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(Upper left photo) 
 
Dr. Pingen Chen is the lead investigator of “Rural Reimagined: Building an EV Ecosystem 

and Green Economy for Transforming Lives in Economically Distressed Appalachia”, 

awarded by the U.S. Department of Energy.  He is shown next to one of the electric 

vehicles used in demonstrations across the region to build the clean economy in rural 

areas. 

 
 
(Lower right photo) 
 
Dr. Rory Roberts is spearheading a team consisting of several universities and 

industry partners in the CarbonLess Electric AviatioN (CLEAN) as part of NASA’s 

University Leadership Initiative program.  Pictured are the TTU faculty and student 

team members  in the Propulsion, Power, and Thermal Systems Laboratory (left to 

right): Dr. Ahmad Vaselbehagh, Dr. Bruce Jo, Dr. Mingyang Gong, Aaron Bain, Alex 

Tharpe, David Schafer, Jeff Webster, Jimmy Meacham, Andrew Ellicott, Noah 

Simpson, Trevor Kramer, and Dr. Rory Roberts. 

 

 
 
 
 
 

Center for Manufacturing Research 
Tennessee Tech University 

1020 Stadium Drive 
Prescott Hall, Room 233, Box 5077 

Cookeville, TN 38505 
 

(931) 372-3362 
mfgctr@tntech.edu 

www.tntech.edu/engineering/research/cmr 
  



Table of Contents 

 



 

Center for Manufacturing Research 1 Annual Report 2022-23 
 

Tennessee Technological University 
Center for Manufacturing Research 

Annual Report – FY 2022 – 2023 
 

Mission Statement  
(Unchanged since 2001) 

 
“To advance and support scientific and engineering knowledge in areas related to manufacturing 
through fundamental research and technology transfer activities, and to impact the instructional 
program in those areas.” 
 
The Center for Manufacturing Research (CMR) at TTU was establi shed in 1984 and 
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CMR Faculty Associates* 
 
Dr. Mohammad Albakri, ME 
Dr. Ali Alouani, ECE 
Dr. Steven Anton, ME 
Dr. Pedro E. Arce, ChE 
Dr. Andrea Arce-Trigatti, Curriculum & Instruction 
Dr. Indranil Bhattacharya, ECE 
Dr. J. W. Bruce, ECE 
Dr. Stephen Canfield, ME 
Dr. Pingen Chen, ME 
Dr. George Chitiyo, Curriculum & Instruction 
Dr. William Eberle, CS 
Dr. Ismail Fidan, MET 
Dr. Manaak Gupta, CS 
Dr. Syed Rafay Hasan, ECE 
Dr. Ada Haynes, Sociology & Political Science 
Dr. Stephen Idem, ME 
Dr. Bruce Jo, ME 
Dr. Duckbong Kim, MET 
Dr. Ethan Languri, ME 
Dr. Allen MacKenzie, ECE 
Dr. Mohamed Mahmoud, ECE 
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EXECUTIVE SUMMARY 
 

FY22-23 has witnessed unprecedented success as the CMR secured over $4.1M in external 
funding, a 98% increase over the previous year. This achievement marks the highest funding 
level since the Center’s inception in 1984. The faculty's hard work and dedication have played a 
pivotal role in attaining such significant funding, enabling the Center to expand its research 
capabilities, forge valuable partnerships, and accelerate innovation in a range of research areas. 
This summary highlights two large grants, offering a glimpse into the accomplishments. The 
report also showcases several other competitive and exciting research projects, as detailed in 
the “Research Highlights” section. 

The team led by Dr. Pingen Chen has been awarded over $8M ($4,012,930 sponsor share + 
$4,013,156 cost share) by the U.S. Department of Energy for their proposal titled “Rural 
Reimagined: Building an EV Ecosystem and Green Economy for Transforming Lives in 
Economically Distressed Appalachia.”  This project aims to provide clean and affordable mobility 
options to underserved communities by developing needed charging infrastructure and by 
adopting and demonstrating various cost-effective electric vehicles in diverse applications. 
Additionally, the project will facilitate collaborative opportunities among universities, automotive 
electric vehicle manufacturers, charging station suppliers, and other stakeholders for workforce 
training, catering to the rapidly growing electric vehicle industry and the clean energy economy. 

Dr. Rory Roberts and his team have been selected by NASA to receive a grant of over $8M 
($7,999,982 sponsor share + $670,032 cost share) for the development of an electric-powered 
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Center Research
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Table 1. Summary of CMR Accomplishments 

Table 1 
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Figure 1 – Externally Funded Activations Since FY12-13 
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Sources.  This project seeks to 
help solve one of aviation’s key 
challenges for the future of 
commercial air travel: zero-
emission aircraft by 2050.  The 
team of researchers, led by Dr. 
Roberts, will explore a preliminary 
design for an electrified, 150-
passenger aircraft that uses an 
ammonia-based integrated 
propulsion, power, and thermal 
management system.  The 
research focuses on investigating, 
designing, and testing several 
components and subsystems that 
are required for a zero-emissions 
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Center Activities 
 
Materials Science Laboratory 

The Materials Science Laboratory (MSL) conducts 
morphology and topographical characterization for a wide 
range of materials, including (but not limited to) polymers, 
ceramics, metals and their alloys, fibers, aggregates and 
composites.  A centerpiece of the MSL is the ultra-high-
resolution Field Emission Scanning Electron Microscope 
Hitachi FE_SEM SU7000.  Tennessee Tech was the first 
university in North America to receive this equipment.  

In FY 22-23, the MSL was cleaned and reorganized, making 
it more user friendly and efficient.  Additionally, a new rough 
cut saw was added and the macro-hardness tester was 
relocated to the lab space, adding to the overall capability of 
the laboratory.  The addition of a rough cut saw enables the 
lab users to process larger samples more quickly and free up 
the precision saw for other tasks.  The relocation of the 
macro-hardness tester makes the instrument more 
accessible than before, allowing us to conduct tests more 
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VR applications are expensive, however, making it difficult for community and technical colleges to adopt 
them as a training tool. This is where the Low-Cost Virtual Reality Platform project comes in. Led by a 
team of educators with related experience and expertise, the project has developed a low-cost platform 
for creating VR modules that can be customized and adopted by colleges with limited resources.  

The platform has already been used to develop four VR modules on blueprint reading, basic work area 
safety, quality control, and geometric dimensioning and tolerancing, with promising results. 

This innovative project is proving that effective training doesn't have to be expensive or out of reach. By 
providing a solution to a longstanding problem, the project is helping to create a training method that is 
accessible for students and affordable for schools, colleges, and companies. As the demand for skilled 
technicians in advanced manufacturing continues to grow, this low-cost virtual reality platform is poised 
to become a game-changer, helping to bridge the skills gap and equip the next generation of technicians 
with the knowledge and expertise they need to succeed. 

The project team is confident that the low-cost virtual reality platform will have a lasting impact on 
technician training in advanced manufacturing. By providing an immersive and interactive learning 
experience, the platform is helping to engage students and keep them motivated, while also increasing 
retention and comprehension of complex concepts. 
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Earl “Wayne” Hawkins retired from the CMR after 33 years of service 
to Tennessee Tech.  Wayne began his career at TN Tech in 1990 as a 
part-time Laboratory Assistant and over the years was promoted to Lab 
Manager of the Materials Science Lab (MSL), conducting microstructural 
characterization for a wide range of materials.  In 2021, he was honored 
with the College of Engineering’s Outstanding Staff Award.   
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Brandon Patel, M.S., Mechanical Engineering, 2023   
Vehicle Stability Assist Test Engineer 
Honda R&D Americas 
Marysville, Ohio 
 
 
 
 
 
 
 
 
Ibrahim Yilmaz, Ph.D., Computer Science 2022   
Senior Machine Learning Research Scientist 
Mayo Clinic 
Jacksonville, Florida 
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15. Baza, Mohamed, Mahmoud Nabil, 
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Structures and Intelligent Systems, vol. 86274, p. V001T06A005. American Society of Mechanical 
Engineers, 2022. 

31. Ibrahem, Mohamed I., Mohamed MEA Mahmoud, Fawaz Alsolami, Waleed Alasmary, Abdullah 
Saad AL-Malaise AL-Ghamdi, and Xuemin Shen. "Electricity-theft detection for change-and-transmit 
advanced metering infrastructure." IEEE Internet of Things Journal 9, no. 24 (2022): 25565-
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8. Ameer, Safwa, Maanak Gupta, Smriti Bhatt, and Ravi Sandhu. "Bluesky: Towards convergence of 
zero trust principles and score-based authorization for iot enabled smart systems." In Proceedings of 
the 27th ACM on Symposium on Access Control Models and Technologies, pp. 235-244. 2022. 

9. Arce, Pedro E., J. Robby Sanders, and 
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IEEE International Symposium on Electromagnetic Compatibility & Signal/Power Integrity (EMCSI), 
pp. 113-118. IEEE, 2022. 

24. Fidan, Ismail, Ankit Gupta, Seymur Hasanov, Alisa Henrie, and Perihan Fidan. "Flipped Classroom 
to increase the Student Success in Manufacturing Courses." In 2022 ASEE Annual Conference & 
Exposition. 2022. 

25. Fidan, Ismail, Marshall Norris, Mithila Rajeshirke, Orkhan Huseynov, Suhas Alkunte, Mohammad 
Alshaikh Ali, Joji Jeevan Kumar Dasari, and Zhicheng Zhang. "Non-traditional Delivery of Hands-on 
Manufacturing Courses." In 2022 ASEE Annual Conference & Exposition. 2022. 

26. Fuentes Garcia, Miguel Angel, Abigail J. Wohlfert, David Chesson, Jennifer R. Vranish, and Steven 
R. Anton. "Approaching the Analysis of the Mechanical Properties of Human Achilles Tendon." 
In Smart Materials, Adaptive Structures and Intelligent Systems, vol. 86274, p. V001T06A006. 
American Society of Mechanical Engineers, 2022. 

27. Guo, Terry N. "Connectivity-aware fast network forming aided by digital twin for emergency use." 
In IEEE INFOCOM 2022-IEEE Conference on Computer Communications Workshops (INFOCOM 
WKSHPS), pp. 1-6. IEEE, 2022. 

28. Guo, Terry N. "Integration of Aerial-Relay-Based Network With Terrestrial Network Towards B5G/6G 
Evolution." In 2022 IEEE 96th Vehicular Technology Conference (VTC2022-Fall), pp. 1-7. IEEE, 
2022. 

29. Guo, Terry N., Husheng Li, and Allen B. MacKenzie. "Efficient and Secure Spectrum Utilization for 
Communication & Sensing in UDN by Beamspace Processing." In 2022 IEEE Globecom Workshops 
(GC Wkshps), pp. 1501-1506. IEEE, 2022. 
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55. Odetola, Tolulope A., Faiq Khalid, and Syed Rafay Hasan. "LaBaNI: Layer-based Noise Injection 
Attack on Convolutional Neural Networks." In Proceedings of the Great Lakes Symposium on VLSI 
2022, pp. 143-146. 2022. 

56. 
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Development on a Shoestring Book, Editors: Diane Chapman and Michelle Bartlett, Information Age 
Publishing Inc., P.O. Box 79049, Charlotte, NC-USA, 2022 (Accepted) 

3. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. Access control models and 
architectures for IoT and cyber physical systems. Cham, Switzerland: Springer, 2022. 

4. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Access Control Oriented 
Architectures Supporting IoT and CPS." In Access Control Models and Architectures For IoT and 
Cyber Physical Systems, pp. 19-38. Cham: Springer International Publishing, 2022. 

5. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Attribute Based Access 
Control for Intelligent Transportation." In Access Control Models and Architectures For IoT and Cyber 
Physical Systems, pp. 125-145. Cham: Springer International Publishing, 2022. 

6. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Authorization Frameworks 
for Smart and Connected Ecosystems." In Access Control Models and Architectures For IoT and 
Cyber Physical Systems, pp. 39-61. Cham: Springer International Publishing, 2022. 

7. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Fine Grained 
Communication Control for IoT and CPS." In Access Control Models and Architectures For IoT and 
Cyber Physical Systems, pp. 147-164. Cham: Springer International Publishing, 2022. 

8. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Introduction: Requirements 
for Access Control in IoT and CPS." In Access Control Models and Architectures For IoT and Cyber 
Physical Systems, pp. 1-17. Cham: Springer International Publishing, 2022. 

9. Gupta, Maanak, Smriti Bhatt, Asma Hassan Alshehri, and Ravi Sandhu. "Secure Virtual Objects 
Communication." In Access Control Models and Architectures For IoT and Cyber Physical Systems, 
pp. 97-124. Cham: Springer International Publishing, 2022. 

10. Mamun, Mohammad and Ali T. Alouani, “Automatic Detection of Heart Diseases Using Biomedical 
Signals: A Literature Review of Current Status and Limitations,” Lecture Notes in Networks and 
Systems 439, pp. 420-440, 2022. 

Reports 

1. CHEUNG, APRIL, ISMAIL FIDAN, VENANCIO L. FUENTES, and MARTIN REED. "Overview of 
ABET Accreditation from the Perspective of Two-Year Programs." (2022). 

2. Wohlers, Terry, Noah Mostow, Ian Campbell, Olaf Diegel, Joseph Kowen, Ismail Fidan, “Wohlts
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External Activations 

 Project Description   P.I.                                     Department Total Funds 

 1 Autonomous Intelligent Robot (AlRobot) for Ali Alouani ECE $185,792 
  TVA Substation Inspection 
 Tennessee Valley Authority 
 Account #: 5-32605 836MC-Y4 

 2 Integration of the Engineering for One Planet Pedro Arce ChE $8,000 
  Model as a Structured Approach to  Robbie Sanders ChE 
 Sustainable Design via the Renaissance  
 Foundry 
 ASEE - American Society for Engineering  
 Education 
 Account #: 5-35305 961MC 

 3 Medium-duty eTruck: Pilot Electrified Fleets  Pingen Chen ME $122,378 
 in Urban and Regional Applications Stephen Canfield ME 
 UT-Austin (via DOE funds) - UTAUS- 
 SUB0000346AM2 - Period 2 of 3 (formerly  
 UTA20-001055) 
 Account #: 5-39221 852MC-Y2 

 4 Rural Reimagined: Building an EV Ecosystem Pingen Chen ME $2,047,532 
  and Green Economy for Transforming Lives  
 in Economically Distressed Appalachia 
 US Department of Energy - Award DE- 
 EE0009862 - Period 1 
 Account #: 5-32627 907MC-P1 

 5 Improving Technician Skills in Advanced  Ismail Fidan MET $27,858 
 Manufacturing with a Low-Cost Virtual  
 



 

Center for Manufacturing Research 



 



 

Center for Manufacturing Research 30 Annual Report 2022-23 
 

 Project Description   P.I.                                     Department Total Funds 

   24  Pack Aluminide Coatings on Ti-Containing  Ying Zhang CMR $13,932 
 Ni-base Alloys - Reference PR73702 
 Oak Ridge National Laboratory (ORNL) - PO  
 40000204172 
 Account #: 5-32455 950MC 

 25 Pack Aluminide Coatings on F82H Alloy Ying Zhang CMR $22,092 
 Oak Ridge National Laboratory - PO 400205045 
 Account #: 5-32456 971MC 

  

 

External Activations in FY 2022 –  2023   $4,141,124 
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FY 2024 – 2025 Budget Request and Justification 
 
The CMR is requesting a 10.0% increase in the FY 2024-25 State appropriations to account for 
increasing salaries, benefits, student support, tuition and fees, supplies, and other costs as well 
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SUPPORTING MATERIALS  
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CMR Supported Graduate Students Degrees Awarded 
in 2022-2023 Fiscal Year 

 
Masters 

 
Alshaikh Ali, Mohammad 
“Benchmarking Studies on Energy Usage and Lattice Infill Pattern for Common Additive Manufacturing 
Technologies” 
Summer 2022 
Advisor: Dr. Ismail Fidan 
Mechanical Engineering 
 
Bain, Aaron 
Fall 2022 
Advisor: Dr. Rory Roberts 
Mechanical Engineering 
 
Brady, Kaydn 
“Design of an Add-On Autonomous Navigation and Control System for an Outdoor Electric Wheelchair” 
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CMR Supported Graduate Students Degrees Awarded 
in 2022-2023 
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CMR Supported Graduate Student Degrees Awarded 
in 2022-2023 Fiscal Year 

 
Ph.D. 

 
Aboah Boateng, Emmanuel 
“Unsupervised Machine Learning Methods for Detecting Process Control Anomalies in Industrial 
Control Systems” 
Spring 2023 
Advisor: Dr. J.W. Bruce 
Electrical and Computer Engineering 
 
Abdelfattah, Sherif 
“Efficient and Privacy-Preserving Data Search and Medical Diagnosis for Cloud-Based E-Health 
Systems” 
Fall 2022 
Advisor: Dr. Mohamed Mahmoud 
Electrical and Computer Engineering 
 
Bain, Aaron 
“Design and Operation of Solid Oxide Electrochemical Cell Systems for Space Applications” 
Spring 2023 
Advisor: Dr. Rory Roberts 
Mechanical Engineering 
 
Badr, Mahmoud 
“Security and Privacy Preservation for Smart Grid AMI Using Machine Learning and Cryptography” 
Summer 2022 
Advisor: Dr. Mohamed Mahmoud 
Electrical and Computer Engineering 
 
Li, Xuebin 
“Design and Analysis of Decentralized User Multi-Association in Ultra-Dense mmWave Network” 
Spring 2023 
Advisors: Dr. Allen MacKenzie and Dr. Nan Guo 
Electrical and Computer Engineering 
 
Odetola, Tolulope 
“Hardware Verification and Security Challenges in Distributed Convolutional Neural Network Inference” 
Fall 2022 
Advisor: Dr. Syed Hasan 
Electrical and Computer Engineering 
 
Yilmaz, Ibrahim 
“Security-Enhanced Authentication and Privacy Preserving Schemes for Smart Grid” 
Summer 2022 
Advisor: Dr. Ambareen Siraj 
Computer Science 
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CMR Graduate Students Supported from State Appropriations 
(continued) 

 
       Ph.D. 

        Islam, Saiful 
       Advisor: Dr. Duckbong Kim 
       Mechanical Engineering 
 
       Odetola, Tolulope 
       Advisor: Dr. Syed Hasan 
       Electrical and Computer Engineering 
 
       Patel, Brandon 
       Advisor: Dr. Pingen Chen 
       Mechanical Engineering 
 
       Rashid, Mamunur 
       Advisor: Dr. Nan Chen 
       Electrical and Computer Engineering 
 
       Shoummo, Md Mashiur Rahman 
       Advisor: Dr. Bruce Jo 
       Mechanical Engineering 
 
       Su, Zifei 
       Advisor: Dr. Pingen Chen 
       Mechanical Engineering 
        
       Swiecichowski, Patrick 
       Advisor: Dr. Ethan Languri 
       Mechanical Engineering 
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CMR Graduate Students Supported from External Funds 
 
 

Masters      Ph.D. 
 

Alshaikh Ali, Mohammad    Abdulmagued, Magdy 
Advisor: Dr. Ismail Fidan    Advisor: Dr. Pingen Chen 
Mechanical Engineering    Mechanical Engineering 
 
Buchanan, Ranger     Al Amiri, Wesam 
Advisor: Dr. Ismail Fidan    Advisor: Dr. Allen MacKenzie 
Mechanical Engineering    Electrical and Computer Engineering 
 
Edwards, Tyler     Ayeni, Oluwaseyi 
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External Funding – Proposals Submitted 

      Status Title          P.I.    Dept. Total Funds 
 
 1 978MC Simulation of Synthetic Layered CT Training Data       
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      Status Title          P.I.    Dept. Total Funds 
 
 25 189MC-22 UT-CIS 2022-2023 Capstone                      Mohan Rao ME $30,000 
 11/17/2022     The University of Tennessee Center for Industrial 
 5-33634 Services 
  
 26 974MC CarbonLess Electric AviatioN (CLEAN)               Rory Roberts ME $7,998,932 
 1/11/2023       NASA ULI                   Bruce Jo ME 
                               Ahmad Vaselbehagh ME 
  
 27 976MC Fiber Reactor Extraction Simulation                      Holly Stretz ChE $83,490 


