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1. Summary 
This report summarizes the progress made since August 2021 and how the John and Cathi Drake Chair 
funds have impacted our students. Thank you for your support, interest, and dedication that help so many 
undergraduate and graduate students pursue their interests and find their way to successful careers. I’m 
grateful for this opportunity and fortunate to see the impact daily.  

2. Research and Educational Initiatives 
This section is divided into four areas: Diesel Engine Emissions, Naval, and Marine Renewable Energy. Most 
of the descriptions are short, except for the Marine Renewables, which has seen the most student activity. 

Diesel Engine Emissions 
We were invited by researchers at Pacific Northwest National Laboratory (PNNL) to be part of a proposal to 
the U.S. Department of Energy to investigate diesel engine emission devices for heavy-duty, off-road 
equipment. The proposal was successful, and we started work on the project in earnest last summer. In 
addition to Michigan Tech, there are many other private sector participants, the largest being John Deere. 
The Diesel Oxidation Catalyst Filter (DOCF) is relatively new and combines filtering particulate matter and 
removing regulated emissions from the exhaust. Michigan Tech is developing the DOCF computational model 
using several novel methods to let the team understand how to vary the precious metal catalyst within the 
device. The hypothesis is that less of the expensive catalyst will be needed by varying its distribution. 

Tom Price started on the project in the Fall and is making significant progress filling out the architecture I 
developed in the summer. Our collaborators at PNNL have just commissioned a novel test facility to measure 
exhaust concentrations inside the DOCF. This means we’ll be able to validate our model with detail that has 
never been done before. The uniqueness of the data and the model approach should be of great interest to 
the diesel engine aftertreatment community translating into publications and an excellent dissertation for 
Tom.  

Naval 
We’ve been working with Advanced Technology and Research Corporation (ATR) for the past 1.5 years on 
quantifying and mitigating the effect of ship motion on 3D printing. In last year’s report, I mentioned that we 
were approved for the Phase 2 effort expected to start in the Fall of 2021. The funding finally arrived in early 
January, and we’ve been able to transition students from Nick Jensen to Gita Deonarain. The Drake Chair 
funds are essential in these situations to bridge the gap between intended and realized funding.  

Gita is ramping up quickly, and we should have some control results soon using a 3D printer that ATR 
provided. Our “first draft” of the control system uses a moving-mass device attached to the mounting 
structure of the printer. Its objective is to reduce the vibration between the printer’s extruder head and its 
baseplate that holds the part. We can simulate the ship’s vibration by placing the printer on a large shaker 
device in the MEEM sub-basement. This moving-mass approach is relatively high-risk, but it’s worth trying 
since we have all the necessary components. Later this Spring, we will develop and test two other strategies 
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using low-friction, voice coil actuators. Simulation studies indicate these control systems should work nicely; 
however, our models are idealized and can be assured to miss some aspects of reality that conspire against 
control systems.  

Marine Renewable Energy 
Last year’s report broke this area into several topics: nonlinear control, arrays, undergraduate competition, 
force test stand, and data synchronization. I’ll focus on their overlap and the student progress in this 
summary. First, I’m happy to report that the wave tank continues to keep all of its water on the inside of its 
walls. The Drake Chair funds have been used to hire an undergraduate research assistant, Jake Everts, 
responsible for wave tank maintenance and helping students with their experiments. Jake has done a 
fantastic job and moved quickly into running experiments supporting funded projects. He has another year to 
go before graduating, and perhaps he’ll stay on for a graduate degree.  

Sal Hussain successfully defended his Ph.D. in early February and officially started a post-doctoral position at 
the National Renewable Energy Laboratory (NREL) in Colorado. He’s been working remotely for NREL as an 
intern for the past year, responsible for their wave energy converter (WEC) modeling software called 
WECSim. Before Sal leaves Houghton, he’s promised to give our Marine Renewable Research Group a few 
seminars on the tools and techniques he’s developed over the years. One final note on Sal’s Ph.D. defense. 
In the past two years, our defense presentations have been live-streamed. Sal’s was the most widely 
attended I’ve seen to date with researchers from several universities in the U.S. - Colorado, New Mexico, 
Georgia, and Virginia and several participants from the UK and Italy. It demonstrated nicely his ability to 
develop a wide-ranging collaboration network.  

Sal’s WEC array work blends well with Tania’s single-WEC nonlinear control. She’s making rapid progress on 
her Ph.D. and should have another publication out soon exploring how to exploit large motion WEC models 
to harvest energy. My best guess is that Tania could be done with her Ph.D. by December 2022 or at the 
latest Spring 2023. She has an interest in being a professor. The MEEM has a program for Ph.D. students to 
teach an undergraduate course collaborating with a senior faculty member. This way, students can 
experience teaching with mentoring. Tania will be spending the summer at NREL in the intern program 
helping to commission their new wave tank facility. Tania’s success at Michigan Tech is mainly due to the 
Drake Chair funds that supported her first year in the Ph.D. program.  

Tania’s nonlinear modeling and control work has caught the interest of Houssein Yassin, a new student in our 
WEC group. Houssein is a Fulbright Scholar from Lebanon whose educational expenses are entirely covered. 
While his M.S. degree is based on coursework, he’s working with us to get research experience that results 
in a publication. He’s pursuing summer internships at both NREL and Sandia National Laboratory in 
Albuquerque in groups that have similar goals as ours. In January, we worked with colleagues at Sandia on a 
proposal to develop and test a specially shaped WEC buoy that exploits the nonlinear forces Tania uses in 
her control strategies. We should know the proposal's outcome this Spring, though we plan to get a head 
start on the project since it’s quite interesting. To that end, Houssein will be leading the development of a 3D-
printed metal WEC to explore these nonlinear effects in our wave tank. I believe this will be a unique device 
with great external interest and is made possible through the Drake Chair funds. 
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Jacob Colling has decided to finish his graduate career with an M.S. degree. This semester, he’ll graduate 
documenting his approach that synchronizes the wave tank’s wave gauges and motion tracking system. He 
also developed a WEC dynamometer that he’ll use to validate the models that Tania and Houssein are using 
for their control projects. Jacob was funded for over a year from the Drake Chair funds, which have had an 
immense impact on his studies and plans.  

Morgan Kline worked as an undergraduate research assistant until graduating in December. She’s now in our 
M.S. program using machine learning to predict future wave forces imparted to a WEC using upstream wave 
amplitude measurements. She acquired 100 data sets from the wave tank, using its wave gauges and 
Jacob’s WEC dynamometer, to train a neural network that successfully estimates the forces up to 4 seconds 
in advance. Tania will use her neural network since her latest control strategy requires predicted wave forces. 
She’s been assuming it was possible, and now it is. During her research assistant work, Morgan was 
supported through the Drake Chair funds, which will likely continue this summer.  

Finally, this year, the SENSE Enterprise student group has been working on their Marine Energy Collegiate 
Competition. After surveying the interests of potential customers and doing some background research, they 
settled on an oscillating water column design. They did some preliminary testing in the wave tank and are 
now building a prototype that they will again test in the wave tank. Unfortunately, the in-person event in 
Washington, D.C., was canceled this year. Hopefully, Michigan Tech will field a team next year that will 
compete in person.
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