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Statement of Purpose 

The purpose for this project is to investigate and suggest the most efficient solution to implement 
a reliable, inexpensive failsafe shutoff sensor on an Ariel Compressor connecting rod. Currently 
sensors at this location are only placed on units for research purposes. This project would entail 
coming up with the best solution to use these sensors for any compressor unit in the fleet. 

It is known that a connecting rod will fail when the temperature on the large end connecting rod 
bearing exceeds a specific temperature. There are many different compressor sizes and each 
compressor will operate at a slightly different temperature range. The desired sensor will need to 
react to the difference in heat and shut down the compressor before this occurs.  The difficulty in 
creating this sensor is that it needs to be reliable for up to 3 years and it will undergo strain from 
changes in temperature and pressure (-30°F to 300°F). The device will need to take 
measurements very close to the bearing on the large end of the connecting rod. The failure 
occurs quickly and the sensor will need to react within a few seconds after detecting a rise in 
temperature. 

 
Figure 1. Connecting Rod  

Battery operated systems are less reliable and therefore we are choosing to avoid these. The 
compressors are pumping natural gas so any electrical based system that is added to the 
compressor creates a potential risk of explosion. Also, with a battery operated system the battery 
would need to last in cycling temperatures environments for up to 3 years. Ideally, this sensor 
could be reset without removing having to to remove the top of the compressor.. 

This project has been requested by customers of Ariel Corporation in the past. The issue is that 
the connecting rod structural integrity will be weakened by boring a hole into the connecting rod 
to add a sensor. Part of this project is to verify that the weakened connecting rod will not have a 
reduction in infinite life. 
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If the connecting rod bearing overheats and the compressor does not shut off, there will be 
extensive damage that will occur. If the failure can be caught early enough it can limit the 
potential damage to smaller components, ideally the connecting rod and or crankshaft. A 
worst-case scenario will result in damage to the crankshaft, connecting rod, and frame. The cost 
of damaging the frame is orders of magnitude more expensive than replacing a connecting rod. 
The goal for this sensor is to shut down the system before excessive damage can be done to the 
compressor frame and potentially the crankshaft. 

 

Figure 2. Compressor Assembly 

Ariel Corporation is looking to market an Internet of Things (IoT) system for their compressors 
and this sensor would be incorporated into the data captured by their IoT system. It is very 
powerful to know the current status of compressor units that are in various locations worldwide. 
One specific benefit is that reactive maintenance becomes much simpler. If Ariel Corporation 
knows which sensor or sensors have failed they can reduce the number of trips by field service 
technicians. If the reason for failure is known the field service personnel can bring the right tools 
and spare parts to resolve the issue on the first trip. The goal for this project is to be able to 
display a simple signal to the Internet of Things system only when tripped.  
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Scope and Methodology 

On November 5th, 2019 the team met with several members from the Ariel Corporation research 
and development team to determine the scope and expectations for this project. The original 
scope was based on a purely mechanical or eutectics based device. After revision the original 
guidelines were revised to increase the scope of the project to all possible sensor type devices 
that could fit the scope of the project. 

The requirements for this project are as follows: 

1. The sensor will need to react quickly enough to detect a rise in temperature and output a 
signal within 2-3 seconds of the sensor temperature rising above 240°F. 

2. A hole will need to be bored into the connecting rod on the large end close to the bearing. 
The current sensors are roughly located 1/8” away from the bearing. The distance 
between the bearing and the sensor can be adjusted, and will need to calculate the 
suggested distance between the bearing and the sensor.  

3. Determine the diameter of the hole bored for the sensor head and determine the drilling 
angle of the hole. 

4. Determine the structural integrity of the part after boring the sensor hole. Need to verify 
and test that the connecting rod maintains infinite life. 

5. The sensor will need to be inexpensive, ideally something that is an off the shelf part. 
6. The sensor will need to be reliable and able to withstand a temperature range between 

-30°F and 300°F. 
7. The sensor will also need to be able to transmit a signal in oily conditions.  
8. Need to calculate the rate of heat transfer through the connecting rod at 240°F. 
9. Attach the sensor body to the frame of the compressor and sync with the Ariel controller. 

In order to succeed with this project, this team has chosen to use a methodical approach to 
working on this project to completion. Below are the steps the team will take to make this project 
happen: 

1. The team will work with the sponsor company, Ariel Corporation, to find out the scope 
of the project to successfully complete the objectives they are looking for. 

2. Create a work breakdown structure, schedule, and budget for the project to have a path to 
follow. 

3. This project requires mostly research to find the best sensor that fulfills the needs of the 
company's requirements. 

4. The team will need to design mounting equipment for the sensors that will be used for the 
next step of testing. 

5. Using Ariel’s testing facility, the team will perform tests on the sensors that were found 
suitable for the objective of the project. 
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Engineering Analysis 

A variety of potential sensors were investigated for use in this application. Sensors were judged 
based on the following criteria; reaction time, cost, reliability.  
 
AMOT Sensor 

The first type of sensor that has been investigated is a eutectic based sensor. Eutectic fluids are 
made up of substances that when combined together have a lower melting point than the 
individual components. An example of a common eutectic is solder. The eutectic is located on 
the tip of the sensor and the sensors activated by a spring. The figure below shows what a typical 
eutectic sensor looks like. These sensors can be purchased between 2-14” long and will need to 
be bored into the connecting rod. Greater flexibility with drilling angles and locations will make 
it easier to produce from a design standpoint. After further looking into this sensor, the team has 
decided this is the best suitable sensor for this application. 

 
Figure 3: AMOT Sensor Catalog 

Our group has decided to use the Amot sensors for multiple reasons. First, they are a purely 
mechanical system which does not require a battery or internally mounted power source on the 
connecting rod. Batteries or power sources are unreliable over long periods of time. Second, they 
are lower cost than several of the other options. Eutectic sensors are mass produced and therefore 
can be ordered in large quantities which could reduce the price further. These sensors also have a 
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quick enough reaction time for the application. As a final note, these sensors come in an array of 
sizes and temperature ranges which should work for a majority of Ariel compressors. 

Laser Temperature Sensor 

Another sensor that was investigated is a laser temperature sensor. The laser sensor uses a laser 
to read the temperature of the bearing through a small hole in the connecting rod body. The idea 
of this option is that the laser’s beam is smaller than any other type of sensor allowing for a 
smaller holde to be drilled down to the bearing. The body of the sensor will be slightly bored into 
the end of the cap of the connecting rod. This is shown in figure 4 below inside the red box. 

 

Figure 4: Laser Sensor Location 

With this laser sensor, the team looked into how long it takes for the temperature to transfer to 
the outside of the connecting rod from the bearing. This does not happen quickly enough to see a 
slight change in temperature. This would allow for no holes to be drilled into the connecting rod 
eliminating the structural integrity problem of drilling a hole. After further research, this sensor 
has one issue with it, it will require a power source that could be done to work with the rotation 
of the motor, but the cost would be too expensive compared to other options. Laser sensors have 
been determined by the team that they could work but are not ideal due to higher cost per unit 
and less reliability from requiring a power source on the connecting rod. 
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Figure 5: Banner Laser Sensor 

Thermocouples 

Thermocouples are another sensor the team has researched during this project. These types of 
sensors are used in many automotive applications to read temperatures on an engine. For this 
application one end of the thermocouple would be attached to the top of the connecting rod and 
the other end would either be attached to the frame, or attached to a thermocouple reader on the 
connecting rod. It would then require an additional step to transmit a signal to the sensor receiver 
on the frame. Figure 6 is an example of a thermocouple. 

 

Figure 6: Thermocouple 

With this sensor requiring a separate transmitter, this will add to the cost of the sensor 
application. The team has found that there are other options that are more cost effective than this 
setup. 
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Vibration Sensors 

Another possible type of sensor device would be a vibration type detector to listen for changes in 
vibration. This is common practice when measuring motors, pumps and bearings. However, it is 
unclear how much noise is inherent in the system whether or not this would be a feasible option. 
Further research of this sensor has shown that these sensors are expensive but also may be very 
difficult in determining a bearing failure quick enough. This will also require much further 
research and testing to be able to filter out noise in the vibration readings and determine a 
bearing failure when it does happen. Figure 7 below is an IFM brand vibration sensor that can be 
externally mounted to the machine using a magnetic mount that would be screwed on the metal 
threaded end. The idea behind this sensor is that it could be mounted farther away from the 
connecting rod and therefore require no reduction in structural integrity of the connecting rod. 

 

Figure 7: IFM Vibration Sensor 

Bi-Metallic Strip  

Another concept that the team initially investigated was the use of a bi-metallic strip sensor. The 
concept was investigated because it utilizes a purely mechanical method which would improve 
reliability. A bi-metallic strip uses two different strips of metal that are adhered together. 
Because the two metals have different thermal expansion rates the metallic strip will bend and 
either close or open an electric circuit. It was determined that bi-metallic strip was unable to 
meet the reaction time necessary for the connecting rod sensor, therefore this idea has been 
eliminated. Figure 8 is a diagram showing how the bi-metallic strips work.  
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Figure 8: Bi-Metallic Strip Sensor Concept 

Wifi Sensor 

Another concept that is possible is using wifi as a transmitter to emit a temperature reading from 
the crankshaft to Ariel’s programmable logic controller. This concept has been eliminated, 
however there are still issues that have yet to be proofed for possibilities later. If the wifi signal 
is stopped, deflected, blocked, altered, or through some other means rendered ineffective it will 
render the sensor useless. It is difficult to know if there are other devices at the compressor’s 
location that are emitting wifi signals. The use of a wifi sensor will have to be proven and 
investigated to see if these sensors are cost effective.  

These sensors will use a transmitter that is on the connecting rod/crankshaft and a receiver 
attached to the frame. Using the rotation these two will pass each other and while passing, they 
will transmit a signal with the temperature to the receiver to be sent to the PLC. If the PLC sees a 
temperature that is too high, the compressor will shut off.  

Kongsberg System 

It was expected that the Kongsberg system would work for this application. The issue 
with the Kongsberg system is that it requires an additional programmable logic controller. The 
additional controller adds a significant amount to the cost of the project. This system has been 
proven and will serve as a baseline comparison to other sensors. Currently this option is used in 
the R&D lab at Ariel, but to implement these to each and every compressor that is installed 
currently is not cost effective. Also, due to the complexity of the programming that needs to be 
done between the Kongsberg PLC and the Ariel PLC it will also add to the cost as each 
compressor is different. 
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Figure 9: Kongsberg System PLC & Sensors 

Expected Findings 

Mounting the Sensor 

There were multiple design criteria for properly mounting the sensor within the head of the 
connecting rod. One of the design criteria was to mount the sensor in a way that makes the 
system easier to use and maintain. In the past there have been issues with mounting the sensor 
receiver on the lid or top of the frame. Each time the lid is removed the sensor receiver has to be 
either adjusted or manipulated which adds time to general maintenance procedures.. The sensor 
can be mounted through the side of the frame which will make for better system maintenance.  
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Figure 10: Compressor side view cutaway lid removed from drawing. 

The purpose of this sensor is to get as close to the large end bearing of the connecting rod as 
possible. There is not enough material between the bolt heads for the sensor to be mounted in 
that orientation see Figure 11. Also, there is not enough clearance between the connecting rod 
horizontally along the crankshaft axis to mount a sensor and align that sensor with a receiver on 
the frame. Simple, inexpensive proximity sensors have a relatively short range (less than 2 
inches) which makes this a bad option. This leaves the only possible mounting location as the 
radiused part on the head of the connecting rod.  
 

  
Figure 11: Connecting rod space between bolts. 
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Figure 12: Connecting Rod Top View Connecting rod in blue. 

Another constraint is the bearing has an oil groove along its center. Because any measurements 
taken along the groove will provide higher temperature readings the sensor head will have to be 
mounted to the side of the groove. This is complicated by the fact the connecting rod head has 
recesses in each side. Therefore the entry hole for the sensor has to be placed on the opposite 
side to avoid drilling through either recess. 
 

 
Figure 13: Bearing with grease groove along center. 
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Figure 14: Recess shown on top of connecting rod head. 

 
The sensor also had to be mounted in a way that supports the specifications of the sensor 
manufacturer. For this reason we chose the smallest sensor body size which was 5/16” diameter 
as our sensor (AMOT 4012M).. The following figure 15 shows our finished drawing for the 
connecting rod head.  

 
Figure 15: The team’s drawing for Ariel Corp. to use for mounting. 
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The circuit will be completed by a simple proximity sensor with a flag. A flag mounted on a 
hinge will be mounted on the frame of the compressor. The AMOT sensor is spring activated and 
will extend ½” once the temperature rise is detected. The flag will be struck by the AMOT 
sensor and physically moved away from the proximity sensor. This solution is cost effective as 
the flag can be easily reset by maintenance personnel when troubleshooting why the compressor 
shut down.  

Heat Transfer 

One of the design constraints for this project was to determine how far away from the bearing the 
eutectic sensor needs to be mounted. The closer the sensor is mounted to the bearing the faster 
the temperature difference will propagate through the steel. Due to the drilling angle geometries 
and the rate of heat transfer our design has the sensor mounted roughly ⅛” away from the 
bearing.  

The table below, figure 16, shows the rate of heat transfer in a single plane environment. The 
first column is the thickness of the plane, and the table of data displays the temperature through 
the wall given a certain amount of time in seconds. The temperature gradient is the difference 
between the ambient temperature in the system and peak temperature of the bearing overheat. 
For example if the system is running at 200 degrees F and the bearing overheats at 300 degrees F 
a temperature gradient of 60% of the difference or 260 degrees F would be observed through the 
plane at (2 seconds time (t), ⅛” wall thickness). 

These temperature measurements are not exact but they are sufficient to prove that the sensor is 
capable of the quick response time needed in this application. 

 
Figure 16: Heat Transfer Table for Connecting Rod Material 
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Structural Integrity 

The size of the hole that is bored into the side of the connecting rod is one of the main concerns 
the team will need to consider. If the hole is too big it could compromise the structural integrity 
of the connecting rod. The structural integrity of the connecting rod is one of the constraints for 
this design project. The connecting rod needs to maintain its infinite life.  

Assumptions made in FEA analysis. The force applied is 6750 lbs applied on the interior wall of 
the large end of the connecting rod. The force is supported by the bolts of the connecting rod. 
  

 
Figure 17: Total Deformation Figure 18: Stress 

 
The finite element analysis shows that the stress concentrations are located by the bolts, in the 
recessed areas, and by the counterbore of the hole. The greatest stress concentration on the part is 
shown to be 26,889 psi. The ultimate tensile strength of forged steel is 60,900 psi. Therefore the 
factor of safety for this test is 2.26. This is sufficient for the trial, and therefore these sensors 
should be sufficient for similar sized or larger compressors. 

Conclusion and Recommendations 

The final test will be completed at the Ariel Corporation facilities shortly after this report has 
been written. The team will follow up with Ariel Corporation to see the results of the trial. We 
believe that AMOT 4102M sensor will work in this specific application and will work for a 
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majority of the applications in the compressor fleet. The sensor will react quick enough to the 
changes in temperature, does not reduce structural integrity significantly, and is relatively 
inexpensive compared to other sensors on the market. 
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Appendix E: Individual Reflective Essays 

Jon Newman 

ENT 498 Reflective Essay 

4/29/2020 

Communication is an useful but underrated skill in the field of project management. The ability 

to communicate, resolve conflicts and negotiate are very important. Senior design is a class 

where the design project requires significantly more teamwork than any other course. The basic 

engineering skills are known to students by their senior year, however communication and skills 

related to groupwork may require students to resolve conflict in ways that they hadn’t 

anticipated. 

I am older than many of my peers in this course. I have spent roughly 7 years in a full-time 

project management position in the steel industry. Prior job experience has helped me understand 

from the beginning the total amount of work that is required. This understanding has helped in 

various ways including scheduling tasks with extra time, knowing when to delegate tasks to my 

partner, and understanding that there are unforeseen issues that will occur. I am pretty sure that 

nobody in our class anticipated the corona virus situation we are in currently. As a capstone 

project this requires the use of engineering skills acquired from many different core classes. A 

few of these skills include scheduling and budgeting learned in project management, finite 

element analysis, thermodynamics and heat transfer as well as a number of soft skills including 

the ability to work as team, the ability to communicate, and the ability to resolve conflicts. 

Team work is necessary for any group project to succeed. I believe that our teamwork has been 

successful throughout the project. There are always minor issues that will arise either due to 

scheduling conflicts, or unexpected issues. However, despite these issues we have been able to 

hit the project deadlines. I also believe that the the workload has been split fairly up to this point. 

A point worth mentioning is that our group has two members which is smaller than some of the 

other teams. Because there are only two members we are able to schedule and communicate 

issues slightly quicker than larger groups. One example of this is the ability to use google docs to 

work on documents concurrently. This is significantly easier than anything that was available in 
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the early 2000s and the document saves edits so it is easy to determine how much work each 

group member has added to the report.  There issue with a small group is that each member has 

to do more work to complete the project. 

The most important skill utilized in this course is the ability to communicate. Communication is 

present is almost all aspects of this project. Communication in the forms of student-student, 

student-faculty, and student-corporation require the different methods because each audience is 

different. The ability to communicate in written form including emails, texts, PowerPoint, 

written reports and in spoken form through phone calls, small group meetings, and formal 

presentations are all necessary skills for an engineer to succeed. I believe that our groups 

Senior design is a unique course in the that problem is not defined and the students make their 

own schedule. Most courses are the opposite in that class schedules, syllabus, and problems are 

defined by the professor and are completed within a schedule determined before the semester 

begins. In the this course a student finds a problem to solve and then creates their own timeline 

to solve the issue. This requires a different mindset and different set of skills than simply 

showing up to class. I chose to be the project leader for this project as it gave me a little more 

control over the timeline and direction of the project. Similar to scope creep in industry the 

problem has changed multiple times over the course of the semester. Often the project would run 

into minor issues that could be resolved by altering the problem statement. However, over time 

the project statement needs to be checked to verify that the project is still on track to meet 

deliverables. An example at the beginning of the project we were originally investigating placing 

the sensor on one of Ariel’s largest compressors. In order to make the trial easier to run Ariel 

Corporation decided to change the trial to run on a much smaller compressor. While all of the 

deliverables remained the same it greatly changed the issues we needed to solve. The smaller 

connecting rod has a much greatly loss of structural integrity and is much harder to place a 

sensor into. 

Senior design requires a significant amount of general engineering skills and knowledge. There 

are two specific examples in this project that require higher level engineering knowledge. First, 

we will need to calculate the speed at which temperature propagates through steel which will 
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require knowledge of thermodynamics and heat transfer. Another specific application for this 

project is to verify the structural integrity of the connecting rod and to verify its expected infinite 

life. In order to resolve these issues we have made good use of Solidworks and Ansys software 

packages. 

I have been pleased with the results of this class. There have been multiple conflicts and issues 

that have existed during the project. Our group has been able to resolve them in a timely manner. 

In addition, I think that the workload has been fairly distributed. There are times when one 

student did more than the other, but these times were balance between both students over the 

length of the project. On the other hand, I can always look at ways to improve. I am a little bit 

disappointed that we fell behind the schedule I had originally set. Our project has changed its 

framework a couple of times, but we should have been able to move past that stage a bit faster. 

To conclude, senior design requires technical engineering knowledge and the ability to 

communicate and work as a team. Over time I see that projects and teams are more successful 

when they are able to communicate and resolve conflicts effectively. The skills in both 

communication, problem solving, and engineering that we have learned at Miami University will 

be important as we move into the future. 
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Joey Fischer 

ENT 498 

29 April 2020 

 Throughout the year in Senior Design, I find that the class was as expected where we 

would use our knowledge of previously taken classes to our advantage to work with a company 

to solve a problem or with ourselves to create something new. With this class we selected a 

group and a project requiring us to work as a team and manage our time correctly. This requires 

us to use project management skills, communication, and many other class skills that we have 

learned over the course of our degree. 

 Regarding many of the classes we take with the Miami Plan, these classes help greatly 

with building up to the senior year of taking senior design. In some way or another, we use these 

classes to either do calculations or to do design or just using examples we’ve seen in classes 

before that could be implemented into our project or modified to make it work. Many of our 

previous knowledge and calculations have been used throughout this project to get heat transfer 

answers and also finite element analysis. We used many other previously taken classes, but these 

were our main focus to help us choose the correct sensor. 

 Our teamwork for this project was good throughout this year where we have been trying 

to work together with the challenge of the project being changed on us late in the first semester. 

This type of problem will happen in the work force and is a great opportunity for us to learn 

from. We had divided the workload evenly between us to be able to finish in a timely manner. 

Obviously with the circumstances of everything shutting down we were not able to get as far as 

we hoped, but were able to take the project to the point where it would've been in Ariel’s hands 

anyway for testing. 

 Our team communicated very well, as there were a couple rough spots, we were able to 

work it out and get the project accomplished. We didn’t have a whole lot of communication with 

the company as they wanted us to have the chance to problem solve on our own with the 
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necessary data and information we need. As we got further into our research, we had found more 

information, data, and questions that we wanted to ask Ariel as they were expecting us to do. 

Ariel was very happy with us to ask questions and was happy to answer these questions. 

 For the design portion of our project, we had used FEA calculations for structural 

integrity. For this we used the FEA ANSYS software to do so and were able to include diagrams 

and pictures of this in our powerpoint and paper. This allowed us to check how boring holes into 

the connecting rod would affect the structural integrity of the connecting rod and its infinite life. 

We also calculated the thermodynamics/heat transfer equations to see how fast the heat from the 

bearing transferred through the material of the connecting rod. This allowed us to see other 

possibilities for sensors and tell us how close to the bearing the sensor needed to be. 

 General skills for our project included some of our AutoCAD skills to perform some of 

these calculations for the testing. This also went into using Solid Edge to create our 3D model to 

use in ANSYS for FEA. We also used Solid Edge to create our drawing for Ariel to make 

modifications to the connecting rod for mounting the sensor. With all the research we have done 

for this project, we used our computers a lot, requiring us to use our research knowledge from 

many previous classes to accomplish this. Two of the main skills we used are critical thinking 

and theory, where we needed to think through what the problem is and use theory to find the best 

possible solution for the problem. 

 Learning to learn on our own has been a major skill that has been taught over the course 

of the degree. When it comes to certain subjects, we are required to understand the material we 

are given but then also learn it on our own and know the information for future use in other 

classes and our careers. This prepares us for our careers, because if we are given something to 

work on that we don’t know anything about and are only given a small bit of information on, we 

will know how to find this information we need to be able to work on the project given. We will 

also know how to work around unknown problems that pop up last second, such as the shut 

downs, and be able to finish the project to our best abilities. 
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 I would evaluate my performance as good, as I can still improve on knowing more about 

the equipment we are working to put sensors on. I have learned to ask more questions about 

getting more data and information on the machine. I find that I have helped greatly by writing a 

good bit of the final report and doing the PowerPoint. What I would improve on is 

communicating with my group member on what has been done and what has not been done and 

what he may need help on. I would say a lesson learned from this experience is to start out by 

using a google doc to be able to see where the report and PowerPoint progress is and we can also 

work on it at the same time or our own time without having to send a document back and forth 

not knowing what was changed. This problem we had run into in the first semester of the project 

and it worked out perfect for our final report and also the powerpoint.  
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