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Title 

Undergraduate Student Projects 

Introduction 
Michigan Technological University (Michigan Tech) has been involved in rail related 
undergraduate student projects since the early days of the Rail Transportation Program (RTP).  
Although many of the projects have been in the civil engineering discipline, RTP has reached out 
across campus to the mechanical, electrical, and materials science and engineering departments, 
as well as to the School of Business and the fine arts department.  Michigan Tech has completed 
eight undergraduate student projects since NURail was launched in 2012. Most projects have 
been funded as a combination of NURail and industry funds.  A complete list of undergraduate 
rail projects is provided in Appendix 1.   

Justification and Project Process 
One of the best methods to attract future and current university students to a specific field are 
through active learning related to the field. Active learning is a concept that has existed for long 
period of time, often in the form of apprenticeships, but more recently attention has been placed 
into shifting higher education from a lecture-based format to more hands-on approaches.  This 
shift is partially taking place due to a change in the learning preferences of the current student 
body who have grown up in a digital environment and are accustomed to technology, both in 
communication and the learning process. 

Michigan Tech offers two primary avenues for capstone engineering projects.  The senior design 
option takes a group of students, typically from a single discipline, and assigns them a project to 
work on.  Most senior design projects run two semesters (although some departments do them 



over a single semester).  Project work runs the gamut from development of initial concept(s), to 
selection of preferred alternative for a more detailed design, and in some cases development of 
product prototype.  The second option is the Enterprise program.  In Enterprises, a group of 
undergraduate students functions as a small company in a thematic area and work on projects in 
the area.  Enterprise and its projects are led by upper class students, while freshman and 
sophomores concentrate on technical work and gaining experience and skills.  Enterprise projects 
can pull students from many disciplines and projects can extend across academic years, as the 
students often participate in the Enterprise for multiple years.  Table 1 below compares the two 
programs. 

TABLE 1 – Senior Design/ Enterprise Program Comparison 

 Senior Design Enterprise 

Time Involved One or two semesters One to many semesters 

Project Team Makeup 

Typically a homogenous group of 
seniors from a single discipline 

Often multidisciplinary groups that 
can include students from freshman 
through senior status … and 
sometimes even grad students. 
Work on thematic areas (not 
disciplinary).   

Group size Typically 4-6 students, although 
some disciplines have groups up to 
12-15 members 

Can be any size, from a single 
member to a much larger group.  
Size can vary as project needs 
change during execution  

Project Costs Depends on department.  Most 
projects externally funded (normally 
$15,000 per project team/year).  
Some supported through student lab 
fees and department support. 

Usually set up, with a set fee 
(normally $15,000 per project team 
+ fringes and overhead, if under a 
formal contract) 

Project Duration Two-semester projects (in some 
cases one semester) 

Typically two semesters, but may 
vary and can include multi-year 
projects 

Finding a proper project can be one of the most challenging parts of the program.  A student 
project typically begins with a discussion within university faculty/staff, or with one or more 
industry representatives. Sometimes the meeting is a result of the representative seeking out the 
university as a potential route for investigating an industry problem, or the idea may spur from 
discussions with industry on the potential benefits a partner can receive.  Those benefits include 
having a group of students dive into a problem with no pre-conceived notions and having 
relatively low labor costs. A project team may use anywhere between 500-1,000 person-hours 
into a project. While the students are not yet professional engineers, they are often in the final 
stages before stepping into the engineering profession and are very open to using new 
concept/technologies.    In addition to attracting students, these projects often turn into 
recruitment tools for the industry, especially if students get involved prior to their senior year. 



Description of Activities 
The enterprise/senior design projects fill several purposes.  First, they expose our engineering 
students to the opportunities available in the rail industry, both with the project team and with 
other students who see the work they are doing.  Second, they provide an opportunity for the 
rail industry sponsors to explore alternatives to problems they have encountered in their 
programs.  Students can be directed to explore a particular option identified by the industry, but 
more often are left free to explore any alternative they feel might address the problem.  This 
provides a fresh look at many issues and often a novel solution that the industry had either never 
considered, or may have earlier considered not applicable.  Finally, they provide an avenue for 
students to demonstrate their development as engineers with a project with a real purpose and 
need.   

Figures 1 and 2 illustrate a Mechanical Engineering senior design project that looked at 
converting a center beam rail car to be used for hauling pods of frac-sand to the North Dakota oil 
fields.  Figures 3 and 4 show an Electrical Engineering senior design project creating a device that 
can show the status of the shunt developed by a rail signal testing rig in real time … allowing 
signal maintainers to immediately address shunt problems.  Figure 5 shows the site layout for a 
Civil Engineering project that created a “master plan” for development of a warehouse facility in 
a rail served facility in the Detroit area for transloading steel from rail to trucks.  A NURail News 
Brief about each project from this contract period is included in the appendices.  

 

 

 

 

Figure 1 - Centerbeam Rail Car Modification 
Team Tests Prototype 

Figure 2 - Centerbeam Rail Car Mock-up 



 

 

 

Figures 2 and 4 - Rail shunt testing device (left), Student working the 
device (right) 

Figure 1 - Wayne Industries Site Development, with Rail Access from Southeast 



Outcomes 
Since 2012 more than 80 students from seven disciplines and ten industry companies as sponsors 
and/or technical advisors have worked on rail industry student projects, providing valuable input 
to the industry and an excellent capstone experience in the engineering field.   The projects have 
been versatile in scope, ranging from railyard and rail served industrial site development to 
locomotive component development, and items intended to improve safety in the rail 
environment.  We’ve even worked in a business plan for an investment group with our business 
students.   Seven students who worked on senior design projects have gone on to rail industry 
internships or full time jobs, but that doesn’t tell the whole story.  Many students who start these 
projects are in their final semester at Tech, and already have jobs lined up after they graduate.  
However, their projects are presented in design expos and other venues on campus and serve to 
inspire other students to consider the industry as a possible career option.  We have also 
evidence of students who after their graduation have shifted from their initial career selection 
toward rail industry careers. 

We have conducted projects under both senior design and enterprise programs and there are 
benefits on each. Senior design offers a mature and concentrated group of students, but due to 
their senior student status, it seems to offer less opportunity for recruitment, as many students 
have already committed to their first post-graduate position. Enterprise projects provide the 
benefit of mixing students from earlier grades, allowing the use of students as potential interns 
in sponsoring companies. 

In addition to exposing students to rail transportation, student projects function as an excellent 
catalyst for increased faculty exposure. There are lots of faculty who are leading experts in their 
field, but their skills are not taken advantage by the rail industry. These projects involve the 
faculty with rail industry and encourage direct interaction between them, students and industry, 
an opportunity often highlighted as one of the key needs by the industry. 

While some very interesting ideas have been developed by the students, none of our projects 
have yet moved on to industrial implementation. Based on our interpretation, one of the main 
factors causing this are that sponsorship has been provided by the "users" (rail companies) who 
are not necessarily the entities making manufacturing modifications or directly involved in the 
development. There has been limited interest from the manufacturing side. Based on discussions 
with sponsors this may be due to the fact that current technologies are meeting the commercial 
objectives of the companies, so the motivation for new development is limited. 

Recommendations 
It is expected that the pace of technology implementation continues to escalate across the 
industries. Therefore, it is essential that rail industry harnesses as much of the available resources 
as possible to participate in the development of these new technologies. Exposing the students 
to rail industry via project activities is a very low cost approach with potential to provide benefits 



in multiple fronts, namely in recruiting, technology implementation, development of academia 
interested in rail topics, etc. For these reasons Michigan Tech and other universities should 
continue to encourage industry to consider undergraduate projects as one of their strategic 
approaches. In addition to simply getting more projects, both universities and industry need to 
ensure that these projects are showcased on campus to inspire students to consider the rail 
industry.     
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Appendix 1 – Michigan Tech Undergraduate Student Projects 

(2009-2010) Lake Superior & Ishpeming Railroad – Track Design to Improve Train Operations (CE, SU, 
CM, SBE)  - A multidisciplinary team of 13 students completed a track design project to improve capacity 
of the Lake Superior and Ishpeming Railroad.  The team designed two rail sidings, including cost 
estimates and construction plans, and analyzed the impact of the improvements on the LS&I system.    

(2010-2011) CXT / CN Sustainability Assessment (CE, CM) – students from Transportation Enterprise 
worked with CXT, Inc. and CN Railroad to develop environmental sustainability metrics that can be used 
in CXT’s industrial production facility, and in CN’s railroad operations.  The project produced a prototype 
environmental sustainability model to calculate CXT’s carbon footprint, and to assess future 
improvements.  

(2010-2011) Lake Superior & Ishpeming Railroad Lubrication Project (CE, CM)  - students from 
Transportation Enterprise worked with Lake Superior and Ishpeming Railroad (LS&I) to assess their 
existing rail lubrication infrastructure and provide recommendations for updating the system. Students 
familiarized themselves with not only rail lubrication practices but also rail related terminology and 
knowledge. During the field visit the student team identified potential problems in the track geometry 
and added investigation of ideal superelevations to the project.  

(2011-2012) Rehabilitation project for the Quincy Mine Hoist Association (QMHA) (CE, CM, SU) - This 
multidisciplinary group was tasked with restoring the historical track alignments of the mine so that it 
may serve as a tourist attraction as well as a functional passenger railroad. The team conducted 
comprehensive topographic surveys, a redesign of the existing track and yard layout around the engine 
house, crossings between historic and present rail lines, a locomotive run around for maneuvering 
around passenger cars, and the design of several trestle bridges as part of the final deliverable. 

(2012-2013) Locomotive Sand Tank Level Sensor system (EE) – Students developed a sensor system for 
determining the sand level in locomotive traction sand tanks, and for displaying the level to a remote 
location. 

(2012-2013) Railcar Coupler Redesign (ME, MSE, CE) – Students redesigned the industry standard 
coupler knuckle to improve durability.  The group worked to increase the strength, decrease the weight, 
and improve the geometric design.  The final concept reduces forces in regions known to fail.  

(2012-2013) Rail Program Promo Video (HU, SBE)  – A student team produced a promotional video for 
the Rail Transportation Program, including interviews with rail industry leaders and video of active rail 
operations.  The video highlights that the rail industry is a vibrant work place, and that the RTP is a good 
way to get started with the industry.   

 (2013-2014) Highway-Rail Grade Crossing Surface Evaluation (CE, CM) – A student group collected 
available data, conducted site inspections, and analyzed the resulting information to define crossing 
surface performance.  The final report provided Michigan DOT with a criteria set for inspector evaluation 
of crossing surfaces, and a data collection model for collecting crossing historical data for use in future 
evaluation of crossing surfaces.   

(2013-14) Centerbeam Car Repurposing (ME) – This student group evaluated options for repurposing a 
centerbeam railcar, and developed a plan for re-using this car type as a frac-sand platform.  The plan 



included removing the existing centerbeam structure, and replacing the lost structural capacity with a 
redesigned “fish-belly” beam.   

(2013-14) Grade Crossing Jumper Cable (EE) – This group investigated the operation of grade crossing 
signal systems, and the jumper cables used to disable them during maintenance activities.  The end 
result is a redesigned jumper system that can sense the approach of a train and reactivate the crossing 
even when the jumper is still in place. 

(2013-14) Balise and Train Control System Market Study (EE, SBE) – A multidisciplinary team of 
students provided a client overview of train control systems using balise technology, and the potential 
market opportunities in that technology area.  Ongoing work will look at use of radio frequency tags in 
the rail industry. 

(2014-15) Wayne Industries Site Expansion (CE, ECE)– A group of civil and environmental engineering 
students worked with Wayne Industries to plan a site expansion for a rail served warehouse.  The 
warehouse receives steel and aluminum by rail, and distributes those materials to the surrounding 
region by truck.  The project involved developing an location plan and preliminary drawings for a 
150,000 square foot expansion, plan and profile drawings for rail access to the new expansion, and truck 
access and parking for the expanded operation.   

 (2014-15) System to Measure Effectiveness of Rail Shunt –  In the rail industry, a shunt merely consists 
of C-clamps and low resistance wire. This is made in order to simulate the conditions of the track while a 
train is passing over it as the axles create a very low resistance connection across the tracks which 
enable various protocols to take place. However, in the simplicity of the design there is a lack of 
assurance that the shunt is effective in recreating these conditions posing potential threats to 
calibration and safety of rail workers and equipment.  This team developed a clamp system and simple 
readout that establishes a good shunt and verifies that the shunt operation is being performed 
adequately. 
 

(2015-16) Lake State Railway Yard Improvements – A team of civil and environmental engineering 
students are working on developing plans for a portfolio of improvements in the Saginaw Railyard.  
Improvements include a new covered locomotive wash facility, drainage improvements throughout the 
yard, re-constructing an abandoned warehouse, track updgrades to support 7 – 9,000 foot unit trains, 
investigation of road closure and grade separations to support unit train operations, and improvements 
to the existing locomotive turntable. 

(2015-16) Dye penetrants for Rail Defects/Inspection Methods (Materials Science) – Dye penetrants 
are used in the rail industry to identify rail defects in cut sections of field rail repairs.  This ensures that 
the rail section left in the field after the repair is free from defects.  However, dye penetrants do not 
work well at low temperatures encountered in northern region rail operations.  This team is tasked with 
researching available dye penetrants to find one that will work better than those currently in use, or to 
find another method of detecting defects that will not be susceptible to cold weather. 
 
(2015-16) Railroad Car Wheel Contaminant Detection (EE, CE) – Wheel contaminants can seriously 
impact the performance of hump yard retarders.  This team developed a system for identifying 
contaminants on train wheels before they are pushed over the hump, and removing the offending car 
from the classification stream so that the contaminant can be dealt with.   
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