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1. Statement of Purpose 

 

The purpose of this project is to improve an existing pipe bending testing procedure for 

HDPE 3”-6” diameter pipe. Instead of a manual, unstandardized process, there will be an 

automated, standardized one more efficient and easier to operate. This will include a fully 

guarded fixture, being that safety is a number one priority. Data collection will also be a new 

option, so that the plant can prevent future defects in the product, thus saving money and time. 

1.1 Justification 

 

ADS, specifically the quality control department, has been wanting to find a way to make 

the Pipe Bend Tester more efficient and more importantly, safe. We saw this as a great 

opportunity for a senior design project and to help ADS knock this project out. With this type of 

manufactured pipe, they are having issues with it cracking under cold weather conditions and run 

into the issue of unsatisfied customers sending it back for replacement. The pipe is called 

dewatering header pipe, which is 5” diameter single wall high density polyethylene. Many 

customers use this pipe to remove underground water, usually before starting construction and 

placing permanent drainage systems in the area. 

The existing tester is a manual mechanism and there is no way to standardize the angle or 

force put on the pipe. Currently, the pipe is being put in a freezer to a specific sub temperature 

and then placed on the tester and an employee manually turns the handle to bend the pipe at 

around 180 degrees. One of the biggest issues is that there is no guarding protecting the 

employee from plastic projectiles if the pipe does crack. If the pipe does fail, they readjust the 

production line to change the thickness of the pipe. There’s also no data collection to be made 

other than a pass/fail. This new design will standardize this process, add guarding for safety, and 

allow for some data analysis in order to prevent future product loss. In completion of this project, 

it will help the company in various ways of improvement, not only in Sebring, but in other plants 

as well. We hope to design an automated machine with air controls that could go beyond testing 

only 5” diameters and to include 3”, 4” and 6” single wall HDPE pipe. The most important 

aspect of the design is safety for the employees, which should always be implemented within the 

manufacturing processes in the company.  
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Current Testing Procedure 

1.2 Objective 

 

Currently, in one of the ADS plants in Sebring, FL, there is a manual mechanism that 

performs a bend test on corrugated pipe to see if it cracks under high angle bend in a cold 

environment. Our objective is to redesign the existing manual controlled machine so it is 

automated and can measure force when the pipe is cracking. We plan to automate this machine 

by using an air logic system and to avoid making it highly sophisticated with electrical 

components. We also need to have this in a safety enclosure following safety standards since this 

will be an automated machine and to prevent any injury to employees.  

2. Methodology/Scope 

 

In order to successfully complete this project, we will have to include and implement all 

requirements asked for by the company. While doing this, we also need to make it as cost 

effective as possible (cheapest options, while still maintaining requirements). The main points 

are listed below: 

Safety  

a. Our number one priority in the design 

b. Guarding all areas needed while following national and company safety standards 

c. Inexpensive and most cost-effective option 

d. Working with safety managers in the company to ensure all regulations are met 

e. Include an e-stop for emergency situations 
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Frame Design 

a. Must be portable and as compact as possible 

b. Limit the amount of materials needed, but still large enough space 

c. Must be ergonomic for the employees using it 

d. Be able to test various diameters of pipe 

Air Controls and Data Collection 

a. Implement a rotary air actuator for bending automation 

b. Add sensors and gauges where needed for data collection 

c. Be sure that the data collected is useful in production and preventing failures in the field 

d. Make it as easy and time efficient as possible for employees to use 

 

2.1 Steps 

 

1. Have the existing manual machine sent to ADS New Miami from Sebring, Florida 

a. Examine this machine to see how it’s put together 

i. Gather dimensions and purchased part numbers 

ii. Floor set up 

1. How is it set up when in use? 

2. Is it bolted or stand alone? 

iii. Make decisions on how to use the existing machine to influence new 

design 

2. Begin thought process of new design  

a. Structural build 

i. Determine structural components of the machine 

ii. Design the machine to accommodate 3”-6” corrugated pipe 

1. Will this be a swap out piece, or will each size pipe have its own? 

iii. On floor set up. 

1. Where will it sit in the plant stationary 

2. Fork pockets for easy mobility  

3. Support the weight of machine 

4. Mobility to travel between plants and floor areas 

b. Automation 

i. Determine what components need to move 

1. Direction and angle of these moving parts.  

ii. Amount of force needed to bend the pipe 

iii. Research air logic systems and find what best fits this machine. 

1. Integrate air automation design into this machine 

2. Determine a power supply to the air system 

3. Understand how this works and automates the system 

iv. Design to be a simple push button operation with an E-stop 
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c. Safety 

i. Since this is an automated system, safety precautions should be made with 

guarding surrounding the machine 

1. Determine what needs guarding and where. 

2. Make sure no guarding will interfere with operation  

3. Any signs or written warnings should be determined and placed for 

concern of a safety hazard.  

d. Data collection 

i. Determine which type of sensors and force gauges are appropriate 

1. Location of sensors and gauges 

2. Output needed for data 

3. 3D modeling/drawings 

a. Create working 3D models of components.  

i. Every component should have a 3D model so it will show up in BOM 

ii. Find purchased part models or make close representation of them on own 

b. Assembly 

i. Assemble the components in Inventor so that they are a full representation 

of what’s going to be built.  

ii. Try to work out any issues found in 3D software before building the 

physical machine.  

c. 2D drawings 

i. Create mechanical drawings of parts as needed 

1. Parts include anything with machining work done etc.  

2. Does not include purchased parts or simple parts i.e. bolts or nuts 

3. Be as detailed as need be. 

ii. Create main assembly drawing with BOM 

1. BOM must be organized and show components as needed for 

assembly 

2. May reference purchased part numbers and drawing numbers for 

individual parts as needed.  

3. Include balloons to point out assembly parts corresponding to BOM 

4. Have drawings looked by ADS engineering managers 

4. Part ordering 

a. Collect quotes from multiple vendors 

i. Make excel sheet for quote prices and comparison 

ii. Include shipping dates and costs 

b. Order all necessary purchase parts, structural parts, and weldments 

i. Determine if it would be cheaper to assemble purchase parts ourselves or 

have the vendor do it during manufacturing 

c. Make sure that all parts and assemblies will arrive by scheduled date 

5. Assembly 

a. Structure 

i. Build the structure according to the drawing, if not already assembled by 

vendor 

6. Testing  

a. Perform testing for 3”, 4”, 5”, and 6” single wall PE corrugated pipe 
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b. Record data for force applied to pipe during bending 

i. Are all sensors and gauges working properly and placed correctly within 

the machine? 

7. Data collection 

a. Is this data useful for quality control? 

b. Will this data be helpful in reducing the number of failures? 

 

2.2 Timeline 

 

 

 This was our originally planned timeline prior to knowledge of the worldwide pandemic. 

Because of this we were not able to fully complete our scheduled goals, however our design and 

preparation for the build are complete. We plan to continue to work with ADS past the semester 

deadline and eventually assemble and test the full build.  
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2.3 Research 

 

2.3a Product Application 

 

First and foremost, knowing the application and purpose of the product being tested is 

important in order to understand the issues at hand being presented. After a brief summary of the 

application by our quality control manager, we decided to research more in depth. The current 

product being tested is HDPE 5” single wall perforated pipe, which is used in a temporary 

dewatering process for construction sites. This specific product is only made in two plant 

locations (Sebring, FL and Owosso, MI).  

This product is installed at an excavation site before construction begins during a 

WellPoint dewatering process. The purpose of this process is to lower the groundwater water 

table. When doing any sort of construction, vegetation removal happens and can create soil 

erosion from storm water runoff on the land. Not only this but keeping the land dry is important 

for the safety of the workers, as well as assuring construction operations will go smoothly [1]. 

 

WellPoint Dewatering System [1] 

This product is used with a “sock”, which is a fabric wrapped around the pipe in order to 

prevent sand infiltration. These are often called “sock systems” and are connected to a WellPoint 

dewatering pump. Even though it is used in only a section of the dewatering system, it is still an 

important aspect of the process and can be left in the ground and capped for future use. Sock 

applications often give the most cost-efficient method for dewatering [2]. Providing a durable 

and fracture-resistant product for our customers is important. 
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Sock System [2] 

2.3b Air Pneumatics 

 

Another new addition to the design will be air pneumatics. This will provide a simple and 

efficient way to turn the fixture into an automated operation that anyone can use. After looking at 

our options, we decided on a rotary pneumatic actuator that can rotate at least 180 degrees. A 

couple options that we needed were cushions/and or bumpers installed within the actuator to 

prevent it from any hard stops. The amount of torque required will be determined to pick an 

official actuator from doing some force measurements on a 5” sample of the pipe. This 

information will allow us to exert the correct force desired to bend the pipe accurately each time. 

Using air logic was decided to be the simplest way that this machine could be operated by plant 

workers in the field. The first step in choosing the right one was to calculate the torque and air 

pressure required to bend the pipe efficiently. We had (4) samples of the 5” SW diameter pipe 

shipped to us from Sebring, FL to do some testing on them. Having extra sample pieces is 

important, because this kind of force testing causes permanent deformation or breakage on the 

pipe samples. It is essential that the tests are done correctly the first time to get accurate readings. 

We did this with a force gauge provided by Miami and pulled the pipe with it, bending it at the 

180-degree requirement.  Some gauges have a limited range of data output, so knowing what the 

average force applied will allow us to select the correct gauge for our application. In an ideal 

world we would like to have digital output, but since we are trying to keep things at a low cost 

and simple as possible, the dial gauge will most likely be used. The model we used for testing 

was a Desik Instruments DL-100 Manual Push-Pull Force Gauge. This gauge goes up to a 

maximum force of 100lb, which seemed to be an accurate range for us to use.  
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Push Pull Force Gauge [3] 

The importance of using this specific product for our test was the gram weight per foot of the 

material. Between the (4) different size diameters of single wall pipe being tested, this one is 

specifically the highest gram weight. This means that this force output will give us the maximum 

needed to calculate how much torque the actuator needs to supply. 

 

ADS Quality Control Spec Sheet [4] 
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For the 5” SW Header Pipe, the gram weight goes up to 410gm/ft. The lowest gram weight 

would be our H Profile 3” SW Pipe which is 96gm/ft. 

 

ADS Quality Control Spec Sheet [4] 

We decided to make use of our Machine Shop Operations and Quality Control locations at our 

ADS facility in order to perform our test accurately and safely. Since they freeze the pipe first 

before bending, we decided to do two separate tests – one would be at room temperature and one 

would be at freezing temperature. In Quality Control, we contacted the manager to see if we 

could use their walk-in freezer and left the pipe in there overnight for about 24 hours. When 

performing the bend force test, we made sure to have all safety equipment on (safety glasses and 

steal toed boots) while in the machine shop. The pipe was locked tightly into a large vice 

available, so that it would not move while bending as close to 180 degrees as possible.  

As we predicted, the force of the frozen pipe was higher than the pipe at room temperature. At 

room temperature, the force was about 50lb and for the frozen, about 90lb. Using these 

measurements, we calculated the needed torque in order to bend the pipe at ease with a 10in long 

arm. The maximum torque needed based on our test was 900 lb-in, which is high for a pneumatic 

actuator. For leeway and safety factors we decided that the minimum torque needed for what we 

wanted would be 1200 lb-in or 120 ft-lb. This was only one factor of the actuator that we 

required. 
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Testing Photos 

There are a couple other requirements needed when selecting the correct actuator that will work 

best for this fixture. In the plants, there is central drop-down air with a variable maximum of 150 

psi. It is important that the actuator can produce 1200 lb-in of torque within the 150 psi range, 

preferably around 100 psi. We needed a feature that measured the angle vs. time as well. It came 

down to either a Parker or Numatics actuator from Air & Oil. 

The Parker actuator option is a 3-1/4” bore, double rack and pinion style with an electric resolver 

to measure the angle. This gives us the option to add sensors and air logic accessories. The 

theoretical torque output at 75 psi is 1711 in-lb. The first Numatics actuator option is a little 

smaller with 2-1/2” bore, double rack and pinion style with a magnet option to measure angle 

placement. The theoretical torque output at 150 psi is 1656 in-lb. The second option is the same 

style, but a 3-1/2” bore and theoretical torque output at 100 psi is 2281 in-lb. 

Unfortunately, since these actuators need so much power, they are very heavy and large 

compared to the other air cylinders and actuators we use. The frame design had to be adjusted to 

accommodate this and be able to properly hold up the weight of the actuator, which is about 20 

lbs. This also means that the structure must be sturdy enough to not vibrate too much or react to 

any backlash and stay securely on the ground of the plant floor. This is for the operator’s safety. 
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Appendix 6.6a 
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Appendix 6.6b 

2.3c Data Collection 
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Collecting data is essential to this design, so that we can correlate fracture forces with our 

resin formulas being used in the plants. To do this, we need a simple solution by using strain 

force gauges that can be mounted onto the fixture and hooked up to electrical software for data 

output. There are many options on the market, but we need to find the one that is most cost 

efficient and makes the most sense in our application. We have vendors that work closely with 

our company that we decided to meet with in order to choose the right products. 

Along with this, it is important to choose the correct devices that works directly with the actuator 

that we choose. For example, if we go with the Parker actuator with the resolver included, we 

will need to find the correct accessory that works directly with the sensor output electronically. 

The measurements we obtain need to be transferred into readable data that will be placed in a 

graph the correlates time, angle position, and maximum forces. The idea is to use record this data 

during every test in the future and create an official testing procedure that will be implemented 

within the Quality Control Department. 

2.3d Estimated Budget 

 

Below is our estimated budget using mostly stock or purchased parts. This will allow the 

parts to be more easily replaced if needed by the plants, instead of being required to be sent to 

the machine shop to be repaired. The faster repairs can be made, the better. There are (3) separate 

totals depending on which pneumatic actuator is chosen. The Parker actuator that includes a 

sophisticated position resolver is the most expensive, about double the price of the Air & Oil 

options.  

 

 

2.4 Frame Design 
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The existing test fixture is currently being used in Sebring, FL so we had it shipped to us 

with another machine that was coming to our shop for repair in New Miami. Being able to ship 

the fixture on shipments that were already scheduled allowed us to save money and time. We had 

four days to collect all the information we needed on it before it was to be shipped back on a 

fittings truck that we send weekly. We used this time to take measurements and any part 

numbers that may be used. The measurements were taken with a standard tape measure and a 

digital caliper. 

 

Existing Test Fixture 
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Sketched Measurements 

After we had all the information we needed, we created a generic model in Autodesk 

Inventor Professional 2020. This gave us a reference point to use in creating the new/revised 

design. 

 

Adding guarding was our #1 priority since safety most important. We decided to use the 

existing tester reference to get a general idea of how large the guarding may need to be. The 

initial guarding was fairly large, being about 48” x 48” x 10”. This is not ideal, since smaller 

would be better. We also decided that if the guarding will be this large, the fixture can no longer 

be bolt down and will need additional support.  
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We decided to go with a frame that had four legs, along with a smaller wheel in order to 

save space. The original fixture was made with some spare parts, so they used an 8” wheel that 

happened to be lying around. Our goal is to use a wheel 4” or smaller in diameter to make the 

fixture smaller and more compact. The idea is to make everything as simple as possible, using 

purchase parts when permitted.  

For the guarding, we went with T-Slotted framing from 80/20 that can easily be purchased at 

anytime and can be put together with ease, even without any tools. In between the frames will be 

polycarbonate sheets to prevent projectiles from hitting the operators or any bystanders. This is a 

somewhat flexible and durable material that you can see through to make sure the fixture is 

operating properly. The framing will be yellow, which is a standard color of safety components 

within the company. 

 

Isometric View of New Design 
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View of New Design Without Guarding Shown 

A 5 ft long sample of pipe is used when being tested, so the length of the guarding would 

need to stay the same, but the width can be decreased now. At the bottom of the fixture we have 

the option to attach netting in order to catch any fallen pieces. There are adjustable threaded rods 

along the flat bar of steel to adjust for different pipe sizes in order to keep it stable when testing. 

The current bend radius is 2.25” for testing our 5” diameter pipe, so we had to figure out what 

additional radiuses would need to be used. 
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 According to the photo above, we will need 1.25”, 1.75”, and 2.75” bend radius options for the 

operators in order to test our full range of 3”-6” pipe. We designed interchangeable pieces that 

slide along the top of the actuator shaft that can be fastened in place when testing different pipe 

diameters. There are (4) different radius options available, which match the requirements 

requested.  

Ease of access to the pneumatic actuator is important for maintenance or replacement. The 

design includes two brackets that the actuator bolts directly into. The brackets can be removed 

easily with two people on each side after removing the fasteners. They are also able to securely 

support the weight of the actuator that we decide to use.  

The actuator’s shaft was a bit too short for the arm to be above the 6” diameter pipe, so a 

machinable coupling was added to the top. This is the part that the radius pieces slide over top of. 

This also allowed a tapped hole to be drilled in the side for the arm to be placed correctly. The 

arm, being a steel rod, has multiple threaded holes along the middle so the wheel position can be 

adjusted between pipe diameters. 

 

3. Expected Findings 

 

Once we have our design manufactured, tested, and running we expect that this fixture 

will be able to save our company time and money, which is our ultimate goal. In the end, we 

should have a completely automated testing fixture to bend 3”-6” HDPE pipe at any plant 

necessary that is easily operated. Along with this, force data feedback will be collected and 

correlated with resin formulas that are currently being used on the line. The “HD” in HDPE is 

our high-density material, which is more expensive than our standard polyethylene resin that is 

used. If we can use the least amount of that in our mixture, we will be able to save money in the 

long run while keeping our customers satisfied and happy. 
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Hopefully this test fixture will aid in the process of establishing an ASTM or AASHTO 

testing standard for the products being tested in the future with our quality control department. 

This would also eliminate any further customer complaints about non-standard testing 

procedures that people purchasing the product may do in the field. Any product waste and scrap 

that can be reduced will aid in our production and reputation with the customers we sell to. Being 

able to standardize any testing process within our company is essential and important. 

4. Conclusion 

 

The design group has made great progress so far and are prepared to move forward with 

quotes and assembly of machine. After implementing guarding into the design, making it 

automated with air controls, and allowing for data collection through a force gauge, we have met 

the standards ADS wants for this project.  

Keeping our number one priority on safety, we believe we have created an effective design that 

guards the automated mechanism and prevents any plastic projectiles from flying out at 

employees upon pipe fractures. A rotary air actuator was chosen in the design to eliminate 

human variance in testing and maintain a standard applied force and angle during testing.  

Finally, the force and angle measurements will allow for reference data to be kept and analyzed 

to help produce pipe that passes this fracture test and keep customers interested in choosing our 

products. 

Our plans now are to have the engineering team fully review the design before the assembly 

process begins and have their input on any needed design changes. The biggest challenge 

moving forward will be implementing these air controls properly and effectively. This will be a 

learning process considering neither of us have experience with pneumatic controls. We plan to 

start the assembly process as soon as possible when things start to let up with COVID-19 and can 

transition back into the office setting when permitted. 

Overall, we were able to continue the design process under the circumstances we were dealt with 

during the pandemic and we were able to adapt to a new working environment from home. Even 

though we did not get the testing fixture built and tested, the project is still ongoing with the 

company and should be put into production in the future. Engineering is all about ongoing 

changes and priorities, so we ended up learning more than what we hoped for with the situation 

at hand. 
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6.1 Additional Photos 
 

6.1a Testing  
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6.2 Manufacturing Drawings 
 



24 
 



25 
 



26 
 

 



27 
 

6.3 PowerPoint Presentation 
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6.5 Individual Reflective Essays 
 

6.5a George Gilbert 
 

George Gilbert 

ENT498 Senior Design 

Prof. Gary Drigel 

Reflective Essay  

 During spring semester 2020 we were tasked with finishing our set goals for the senior 

design project and presenting our findings.  Overall, I’ve had a positive experience with our 

instructor/mentor, Gary Drigel, and the people at Advanced Drainage Systems. We did 

experience a few setbacks caused by the current pandemic with COVID-19, but this did not 

completely stop us from pursuing our goals. I am thankful for this opportunity to pursue an 

engineering project that provided design experience, communication skills, and time/project 

management experience in a work environment.  

 The Design aspect was very useful in giving experience on troubleshooting and coming 

up with a good design for an engineering task. We were given standards and parameters to meet 

all while keeping it at the lowest cost possible. The project also required the machine to be fully 

guarded to meet safety standards. Our final design ending up meeting these standards although it 

has yet to be built with the current circumstances. I really enjoyed the design experience and it 

provided needed skills for the engineering industry.  

 Communication was a key factor during the semester.  Making sure everything is clear 

with supervisors and between teammates is very important.  We did a great job with this, 

partially due to us both working at ADS and having preexisting knowledge on ADS product.  
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The supervisors for this project were kept up to date and provided insight on our machine design.  

It was a helpful experience working with ADS on this project and it greatly helped my 

communication skills as an engineer.  

 Project management also played a huge role in the design.  This project really put the 

skills taught in the project management course to the test.  Time management is very important 

and must be kept steady in order to accomplish everything on time. I believe we put in a good 

effort in our time management as well as managing the tasks. Implementing these skills in a 

project for an employer is much needed experience as a newly graduated engineering student.  

 Overall, we did a great job with what we had to work with in the project. Although we 

did not complete the build of the design due to the circumstances, we still plan to continue this 

with ADS after the semester has ended, and eventually build the design to spec.  This has 

provided experience as an engineer in a working environment and has helped develop skills to 

perform tasks required by industry standards.  
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6.5b Morgan Proffitt 
 

Morgan Proffitt 

ENT489 Senior Design 

Prof. Gary Drigel 

Reflective Essay 

 Senior Design has been an experience that has been both fulfilling and educating in many 

ways. Luckily, I had the opportunity to work with a coworker of mine at Advanced Drainage 

Systems, George Gilbert, which made this process much easier. Another plus was the project 

offer from our manager, Randy Kolbet, which will be fully funded and a good asset for the 

Quality Control department. I could not imagine any better circumstances to have started off 

with in the beginning of this design process. 

Our team made sure to have constant and direct communication between one other, the 

engineering department, quality control, and our professor in order to all be on the same page. 

This was important so that we had all the information we needed along with any requirements 

that needed to be met for the school and the company. We utilized conference calls and in-person 

meetings at ADS in order to achieve this.  

The design process was extensive, and we found ourselves running into certain issues or 

roadblocks, so the design would have to change multiple times before the final product. This is 

normal in a design process in the real world, so it was a good learning experience to be able to 

problem solve and adapt to new situations. For example, once we found out what actuator we 

needed, we had to redesign the frame and guarding in order to fit it, since we predicted that the 

actuator would be a bit smaller and more compact. We also took advantage of our safety 
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management team to ensure that the guarding would have the correct specifications and 

durability needed in the plants. 

Having a timeline and list of steps to take along our journey helped quite a bit, up until we saw 

the beginning of the world pandemic, COVID-19, starting to affect multiple aspects of the way 

the United States was operating, along with the rest of the globe. The beginning of March we 

were relocated to work from home and were having problems being able to obtain parts needed 

for our design due to longer arrival times. This was a good lesson of adaptation and being able to 

work with what you can under different circumstances, which you face in your lifetime more 

than once. 

This semester taught us so many aspects of real-world engineering concepts, such as project 

management, design, research, communication, and working efficiently as a team. Having such a 

supportive and knowledgeable professor aided in our educational experience. You can take all 

the engineering classes you want, but they do not necessarily provide the kind of knowledge or 

experience needed to work out in the field when you graduate. Therefore, Senior Design has 

been able to provide this for us and allow us to participate in these sorts of projects that we will 

be facing in the near future. 

Overall, I believe that George and I were able to work well with the resources and circumstances 

that we had. We were able to learn about air logic, frame design, long distance communication, 

industry and safety standards, saving cost and time for the company, and adapting to a changing 

environment. We will be continuing this project after the end of the semester with ADS and look 

forward to the outcome and seeing the fixture being used during manufacturing operations. 
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6.6 Catalogues  

6.6a Parker
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6.6b Numatics
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