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a.
Abstract 

The Resin Infusion between Double Flexible Tooling (RIDFT) is a process by which fiber composite molds are made.  By definition, the RIDFT decouples the infusion stage from the formed geometry, yielding a planar ‘flat’ resin flow. Upon observation and operation of the current RIDFT process it becomes obvious that there are setbacks involved with this design. 

Due to the excessive and exaggerated motions exhibited by the current operational procedure, the RIDFT was deemed labor intensive and time consuming. Specifically, the portion of the process where the two frames housing the silicon membranes are mounted and dismounted as well as replaced. Therefore, there is a need to improve this process in order to reduce and enable safe manpower utilization which includes a shorter processing time.  

In order to accomplish said results an automated lift system was designed. In an attempt to meet OSHA standards the aforementioned lift system was to be accompanied by a suitable ergonomic handling system, which can be retrofitted to the current RIDFT machines for each frame, providing desirable position for optimal vacuum, disassembly, and working space. 

Accordingly, the proposed design should be able to decrease operating manpower, improve safety and increase the overall efficiency in operating the machine. 

Upon further review of our initial design, it was determined that the combined vertical and horizontal lifting motion of the plates housing the silicon membranes created a looming safety hazard. This was due primarily to the fact that the system would place the plates over the operators head without any fail safes if the links were to fracture or distort. Moreover, the budget for said design exceeded expectations thus a new budget constraint of $3,000.00 to $5,000.00 was enacted. These setbacks required a complete overhaul of the proposed design therefore a prototype was not developed; instead, a new extensively detailed design was produced as well as an accompanying assembly instruction manual.
 
The new design was developed based on these requirements in which the frames would be lifted in a linear vertical motion with fail safe catches every six inches. This design met our budget constraints and enabled a safe work environment for the operator. Furthermore, it should be stated that the new design is a semi-automated system, not fully-automated as previously required. Also the system will not have a horizontal displacement for the removal of the plates as the newly set constraints only required portability and an emphasis on reducing the footprint of the RIDFT in its entirety. 
b.
Introduction


i.
Introduction

In the world of manufacturing, the use of fiber composite polymers has become a cutting edge practice.  These materials are sought after for their high strength, resistance to corrosion, electrical and thermal insulation, as well as being light weight. Because of its properties, composites have become constructive and necessary in a variety of areas. This includes the use of such material in the production of medical equipment (i.e.  X-ray equipment), aerospace (airplanes), civil infrastructural systems (retrofitting bridges), and in the creation of robots.  

Many processes have been investigated for the safe and rapid development of fiber composite polymers. Previous methods include open mold techniques i.e. hand lay-ups and liquid composite molding (LCM) techniques such as Resin Transfer Molding (RTM).  However, numerous have failed to match the demands for mass production and yield long production periods and high emission rates of volatile compounds.  At the High Performance Materials Institute, Dr. Okenwa Okoli has revolutionized the way in which fiber composite polymers are produced with the creation of the Resin Infusion between Double Flexible Tooling (RIDFT) process, which produces such composites inexpensively.  

Currently, the operation of the machine involves the manual positioning and removal of the top and bottom frames. Because the operation is manual, the constant motion comes at a great risk and arduous labor to the operator as well as a delay in production time. Therefore, it is in this aspect that Dr. Okoli seeks our assistance. 
ii.
Needs Assessment / Statement
The Resin Infusion between Double Flexible Tooling (RIDFT) process decouples the infusion stage from the formed geometry, yielding simpler ‘flat’ resin flow. The issue with this process is that it is very labor intensive and time consuming. Specifically, the portion of the process where the two frames housing the silicon membranes are mounted and dismounted as well as replaced. Therefore, there is a need to automate this process in order to reduce and enable safe manpower utilization which includes a shorter processing time. The proposed project is to design an automated lift system with an appropriate ergonomic handling system, which can be retrofitted to the current RIDFT machines for each frame, providing desirable placement for optimal vacuum, disassembly and working space. 
iii.
Problem Description
1.
Goal Statement
The emphasis of this project is to design and implement an automated hydraulic system that can be retrofitted to the current RIDFT machines that will stably, safely and accurately place the two aforementioned frames, in order to assure optimal vacuum, disassembly and working space. Moreover, this automated linkage system must have an ergonomic handling system as well as reduce operation time and maintain portability. 
2.
List of Objectives 
TABLE 1 Table of objectives
	
	Objectives

	1.
	Reduce Manpower Utilization

	2.
	Enable Safe Man Power Utilization

	3.
	Minimize Operation Time 

	4.
	Improve Production Repeatability 

	5.
	Reduce Operational Footprint  

	6.
	Portability


3.
Testing environment for the objectives
Not applicable due to current situation as project will not be constructed, but for possible future construction in the testing environment will strictly be confined to the operating floor of the High Performance Materials Institute. 
4.
List of constraints
TABLE 2 List of Constraints
	
	Constraints

	1.
	Frames must be placed with even weight distribution.

	2.
	Safe removal of frame after completed molding process.

	3.
	Solely one operator. 

	4.
	Design and manufacture within five months.

	5.
	Budget of $3,000.00 to $5,000.00  



iv.
Functional Diagram

Using the six sigma methodology, this team will eliminate unnecessary operator tasks, allow for more accurate fiber placement and improve upon operation safety. In order to do this, there must be a clear understanding of the RIDFT process. There are six major steps to the RIDFT manufacturing process.

Step 1: Load the fiber into the machine.

Step 2: Secure the fiber properly into the machine.

Step 3: Infuse resin into machine until fibers are thoroughly wet using the vacuum 
            process.

Step 4: Vacuum seal the two chambers so that the fiber is secured inside.

Step 5: Vacuum the resonated fibers so that the fibers are forming around the male mold 
            piece.

Step 6: De-mold the part carefully.
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FIGURE 1 Simplified Resin Infusion between Double Flexible Tooling step by step process.
v.
Quality Function Deployment / House of Quality
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FIGURE 2 Quality Function Deployment with House of Quality
vi.
Project Plan


After the fall semesters proposal was rejected due to safety and budget constraints, it was determined that future progress would be focused strictly on developing a new concept. Since our concentration only involves developing the concept we are no longer required to create a working prototype. This is clearly seen in the spring semester’s Gantt chart. In addition to the fully developed concept, we must also produce a well laid out instructional and operational manual.
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FIGURE 3 Fall 2011 schedule plan (Gantt Chart).
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FIGURE 4 Spring 2012 schedule plan (Gantt Chart).
c. 
Concept Generation
i.
Concept 1

Our first concept consisted of two mirror image four bar linkage systems, one on each side of the RIFDT tank. They were connected to custom machined gear and pinion systems, and harnessed power from dual 0.75 horsepower DC motors via drive shafts. Two sets of hydraulic rams were added to the linkage system to give the additional degree of freedom desired. As the hydraulic rams are extended in the design, the RIFDT frames can move at the angles desired to clear the tank ledge, allowing for removal and cleaning of the silicon membranes. 

After the model analysis showed that the desired motion could be reached with the design, extensive material analysis was performed to ensure the design was robust and could handle the loads it was exposed to. Using a combination of Aluminum 6061 and a medium carbon steel, the material was more than sufficient to bear the bending and torsional loads it would undergo. 

The issues with the design came late in the semester, as a misunderstanding between the customer and the team occurred. Initially thought, was that the budget was essentially unlimited. With a grand total of just under $14,000.00, the design became out of reach. Additionally, the OSHA standards weren’t clarified at the beginning of the project. In this automation design, there is a load hanging over the operator’s head for an extended period of time, which is a major violation of the safety code. Although exposed to minor loads, any failure in the hydraulics or material could lead to operator injury, and a large lawsuit for the customer. The design also took up quite a bit of floor space- very undesirable for marketing and transportation purposes. The only solution was a re-design addressing these issues.
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FIGURE 5 Concept 1 detailed view.
ii.
Concept 2
The second concept introduced a trolley on wheels with hydraulics attached to them. The frame of the trolley consists of two I beams, and two “C” beams on each side of the RIFDT tank, resting on the ground. The “C” beams from the trolley are guided into a steady locking position that acts as a track for the trolley cart to roll into. This will ensure the frames are consistently placed in the exact position every time it’s done.  

While minimizing the footprint was taken into consideration, the design changed from angular movement off of the RIFDT tank to a simpler vertical motion. Four hydraulic cylinders lift both frames (two cylinders for each) vertically off of the tank, and set them back down as desired. While the second design added some floor space with the “C” beams, the overall floor space was minimized. This design also was much more in line with the new budget of $3000-$5000, as it took away the need for expensive machined gear and pinion sets, as well as large DC motors. The most expensive aspect of this design is the hydraulics. 

The safety mechanism of this design featured a winch mechanism similar to a shop bay door. The idea was to use a hand brake similar to a bicycle brake lever which would engage a lock that would stop the actuation of the hydraulics. The issue with this was the lifetime of the chain and ratchet device. Modeled after bay door devices, these tend to fail over a short life time.  A re-design of this critical component was needed as well. 
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FIGURE 6 Concept 2 detailed view.
iii.
Concept 3
Concept 3, the final chosen concept, was largely based on the improvements made in concept 2. The trolley idea was still kept, as it was used for several key functions. While still providing an accurate and repeatable method of lining up the frames with the RIFDT base, it also allowed for the addition of safety pillars to be mounted on each side of the RIDFT. The safety pillars and hydraulics are both attached to the “C” beams with fillet welded Aluminum tabs. The “C” beams are essentially hollow rectangular tubing with one of the sections cut out to create the “C” shape. The “C” beams lock into place with T sections attached to the RIFDT for accurate guiding and frame placement. The T sections were initially the full length of the RIFDT, but were trimmed down to four two foot sections to save material and free up some of the budget. 
The strength of the weld and materials were both calculated extensively to ensure the loads wouldn’t be too large, and the large safety factor indicated that it wouldn’t be a safety concern. 
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FIGURE 7 Concept 3. For a detailed view regard figure 8.
TABLE 3 Decision matrix for concept selection outlining performance criteria.
	
	
	Concept 1

	Concept 2

	Concept 3
(Final Concept)

	Performance Criteria
	Weight (1-5)
	Rating (1-5)
	Score
	Rating (1-5)
	Score
	Rating (1-5)
	Score

	Cost
	5
	1
	5
	4
	20
	5
	25

	Operational Footprint
	3
	1
	3
	5
	15
	5
	15

	Accurate Frame Placement
	4
	3
	12
	4
	16
	4
	16

	Fail Safety
	5
	1
	5
	3
	15
	5
	25

	Portability
	3
	1
	3
	5
	15
	5
	15

	Total
	 
	 
	28
	 
	81
	 
	96


d.
Final Concept
As previously stated, the final design consists of aluminum tabs fillet welded to the “C” beams that serve as the resting bases for the hydraulic cylinders and safety pillars. 
The addition of these safety pillars allow for a safety device similar to a car shop’s lifting mechanism. On the outer faces of the pillars are incrementally placed holes. As the frames are lifted upwards, a hook ratchets into the holes, locking itself farther up the safety pillar. The hook is designed to be one directional, so that is can’t come crashing down if failure occurs. Once downward actuation is desired, a brake lever is employed to allow the motion to proceed. When the lever is disengaged, pins lock into the safety pillar holes, which block any further motion. This design dramatically reduces the chances for failure in the event of a hydraulic leak or other failure. This in turn reduces the danger the operator is exposed to significantly, as further demonstrated in the material and welding strength analysis below.  
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FIGURE 8 (Left) Showcases the final trolley design in a detailed view. (Right) Depicts the safety hook release levers.
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FIGURE 9 (Left) Displays the modified T-Track which serves as a leading guide for the C-Beam. (Right) Conveys the workings of the safety latch system.
i.
Material/Stress Analysis

It is crucial for the design’s success to sustain the loads applied by the hydraulic cylinders and safety pillars located at the extended regions of the trolley’s “C”-cross sectioned track. In order to determine these loads one must find the forces enacted on these platforms, and for accurate portrayal must take into account the additional initial force caused by the impulse of the hydraulic cylinders. It should also be stated that the forces created by the hook, spring, draw string and connection tab are so minute that for all intensive purposes can be considered negligible. Once these forces have been calculated one can utilize the stress relation to find the applied stress, which may then be compared to the yield strength of Aluminum 6061 in order to determine whether or not the support beam will fail.

After the calculations were performed (see appendix), the same conclusion was reached. Both loads are nowhere near the yield strength of Al 6061, thus neither will fail. The beam will ideally will not even experience these forces, as there will be a roller directly underneath the load to result in a minimal net force (see figure 1). 
In order to accurately model the situation found in figure 1 one must first find the velocity associated with the initial impulse of the hydraulic cylinder. Once the final velocity is obtained, the force created by the impulse can be solved, assuming 0.5 seconds for the time change. Once the total resulting force has been calculated the resulting stress can be calculated, and compared to the yield strength of Aluminum 6061, 241 MPa, to determine whether or not the material will fail.
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FIGURE 10 (Left) Depicts the hydraulic cylinder atop of the support beam, and wheel which acts as a roller. (Right) Shows the equivalent forces enacted upon the beam, which is attached to the trolley’s C-cross sectioned track.
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FIGURE 11 (Left) Depicts the square hollow safety pillar with a wall thickness of 0.25 inches atop of the support beam, and wheel which acts as a roller. (Right) Shows the equivalent forces enacted upon the beam, which is attached to the trolley’s C-cross sectioned track.
ii.
Welding Strength Analysis

To hold the aluminum (6061) tabs for the safety pillars and hydraulic cylinder platforms, multiple fillet welds of throat width 0.45″ were used. The welds consisted of 4.5” length on the top and bottom of these metal tabs, which were supported by rollers underneath the loads as well, as previously mentioned. Exposed to a force on the order of F= 467N, the roller underneath this force would theoretically negate any vertical load and cause zero stress on the welds at the base. However, for extreme safety factor, the weld stresses were calculated assuming the rollers underneath the loads are non-existent, meaning that the weld stress experienced will actually be a tiny fraction of what we calculate it to be (below). 
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4. Stresses in Welded Joints in Bending
F





FIGURE 12 Nominal throat shear stress of a fillet weld in bending.
Referring to Figure 12, the weld length is denoted by (b), while the separation of the welds or plate thickness is denoted by (d).  The throat height is (h). The moment created by the 467N load at a length of L = 2.5” (.0635m) is M=29.65Nm. The calculation for shear stress in bending for this geometry then follows (see Appendix).Therefore, assuming no roller was present underneath the load, the total bending stress at the fillet welds would be 5.07 MPa. The allowable weld stress desired for such welds is 40 percent of the yield strength of the weaker material (parent or welding). Al 6061 has yield strength of 240-270MPa, while the welding material, Al 5356 has similar yield strength of 262 MPa. Therefore, σ allowable is about 105 MPa.  This figure is under the assumption that the geometry is a pure cantilever with no other support. At a total shear stress (in the extreme case of maximum loading) of 5.07MPa, the weld strength is never in question, as it is 1/20 of the allowable stress.  Furthermore, once the rollers are placed directly under the loads of the hydraulic cylinders and safety pillars respectively to negate the majority of the load, the stress at the fillet welds will be miniscule, and not significant enough to be of concern. Both the materials used as well as the welds created are not of concern for safety. 
The final design dramatically improves safety issues from the previous design, and has a large safety factor in its materials and welding points. Additionally, it reduced the cost from $14,000 to $4300, and takes up much less floor space. Minimal machining is needed for this design, and the assembly is much simpler as well. Overall, the final design is the best choice, and the most effective in completing the objective of safely and efficiently automating the RIFDT process. 
e.
Engineering Economics
Figure 13 and 14 illustrates the entire bill of materials, ascertained by researching a myriad of companies for each piece of the final trolley design. Utilizing the lowest cost for each material the total came out to $4,347.34 which falls well within the set budget of $3,000 to $5,000, allowing $652.66 for any discrepancies in price, unforeseen circumstances, and shipping costs. It is important to note that some metal pieces were ordered in large bulk as it is cost efficient to buy the smaller pieces and then weld them together. In addition, there are certain pieces such as the connection tabs and links which will come at no cost as they will be manufactured from the scrap metal left over from previous pieces, mostly from what we have dubbed the C-track, which is the rectangular hollow beam that will be used as the guide for the trolley, and the T-track, which will be attached to the RIDFT as a leading guide for trolley insertion. Overall, with the decision to buy in bulk and weld as well as to utilize the aforementioned scrap metal, we have been able to save a total of $909.57 which by any standard is a noteworthy sum.
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FIGURE 13 Depicts the part of the trolley that will be purchased as well as the material from which it will be manufactured in addition to its part number, quantity desired, price per unit, manufacturer and total cost.
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FIGURE 14 Is the continuation of figure 3. The difference on this figure is the price, Free, but that is due to the fact that those pieces will be manufactured from the aforementioned scrap metal. Also the complete total $4,347.34 is shown at the bottom.
The Pareto chart, figure 15, is used to determine what trolley assembly pieces have to be reduced in price or alternated for more cost-efficient pieces. According to this plot, any set of pieces that exceed approximately 40%, roughly $580.00, as determined by the logarithmic-like purple curve, should be reconsidered in attempt to yield a cost friendly budget. Such pieces that fall within this categorization are the hydraulic pump and reservoir system as well as the hollow rectangular beam, used for what has been dubbed the C-track.
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FIGURE 15 The red bars signify the cost of the materials while the purple logarithmic style line conveys the cumulative cost percentage.
Taking the Pareto chart into consideration, it has been determined that the price for both the hydraulic system and C-track will remain the same as the hydraulic system is custom and is known to have only one distributor. Moreover, the C-track was already reduced from its previous price by buying smaller pieces and planning to weld them together. In addition, no other aluminum wholesaler to date has a better price than what has been researched. The only plausible manner in which to reduce the aforementioned pieces’ prices is to find cheaper wholesalers, which is, according to the research, a slim to none chance.  
f.
Environment, Health and Safety
OSHA is a federal government organization under the branch of the U.S. Department of Labor. The Occupational Safety and Health Administration (OSHA) was founded with the intent of reducing workplace injuries and illness.  OSHA creates and enforces regulations to improve the safety and health of employees under strenuous labor. OSHA achieves these goals by imposing standards, providing training, and encouraging continuous improvements in safety procedure.

Possibly the most important concern in the fabrication of a new design is meeting the OSHA standards and regulations. The previous design had to be completely modified in order to focus on these standards. One example of an OSHA standard is the RULA assessment and risk factors sheet, which were developed to fulfill the laid out requirements (Appendix, Section vii). Every movement the operator performs is scored, based on certain risk factors. Each RULA chart pertains to a certain motion type which assigns a number value to the risk level for that body part. Depending on the score given by the chart, the process is deemed safe or impermissible. 
Some of the concerns encountered with the previous design arise from OSHA standards, which state that no moving objects can be held above an operator’s head. This problem was averted by utilizing safety lock mechanisms which catch the plate in the event of hydraulic failure, preventing potential cranial and spinal contusions. From the Pro Engineer simulation made to scale, we were able to find the volume of each system component. Once the volume was determined the weight was calculated by multiplying by the respective densities of aluminum and oak. Through this we were able to determine the weight of the trolley cart. The estimated weight of the Trolley is 327.78 pounds with a coefficient of friction, μ, between 0 to 0.1 (for wheels on a flat surface). Using this information and comparing it to the OSHA standards we found that our design fell well within the standards for the weight limitations of a four-wheeled cart.
TABLE 4 Recommended limits in the selection of hand and powered trucks and carts.
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As previously stated, the trolley consists of a four wheel hand cart with an approximate weight of 327.78 pounds. The trolley will always be stored approximately 100 feet from the RIDFT and will be used a maximum of four times each day. According to the OSHA standards shown in Table 4, the trolley maximum load and transport distance, along with maximum usage frequency are all within the required limits.    

After completing and analyzing the RULA charts it was determined that this process must be at least partially automated to reduce operator strain. See appendix, sections iv through vi for detailed calculations and analysis.
g.
Conclusions

All the key objectives that were proposed were achieved in the design process. They were: reduction in manpower utilization, reduction of the risk of operator injury, an increase in portability, reduction of the operational footprint, and improvement on the production repeatability. When compared to the previous non-automated operation time yielded by a single operator, our design met and exceeded the goal of minimizing the total operation cycle time. 

The project was successful in meeting several key constraints, including an even weight distribution of frame placement, a budget of $3,000-$5,000, and a process that could be performed by one operator with minimal strain. 

In our design we accomplished all of these goals through extensive material, cost, and ergonomic analysis. This analysis led to several iterations of the design. Ultimately, the final concept featured quad hydraulic cylinders for vertical actuation. These cylinders use a retraction spring to latch upwardly, allowing for a safe and effective way of lifting the frames. On the downward motion, a brake lever must be engaged by the operator to allow the cylinders to retract the frames into the molding position. Once the brake levers are disengaged, the safety hooks lock into the safety columns, preventing the uncontrolled descent in the event of hydraulic failure. The repeatability was ensured by a T track and C beam pair, which allowed for accurate trolley guidance and frame placement. 

Through material and welding strength analysis, it was determined that neither the aluminum 6061 nor the fillet welds would fail due to the loads they are exposed to. After calculations, the stresses placed on the support tabs are insignificant when compared to the yield strength of the material. A large safety factor exists, so that the customer can feel confident in the robustness of the design, in the event of a desired design upscale. 

Through efficient utilization of excess raw material, we were able to save $909.57. This allowed us to remain $652.66 under budget. The T tracks were cut down in length to four-two feet sections, reducing costs further. These excess funds can be used towards shipping costs, out of house labor costs, and price change due to product availability.  
h.
Future Work 
Due to the limited amount of funds and time allotted for the project, there are a few crucial components that can be improved upon as future developments. 

An accurate way of placing the fiber sheets was never completely addressed in the design. Although the T track and “C” beam pair allowed for accurate guiding of the frame structure over the RIFDT with repeatability, the fiber sheets underneath the frames can still shift during the hydraulic cylinder actuation. Future endeavors should address a precise way of using the minimal amount of carbon fiber sheet (to save material and lower cost), which means it must be placed only directly over the mold needed. A laser guide system could be used in combination with a transparent acrylic sheet that contains placement markings. These markings would allow for the accurate fiber sheet placement, minimizing wasted material.

Initially, full automation of the RIFDT process was sought. Due to the budget and time constraints, the process was made to be semi automated. With a significantly increased budget, several components would need to be purchased for this endeavor. To drive the system, a dragon board, electric motors, a voltage converter, and motion sensors all need to be integrated in an ergonomic display. This “touch of a button” system would require a significant amount of programming, and time for trial and error calibrations. The safety mechanism would also need to be automated, as engaging and disengaging the safety hooks would no longer be controlled by the operator’s engagement of the brake levers. This could potentially be dangerous, and a manual override should be in place so the operator can stop the actuation at any point in time in case of an emergency. 


i.
Imparting Words

Throughout our senior design project, design and safety improvements arose frequently.  Changing the RIDFT design is a major process, however and usually can’t be done without extensive analysis. When a design improvement has been brought to our attention either through team revelations or customer changes that may increase efficiency and safety, we set up a group meeting immediately. After discussing the pros and cons of the new design ideas we decide whether or not the change in design will better our design and still satisfy our customer requirements, we enter the change phase. The change phase can be very tedious when trying to implement a new design. The change must be accepted by all team members and must be finally approved by the customer. 

In our senior design project we had several design changes come up. Design changes can come up for various reasons such as, cost, safety, customer requirements, and miscommunication. Design changes take up costly amounts of time and effort and should be limited as much as possible. To limit design changes we have come up with a few future work suggestions when designing a machine to automate the RIDFT. Weekly meetings will keep both the design team as well as the customer up to date and on the same page. The customer will also be able to identify quickly as to whether or not the design team is straying from its main objectives. Lastly we highly recommend when preparing your initial design you pay close attention to detail and scrutinize every possible situation that could arise. You will be surprised by how the most minute issue can destroy your design. Just pay close attention to detail; it would save your team time, money, and effort.
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j.
Appendix
i.
Hydraulic Cylinder Tab Support Stress Calculations
In order to accurately model the situation found in figure 1 one must first find the velocity associated with the initial impulse of the hydraulic cylinder.
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Of course once one obtains the final velocity, the force created by the impulse can be solved, assuming the change in time to be half a second for the impulse to occur.
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Once the total resulting force has been calculated one can solve for the resulting stress and compare it with the yield strength of Aluminum 6061, 241 MPa, in an attempt to determine whether or not the material will fail.
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ii.
Safety Pillar Tab Support Stress Calculations
For this particular model the mass of the safety pillar had to be solved for this included doing calculations for the square hollow cross section of the pillar and the circular hollow cross section of the safety notches, which measures up to 0.75 inches in diameter and 0.125 inches thick.
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Now with the mass attained one can solve for the resulting force on the support beam.
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As previously mentioned, once the total resulting force has been calculated one can solve for the resulting stress and compare it with the yield strength of Aluminum 6061, 241 MPa, in an attempt to determine whether or not the material will fail.
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iii.
Welding Strength Calculations

M=F*L

[image: image59.png]1414M






(Hollis)
[image: image60.png]1.414 (29.65)
(1143+ 00635+ (.0114)

5.07 MPa





iv.
Elbow and Forearm Force Calculations
TABLE 5 Standard operator stature and experienced loads during operation of RIDFT.
	Height of Operator
	Weight of Operator
	Weight of Load
	Weight of Supported Load
	(

	68”
	150lb
	50lb
	25lb
	90°


Force on bicep when operator completely lifts frame and silicone sheet from RIDFT.
[image: image61.wmf]
FIGURE 16 Free body diagram of elbow and forearm.
· W*L=50lb

· ∑Fy = 0
· Ry + FB -.02W - FD = 0

· Ry = 633.7 lbf
· ∑MA = 0
· FB(BC) -.02W(BD) - FD(BE)

· FBicep = 686.7 lbf
Force on bicep when operator lifts silicone sheet not entirely off RIDFT. Sheets load decreases on operators arm when only slightly lifted (WL=25lb).

· ∑Fy = 0
· Ry + FB -.02W - FD = 0

· Ry = 325.3 lbf
· ∑MA = 0
· FB(BC) -.02W(BD) - FD(BE)

· FBicep = 353.3 lbf

Explanation of calculations:

The operators biceps undertakes high stress levels when performing this task.

Force on bicep when operator lifts silicone sheet not entirely off RIDFT. Sheets load decreases on operators arm when only slightly lifted (WL=25lb).
v.
Bending, Lifting, and Carrying Force Calculations
TABLE 6 Bending motion of operator lifting frame from ground.

	Height of Operator
	Operator Weight
	Load Weight
	(
	(

	68”
	150lb
	50lb
	57°
	13°
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· FIGURE 17 Free body diagram for bending, lifting, and carrying.
· ∑Fx = 0
· Rx - Fex = 0; Rx - Fecos((-() = 0 

· Rx = 626.4lbf
· ∑Fy = 0
· Ry - .36W – (.18W+WL) – Fey = 0 

· Ry - .36W – (.18W+WL) - Fesin ((-() = 0 

· Ry = -735.3 lbf (Downward action)

· ∑MA = 0
· -.36W(AB)cos(() – (.18W+WL)(AD)cos(()- Fey(AC)cos(()+



 Fex(AC)sin(()

· Fe = (289.1/10.191) = 870.1lbf ( Extensor Muscle Force) 

Explanation of Results:

The operators back undertakes extremely high forces when performing this task.
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FIGURE 18 Diagram of bending, lifting, carrying.
vi.
Bending, Lifting, and Carrying Force Calculations (Cont.) 

TABLE 7 Erect position of operator replacing RIDFT frame.

	Height of Operator
	Operator Weight
	Load Weight
	(

	68”
	150lb
	50lb
	85°


· ∑Fx = 0
· Rx - Fex = 0; Rx - Fecos(() = 0 

· Rx = 1.87 lbf
· ∑Fy = 0
· Ry - .36W – (.18W+WL) – Fey = 0 

· Ry - .36W – (.18W+WL) - Fesin (() = 0 

· Ry = -152.4 lbf
· ∑MA = 0
· -.36W(AB)cos(() – (.18W+WL)(AD)cos(()- Fey(AC)cos(()+


 Fex(AC)sin(()

· Fe = (289.1/10.191) = 21.6 lbf
Explanation of Results:

The operators back does not go through extreme strain while carrying sheet with back erect.
vii. Ergonomic Analysis Charts
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FIGURE 19 Risk factor assessment for lifting frame from chamber surface.
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FIGURE 20 Risk factor assessment for replacing frame.
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FIGURE 21 Risk factor assessment for lifting frame to adjust fibers.
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee’s personnel folder for future reference.
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FIGURE 22 Lifting frame from chamber surface RULA (Rapid Upper Limb Assessment).
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee's personnel folder for future reference.
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FIGURE 23 Replacing frame RULA (Rapid Upper Limb Assessment).
[image: image70.png]66716 (2ipc “somuowoSg payda

10 110 23paty unpy dossoford @

ML Jo sy MG

1apiosip quitp taddn paijai-yiom fo uoupSiseaur ayr 10f poysaut Kaains b I (€661) NG Va0 P T Kaumunyyopy aomos

Ajejeipawun abueys pue sjefyseaur £ fuoos sbueys pue Jeypny eeBisaaul g 10 g ‘iaypny ajeBseaul ¢ 1o ¢ 'a]qededdy = z 40 | :3H0DS TYNI4

1181008
aleq

i

‘Juswyedaq

:Auedwon

;Joefgns

2 UBUQ U0 UWIND 3L PU 0) PaSN S| SISAfRUR 81095 637 P YUnLL HOIN ouL =
697 § U1 /OO 0U) WOy 21005 PAISIAWOD B L

2 3[qe) Ul uwnjo puty :g) dajg

£+ $¥0Us 10 pajea

10 p0) B3 0| Uewd aiow i a0og pojenioy =

(€] )\
o
R @
[§]

walwie|ul) 6% Z uew ssa| peol |

21098 Peo|/29104 PpY :p| dalg

L4+ 12100 JO SINUILYY UOROE J|
10 oneys Auiew ainjsod 4|
21098 3s() 3[9sSN|y PPY €} dajg
83|qeL 81003 g aunsod =
111098 8IS0 81900 01 0} 68 SIS WO SaNEA BTY

@ 9|qeL U1 31098 2INjsOd dn-yoo :z| dajg

snns:,maNFNFNm
CiiTelaiele e e le ] 0] geaeL
an @ == on]
s s @ e v T~
21095 IS0 HUNIL — St
Z+ 30U [ ———

\'|+ ‘pacue(eq pue paioddns 1o} 3 sBa) 1
sba:}) daig

Supusg-aps s1 yuny

& =01098 |eulq

v = a100s. wiy 3 15um feury

v
i

“ysnipy :eo) dojs
i 0z -
" - / / paieas.
8 / 4 pase
o 4 / I bupuers
£+ Ty 23
209 0102
uolisOd yun 21e307 :} dajs 0Z00 0100 HOSEL
L+ :BUIPUSQ-8DIS S1 08U J| ||+ RIS S o3U J| i0og 3oaN mife
~snipy :eg dajg _ M
f - 2= e
Al
| i
b G Lo
wosuapay - v 3 o
402 0Z010b  0LOO

uonIsod Y92 9je20T :g dajg
sisAjeuy Ba g yunil “YoaN 'g

7
sy

v slqeL

S3Y¥0IS

—
\ _Hmu T
@ Jp—.

= v 21095 aimsog
E Y 8|qe] uj 21093 a1njsog dn-yoo7 :g dajg

m = ai00g jsm sum
m = 2100 Jsum feurd

+06

2 91q8L U0 Mo au) puy 0} pasn S| siskjeue
ISUMWLY B4} WOJ 21095 PalaIdwod au

0 9|qeL Ul Moy pulg :g dajg
£+ $¥004s 10 pateadas Jo peol By 0} uewy aiou
2+ (paleadas 1o yers)

0+ :,,ku uuejul) 6 Z uey) ssej peoj j
21008 peojjasiod ppy 3, dajg

210U JO BN Jad S3W p SINXD0 ApiEadas LoRoe J|
40 (Snuiw | ey 136uo| 10} piaY “a'1) D1e3s Ajurews aimisod

2109G as() 2|2sN|y ppY :9 dajs

v 2(qe}
U 21005 anISad 81830 01 p 3 £Z'| Sdals Woy sanfen asn

2 = abues Bunsim Jo pus 1eau 10 je 1SImj §|

!L= 9BuB-pIW Ut AJUIBW PajSIM SI 1SLIM J|
ISIML 3SUM p dojg

L+ UIIPIY 91 WOy 1UaQ S1istm j|

“jsnipy :eg dajg

vt
£ SHo10 0
z 2
GLor0 g L+
51

uoisod JSHM 3jeao ¢ dajs

1+ AP0 10 3PIS 0} 10 e
SS0108 BUDIOM S W J|

“jsnipy ‘ez dajg

1+ 2Apog ayy o 8

i 8 (]
UOISO4 WiyIamoT ajeaon ;7 daig
|- :Buiues 5| uossad Jo pauioddns s1 wie j)

1+ ‘paioNRge i we oddn Jj
L+ posies stiapInous Ji

“snipy ey daig

060 S+ §pOI0Z+  o0z-<; 0Z+0l 02"
€+ 2+ + . .
et PN WL

uoisod uly Jaddn ajeo ;| dajg

sisAjeuy JsUp B wiy 'y

'20UB19}31 21Nnjny 10} 18p|o} [uuosiad s,2a40jdwa ay} Ul Adoo e dasy ‘mojaq ainpaooid dajs-Ag-dajs ay} Bumojjo} JeaysyIom sy} 8)8|dwoy

J93ysyJop Juswissassy dakojdwz viNY

Lattdd 07




FIGURE 24 Lifting frame to adjust fibers RULA (Rapid Upper Limb Assessment).

k.
Engineering Drawings
[image: image71.emf]
FIGURE 25 Outer support dimensions for the T-Track located at the bottom of the RIDFT.
[image: image72.emf]
FIGURE 26 T-Track detailed view. Serves as a leading guide for the C-Beams.
[image: image73.emf]
FIGURE 27 C-Beam trolley guide descriptive view.
[image: image74.emf]
FIGURE 28 Adapter tab connects hydraulic ram to frame linkage adapter. Detailed view.

[image: image75.emf]
FIGURE 29 Linkage adapter connects the hydraulic cylinder to the frames. Detailed view.

[image: image76.emf]
FIGURE 30 Platform for the storage of the hydraulic reservoir and pump. Detailed view.
[image: image77.emf]
FIGURE 31 Descriptive view of the safety pillar which houses the safety hooks.
[image: image78.emf]
FIGURE 32 Safety hook housing which grounds the hook to the top of the linkage adapter. Detailed view.
[image: image79.emf]
FIGURE 33 Detailed view of the safety hook.
[image: image80.emf]
FIGURE 34 Top detailed view of C-Beam shows the support tabs and location of reservoir placement.
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