairly accurate alignment, this would cause them to bind. The original solution to this was to try to go to a synchronous belt system, as it would be quiet, lightweight, and nearly maintenance free. Upon further analysis and research through, it was found that it would take a massively wide belt to be able to transfer the torque created by the gear reduction system. 
	This lead the project in the direction of the next best idea, which was a chain drive system, and this is what the design is still using. It was found that large chain would be able to withstand the tensile force and torque needed to transfer enough power to the crusher shafts. Through analysis, it was found that ANSI #100 would be the minimum size of chain needed, which is quite large and heavy. 
	An issue that was struggled with for much of the quarter was trying to find the actual amount of torque needed to crush the carbon fiber strips. The electric motor and reduction system were capable of a torque output of 10,000 ft-lb, but it was very important to know the actual amount of torque that the system would be designed to handle. Some analysis based on a hydraulic ram style crusher lead to a solution of 2000 ft-lb, but the design team wanted to be more sure of this number. So, real life testing was done by removing one of the spur gears and using a pipe wrench and a cheater bar to attempt to measure the force needed on the end of the bar to begin to crush a carbon fiber strip. At one point, a 215 lb. person was actually hanging on the very end of the 5.5-foot-long breaker bar and the carbon fiber was only just starting to crush. This was equivalent to about 1200 ft-lb of torque. This created more confidence in the 2000 ft-lb number found in earlier analysis, and this value was then used for design. 
	Another issue that came up was the fact that a chain drive could not be used to connect the top crusher shaft to the bottom crusher shaft since the crushers need to spin in opposite directions. To do this, that means that space on the bottom crusher shaft will be needed for both the chain sprocket and a spur gear is needed. To do this, there are two current ideas. Once is to simply remake the bottom shaft with a longer length on the end to fit both hubs. This requires a lot of material and money however, so an alternate idea may end up being used to fix this issue. The alternate idea is to shave down the hubs for each component until they both fit on the shaft. This would be a little more straightforward, but the hubs may lose too much strength. At this point, the primary solution is to use a remade longer shaft, which the budget will allow for. 
	Other than these few issues, the design process has actually been fairly smooth. By far the most difficult part was deciding on a belt or chain drive system, and then finding parts that would work. Overall, the design portion of this project seems to be a success. 

[bookmark: _Toc65655835]b. Construction

	The most immediate problem with the construction of this project is the COVID-19 situation limiting access to Hogue Hall to some extent. This has made it difficult for group members to find time to work on constructing the project. A COVID-19 test was required for all the group members as well, which was the first step in being able to go into the building. These tests took some time to be finalized, meaning the group was not able to come in until week 4 of the quarter. 
	Now that the group is able to come in, the first day back in the lab was spent disassembling the existing JCATI system. This had to be done because a 3/4-inch plate is going to placed on top to add rigidity. This also allows for the components to be laid out in a way that works with the new drive system. 
	Disassembly of the system when very smooth for the most part. The only hang up the group had was a bolt holding the crusher housing on had a stripped nut, which would not move on its threads. This bolt was easily removed with an angle grinder by removing the head of the bolt. 
	One issue related to the drive system is that both a spur gear and a chain sprocket need to fit on the bottom crusher shaft. This issue was also described under the methods and construction section of this proposal. To fix this issue, the hubs will most likely be milled down just enough to fit both the spur gear and the sprocket on the bottom shaft. The keyways on the shafts may also have to be milled longer, which would allow the spur gears to slide closer to the crusher housing. This would provide more space on the shafts and hopefully save the project from needing new crusher shafts. 
	While working on Jacob’s plate, a few of the holes were mis-aligned. This meant putting the plate back on the mill and redrilling some holes so that they would like up correctly. A lot of time has been devoted by multiple group members to get the heavy plate finished, and it now successfully installed on the table. 
	A few issues also came up when manufacturing the chain guard. Since the “edge flanges” of the chain guard are so long, some of the flanges could only be bent part way. This is because parts of the sheet metal benders interfered. This would not usually be an issue on something that didn’t have such large areas to be bent. Since they could not be bent all the way, this meant some of the bends had to be completed by hand with various tools. Though difficult, the bending was successful. On flange was mistakenly bent on the wrong side, which meant it had to be cut off and rewelded on the other side. While the welder was available, the edges were welded in the corners where they meet. This helped to make the guard more rigid. 
	When reassembling the crusher, the pillow blocks that hold the shafts needed to positioned correctly to avoid interference with the housing, and to provide the right amount of backlash for the gears. This was difficult because the bolts for the pillow blocks did not fit tightly into the pillow blocks or the housing. Two people were required to reinstall, with one person holding the shaft in the correct place while the other tightened the pillow blocks. The shafts are now installed with no interference and the backlash is tight without binding. 
	It was discovered that the modified spur gear has a stripped threaded hole for the set screw. This is suspected to be from the cast steel cracking and losing a chunk of metal during the tapping process. The gear will require a new threaded hole to be able to allow for a set screw. 
[bookmark: _Toc65655836]c. Testing



[bookmark: _Toc65655837]9. CONCLUSION

The updated design for the JCATI Drive System has been created, analyzed, and designed to meet the requirements needed to function effectively. Analyses have been done to determine the stresses the system will be subjected to, which has allowed for the parts to be designed to meet the demands. This includes analyses related to the power needed to run the system, and stresses in the chain drive and gear train portions of the design. The individual parts have been designed to work together to ensure flawless function of the system.  The parts have also been sourced and budgeted, and are ready to order. 

With this information, the system is ready to be created in the construction portion of the project. 

The design will meet the requirements previously specified, including: 

· Capable of transferring 2000 ft lbs. of torque without slippage
· Allow for .125 in of deflection without binding or slippage
· Weigh less than 30 lbs. 
· Capable of running at full 1750 RPM of electric motor (Much less at the crusher after gear reduction).
· Able to transfer the power of the 5 hp motor without binding or breaking.
· Continuously feed carbon fiber trimmings without interruption.
· Have a noise reading of less than 85 dB.
· Chains last for at least 5000 hours of run time. 


This project also meets all the requirements for a successful senior project, including: 
· Having substantive engineering merit in both power transfer, and structural areas
· Size and cost within the parameters of our resources
· Being of great interest to the principal investigator, JCATI
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[bookmark: _Toc65655846]Appendix B – Chain 55-002
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[bookmark: _Toc65655847]Appendix B – Chain Connecting Link 55-003
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[bookmark: _Toc65655849]Appendix B – Reduction Gear Box 55-005
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[bookmark: _Toc65655851]Appendix B – Keystock 20-001

[image: ]



[bookmark: _Toc65655852]Appendix B – Reduction Box Output Shaft 20-002
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[bookmark: _Toc65655856]Appendix B – JCATI Crusher Assembly 10-001
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[bookmark: _Toc65655859]Appendix B – Crusher Assembly 10-004
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	Part ID
	Desc.
	Source
	Brand
	Model
	Cost
	Quantity
	Subtotal

	20-001
	Key Stock
	CWU/
Other
	
	
	$5.00
	1
	$5.00

	20-002
	Reduction Box Output Shaft
	CWU/
Other
	
	
	Existing
	1
	

	20-003
	Chain Guard
	CWU
	
	
	~ $10
	1      
	$10.00

	20-004
	Modified Crusher Shaft
	CWU
	
	
	~ $100
	1
	$100

	55-00155-001
	Roller Chain SprocketRoller Chain Sprocket
	McMaster-CarrMcMaster-Carr
	McMaster-CarrMcMaster-Carr
	2741T1762741T176
	$125.02$125.02
	22
	$250.04$250.04

	55-00255-002
	Roller Chain #100Roller Chain #100
	McMaster-CarrMcMaster-Carr
	McMaster-CarrMcMaster-Carr
	7265K77265K7
	$148.10$148.10
	1 (4ft)1 (5ft)
	$118.48$148.10

	[bookmark: _Hlk56147340]20-003
	Key Stock
	CWU/Other
	
	
	$5.00
	1
	$5.00

	55-003
	Connecting Link
	McMaster-Carr
	McMaster-Carr
	7265K724
	$5.66
	1
	$5.66

	55-004
	Spur Gear
	Amazon
	Boston Gear 
	YH64B
	Existing
	2
	

	55-005
	Reduction Gearbox
	Surplus Center
	 World Wide Electric
	CALM90-15/1-182/4TC
	Existing
	2
	


											Total: $589.18408.80
			
[bookmark: _Toc65655862]APPENDIX D – Budget
	Part ID
	Quantity
	Description
	Cost ($)

	20-001 
	1
	Keystock
	5.00

	20-003
	1
	Chain Guard
	10.00

	20-004
	2
	Modified Crusher Shaft
	200.00

	55-001
	2
	Chain Sprocket
	250.04

	55-002
	1
	#100 Roller Chain
	118.48

	55-003
	1
	#100 Connecting Link
	5.66



	Item
	Quantity
	Description
	Cost

	55-001
	2
	#100 Chain Sprocket
	$250.04

	55-002
	1
	#100 Chain
	$148.10

	20-003 
	1
	Key Stock
	$5.00

	55-003
	1
	Connecting Link 
	$5.66


										Sub-Total: $589.18408.80
										Tax: $47.1332.77
										Shipping: $50 (Est.)
										Total: $686.31491.57
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APPENDIX F – Expertise and Resources

Decision Matrix for Belt vs. Chain Drive
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CHAIN DRIVE DESIGN

Initial Input Data: Example Problem 7-4 - Multiple strands.

‘Application: Goal Conveyor
Drive type: Engine-Mecharical drive
Driven machine Heavily loaded conveyor

Power input 5 hp
Seniice factor 15 Table 7-10
Input speed 26 pm
Desired output speed 26 rpm
Computed Data:
Design power 75hp
Speed ratio 1.00
Design Decisions-Chain Type and Teeth Numbers:
Number of strands 1 12 5 &
Strand factor 10 10 17 25 33
Requied pover per strand: 750 hp
Chain number 100 Tables 77, 76, or 79
Chain pitch 125 in
Nunber of teeth-Driver sprocket 17
Computed no_ of teeth-Driven sprocket: 17.00
Enter: Ghosen number of teeth: 17 Check availability from vendor
Computed Data:
‘Actual output speed 26 pm

Pitch diameter Driver sprocket:  6.803 in
Pitch diameter-Driven sprocket: __ 6.803 in

Center Distance, Chain Length and Angle of Wrap:

Enter: Nominal center distance: 7 pitehes | 30 to 50 pitches recommended
Computed nominal chain length 310 pitches
Enter- Specified no. of pitahes 28 pitches | Even number recommended
Actual chain length  35.00 in
Computed actual center distance: 5500 pitches
Actual center distance:  6.875 in

Angle of wrap-Driver sprocket:  180.0 degrees Should be greater than 120 degrees
Angle of wrap-Driven sprocket: ___180.0 degrees
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DESIGN OF SPUR GEARS

APPLICATION:

Reciprocating compressor driven by an electric motor.

Problem 60
Initial Input Data: _Factors in Design Analysis:
Wputpower:  P= 1hp [Algnment Factor, Ku=1 0+Ce-C o] TF<10 TF>T0] FD.= 015
Input Speed 26 rm Prion Proporton Fachor, C, = -0.008  0.000 [0.50 <FD; <2.00]
Diametral Pech: s Enter Cy= 05 Furest2
Number of Pnion Teetr & Type of gearing: Open  Commer. Precision Ex. Prec
Desired Output Specd 26 om Hesh Algnment Foctor, Coa = 0272 0150 | 0085 0.053
Computed number of gea teet 50 Eter: G = 026 Figure 913
Erter: Chosen No.of Gear Teeth: N, = 64 Algnment Factor: K, =178 _[computed]
T Computeddata ) Overioad Facor. K, = 1.7 Table 5.1
Actuel Output Speec: ng = 26 rpm SizeFactor: K, = 100 Table9-2:Use 10011,
Gear Rato 100 Prion Rim Thickness Factor: Kr = 1,00 Fig. 5-14: Use 1.00 i ol ik
Pich Diameter - Pion: &0 n ‘Gear RimThickness Faclor: Ko = 1,00 _Fig.8-14:Use 1,00 soid blank
Pich Diameter - Gear: &000 n Dynamc Factor_K, = 103 _[Computed: See Fig 9-16]
Center Distance: 8000 n Servie Factor. SF= 1,00 Use 1.00  no unusua condtons
Pich Line Speed s tmin
Transmited Load &80 b Relabily Factor: K = 100 Table -1"Use 1.00 for R = $9
“Enter Design Le: 25000 Tours —SeeTable 912
“Secondary Input Data: Pinion - Number of load cycles: N = 3.9+0¢] Cuiseines: 7, 2,
Win | Nom  Max | |Gear-Number of load cycles: No= 3.3E+06[10" cyces o10" <0
Face Widh Guielnes () 1000 1500 2000 | Bending Stress Cycke Factor: Yy = 103 | 100 103 | Fg.521
Enfer: Face Width:  F= 1500 n Bending Stress Cyce Faclor: V) = 103 | 100 103 Fig 921
at: Face widtinon damctr: FD = | 019 Piing Stess Cyce Facor: Zye = 102 | 100 | 102 Fgez2
Recommended rato FID.» < 200 Pitng Sress Cycle Factor: Zyg =102 | 100102 Fig 922
Eer Elstc Costien: o= 2500 Tab 7| [Siress Analysis: Bending
‘Evter Quaity Number._A,= 10 Table 94 Prion: Required s = 222687 psi  See Fig S-180r
Gear: Reaired s, = 222,867 psi Table 99
Enter: Bending Geometry Factors:  Stress Analysis: Pitting
Prion: U = 0450 Fig. 910 Prion: Requred s,c = 95254 psi e Fig. 9-190r
Gear  Jo= 0450 Fig. 910 Gear: Requreds. = 98256 psi  TabeS9
Enter Piting Geometry Factor 1= 0850 i 6-17 | |Specity materiats, alloy and heat treatment, for most severe requirement.
REF: e = 100 One possible material specification:
Compuiea sresses: s, = 229574 psi Ao | |Pinon: No material with suffcint Brine Harcness intable
229576 psi Gear | [Gear No maters with sufficet Brinel Hardness i table
100230 psi Piion
100220 psi___ Gear
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'SCHEDULE FOR SENIOR PROJECT:

\
PROJECT TITLE: ICATI Drive System
Principal Investigator: Tim Boswell

subtotal: 19 19

I Duration
TASK: Description Est.  Actua%Com Septembe October  November Dec  January
) (hrs)  (hrs)
Proposal® Ky
1a outline 5 s x
1b Intro 5 4 x
1c Methods 5 65 X x
1d Analysis 19 20 | 3
1e Discussion 2 3 e e
1f Parts and Budget 55 85
1g Drawings 16 165 e
1h Schedule 2 2 Fe's g
1i Summary & Appx 4 4 S
subtotal:  63.5 69.5
Analyses <
 2aHeat Trans=>Geo [
2D Stress Anal=>Geo 4 14
| 2c Power Anal=>Geo 5 s
_ 2d Kinematic => Geo o o
| 2e Tolerance => Geo o o
\
\

3 Documentation
_ 3a Part 1leg drawing
~ 3b Part 2 arm drawing

| 3c Subassembly torso

_ 3d Part 3 head drawing

| 3e Part 4 foot drawing

| 3f SubassemblyTrunk

_ 3gPart 5 toe drawing

| 3hPart 6 hand drawing

| 3i Subassembly side

_ 3j Device robot drawing
3k Kinematic Check

31 ANSIY14.5 Compl

 3m Make Object Files

I subtotal:

February March

April

May

June
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4 Proposal Mods
4a Project Robot Schedule
4b Project Robot Part Inv.
4c Crit Des Review™

subtot:

7 Ppart Construction
7a Buy Parts McMaster 2
7b Modify Crusher Shafts 3
7c Make Chain Guard 3
7d Help Group Members 10
7e Disassembly 3
7f Modify Spur Gear 2
7 Take Part Pictures
7h Update Website
7i Manufacture Plan™

subtot:

9 Device Construct
9a Assemble Chain 0

9b Assemble Crusher Shaft 1

9c Assemble Sprockets 0

9d Assemble Chain Guard 1

9e Take Dev Pictures 025

9f Update Website 1

96 Reassembly 4
subtotal:  7.25

10 Device Evaluation
10a List Parameters
10b Design Test&Scope
10c Obtain resources
10d Make test sheets
10e Plan analyses
10f Instrument Robot
10g Test Plan*
10h Perform Evaluation
10i Take Testing Pics
10h Update Website

subtot:

2.5
14.5

4.5
0.25
2.5

313

X X [X[X
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11 489 Deliverables
11a Get Report Guide
11b Make Rep Outline
11c write Report
11d Make Slide Outline
11e Create Presentation
11f Make CD Deliv. List
11e Write 495 CD parts
11f Update Website
11g Project CD*

subtot:

Total Est. Hours= 1165 128 =Total Actual Hrs
Labors 100 11650

Note: Deliverables™

Draft Proposal 0

Analyses Mod ()

Document Mods

Final Proposal

Part Construction Po
Device Construct <

Device Evaluation <
e o B
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Design #
core x Wt_2. Chain _Score x Wt

Cost 2 |
Weight 1 3

Strength 3 9
Functionality 3 9
Safety 3 9
Manufacturability 8 9
Noise 1 3

Life of Chain/Belt 2 q|

Total i 54
185 7222 8148 0.00 Percent
5123 Average
44.61 Std Dev.

Bias. Good
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    [Type here]     TIM BOSWELL  

        1500 SANDERS ROAD, ELLENSBURG, WA 98926  

OBJECTIVE      To find  employment in the  field   of engineering .    SKILLS      Understanding mechanical  systems; repairing engines;  modifying cars and trucks;  researching and learning theory  and  translating theory to actual  application ; communicating  clearly; operating computers .    TRAITS      Responsible, loyal, hardworking,  problem - so lver , persistent,  reliable , team player .    REFERENCES      Travis Bennett, owner, NAPA    Ellensburg. 509.201.0171        Scott Haberman, co - owner,    Double H J Hay. 509.859.2196                 EXPERIENCE      DRIVER/SALES• ELLENSBURG NAPA AUTO • DEC 2018  -   CURRENT  Deliver parts   to commercial clients ;  use good communication skills to ensure customer  needs are met; use thorough knowledge of computer system for finding  parts and inventory ; help with customer reque sts   and purchases ;  provide  excellent  customer service. Stock parts, clean, and have  working knowledge of auto parts.  Understand and apply policies and  procedures. Work independently and with team to complete tasks  quickly and accurately.  Maintain organized and clean work space.   FARM HAND • DOUBLE H J HAY FARM• JUNE 2014 - OCTOBER 2018  Operate  heavy farm machinery, includin g tractors with tedder, baler, and rake  implements, and harrow bed/bale wagons. Provide direction for team  while in fields; work on farm machinery, including repairs; help oversee  hay harvest.  Follow all policies for farm and large equipment safety  procedu res.         DELIVERY/WAREHOUSE WORKER • HABITAT FOR HUMANITY • SEPTEMBER 2017  –   APRIL 2018    Deliver and pick up donations of furniture; drive diesel box truck; intake  of donations at store and organize merchandise and determine pricing.  Use communication skills in working with public.   EDUCATION      MECHANICAL ENGINEERING TECHNOLOGY • SEP 2017  -   CU RRENT • CENTRAL    WASHINGTON UNIVERSITY, ANTICIPATED GRADUATION JUNE 2021  Calculus,  Physics, Chemistry, Auto CAD, Solid Works, Machining , Advanced  Machining, Basic Electricity, Engineering Project Cost Analysis, Statics,  Thermodynamics, Strength of Material s, Fluid Dynamics,  Technical  Dynamics, CAM, Metallurgy,  Engineering Ethics.   5 X Dean’s List award,  3. 4 14   Cumulative GPA.    DIPLOMA • JUNE 2017 • ELLENSBURG HIGH SCHOOL    3.8 GPA, 4 - year football player, All - League Offensive Guard, 2017 Player  of the Year.             


