
ME482 Course Project – Research in Machining 

 

A term project will be carried out for in-depth study of a machining process. This project gives you an 

opportunity to conduct research in machining field, operate various machine tools, and use lab equipment 

including piezoelectric dynamometer, thermocouples, linear stage, and high-speed camera.    

Topic is open but limited in machining process study. It is important that the project matches your personal 

interests and/or industry needs.  Recommended term project topic list will be provided for selection.  

This is a team project for on campus students, who will submit your project selection form and be assigned 

to a team of 4 on-campus students, according to your preference and information provided in the student 

data form (Canvas->Files->Project). You may not switch to another team once the teams are formed. Two 

peer evaluations will be conducted together with Milestones 5 and 10.  

Online students will discuss with the instructor to find a project that best fits your career interests and work 

needs.  In-depth study of the machining line in your plant or supplier is the ideal project. You can choose 

to work with other online students as a team if you prefer. Opportunities to team up with on-campus student 

is also an option.  

Your performance in this project will be judged based on proposal and report writing, presentations, 

milestones, and peer evaluations (if work in team). Project contributes 25% of your score of this course. 

 

Grading  

Term Project (25%)  

Proposal presentation and writing (10%)  

Final presentation and report (15%)  

Peer evaluation (the multiplier) 

 

Missing one milestone deadline will deduct one point from the class participation (10%) 

 

 

Peer evaluation 

Your peer evaluation score will be assigned based on your contribution to the project, which will 

be calculated as the average of the scores reported individually anonymously by your team 

members (including yourself). You will get 100% if you completely fulfills your duty and 0% if 

you completely neglect your duty. If you fail to submit your evaluation on your team mates or 

submit scores without comments, your score will be 0%  

Your project score will be the product of your team presentation and report score and your 

individual peer evaluation score. 

 

Milestones 

Milestone 1  Team formation and role assignment  Wed. Jan. 15 

Milestone 2  Topic selection     Wed. Jan  20 

Milestone 3  Proposal presentation and writing  Wed. Feb. 8 



Milestone 4  Experimental setup    Fri. Feb. 17 

Milestone 5  Midterm evaluation    Wed. Feb. 22 

Milestone 6  First data collection    Wed. Mar. 8 

Milestone 7  Improved experimental setup   Fri. Mar. 17 

Milestone 8  Final data collection    Fri. Mar. 31 

Milestone 9  Presentation     Wed. Apr. 12 

Milestone 10  Report      Wed. Apr. 19 

 

Topic list 

Traditional and automotive 

1. Machining characteristics in pre-heated aluminum  alloys drilling 

Aluminum alloys are desirable materials for numerous engineering implementations because 

of their excellent low-temperature properties, high strength-to-weight ratio, and good 

corrosion resistance. A big challenge in drilling aluminum is the build-up edge (BUE) of the 

drill and chip evacuation. This topic will be concentrated on the influence of pre-heated drill 

on aluminum drilling. Thrust force and torque will be measured by a piezoelectric 

dynamometer; BUE of drill and microstructure of workpiece will be examined by scanning 

electron microscope (SEM).  

2.  Temperature variation of a metal-bonded diamond wheel in compacted graphite iron (CGI) 

grinding  

Diamond wheel is sensitive to the working temperature. When the temperature is higher than 

700℃, diamond will be carbonized. The effect of temperature on the life of diamond wheel 

will be analyzed by measuring the temperature variation of diamond wheel in the grinding 

process of CGI. This team will measure the real-time temperature of the diamond wheel in 

CGI grinding on a CNC grinding machine, the loss of diamond particles under microscope, 

and analyze the data.  

3.  Grinding force in CGI grinding with a metal-bonded diamond wheel  

The falling of diamond particles is the major failure form of a diamond grinding wheel. The 

grinding force is an important factor to leading to the loss of diamond abrasives. The 

influence of grinding force on the life of grinding wheel will be analyzed by measuring 

grinding force during CGI grinding on a CNC grinding machine and examine the diamond 

abrasives on the wheel under microscopes. 

4.  Multi-grain grinding process modeling  

Multi-grain modeling of the grinding process is a novel approach to simulate the grinding 

process to describe the grinding force, temperature, chip formation, and ground surface.  This 

team will characterize the grinding wheel topography using 3D microscope.  Experiment will 

be conducted to measure the grinding force, collect and observe the swarf, and examine the 

ground surface using piezoelectric dynamometer, and scanning electron microscope.  

 



Biomedical Machining 

5.  Calcified plaque cutting mechanism  

Cutting of calcified plaque has been performed in hospitals via multiple medical devices 

(cutting balloon and atherectomy).  The plaque cutting mechanism is lack of understanding. 

Cadaveric severely calcified plaque specimen will be prepared.  Cutting mechanism will be 

observed including the cutting force and chip formation with different cutting parameters by 

dynamometer and high speed camera.   

6.  Plaque grinding force in rotational atherectomy  

Atherectomy is a medical procedure for high-speed grinding of plaque inside the blood vessel 

to create a clean pathway for the blood flow.  The grinding force in atherectomy is critical to 

the complication rate.  This team will measure the grinding force using piezoelectric 

dynamometer.  Bovine bone will be machined as the plaque surrogate.  A micron-level-

accuracy experimental setup will be built to control the feed and the traverse speed.  

7.  Grinding wheel motion and forces in orbital atherectomy  

Orbital atherectomy is another procedure using high-speed grinding to remove the plaque 

inside the blood vessel.  The grinding wheel motion and force are currently poorly understood.  

This team will measure the grinding force using piezoelectric dynamometer.  A ring-shape 

bovine bone specimen will be machined as the plaque surrogate.  The ground surface will be 

examined using microscope.  

8.  Temperature distribution in orbital atherectomy  

Orbital atherectomy may generate excessive heat causing thermal damages to the blood and 

surrounding arterial tissues. This team will characterize the heat generation and distribution 

in orbital atherectomy.  Experiment will be conducted using thermocouples to measure the 

temperature rise along the catheter and in the bovine bone made plaque surrogate.    

9.  Bone drilling and analog material characterization  

Surgical training often utilizes synthetic bone made of polyurethane foam for drilling 

operations.  Whether this bone analog material can simulate the bone property during the 

drilling process is lack of understanding.  Experiment will be conducted to compare the 

drilling thrust force and torque and temperature rise between the synthetic bone and bovine 

bone.  Piezoelectric dynamometer, high speed micro drilling machine, thermocouples, and 

orthopedic surgical drill will be used.  

 

Medical Device 

10.  Biopsy needle with micro grooves  

The needle insertion in the biopsy procedure often suffers from the soft tissue deformation, 

causing the needle misplacement. A novel approach to decrease the tissue deformation is to 

create the micro-grooves near the needle tip. This team will learn how to machine the micro-

grooves with minimal burr generation and workpiece deflection. This team will further 

determine the geometrical parameters of the grooves to achieve the minimal tissue 

deformation while maintaining the required material strength.  



11.  Needle tip grinding with minimal burr generation  

Bevel tip is the most common needle tip type in the clinical practices. This team will need to 

find the appropriate grinding process parameters to create the bevel tip with the minimal burr 

generation. The ground surface will be examined using the microscope. Experiments will be 

further conducted to compare the needle insertion force for different bevel angles by using 

the piezoelectric dynamometer and the tissue-mimicking material phantoms. 

12.  Clot removal in cerebral artery for stroke patient  

Clot in the cerebral artery obstructs blood flow and is the major cause for stroke. One of the 

current procedures to mechanically remove clot is by an aspiration catheter.  However, the 

catheter cannot aspirate thick clots and is ineffective with large clot because they frequently 

clog. To prevent clog, a stainless-steel wire rotates inside the catheter to fragment the clot. 

This team will study the wire tip geometry on the aspiration efficiency. The machining 

technique to manufacture designed tip geometry will be developed. Experiments will be 

conducted to evaluate the aspiration speed for coagulated blood in a blood vessel surrogate.  

13.  Belt grinding of Nylon support structure for orthosis  

Additive manufacturing, more commonly known as 3D-printing, is allowing for the mass 

customization of products such as orthotics and prosthetics. In the future, the combination of 

additive and subtractive techniques will increase the viability and versatility of these products. 

This team will study the effectiveness of belt grinding for the finishing of a nylon orthosis.  

Improvements in cycle times to the overall process will be noted, and the effect of grinding 

on the remaining nylon structure will be studied.  Finally, part accuracy will be compared to 

the required specifications for the orthotic. 

14.  Pull-out force of Kirschner (K-) wire 

K-wire fixation is widely used in the orthopedic surgery to connect bones.  Displacement of 

K-wire due to low fixation force after the surgery is dangerous. Pull-out force of the K-wire 

may be associated with the drilling techniques.  This team will measure the K-wire force 

under various drilling parameters to provide a guideline for orthopedic K-wire drilling for 

high fixation force.  Bovine bone will be prepared for experiment. A setup to control the 

drilling parameters will be built. Drilling process will be monitored by dynamometer and 

thermocouples.   

15. Structure testing of 3D-printed transtibial prosthesis socket  

3D printing technology has been applied in fabricating custom orthosis and prosthesis. A 

promising application is 3D-printed transtibial prosthesis socket which can considerably 

speed up the socket fabrication.  The structural strength of the 3D printed socket is critical to 

the patients but lack of understanding. To measure the socket strength, a dedicated fixture 

and testbed are required.  This team will build the experimental setup for the socket structure 

testing, focusing on fixtures design and CNC machining, testing the 3D-printed transtibial 

prosthesis, and measuring load distribution with load cells for both static and cyclic tests and 

compare the result with that of the prothesis made via traditional molding method. 

 

Honor code 

You must build the experimental setup by your own team members.  You should not make up or 

manipulate any data to support your hypothesis.  You must write your proposal and report by your 



own team members.  You should not directly copy any sentence from others’ work.  References 

are required if you cite any information.  You should not discuss peer evaluation within your team.  

You must evaluate your team mates purely based on their performance in this project. 

Violation of this policy is violation of the honor code 

http://www.engin.umich.edu/students/honorcode/) and may be grounds for initiating action before 

the College of Engineering’s Honor Council. 

 


