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FOREWORD 
 
The Ohio Space Grant Consortium (OSGC), a member of the NASA National Space Grant College and Fellowship 
Program, awards graduate fellowships and undergraduate scholarships to students working toward degrees in 
Science, Technology, Engineering and Mathematics (STEM) disciplines at OSGC-member universities.  The 
awards are made to United States citizens, and the students are competitively selected.  Since the inception of 
the program in 1989, over 1,455 undergraduate scholarships and 288 graduate fellowships have been awarded. 
 
Matching funds are provided by the 24 member universities/community colleges, the Ohio Aerospace Institute 
(OAI), and the Ohio Department of Higher Education (State of Ohio).   
 
By helping more students to graduate with STEM-related degrees, OSGC provides more qualified technical 
employees to industry.  The research conducted for the Master’s fellowship must be of interest to NASA.  A 
prime aspect of the scholarship program is the undergraduate research project that the student performs under 
the mentorship of a faculty member.  This research experience is effective in encouraging U. S. undergraduate 
students to attend graduate school in STEM.  The Education scholarship recipients are required to attend a 
workshop conducted by NASA personnel where they are exposed to NASA educational materials and create a 
lesson plan for use in their future classrooms. 
 
 
Research reports of students from the following schools are contained in this publication: 
 
Affiliate Members Community Colleges 
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• University of Dayton  
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• Wright State University  
• Youngstown State University  
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Non-faradaic impedimetric determination of cortisol using gold nanoparticle functionalized 
interdigitated laser induced graphene electrode 

Student Researcher: Kyle Duke 

Advisor: Dr. Byung-Wook Park 

Youngstown State University 
Chemical Engineering 

 
Abstract 
Wearable biosensors have become a valuable tool for their promising applications in personalized 
medicine. Cortisol is a biomarker for various diseases and plays a key role in metabolism, blood pressure 
regulation, and glucose levels. In this study, we fabricated an interdigitated laser-induced graphene (LIG) 
biosensor for the non-faradaic impedimetric detection of cortisol in sweat. A direct laser writing 
technique was used to produce the LIG. Gold nanoparticles (AuNPs) were electrochemically deposited 
onto the surface to enhance impedance response. A Self-Assembled Monolayer (SAM) was formed with 
on the AuNPs via MPA thiol chemistry. The carboxylic acid (-COOH) groups of the MPA were activated 
using EDC/NHS chemistry. Following activation, anti-cortisol antibodies were immobilized on the 
surface. Lastly, the LIG was incubated in the blocking agent bovine serum albumin (BSA) to avoid 
unwanted detection. Surface characterization of the LIG was performed at each step of modification by 
Electrochemical impedance spectroscopy (EIS) in a phosphate buffered saline (PBS) solution containing a 
5 mM Fe(CN)3-/4- (1:1) redox couple. Further characterization of the modified LIG electrode was achieved 
through Fourier transform infrared (FT-IR), surfaced-enhanced Raman spectroscopy (SERS), and X-ray 
diffraction (XRD). The detection experiment using EIS was conducted in increasing concentrations of 
cortisol (0.1 pM-100 nM) in PBS. The ZMod decreased logarithmically (R2=0.97) with a 0.0157 nM limit of 
detection. Reproducibility was examined by percent change of ZMod at 100 nM and a 5.93%RSD (n=5) 
was observed. Additional analysis of sensor specificity and interference studies showed no substantial 
effect on detection. This research establishes the feasibility of using the gold nanoparticle decorated LIG 
electrode for flexible, wearable cortisol sensing devices, which would pave the way towards an end-user 
easy-to-handle biosensors as point-of-care diagnostics. 
 
Project Objectives 
The objective of this project is to fabricate and then evaluate the sensors performance through various 
characterization and detection experiments. The overall goal is to incorporate the sensor into a 
wearable sensor platform for point-of care applications. 
 
Methods  
Fabrication of bare LIG and gold nanoparticle (AuNP) modified LIG electrodes 
The LIG electrode was obtained by subjecting PI to CO2 laser cutter at . After the LIG formation ,the 
LIG/PI film was rinsed with acetone and 2-propanol followed by oxygen plasma treatment for 30 
seconds to increase wettability on the surface[1]. Each LIG electrode was individually treated with a 
copper foil tape placed over the connection points, and the body of the electrode was insulated with a 
5-minute epoxy. To obtain the gold nanoparticle (AuNP) modified laser induced graphene (LIG) 
electrode, gold nanoparticles (AuNP) were electrochemically deposited on the LIG surface via cyclic 
voltammetry (CV) for 10 cycles in a 1 mM HAuCl4 in 0.1 M KNO3 solution.  
Immobilization of cortisol antibody on AuNP-LIG 



To immobilize anti-cortisol antibody on the AuNP sites on the LIG electrode, thiol chemistry was used. A 
self-assembled monolayer of MPA thiols was formed on the AuNP by incubating the LIG in a 10 mM 
MPA ethanol solution for 1 hour and then rinsing with ethanol. Next, the terminal carboxylic acid groups 
of the MPA were activated to immobilize anti-cortisol antibody through incubating the electrode  in a 
0.1 M MES buffer containing 40 mM EDC and 100 mM Sulfo-NHS for 1 hour. To obtain the antibody 
immobilized AuNP-LIG electrode, the sensor was incubated in an anti-cortisol antibody solution at 5 
µg/mL in 10 mM PBS for 2 hours. Lastly, to minimize undesired unspecific adsorption on the surface of 
the LIG, the electrode was incubated in a 1 % BSA in 10 mM PBS. 
 
Electrochemical characterizations using EIS 
To verify the LIG underwent surface modification, EIS was performed with a Gamry Interface 1010E 
Potentiostat. Measurements were performed in a three-electrode system with the modified LIG 
electrode as the working electrode, a platinum wire  counter electrode, and a saturated calomel 
electrode (SCE)  reference electrode. The EIS measurements were carried out in 5 mM Fe(CN)3-/Fe(CN)4- 
PBS solution as a supporting electrolyte. Impedance spectra were collected over a frequency range of 1 
Hz to 100 kHz with a potential amplitude of 10 mV rms at 10 points per decade. EIS results were 
analyzed by fitting the experimental impedance data to electrical equivalent circuit models.  
 
SEM/EDX 
The JIB-4500 MultiBeam integrated with SEM-EDS was used for SEM imaging and EDX analysis on LIG 
and AuNP/LIG. SEM images were collected at an electron energy of 15kV  for 15,000x, 500x, and 100x 
magnifications for morphology characterization and verification of AuNP electrodeposition. EDS 
characterization was carried out at 5000x magnification with an electron energy of 138 eV for the 
elemental analysis of the LIG and AuNP/LIG.  
 
XRD 
XRD was performed with a Bruker X8 Prospector Ultra (Billerica, MA, USA) via Cu radiation to 
characterize the structures of the samples. XRD spectra of PI film, LIG, and AuNP were obtained, and the 
peaks were analyzed to show the degree of graphitization and defect after formation of the graphitic 
structure, and further verify the presence of electrodeposited AuNP on the LIG surface. 
 
Raman spectroscopy 
Raman spectroscopy is a commonly used technique to examine chemical structure and crystallinity. In 
this study, Raman spectra were collected using the Horiba iHR320 (Kyoto, Japan) at 531.4 nm laser with 
a 1800g/mm diffraction gratings to examine the degree of graphitization on the PI film. 
 
Detection of cortisol 
To examine the performance of the fully modified sensor, non-faradaic cortisol detection was conducted 
in a 10 mM PBS solution spiked with increasing cortisol concentrations (0.1 pM-100 nM). 10 uL of the 
cortisol solution were injected and 30 minutes after each injection of cortisol, EIS was performed and 
Zmod values at 200 Hz were collected at each concentration. The Zmod values were used to create a 
calibration plot in terms of the percent change at each concentration compared to the base level (no 
cortisol injected). 
 
 
 
 



Results and Discussion 
Electrochemical characterization for surface modification 
The electrochemical characterization of the different electrodes (LIG, AuNP/LIG, Ab/AuNP/LIG, and 
BSA/Ab/AuNP/LIG) was carried out using EIS from 1-10000 Hz with a 10 mV perturbation and 0 V (DC). 
All measurements were performed in a redox solution composed of PBS and 5 mM (Fe(CN)6)3-

/(Fe(CN)6)4- (1:1) solution with the equivalent model shown in Figure 1. At high frequencies, electron 
charge transfer is prominent as evident by the semi-circle portion of the Nyquist plot. At lower 
frequencies, diffusion is dominant resulting in an increase in Warburg impedance as depicted by the 
diffusion tail in the Nyquist plot [2]. The data was fit with a modified Randles circuit and Rct was 
obtained. The AuNP/LIG electrode showed the lowest Rct (30.98 ±3.59Ω), indicating electrodeposition of 
AuNP effectively increased the conductivity of the surface. Following the AuNP/LIG, EDC-NHS/AuNP saw 
an increase with a Rct of 34.83 ± 7.38Ω. The increase can be attributed to the self-assembled monolayers 
(SAM) immobilization of 3-MPA to the AuNPs, which inhibits the electrolyte/electrode charge transfer. 
After 3-MPA activation via EDC/NHS, incubation of the anti-cortisol antibody saw an increase of 144% 
(46.32 ± 2.43), signifying the bonding of large amounts of the antibody to the surface, further impeding 
charge transfer to the electrode. All steps leading to antibody immobilization resulted in a lower Rct than 
the bare LIG (50.42± 11.02), further supporting AuNP electrodeposition effectively increased the sensors 
overall conductivity, thus improving its overall sensitivity and functionality. Finally, the addition of the 
blocking agent BSA to the Ab/AuNP/LIG saw a further 168% increase in Rct (77.84 ± 4.04) indicating a 
large portion of the unmodified surface was successfully covered.  

 
Figure 1: Nyquist plot obtained after surface modification procedures (n=3). 

 
SEM-EDX 
The morphology  of the LIG and AuNP/LIG surface was examined through SEM imaging at various 
magnifications with further analysis of the elemental composition achieved by EDX. The porous 3D 
structure of LIG and AuNP/LIG is clearly exhibited in (Figure 2 A-D). Bright spots were shown (Figure 2D) 
after the formation of AuNP via electrodeposition. Results from EDS characterization for LIG and 
AuNP/LIG are shown in (Figure 3). The fabricated LIG is comprised of 100 wt% carbon with AuNP/LIG 
comprised of 93.54 wt% carbon with the remaining 6.46 wt% gold, further conforming successful 
electrodeposition of AuNP’s. The absence of other elemental peaks indicates a pristine surface with 
undetectable traces of contaminants.  
 



 
Figure 2. SEM of LIG and AuNP-LIG 

 
Figure 3. EDS of LIG and AuNP/LIG electrodes. 

 
XRD 
Successful graphene formation, and deposition of Au on the LIG is confirmed by X-ray diffraction (XRD). 
Shown in Figure 4, LIG exhibited a short peak at ~26 ° which is attributed to low crystallinity and low 
diffraction [3]. AuNP/LIG exhibited reflections of Au face-centered cubic crystallographic structure (38°, 
44°, 64°, and 77°) signifying AuNP were successfully deposited on the LIG  [4, 5]. The short peak 
observed at ~26 ° is indicative of a highly graphitized surface, thus increasing the surface area and 
consequently the available bonding sites for reagents.  



 
Figure 4: XRD of PI, LIG, and AuNP/LIG. 

 
Raman Spectroscopy  
Raman spectra of LIG and AuNP/LIG shows both D (defect states) and G (graphitic states) bands at 
around 1350 cm-1 and 1590 cm-1 respectively (Figure 5). The intensity ratio, ID/IG, represents the degree 
of graphitization that occurred, and was found to be 0.475 and 0.548 for LIG and AuNP/LIG. The increase 
in intensity is the result of interactions between the gold nanoparticles and graphene surface with an 
increase in disorder of the graphitic structure  [6]. 
 

 
Figure 5: Raman spectra of PI, LIG, and AuNP/LIG. 

 
Detection of cortisol 
A modified Randles circuit model was fit to the EIS data to obtain the electrical characteristics of the 
system (Figure 6(A) inset). Where Rs represents the solution resistance and is parallel to the CLIG and 
RLIG. Which is in series with a second circuit containing CPEdl and Rct in parallel. The constant phase 
element (CPEdl) represents the electric double layer capacitance of the system. CPEdl was used to 
account for non-ideal conditions such as the surface roughness of the LIG, and uneven ion adsorption 



onto the electrode surface, allowing for a better representation of the electric double layer capacitance 
[7, 8].  
The resulting Nyquist plot, Bode plot, and model data obtained from cortisol detection are presented in 
Figure 6(A-B). respectively. As cortisol concentration increases, more antibody-antigen complexes are 
formed within the electric double layer (EDL). The formation of complexes increases the double layer 
capacitance (CPEdl), causing the decrease in ZReal observed in Figure 6(A) [9]. Furthermore, the bode plot 
(Figure 6(B)) exhibited a consistent decrease in impedance for increasing cortisol levels. This 
phenomenon is exclusive to non-faradaic EIS, where the absence of redox reactions eliminates the 
parameters in the Randles model associated with electron transfer, such as (Rct) and Warburg 
impedance (Zw), as these become negligible. Consequently, in a non-faradaic system, the impedance is 
inversely proportional to the electrical double layer capacitance [10]. Therefore, the observed decrease 
in impedance and corresponding increase in CPEdl (Figure 6(D)) can be attributed to the interaction of 
cortisol with the modified electrode surface.  
To obtain a calibration curve, the percent change in Zmod (200 Hz) was calculated at each concentration 
with respect to the baseline measurement. A 200 Hz frequency was used because it lies in the range of  
5-1000 Hz, which is known to represent the electric double layer capacitance [11]. The resulting cortisol 
dose response is depicted in Figure 6(C). The sensor exhibited a linear fit (log(Concentration)) over the 
entirety of the tested range with a high goodness of fit (R2=0.97) and a LOD (3σ/S) of 0.0157 nM.  

 
Figure 6: (A) Nyquist plot and (B) Bode plot for increasing cortisol concentrations. (C) Cortisol dose 
response and corresponding (D) CPEdl values. 
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Abstract 
Uncrewed aerial vehicles (UAV) serve as tools for tasks ranging from aerial imagery/sensing to package 
delivery and now space exploration with the Ingenuity helicopter [1]. A major limitation of UAVs is safe 
landing areas; precision landing is a critical technology to enable this. The goal of this research was to 
improve the safety of precision landing through real-time risk estimation. 
 
Project Objectives 
Precision landing guides a UAV during landing using a visual target. Precision landing is useful in UAV 
operations such as flight over water, landing on elevated platforms, and landing in small or uneven 
areas. ArduPilot is an autopilot firmware that supports precision landing using an infrared beacon and a 
specialized camera. The beacon device serves as a target to guide the UAV during precision landing. 
ArduPilot does not yet have a risk-based failsafe for precision landing. The goal of this research was to 
improve the safety of precision landing by creating a risk estimation algorithm which could trigger a new 
failsafe and abort precision landing if conditions become unsafe [2,3].  
 
Methods  
Often, risks are addressed procedurally, such as having a safety pilot monitor the precision landing. But 
autonomous operations require the system to predict these risks and make decisions on its own. In 
reality, risks are dynamic and difficult to precisely quantify. Fuzzy logic is a soft-computing technique 
that was used for autonomous risk estimation. Soft-computing is a collection of computational 
techniques which aim to mimic the human ability to summarize and focus only on decision-relevant 
information [4]. The goal of soft computing is to exploit the tolerance for imprecision and uncertainty 
and minimize computation cost. High precision is expensive and not always necessary to make decisions. 
For example, if an object is falling on someone, one does not care that it is 1500 kg, and moving at 20 
m/s; the critical information to yell is “look out” so that the person can move. The numbers 1500 and 20 
are crisp values like in traditional logic. Fuzzy logic uses linguistic variables – these are words in natural 
language such as “small, large”. Fuzzy sets are a group of linguistic variables which have membership 
functions or degree to which an input belongs to a group [4]. For example, if it is 76 degrees outside, it 
may be somewhat warm, and somewhat hot, not just one or the other. Fuzzy logic uses linguistic if-then 
rules.  
A fuzzy system was designed to take 2 inputs logged by the autopilot, distance from the target 
(calculated from relative distance coordinates), and altitude from the rangefinder measurement, shown 
in Figure 1. These are then fuzzified into membership functions, which classify the distance and altitude 
into 5 memberships for each input ranging from very low to very high. These then go through a rule 
base which uses 5 rules. These rules say if the altitude is very low, or distance is very far, then risk is very 
high as the consequences of maneuvering in ground effect or missing the target are dangerous. The 
inverse is true; if the altitude is very high or the distance is very close to target, then the risk is very low 
because little maneuvering is needed and there is plenty of time to do so. Then the center of area 



method is used to defuzzify the output back to a crisp risk value on a scale of 0-100. The risk surface is 
shown in Figure 2. 
 
Results and Discussion 
To validate the fuzzy logic-based estimator, logs from previous precision landing flight tests were used. 
The autopilot logs record the target relative distance to the vehicle, time since startup, rangefinder 
distance (altitude), and landing states, so these were fed straight into the fuzzy system. The previous 
flights were known to be successful precision landings. A sample flight, shown in Figure 3 shows that 
once the precision landing starts, the risk (3rd plot) decreases, then slowly increases as the vehicle 
descends. The UAV stayed pretty well centered over the target through the entire descent and the risk 
reached a maximum risk of about 57. So if a failsafe risk threshold was set at 70 for example, the UAV 
would have been allowed to continue landing. 
Integration into ArduPilot requires future work and additional flight testing. This fuzzy risk assessment 
can be used in creating a new precision landing failsafe. The user can set a maximum risk tolerance and 
the risk assessment runs each loop of the precision landing controller. If the risk exceeds this threshold, 
a precision landing failsafe is triggered. Once in the failsafe, failsafe actions such as hold give the 
operator time to choose to abort precision landing or force landing depending on the operational risk 
tolerance. Additional future work includes adding more inputs such as windspeed and vehicle attitude, 
and a genetic algorithm to tune the membership functions. 
 
Figures/Charts  
 

 
Figure 1: Fuzzy System for Risk Assessment [2,3] 
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Abstract 
The safe operation of aircraft requires up to date and accurate weather information. Of particular 
importance is atmospheric visibility information. Currently, visibility is measured using forward scatter 
sensors in Automated Weather Observing Systems (AWOS), typically located at airports. While reports 
from these stations are accurate and reliable, they do not cover areas between the stations. Deploying 
many forward scatter sensors for this purpose is not viable due to high costs. A solution to this problem 
would be to create a convolutional deep learning model that can be deployed on small, low-cost devices 
which can then be placed at regular intervals over an area where visibility information is needed. Existing 
research on this topic has not focused on the potential constraints for deployment. This project analyzes 
and compares existing models created for atmospheric visibility estimation. Three models were recreated, 
trained, and tested using three existing datasets. The accuracy and memory usage of these models were 
compared before and after applying techniques to reduce memory usage. The data shows that one model 
stands out as the best candidate for future research on atmospheric visibility estimation for its memory 
usage, accuracy, and ability to be modified for future improvements. This model will be the focus of future 
research seeking to improve estimation accuracy so that the model may be used in aviation. 
 
Project Objectives 
This project's objective is to explore methods of reducing memory usage of existing convolutional deep 
learning models created for atmospheric visibility estimation. Memory usage and accuracy of the models 
are compared to identify a model for future research focused on increasing accuracy so that the model 
may be used to inform decisions for the safe operation of low-altitude aircraft. 
 
Methods 
Three models for atmospheric visibility estimation from existing research were recreated and tested on 
existing datasets of foggy images. The models used are: VisNet [1], Retrieval of Multiple Environmental 
Parameters (RMEP) [2], and integrated model [3]. A version of VisNet using fewer nodes in its neural 
network and smaller convolutional layers was also designed to test VisNet’s potential for memory usage 
reduction. The accuracy and memory usage of these models were compared using three datasets: Foggy 
Road Sign Images (FROSI) [4], Foggy Cityscapes (FCS) [5,6], and Sub-SkyFinder (SSF) [2]. FROSI and FCS 
consist of synthetic foggy images, while SSF is made up of real photographs of foggy scenes with matching 
atmospheric visibility data from nearby weather stations. The SSF dataset is unbalanced, however, with 
four times as many images with visibility above 10 miles than below. To remedy this issue, a balanced 
version of dataset was created to get a better measurement of performance across all visibilities. 
The metrics used to measure model performance were the R2 score, mean absolute error (MAE), and root 
mean squared error (RMSE). Comparison of each model to itself during training and testing was done 
based on the R2 score of the model. Comparison of performance between models was done using the 
MAE and RMSE. 

Methods for reducing memory usage mainly focused on quantization, where the number of 
possible values of the model weights is reduced to use up to 75% less memory. Modification of the neural 



network architecture was also tested in the case of VisNet. To measure the minimum memory usage of 
each model, a utility was used to limit the memory usage of the program during model inference until it 
crashed due to a lack of memory. The file size of each model was also recorded, as it may provide a better 
comparison between models since it does not include memory overhead from the PyTorch library used 
for running the models. 

 
Results and Discussion 
The results for each model trained on each dataset can be seen in Tables 1-5, but Tables 2, 3, and 5 are of 
the most interest. Looking at tables 2 and 3, it can be seen that VisNet and its reduced version have the 
greatest reduction in model size when quantized, while RMEP has no reduction in model size or memory 
usage when quantized. Additionally, quantization had no significant effect on the performance of the 
models. Quantization greatly reduces memory usage in some cases and should be used if possible. Looking 
at all the results except for Table 5, all models seem to have very similar performance. This would make 
the best model the one with the smallest size depending on the dimensions of the input. However, Table 
5 shows that on a balanced dataset of real photographs of foggy scenes, VisNet and its reduced version 
have the best performance. While their MAE and RMSE are not significantly lower, their R2 scores are 
significantly less reduced from the unbalanced set compared to the other models. In field testing, the 
models trained on the balanced dataset appeared more accurate. 
Each of the three models uses a different number of input images. RMEP only takes the original image as 
input. The integrated model uses an additional pseudocolored image. In addition to the inputs the 
integrated model uses, VisNet uses a high pass filtered image. VisNet has an advantage due to its three 
inputs, as it means there is more opportunity to modify how these images are processed. Better methods 
for processing the images can be tested without significantly modifying the model architecture and 
potentially increasing memory usage. 

Based on the results discussed, VisNet is the best model for further development to increase 
accuracy and reduce memory usage for use in constrained environments. 
 
 
Figures 

         
A                                                           B                                                           C 

Figure 1. Example images from the FROSI (A), FCS (B), and SSF (C) datasets. 
FROSI      
Model Dimensions Loss Accuracy Model Size (MiB) Memory Usage (MiB) 
RMEP 3x140x60 0.000 1.000 33.9 285 
VisNet 3x140x60 0.013 0.996 130.3 365 
VisNet Reduced 3x140x60 0.029 0.991 32.7 250 
Integrated 3x140x60 0.026 0.996 147.3 401 

Table 1. Performance metrics of the four models when trained and tested on the FROSI dataset. 



FCS      
Model Dimensions Loss Accuracy Model Size (MiB) Memory Usage (MiB) 
RMEP 3x256x256 0.306 0.912 33.9 315 
VisNet 3x200x200 0.310 0.889 421.2 692 
VisNet Reduced 3x112x112 0.336 0.889 41.6 406 
Integrated 3x400x200 0.338 0.913 245.3 582 

Table 2. Performance metrics of the four models when trained and tested on the FCS dataset. 
FCS (Using Quantized Models)     
Model Dimensions Loss Accuracy Model Size (MiB) Memory Usage (MiB) 
RMEP 3x256x256 0.306 0.912 33.9 315 
VisNet 3x200x200 0.310 0.889 112.9 437 
VisNet Reduced 3x112x112 0.336 0.884 12.3 258 
Integrated 3x400x200 0.338 0.917 163.0 483 

Table 3. Performance metrics of the four models after quantization when trained and tested on the FCS 
dataset. 
 
 
 

SSF       

Model Dimensions R2
 MAE RMSE 

Model Size 
(MiB) 

Memory Usage 
(MiB) 

RMEP 3x160x120 0.688 0.884 2.23 33.9 274 
VisNet 3x160x120 0.689 1.09 2.28 62.7 365 
VisNet Reduced 3x160x120 0.680 1.10 2.32 55.1 292 
Integrated 3x160x120 0.688 0.911 2.23 160 431 

Table 4. Performance metrics of the four models when trained and tested on the SSF dataset. 
Balanced SSF       

Model Dimensions R2
 MAE RMSE 

Model Size 
(MiB) 

Memory Usage 
(MiB) 

RMEP 3x160x120 0.214 2.18 3.26 33.9 272 
VisNet 3x160x120 0.344 2.01 3.09 220 465 
VisNet Reduced 3x160x120 0.329 2.08 3.06 55.1 290 
Integrated 3x160x120 0.277 2.10 3.17 160 423 

Table 5. Performance metrics of the four models when trained and tested on the balanced version of the 
SSF dataset. 
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Abstract 
The open and closed-loop response of a wing to discrete vortical gusts were characterized using Time 
Resolved Particle Image Velocimetry (TR-PIV) in the University of Dayton Water Tunnel (UD-WaT).  
Discrete vortical gusts were generated by rapidly pitching a flat plate gust generator upstream of the 
wing. Simultaneous Time Resolved Particle Image Velocimetry (TR-PIV) and force measurements on the 
flat plate wing downstream of the gust generator were collected. A closed loop Proportional Integral 
Derivative (PID) control system was used to correlate the flow physics responsible for the force histories 
experienced by the wing. Peak-to-peak and average gust mitigation using closed loop control were 
quantified based on the derivations from open-loop results. The controller reduced the force transients 
during the gust entry by an average of 67% whereas the gust exit transients were only reduced by an 
average of 6%. 
 
Project Objectives 
The goal of this project was to characterize the strength, size, and trajectory of a series of discrete 
vortical gusts. By varying gust generator amplitude and pitch rate, varying strength gusts were created 
and allowed to convect downstream where they impinged on a wing. The effectiveness of a PID based 
closed loop controller was quantified by the percent mitigation achieved during the wing gust 
encounter. 
 
Methods  
A flat plate gust generator was pitched to 30 and 20 degrees at a rate of 165 and 110 (degrees/s). 
Particle Image Velocimetry (PIV) was used to identify the gust as it moves through the field of view. 
Initial tests without the wing were conducted in order to quantify the unobstructed gust strength. Each 
case was tested 6 times and ensemble averaged. The PIV image processing software Fluere was used to 
correlate the images into a vector field.1 The circulation and vorticity of the gust were calculated using 
the resulting vector field. The vortex center was tracked through the field of view in order to establish 
the vortex trajectory. For the open-loop cases, a flat plate glass wing was installed 5 chords downstream 
from the gust generator. The gust was allowed to interact with the wing while being held at an angle of 
attack of 0. The forces during the encounter were recorded and averaged across each test. For the 
closed loop cases, the wing was mounted onto a linear motor outfitted with a rack and pinion gear to 
allow for active angle of attack adjustments. The lift experienced by the wing during the closed loop case 
was the feedback in a PID based closed loop controller which actively pitched the wing in order to 
reduce the effects of the gusts. The effectiveness of the controller was quantified by calculating the 
percent mitigation between the open and closed loop cases. 

 
Results 
The trajectories found in the gust characterization cases both show a vertical offset from the gust 
generator and wing location at the centerline of the tunnel. While the gust is offset from the centerline 
of the tunnel, neither trajectory sees significant drift as it passes through the field of view. The gust 



entry in the open-loop tests saw the largest CL peaks. The largest of these peaks was seen in the second 
case, reaching a CL of 0.6. The positive peaks occur as the gust approaches the wing, and as the gust 
impinges on the wing, there is a large CL fluctuation.  The wing sees the negative CL peak as the gust 
travels over the trailing edge of the wing. The CL response in the closed-loop cases is much lower during 
the gust entry. While the closed loop controller was effective during the gust entry, it proved difficult to 
achieve the same mitigation during the gust exit. The rapid change in CL was too large for the PID 
controller to keep up. The closed loop controller also introduced an interesting oscillation seen 
throughout the test, but it was exaggerated during the gust exit. The controller was able to achieve a 
gust entry mitigation of up to 69.27% while the largest gust exit mitigation was only 8.12%. There is a 
clear difference between the two peak-to-peak mitigations, however the average mitigation across the 
whole run sits between 45 and 48% according to Table 1. A full test can be seen in Figure 3. The PIV 
images are frames from each of the open and closed loop peaks during the test. The shaded region in 
Figure 3 represents the large wake experienced by the wing due to the pitched gust generator remaining 
at a large angle upstream of the wing. Future testing could change the gust profile in order to reduce the 
wake seen by the wing while maintaining the isolated gust encounter. 
 
Figures/Tables 

 
Figure 1. Vortex Trajectories at 165°/s for a) A = 30°, b) A = 20° 



 
Figure 2. Gust mitigation comparison between open and closed loop cases at different 𝜶𝜶𝑵̇𝑵 

 

 
Figure 3. Full Test Gust Mitigation for A = 30°and α.= 165°/s 

 
  

 

 

Table 1. Gust Mitigation  



Amplitude  
Pitch Rate  

Gust Entry 
Mi�ga�on  

Gust Exit Mi�ga�on  Average Mi�ga�on  

30°  
165°/s  67.55%  1.84%  45.71%  
110°/s  69.27%  5.09%  48.06%  

20°  
165°/s  68.73%  8.12%  48.96%  
110°/s  67.75%  7.87%  48.04%  
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Abstract 
Widely employed in hand-held devices, hap�c feedback technology has been proven to be effec�ve in 
enhancing the overall user experience by providing addi�onal sensory informa�on to the user. In recent 
years, the demand for hap�cs in large touchscreen displays (TSDs) has rapidly grown. However, due to 
limita�ons of current hap�c actuators used within mobile devices, the technology to implement tac�le 
hap�cs in larger displays is immature. To address challenges for genera�ng hap�c feedback in large 
touch screen displays, this study proposes a hap�c module based on a “smart” fluid called Electro-
Rheological (ER) fluid for use in large TSD applica�ons. ER fluid is a fluid whose apparent viscosity is 
dependent upon electric field; By adjus�ng the input electric voltage, frequency, or waveform, the ER 
fluid can be manipulated to shi� from liquid to solid behavior. 
 
Project Objec�ves 
In recent years there has been a shi� in many industries from conven�onal user interfaces i.e, screens 
requiring peripherals such as keyboards and mice, towards touchscreen interfaces due to ease of use. 
Touchscreens have been the status quo in small scale devices such as mobile phones for over a decade. 
As such, hap�c technology that provides tac�le feedback has had �me to develop and improve. 
Meanwhile, as large-scale TSDs become more common in various industries, the required hap�c 
technology remains underdeveloped. Lack of feedback is highly correlated with increased error rates 
among users [2], and to alleviate this issue further research is necessary to develop new methods of 
crea�ng hap�c technologies for the unique needs of large-scale screens. This study proves the feasibility 
of using Electro-Rheological fluids, a type of smart fluid, to control vibra�ons to create a range of tac�le 
hap�c sensa�ons in large touch screen displays.  
 
Methodology 
To accomplish the project objec�ves, a prototype hap�c module was developed containing Electro-
Rheological (ER) Fluid. Consis�ng of par�cles suspended in a base fluid, when subjected to an electric 
field, the par�cles in the ER fluid line up along field lines, changing the fluids viscosity and providing a 
resistance to mo�on [3]. This provides a promising means of providing hap�c sensa�ons as when 
provided with electrical fields, the yield point of the fluid is changed and can reversibly shi� from a gel-
like fluid to a solid behavior within a millisecond [1]. 
A prototype hap�c module was developed, consis�ng of a plate electrode, ring electrode, radial spring, 
aluminum spacers, and a mass. These components are assembled into a hap�c module and filled with ER 
fluid (Fig. 1). To evaluate the dynamics of the system, the module was first analyzed without the ER fluid 
present. An input vibra�on is transmited from the base of the module through the spring and 
electrodes, and the accelera�on is recorded at both the base and output to determine the 
transmissibility, the ra�o of output to input accelera�on magnitude, over a range of frequencies from 



100-400 Hz. The module was then filled with the ER fluid, and the same data collec�on was repeated for 
the inert fluid (no applied electric field).   
Following ini�al tes�ng, data collec�on was performed on the excited ER fluid. Signals were input into 
the ER fluid via the two electrodes. These signals, ranging from 1-4 kV and 0-400 Hz were evaluated to 
demonstrate the performance of the ER fluid hap�c module in controlling the vibra�on input to the 
system through the base of the module. A study was conducted to determine the impact of the input 
frequency while holding the input voltage constant. A second study was then conducted to determine 
the impact of the input voltage was performed while holding the input frequency into the fluid constant.  
 
Results 
Impact of Varying Electro-Rheological Fluid Input Frequency 
The frequency of the excited ER fluid is demonstrated in Fig. 2 to no�ceably affect the output vibra�on 
compared to the inert fluid. In Fig. 2 it is evident that an increase to the input frequency to the hap�c 
module has an impac�ul effect on both the amplitude and response of the output waveform; an 
increase to the input frequency corresponds to both an increased output amplitude and a waveform 
more dis�nct from that of the inac�ve fluid.  
Impact of Increased Voltage Input into Electro-Rheological Fluid 
Fig. 3 shows a similar phenomenon for an increase in voltage. As the voltage is increased from 1 kV to 4 
kV, a more dis�nct waveform from the original inert fluid is experienced. Addi�onally, an increase in 
amplitude is also observed. These findings are consistent with the expected behavior of the ER fluid, as 
strengthening the electric field corresponds to a stronger alignment of the par�cles suspended in the 
fluid, providing addi�onal resistance to mo�on and further altering the output waveform. 
The overall study is s�ll in progress. These results demonstrate the feasibility of ER fluids for conveying 
dis�nc�ve tac�le hap�cs. However, to demonstrate the ER fluid hap�c module’s ability to provide tac�le 
hap�cs to large touchscreen displays the study will be extended to a system consis�ng of mul�ple hap�c 
modules atached to a bar interface to demonstrate its ability to control vibra�ons across a large domain 
analogous to a large touch screen. 
 
Figures 

 
Figure 1: Assembled Hap�c Module connected to a damping base. The module consists of two 
electrodes, radial spring, mass shown on the top of the module, and is filled with Electro-Rheological 
Fluid. 



 
(a) 

 
(b) 

Figure 2: Time response plots showing the impact of input frequency into the ER fluid, (a) Input 
frequency of 100 Hz into ER fluid, (b) Input frequency of 400 Hz. 

 
(a) 

 
(b) 

Figure 3: Time response plots showing the impact of voltage input into the ER fluid, (a) Input voltage of 1 
kV, (b) Input voltage of 4 kV. 
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Abstract 
The Deep Space Network (DSN) is the backbone of all communications between Earth and devices 
beyond its orbit. The DSN consists of three primary ground stations, located in California, Spain, and 
Australia, as well as the very resource-constrained spacecraft that use it to communicate with Earth [1]. 
However, the DSN’s mission has expanded far beyond its original scope, leading to the network being 
overburdened by the number of missions it must support [2]. In this research, the aim is to provide a 
way to ease the burden on the DSN through modifications to its network layer security. Currently, DSN 
security in the network layer is based on Internet Protocol Security (IPSec) [3], a suite of protocols 
designed to provide security to the network layer [4]. In this research, the performance of IPSec is 
compared to a more modern protocol for setting up VPNs, WireGuard, to determine if performance 
gains can be made by changing the security protocols of the DSN. Specifically, testing of the throughput, 
CPU usage, RAM usage, configuration difficulty, and file space was conducted. Testing showed that in 
most cases, WireGuard outperforms IPSec and could be a strong candidate for securing future missions. 
 
Project Objectives 
DSN security using IPSec consists of creating a Virtual Private Network (VPN) between the station on 
Earth and the spacecraft that is being contacted [3]. IPSec has long been one of the primary choices for 
creating a VPN, however, its cryptographic agility and many configuration options make its 
implementation highly complex [5]. A recently proposed protocol, WireGuard, offers a simpler and 
faster solution for setting up VPNs. WireGuard trades the configuration options of IPSec to offer a 
“common case fast” approach to creating VPNs [5]. By offering the most used features of a VPN as the 
default and only configuration option, WireGuard reduces the codebase and complexity of its 
implementation significantly [5], while retaining the performance of IPSec.  
 In Table 1, the security requirements of the DSN are enumerated [3], and the ways IPSec meets 
them [4], and how WireGuard could meet them [5], are displayed. To summarize, WireGuard could be 
capable of meeting all the requirements set forth for DSN security, with some modifications. The first 
change would be to enable manual rekeying. Rekeying is a change in the public keys used by the parties 
to communicate are changed to ensure the key is replaced before it can be compromised [6]. However, 
in mission critical states, rekeying could result in a network lockout, and thus must be disabled at times 
to ensure the connection is not lost [3]. The other difficulty is with the cryptographic ciphers used. The 
algorithms used by WireGuard are not included in the list of allowed ciphers for the DSN. The 
recommended cipher for the DSN is Advanced Encryption Standard (AES) using a 256-bit key [7], with 
Galois Counter Mode (GCM) using a 128-bit key [7]. WireGuard instead uses ChaCha20-Poly1305 as its 
Authenticated Encryption with Associated Data (AEAD) [5]. Due to the simplicity of WireGuard’s 
implementation, adding a manual rekeying mode and changing the cryptographic primitives would not 
be overly difficult, in this author’s opinion. Now that it has been established that WireGuard can meet 
the standards for DSN security, it can be determined if WireGuard offers better performance than IPSec. 
In this research, the performance of WireGuard is compared to IPSec in terms of its throughput, Central 



Processing Unit (CPU) usage and Random Access Memory (RAM) usage. The complexity of setup and 
amount of storage required to house the files for the protocols is also analyzed. 
 
Methods  
The testing consisted of setting up an IPSec VPN network and a WireGuard VPN network between two 
machines running Ubuntu 22.04 as their operating system. One computer has an Advanced Micro 
Devices (AMD) Athlon Silver 3050u 2-core, 2-thread processor with 6 GB of RAM. This computer will be 
referred to as the server going forward. The other computer has an AMD Ryzen 5 2400g 4-core, 8-thread 
processor with 12 GB of RAM. This computer will be referred to as the client in the rest of this 
document. Four networks were considered: an unsecured network with no VPN or other security, a 
network secured by IPSec using AES256-GCM128, one with IPSec using ChaCha20-Poly1305, and one 
using WireGuard. The two AEDSs used for IPSec allow results to be gathered for the DSN recommended 
cipher, as well as for the cipher used currently in WireGuard. 
 Two types of throughput testing were performed, one where a large number of files were 
transferred successively and the average rate of all the requests represented the throughput, as well as 
testing the throughput for individual file transfers. The multiple-file transfer test was performed by 
measuring the data rate when requesting 29,856 megabytes worth of files in series and taking the 
average. For single file transfers, files of 128, 256, 512, 1024, 2007, 4785, and 10027 megabytes were 
transferred, and the data rate of the single transfer was used as the measured value. CPU usage was 
tested by logging the CPU usage with a program running in the background while files were being 
transferred. RAM usage was tracked in the same manner.  
 
Results and Discussion 
In terms of throughput, WireGuard offered performance closer to an unsecured network than it did to 
IPSec. During the transfer of multiple files, WireGuard outperformed an unsecured network, which was 
a surprising result to the author. Another surprising result was the CPU usage of WireGuard on the client 
side. This result, however, did not work in WireGuard’s favor, as it performed significantly worse than 
IPSec with an average CPU usage of 29.25% compared to 17.08% for IPSec using the same ChaCha20-
Poly1305 cipher. However, WireGuard performed slightly better than IPSec on the server side, with an 
average usage of 39.19% compared to 43.30% and 43.45% for IPSec using ChaCha20-Poly1305 and 
AES256-GCM128, respectively. WireGuard used significantly less RAM than IPSec on both the client and 
server. Table 2 presents the averages for all of the test cases. Note that RAM usage is in relation to an 
idle measurement taken when no transfers were taking place. Figures 1 and 2 present the throughput, 
while Figures 3 and 4 display CPU usage on the client and server, respectively, and Figures 5 and 6 
represent the RAM usage on the client and server, respectively. The file space required to install 
WireGuard was less than IPSec, requiring 345 kilobytes of disk space compared to 8,636 kilobytes. 
Finally, it is worth noting that WireGuard was much simpler to install, set up, and configure than IPSec. 
WireGuard only required one package to be installed, whereas the strongSwan implementation of IPSec 
required several packages. There were also far fewer steps and commands needed to configure the 
WireGuard VPN, and those steps were much simpler than those for IPSec. 
 In conclusion, it has been shown that WireGuard offers stronger performance than IPSec in 
almost all metrics, while still being capable of meeting all of the security requirements for the DSN. The 
biggest area of concern is the CPU usage on the client, however, since most communication in the DSN 
is from spacecraft to Earth, most of the time the higher usage will be on Earth where resources are far 
less limited. More testing should be done to verify the results demonstrated here, as well as to push 
more toward simulating the very resource constrained nature of spacecraft. Additionally, WireGuard 
should be tested with the modifications required to fully meet the standards set by the DSN. However, 



these results show that WireGuard has potential as a future option for DSN security, as the increased 
throughput and lower resource usage in most cases could alleviate some strain on the network. 
 
 
 
Tables and Figures 
 

 
Table 1: Comparison of CCSDS standards for IPSec and how WireGuard can meet them. 

 
Table 2: Summary of Data 

Requirement IPSec WireGuard

Protocol
Encapsulating Security 

Payload

WireGuard's default 
operation offers the same 

services as ESP

Mode Tunnel Mode
WireGuard operates as a 

network tunnel

Authenticated Encryption 
Service

Required by CCSDS, must 
be configured 

Authenticated Encryption is 
enabled by default in 

WireGuard

Integrity
Integrity only service 

required
WireGuard offers integrity 

service by default

Manual Key Management Supported
Not Supported, modification 

needed
Automatic Key 
Management

Supported, modified to 
allow inhibit rekey

Automatic key management 
is default

Ciphers
Only CCSDS approved 
ciphers may be used

WireGuard does not use 
CCSDS ciphers in its current 

build

No VPN IPSec ChaCha20-Poly1305 IPSec AES256-GCM128 WireGuard
128 MB 112.00 MB/s 87.52 MB/s 103.28 MB/s 106.80 MB/s
256MB 112.00 MB/s 87.88 MB/s 88.90 MB/s 107.00 MB/s
512 MB 112.00 MB/s 87.40 MB/s 89.58 MB/s 107.00 MB/s
1024 MB 111.80 MB/s 90.64 MB/s 89.08 MB/s 107.00 MB/s
2007 MB 111.60 MB/s 90.88 MB/s 88.28 MB/s 106.60 MB/s
4785 MB 112.00 MB/s 91.50 MB/s 91.94 MB/s 106.60 MB/s
10027 MB 111.41 MB/s 88.90 MB/s 92.12 MB/s 106.22 MB/s
Average 111.83 MB/s 89.25 MB/s 91.88 MB/s 106.75 MB/s

Average 82.25 MB/s 65.45 MB/s 75.74 MB/s 87.35 MB/s

Average 11.47% 17.08% 17.96% 29.25%

Average 24.77% 43.30% 43.35% 39.19%

Average 7.22 MB 17.70 MB 21.66 MB 5.47 MB

Average 351.86 KB 12.75 MB 11.12 MB 3.31 MB
RAM Server (Difference from Baseline Measurement)

Single File Throughput

Multiple File Throughput

CPU Client

CPU Server

RAM Client (Difference from Baseline Measurement)



 

Figure 1: Throughput for Single File Transfer 

 

Figure 3: CPU Usage on Client 

 

Figure 5: RAM Usage on Client 

 

Figure 2: Throughput for Multiple File Transfer 

 

Figure 4: CPU Usage on Server 

 

Figure 6: RAM Usage on Server
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Abstract 
Characterizing thermal performance is essential to optimizing system performance, reducing damage, 
and enhancing overall reliability and safety, especially in high-powered heat generating applications. In 
the growing eVTOL (electric Vertical Take-Off and Landing) ecosystem, quantifying and characterizing 
the thermal performance of new propulsion platforms has resorted to complex, numerical solutions via 
commercial software. One reason for this is how thermal performance is affected by a phenomenon 
called thermal soak. Thermal soak is the sudden increase of internal component temperature due to 
terminating any forced convective cooling from a heat-producing system (i.e., landing and shutdown 
after hovering). A more accessible thermal soak model was developed and explored with the aim of 
better understanding heat transfer properties of electric/hybrid motors under VTOL power conditions. 
Comparisons between the thermal soak model and experimental data from several eVTOL motor and 
propeller configurations at different power and ambient conditions were made. 
 
Project Objectives 
The objective is to provide a working model of thermal soak based upon surface temperature 
measurements and known characteristics of the motor. The purpose of this is with the mindset of 
assisting the electrification of aircraft. The research described in this project specifies what model 
updates have occurred to try and obtain a more reliable thermal soak model. 
 
Methods  
There are two components of the methodology used: (1) identifying the theoretical model and (2) 
collecting data to validate the theory. 
The theoretical development of the thermal soak model began making headway during the summer of 
2022 under the funding of the U.S. Air Force Research Laboratory (AFRL) Summer Faculty Fellowship 
Program (SFFP) at the Wright-Patterson Air Force Base. Since the summer of 2022, the founding 
assumptions and processes have remained consistent while updates to the model have led to further 
validations of being able to model thermal soak in electric aircraft motors in a laboratory environment. 
The following is the steady-state model of the thermal soak model, which was founded by the 1st Law of 
Thermodynamics and Newton’s Law of Cooling: 
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Nomenclature: 
As = motor surface area  
L = reference length  
Q = heat energy  
Q�  = rate of heat transfer   
R = thermal resistance  
T = system temperature  
Ṫ = rate of temperature change  
cp = specific heat at constant pressure  
k = thermal conductivity  
m = system mass  
h = heat transfer coefficient  
t = time  
δ = damping ratio  
τ = time constant  
ωn = natural frequency  
 
The assumptions listed below were also followed: 

1. System changes in kinetic and potential energies are negligible. 
2. The only energy to cross the system boundaries is heat energy after shutdown (e.g., no work 

crosses the system boundary). 
3. The system can be modeled as a uniform material of constant density. 
4. The variation of material properties with temperature is negligible. 
5. Heat transfer across the system boundary occurs through convection only. 
6. During steady-state operation, heat transfer occurs through forced convection. 
7. After system shutdown, heat transfer to system boundary occurs through natural convection. 
8. “Trapped” heat will soak into the system via conduction.  We will define this as “effective heating” 

in the next sections. Effective heating decreases as the system temperature increases. It exhibits 
a first-order decay rate that is negligible at five time-constants [13]. 

 
Experiments follow the same general set-up and procedures regardless of the facility at which it was 
conducted. The data used was from two lab environments, Kent State University’s eVTOL Propulsion Lab 
and the Aeronautics Research Laboratory at the United States Air Force Academy.  
From Kent State University’s inventory, there are 9 motors and 8 propellers. Based on manufacturing 
specifications, there were potentially 19 motor-propeller configurations to be tested, with consideration 
of the power available to be provided to the system. Due to connection compatibility, not all 19 
configurations can realistically be assembled on each of the static propulsion test stands.  
Tyto Robotics temperature probes for a series 1780 Thrust Stand were used in connection to the 
branded control board. Using this control board allowed for utilization of the RC Benchmark software, 
program automated tests, and generate temperature, thrust, torque, ESC, and power data. For each 
test, there was at least one probe measuring the temperature of the outer motor case and another 

Subscripts: 
∞ = ambient condition  
conv = convective cooling  
eff = effective heating  
f = forced convective heat transfer  
n = natural convective heat transfer  
ref = reference  
tr    = transient region  
0 = steady-state value, initial value at start of transient region 



measuring the temperature of the copper coils inside the motor. With the orientation of the test stands, 
the copper coils were almost always easily accessed through the bottom of the motor without 
interfering with the rotation of the motor. 
The test stand at Kent State is a series 1780 Thrust Stand that is quoted for up to 50 lbf of thrust and 
50V. 4 12-Volt rechargeable batteries (48V total) are connected in series as the power source for the 
test stand. The stand is surrounded by a shroud to protect the lab’s occupants and is located within the 
Aeronautics and Engineering Building on Kent’s Main Campus.  
The test stand used at USAFA was a hybrid of the Tyto Robotics series 1780 and available components 
from previous experimental setups. Two noticeable differences between the test stand at USAFA and 
KSU are the orientation of the motor and having a constant power source of 40V. 
Another consideration while conducting experiments at different facilities is the adjustment of ambient 
conditions. The elevation of Kent, Ohio is roughly 1,000ft while the elevation at USAFA, Colorado is 
approximately 6,000ft. This leads to a significant change in air density which affects the thrust and 
torque propellers produce. Using the thrust and torque curves for the propellers used, the rotational 
speed to test at USAFA can be found that is an equivalent to tests at Kent State. 
When discussing model updates, the challenge of collecting accurate temperature data at USAFA 
begged the question of how to confirm the calibration of the temperature probes used on the test 
stands. The brand of temperature probe did not come with specific instructions on calibration, so we 
curve fit temperature data taken at various locations on a motor with independent temperature 
measuring devices, namely an infrared temperature gun. The 3rd degree polynomial fit of the data 
temperature showed the highest coefficient of determination 
Finally, the last consideration for the current model was the objective to identify system parameters 
from data with the aim of noticing trends of the system that can be applied to potential future systems. 
System identification is a method for constructing mathematical models of systems using measurements 
of the system's inputs and outputs. We may not need to know exact specifications of a system, for 
example the effective thermal resistivity value of the specific motor, to be able to model the thermal 
soak in electric motors which allows for a more robust and cohesive model that can be used.  
MATLAB® was used to first process the data since the collection of temperature data can range from 1 – 
4 Hz, depending on the computer used to run RCBenchmark and RCBenchmark version, and there are 
natural fluctuations from the probe’s measurements between these data points. The processed data 
was then plugged into code which estimated the parameters (ωn, δ, T0, 0T ) for an overdamped, second-

order system with the same initial conditions of the data set (T∞  and trτ ). Finally, plots comparing the 
predicted model’s temperature profile and the data’s profile were generated and placed in the results. 
 
 
Results and Discussion 
The preliminary model was the first iteration of modeling thermal soak in electric aircraft motors that 
had data from KSU. The theoretical development along with a few fundamental assumptions, specifically 
the system’s thermal conductivity and specific heat coefficient which makes up the effective thermal 
resistance (Reff), shaped the preliminary results. For a proof of the model, four datasets of the same 
motor-propeller configuration ran at power settings that ranged from 1.8-1.9kW. As stated, the lumped 
parameter assumption made in the theoretical development shows parameters of the entire system 
rather than by individual thermal material properties. It was because of this assumption that the model 
was able to proceed with assumptions made for a combined coefficient of specific heat and thermal 
conductivity. The most effective assumption (a 30-70 ratio of aluminum to copper) came from 
identifying what materials made up a percentage of the motor and then taking the weighted average of 
those material’s specific heat and thermal conductivity properties. The motors used in this research 



have components of copper, iron, aluminum, and air so using this assumption was acceptable to 
continue with the model but noted as something that needed to be rectified for the next iteration of the 
model. 
The major observation between the first and second iteration of the model is the percent error of the 
maximum temperature reached by the system and the time it takes the system to reach that 
temperature after shutdown. While the average percent error of the maximum temperature remained 
very similar (all less than 1% from Tables 3 and 4), the percent error for the time to reach the maximum 
temperature drastically increased from iteration one to two (from an error of less than 7% to an error as 
high as 128%). While having both the maximum temperature and the time to reach the maximum 
temperature is important, the time component is not as critical as the temperature. Whereas, if the heat 
within the copper coils inside the motor rises above the heat that can dissipate, the coils can char. If it 
takes 60 seconds or 120 seconds for the coils to reach the maximum temperature, there is no obvious 
risk associated with error for this unknown. Thus, from the preliminary model up to the current, 
updated model, an adequate thermal soak model was created for electric motors used in aircraft. 
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Figure 2: USAFA static thrust test stand 

Figure 3: Preliminary results 

Figure 4: Current model’s results 
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Abstract 
Space Domain Awareness (SDA) is a major area of interest due to the commercialization of space and 
the rapid acceleration in the number of objects launched into space. This rapid increase also means 
there are more actors in space, from governments to private companies, which leads to the need to 
understand and catalog space activity. However, simply maintaining a catalog of space objects is not 
enough. It is also necessary to estimate the intent of non-cooperative satellites to ensure the safety of 
space assets and allow for the best decisions to be made regarding asset maneuvers. This project uses a 
data-driven approach to understand the behavior of non-cooperative satellites and determine the 
reason these satellites perform orbital maneuvers. The initial work that has been performed relates to 
the characterization of perturbations experienced by satellites in orbit. A useful understanding of the 
perturbations experienced by a satellite is necessary for the accurate forecasting of a satellite’s 
dynamics, thus estimation of its intent. The Adaptative Monte Carlo (AMC) platform developed at the 
Laboratory for Autonomy in Data-Driven and Complex Systems (LADDCS) is utilized in this project for 
uncertainty forecasting and parameter determination. Ultimately, this work will help satellite operators 
in determining future positioning of important assets in space and limiting orbital collisions leading to a 
decrease in orbital debris generation. 
 

Project Objectives 
The future forecasting of satellites’ behavior and orbital elements is an important topic of research 
related to maintaining the safety of space assets. In this work, the Adaptive Monte Carlo (AMC) 
methodology is utilized for forecasting the sates of a dynamic system, specifically a satellite in orbit [1]. 
For the realistic modeling of a satellite’s dynamics over time, Lagrange’s Planetary equations can be 
used to define the change in orbital elements subject to perturbations. Lagrange's Planetary equations 
are listed in equations 1-6 [2]. 
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This work assumes that there is known historical measurement data available with some uncertainty, 
however the area-to-mass ratio (AMR) of the satellite is not known, but an initial guess can be made. 
Then, using the measurements and the known dynamics of the SRP perturbation, the AMR can be 
estimated by using a predetermined gain value and comparing the propagation data for the AMC 
simulation results with the measurement data. The overall problem statement for this project was: can a 
Monte Carlo simulation be used to estimate the AMR of a space object? 
 
Methods  
The AMC platform is utilized in this work to provide propagation estimates for a given time interval 
when measurement data is available. These estimates are calculated using random samples from 
probability density functions (pdfs), which are required inputs to the simulation in the form of the initial 
condition uncertainty. The AMC approach improves upon the traditional Monte Carlo approach in that 
the accuracy of the simulation results for the specified quantities of interest (QoIs) can be bounded by 
upper and lower values. The QoIs are the states of the dynamic system that are selected for the 
evaluation of the accuracy of the simulation. The accuracy guarantee is accomplished through additional 
sampling of the pdfs to increase the accuracy or by pausing particles to reduce the accuracy to maintain 
computational efficiency. 
In this research, the product of the difference between the known measurement data and the AMC 
simulation results and a predetermined gain value is used to define a correction factor for the initial 
guess of the AMR. A new correction factor is calculated at each time step to iteratively improve upon 
the estimate for the AMR, which increases the accuracy of the AMC simulation. Once the simulation has 
converged to a useful estimate of the AMR, then the AMC platform can be used to propagate the 
satellite’s orbit for future time intervals and provide information necessary for future decision making 
on the satellite’s position and maneuvering requirements. 
 
Results and Discussion 
The initial results from this work are presented in Figures 1-4 and the initial orbit for these results are 
reported in Table 1. The measurement data used in these results was artificial data generated from a 



numerical simulation with a known AMR. These results show that eccentricity as the QoI has poor 
convergence behavior, however the semi-major axis appears to perform well and provide a useful 
estimate of the true AMR by the end of the simulation. These gathered results show that there is 
potential for this approach to provide useful estimation results for the AMR. However, future work will 
be done to fully characterize the convergence behavior of all the possible QoIs, along with studying how 
the predetermined gain value affects the estimation results. Additionally, future work will implement 
real satellite measurement data to show the methods effectiveness in a real propagation scenario. 
 

Table 1. Simulation Initial Conditions 

Ini�al Orbit 
Semi-Major Axis 42,164 km 

Eccentricity 0.1 
Inclina�on 10° 

Longitude of Ascending Node 0.1° 
Argument of Perigee 0.1° 

Mean Anomaly 0° 
Diffuse Reflec�on Coefficient 

Cd = 0.035 
Figures  

 
Figure 1. QoI is eccentricity with a gain of 25 

 
Figure 2. QoI is eccentricity with a gain of 25 

 
Figure 3. QoI is Semi-Major Axis with a gain of -

0.0025 

 
Figure 4. QoI is Semi-Major Axis with a gain of -

0.0025 
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Abstract 
Uncrewed aircraft systems (UASs) have become increasingly popular due to their ease of accessibility to 
the public and affordable prices.  This has increased the risk of a midair collision with a commercial 
aircraft which has the potential to impart more damage than a soft body impact from a bird.  Birds are 
often modeled to be 70% water [1] while a UAS is considered a hard body with the motor, camera, and 
battery being identified as key components with them being the hardest.  This has led to the 
development of a UAS model validated for various impact conditions to research the effects of these 
hard body impacts compared to a soft body impact.  First, the DJI Phantom 3 was chosen due to its 
popularity and then it was tested and validated for static and blunt tests [2].  Second, the UAS was 
experimentally and computationally validated in the finite element software LS-DYNA for high-speed 
slicing impacts representing an engine ingestion [3, 4].  Finally, simulations were run on LS-DYNA of a 
commercial sized generic fan blade impacting a UAS and a bird with the results showing that a UAS will 
impart more damage than a soft body of a bird of similar size [5].  This work extends on this work using 
the same generic fan blade design but looks at having a composite fan blade material compared to 
titanium fan blades.  Using a previously validated carbon fiber reinforced fiber material in software LS-
DYNA, two different fan blade models were created.  One with a full composite fan and another with a 
titanium leading edge and were subjected to impacts from both hard and soft body impacts. These 
results were then compared to previous research on impacts onto titanium fan blades. 

Project Objectives 
The objective of this project was to validate a composite material model previously published to use in a 
generic commercial sized fan blade model to study foreign object ingestions.  Two different projectiles 
will be considered for the ingestion events.  One is a soft body of a bird and the second is a hard body of 
a UAS.  These projectiles would then impact two different fan blade designs of a full composite fan blade 
design and composite fan blade with a titanium leading edge. 

Methods  
The material chosen for this study is a carbon fiber reinforced polymer (CFRP) T700 carbon fiber/2510 
epoxy prepreg that has been extensively used for general aviation primary structures that has been well 
documented in the FAA-sponsored AGATE Program (Advanced General Aviation Transport Experiment) 
[6, 7].  This material was used in a previous study looking at a sinusoidal crush test using the finite 
element software LS-DYNA where they successfully recreated the crushing behavior using shell elements 
using MAT_054.  To use this material model for this study these results had to be revalidated using our 
own models.  The first step was to conduct a one element test to ensure that the material properties 
were correctly defined in both the tensile, compressive, and shear directions.  Second, a shell model of 
the sinusoidal crush test was made based on the paper seen in Figure 1.  The material properties and 
initial peak loads of the crush test were looked at to validate that the model was behaving the same as 
the papers.  Finally, a thick shell model was made based on the paper to see how the different element 
formulation would affect the model behavior.  Thick shells were chosen to be implemented into the final 



fan blade design due to thick shell elements being formulated like a solid element meaning it has a 3D 
stress state compared to a 2D stress state of a shell element.  Thick shell elements also have the 
advantage in solid elements when modeling composites as integration points can be added to account 
for the different number of plies and orientation of the composite layup. 

Once the material model is validated, it will be implemented into a generic fan blade model that was 
previously developed to study hard body impacts of an UAS [5].  Two different fan blades will be 
considered with one having a full composite fan blade and the other having a titanium leading edge.  
The generic fan blade model is created by applying a prestress on a two-sector model using cyclic 
boundary conditions as seen in Figure 2.  Then, the two-sector model can then be rotated and combined 
to create a full fan blade model consisting of twenty-four blades. 

With the full fan blade model completed, various ingestion events will then be tested.  Impacts from 
both a hard body of a UAS seen in Figure 3 and a soft body of a bird seen in Figure 4 will be tested at 
various phases of flight, locations, and orientations.  These results will then be compared to see how 
adding a titanium leading edge to protect the composite fan blades behaves during an engine ingestion 
event as well as comparing to previous results from impacts on titanium fan blades. 

Results and Discussion 
This study is still currently ongoing with the material model still being validated and implemented into 
the two-sector fan blade model.  Once this is complete, the full fan model will be developed through the 
steps described above and the simulations can start.  Data will be collected on the effective plastic 
strain, center of mass of the fan blades, energies, and kinematics of the ingestion events.  From these 
results, the soft body impact of a bird and hard body impact of a UAS on a composite fan blade, 
composite fan blade with a titanium leading edge, and a full titanium fan blade can be compared. 

Figures 

 
Figure 1: Bird modelled with cylinder with hemispherical ends 



 
Figure 2: Uncrewed aircraft system of a DJI Phantom 3 

 

 
Figure 3: Two-sector composite fan blade model with titanium leading edge 

 

 

Figure 4: Shell model of sinusoidal crush 
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Abstract 
The giant impact era includes the Moon-forming impact but the overall scope and severity of this phase 
across the terrestrial planets is unknown. These violent collisions produce ejecta, some of which escape 
onto heliocentric orbits. Using astrophysical N-body simulations, we show that a remnant fraction of this 
debris likely survives from the giant impact era of planet formation to today. The capture of impact ejecta 
onto long-term stable orbits in the main asteroid belt is enabled by gravitational interactions with Mars. 
Even when considering very different terrestrial planet formation scenarios, impact debris is stranded in 
the asteroid belt. We study the amount of debris remaining in the asteroid belt after planet formation.  
 
Project Objectives 
Our goals are to investigate how much of this debris may survive from the era of planet formation in the 
asteroid belt today and how the final arrangement of planets impacts these results. 
 
Methods  
In the Circular Jupiter and Saturn (CJS) scenario, the giant planets are on compact, circular, and nearly 
in-plane orbits primed for a Nice model-like giant planet instability following Raymond et al. (2009). The 
circular orbits of the giant planets in CJS ensure that the stirring they create is at a minimum. Giant 
planet stirring excites the relative velocities of planetary embryos and increases their collisional 
velocities. The semimajor axes were 5.45 AU and 8.18 AU respectively, with inclinations 0.00 and 0.5 
respectively. In the Eccentric Jupiter and Saturn (EJS) scenario, the giant planets effectively start on their 
modern day orbits. The higher eccentricities of the giant planets in EJS create a higher amount of stirring 
than in CJS. Jupiter and Saturn were given parameters following Raymond et. al 2009. In the Grand Tack 
scenario, Jupiter and Saturn have a specific migration pattern during the proto-planetary 
phase (Walsh et al. 2011). This truncates the disc of planetesimals and planetary embryos at 1 AU. In 
Grand Tack, the giant planets enter and exit the terrestrial disk, so stirring is at a maximum. Thus, the 
giant impacts in these simulations are the most violent. Our simulations follow those detailed by 
Jacobson and Morbidelli (2014). 
Our simulations were run using the gravitational N-body code SYMBA (Duncan et al. 1998), modified to 
incorporate the effects of the collisional dynamics detailed in Leinhardt and Stewart (2011). The 
symplectic integrator tracks the movement of each particle, and follows embryo-embryo interactions. 
The code is modified to model the outcomes of debris-producing collisions using an algorithm that is a 
function of the giant impact’s mass ratio, impact angle and velocity (Leinhardt and Stewart 2011). 
Collisions considering imperfect accretion were implemented relatively recently, and initially considered 
two collision types. Chambers (2013) improved simulations further with the implementation of 
collisional fragmentation, but these did not produce significantly different results. To make the collision 
outcomes in our simulations more realistic, we consider nine types of outcomes, including debris 
production and removal. 
 



Results and Discussion 
We expect only a small portion of the dynamical space to contain debris - however, it is distributed 
throughout the region, as seen in the figure below and on the left. Given the figure, it is clear that debris 
particles are emplaced, but not a lot of mass is actually emplaced in the stable region of the Main 
Asteroid Belt (< 1% of the debris produced).  
We also look at successful simulations, which are those producing two Earth/Venus like planets, and one 
Mars like planet. We do not strictly differentiate between Earth and Venus like planets because of the 
difficulty in specifying mass and orbit boundaries (Jacobson and Morbidelli 2014). The apocenter and 
pericenter establish stability conditions for each analog planet. We found that giant impacts can affect 
short term stability of debris particles. The Mars embryo may interact with MBA debris, which leads to 
the particle pericenter being lifted into the asteroid belt. This is especially seen in the figure below and 
on the right, where the debris particle interacts heavily with Mars and then leaves the planet forming 
region. Additionally, the timing of last giant impact affects the amount of mass emplaced and long term 
stability, where later giant impacts lead to more instability in the trajectories of debris particles. These 
particles are more likely to be removed from the asteroid belt. 
 
Figures/Charts  
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Abstract 
Industry 4.0 and Smart Manufacturing are revolutionizing the field of manufacturing. A push to rethink 
programming of manufacturing robots using Internet of Things data has come with Industry 4.0, in particular 
developing and utilizing the digital twin. The concept of a digital twin is a fairly recent development; today, a digital 
twin can be defined by three significant features: a physical model, a virtual model, and a bidirectional link for data 
transfer between the two.  In this project, the topic of digital twins was explored by examining the history and 
development of the digital twin, its structure and utilization of Industry 4.0 concepts, and current applications in 
manufacturing environments. A Yaskawa GP8 robotic arm and the accompanying MotoSim simulation software 
was used to support this research.    
 
Project Objectives 
Two goals were set for this project. The first goal was to conduct a literature review on the concepts behind a 
digital twin; the second goal was to create a digital model of a robotics cart and accompanying Yaskawa GP-8 
robotic arm purchased by Wright State University in 2023.  

Methods  
University library resources and web search engines were used to gather previous research documents for review. 
Yaskawa MotoSim software and SolidWorks 3D modeling software were used to create the robot cart model.   

Results and Discussion 
In 1970, NASA made history when they successfully brought the three astronauts aboard the Apollo 13 home after 
a catastrophic failure in one of the service module oxygen tanks. Although the term 'digital twin' would not be 
coined until many years later, the way NASA utilized current data from the spacecraft to modify their 15 training 
simulators and formulate a return strategy for the Apollo 13 was foreshadowing of today’s digital twin concepts 
[1]. In 2002, the first version of the digital twin was introduced by Michael Grieves at the University of Michigan, in 
the form of a 'Mirrored Spaces Model' for use in Product Lifecyle Management (PLM) [2], and in 2010, the term 
‘Digital Twin’ was coined and further characterized in NASA’s 2010 Technology Roadmap.  

The digital twin serves on the forefront of Cyber-Physical System (CPS) integration. One of the identifying 
characteristics of the digital twin is the live data exchange between the virtual and physical models, where 
decisions made within the virtual model can be used to change the physical model. To attain this, the digital twin 
takes advantage of Industry 4.0 technologies such as the Internet of Things (IoT), cloud computing, big data, 
Artificial Intelligence (AI), and machine learning [3], and includes digital engineering concepts such as Computer 
Aided Modeling (CAD).   

Digital twins can be applied in many different fields and for a variety of purposes. DT can be used for product 
prototyping, as different model versions can be tested virtually without having to manufacture or destroy a 
physical prototype and can in turn reduce the amount of time needed for this testing [4]. Product testing for a new 
product can be done using DT technology, but will still require some physical validation, albeit less than if the 
entirety of the prototype testing was carried out in the traditional way. Variations on existing products have the 
potential to be completely prototyped and validated within the DT, if previous products also have DTs that 
historical data can be pulled from [5].   

In 2023, WSU purchased a GP-8 STEM robot cart, intending to use it for STEM outreaches and micro-credential 
courses. The cart came with several preprogrammed jobs, but it was not clear whether these jobs accounted for 



the reduced operation envelope due to the plexiglass shield behind the robot arm. For this reason, a digital model 
of the robot was desired to run jobs digitally before attempting them with the physical robot.  

To create the model, measurements of the physical cart were taken, and a CAD model of the cart was reverse 
engineered using SolidWorks software. The cart was made as a single-part model rather than an assembly for 
simplicity. The model was imported into Yaskawa MotoSim software, which included a preprogrammed model of 
the YRC 1000micro controller used in the GP-8. The cart was reoriented to the correct position and the controller 
was equipped with tooling matching the physical cart, which was imported from MotoSim’s model library.  

Figures/Charts  

Fig. 1. Physical robot cart Fig. 2. CAD model of robot cart Fig. 3. Completed MotoSim model 
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Abstract 
Understanding the effects of renewable and clean energy systems on their surrounding ecology is essen�al to determining the 
true level of sustainability of these energy solu�ons. With the rise in popularity of solar prairies, the effects of this technology 
on insect and vegeta�on life in the area must be explored to assess any poten�al harm from the technology on the 
environment. The main concern researched in this project was photovoltaic solar panels’ adjustment to temperatures of the 
prairies they reside in. This research determined paterns of temperature change caused by solar panels through tracking 
mul�ple loca�ons’ temperatures throughout a solar prairie. 
During the study, the team found evidence of temperature change caused by the difference in shading from the panels in 
certain loca�ons. The team also found evidence of heat convec�on occurring through the metal solar panels throughout the 
day. This study focused on mul�ple aspects of shading and heat convec�on, considering different �mes of day, weather 
condi�ons, and seasons. The nature of photovoltaic solar research requires mul�ple seasons and years of data to ensure the 
most accurate and representa�ve results. Therefore, this research will be con�nued to build further confidence and gain further 
depth of understanding of the results. 
 
Project Objec�ve 
The purpose of this study is to determine the temperature differences at different sec�ons of a solar prairie located in Dayton, 
OH. Once collected, the team will pass the temperature data on to the university’s ecology department for comparison with 
data on the temperature limita�ons of local vegeta�on and animals. The comparison will allow the ecology department to 
determine how the solar prairies might affect local species. 
 
Methodology 
The study used Thermochron iButons to explore the thermal effects of a solar prairie on local insects using temperature 
monitoring in Dayton, Ohio. iButons were carefully placed from row 7 to row 35 in the solar prairie, with three iButons per 
row: one in the aisle and another underneath solar panels to assess different shading condi�ons’ effects on insects, and the last 
in a buffer zone as a control. These placements aim to thoroughly capture temperature varia�ons significant to the study. Data 
was recorded hourly, reflec�ng the solar panels' impact over the day. 
 
Results 
Upon comple�on of this segment of the solar ecology research, the team no�ced evidence of temperature differences due to 
poten�al shading paterns and heat convec�on from the metal solar panels. Figure 1 demonstrates the extreme temperatures 
present under the panels throughout the day and the slightly higher temperatures in the buffer brush surrounding the solar 
prairie than in the aisles between panels. The temperatures under the panels are explained by convec�on which is also 
demonstrated in Figure 3 which shows that under the panels is higher during the day and cooler at night as well as in Figure 4 
which demonstrates that at 5pm under the panels is consistently highest in temperature. The higher temperatures in the buffer 
area than in the aisles in Figure 1 and the temperature spikes in certain areas at different parts of the day demonstrated in 
Figure 2 appears to be explainable due to differences in shading paterns based on posi�oning. This is no�ced because the 
overall temperatures are lower and the spikes in temperature even out on days that are considered cloudy in Figure 2d. 
 

 
Figure 1: Comparison of Average Temperatures (7/23/23 – 8/06/23) 



 

 

(a) (b) 

 

 

(c) (d) 

Figure 2 – (a) Aisle Average, Buffer Average, and Under Average (7/23/23) (b) All Days Average 24 Hours (c) Sunny Day 
Average (6/18/23 – 7/22/23) (d) Cloudy Day Average (6/18/23 – 7/22/23) 

 

 
Figure 3: Aisle minus Under Temperature (7/23/23 – 8/6/23) 

 
Figure 4: Average Temperature Daily at 5pm Throughout the Summer 
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Abstract 
The magnus effect is a classic aerodynamic phenomenon that describes how spinning objects create lift. 
Computational fluid dynamics (CFD) is a faster and more cost-effective method to model fluid behavior. 
Using CFD the magnus effect was modeled on a cylinder in cross flow. The results were then compared 
with data collected from a wind tunnel. A steeper trend was noticed with the CFD results, however the 
overall appearance of the data matched. The velocity profiles also represented expected behavior with 
the flow behind the cylinder dropping at higher rotation rates.   
 
Project Objectives 
It was desired to know if the computational fluid dynamics (CFD) methods used at Ohio Northern 
University (ONU) can accurately represent the magnus effect. To accomplish this a cylinder in cross flow 
was examined. Validating the CFD methods for the simple case of the cylinder could open the 
opportunity to investigating rotating cross sections that are not circular.  
 
Methods  
A 2D analysis of the cylinder was performed. A grid was generated using Fidelity Pointwise. To 
accurately represent the flow around the cylinder the flow grid was split into a far-field block and a wake 
block. The wake block had an increased grid density to help with calculating the higher gradients in the 
flow around the cylinder. T-rex cells were placed around the cylinder to capture the boundary layer 
flow. The flow velocity was chosen to give the system a Reynolds number of 82000. This was done so 
that the results could be compared to the top line in figure 1. Six cases of increasing non-dimensional 
spin rate were considered. Equation 1 gives the non-dimensional spin rate, 𝑅𝑅, 
 

𝑅𝑅 =  
𝜔𝜔𝜔𝜔
2𝑉𝑉∞

                                                                        (1) 

 
where 𝑑𝑑 is the diameter of the cylinder, 𝜔𝜔 is the rotation rate of the cylinder and 𝑉𝑉∞ is the free stream 
velocity. All four sides of the far-field block were assigned the modified riemann invariants boundary 
condition. The edge of the cylinder was assigned the general no slip boundary condition. Within this 
condition the rotation rate of the edge was specified. Cobalt was used as the grid solver. All the 
solutions were run to convergence in the same number of iterations and CFL drops.  
 
Results and Discussion 
Figure 2 shows the coefficient of lift at different non-dimensional spin rates as reported by Cobalt. A 
similar trend was shown in the data when comparing it with figure 1. However, the trend is steeper and 
increasing more rapidly. This could be due to the solution only being in two dimensions or that the CFD 
environment is creating more perfect flow than what was seen in the wind tunnel. Figures 3 and 4 show 



the velocity profile over the cylinder with 𝑅𝑅 being set to zero and one respectively. Once the rotation 
was interduce the wake behind the cylinder dipped down which was expected.  
 
Figures/Charts  
 

  
Figure 1 [1] (left): lift coefficient for different spin rates and Reynolds numbers on a cylinder in crossflow 

determined by wind tunnel testing 
 

Figure 2 (right): lift coefficient for different spin rates on a cylinder in crossflow determined by CFD 

  
Figure 3 (left): Total velocity profile for rotation rate being set to 0 

Figure 4 (right): Total velocity profile for rotation rate being set to 1 
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Abstract 
Polyimides (PI) are known for their moderate wear (1-8 × 10−6 mm3/Nm), and high upper use 
temperature (260 °C), and outstanding mechanical and insulating properties [1]. Polytetrafluoroethylene 
(PTFE) is a linear carbon-fluorine polymer, which has a low coefficient of friction (0.05-0.10) and high 
upper use temperature (260 °C) but exhibits poor wear (K∼10−4 to 10−3 mm3/Nm), and abrasion 
resistance [2]. Prior studies on PI-PTFE blends have shown excellent friction and wear performance but 
manufacturing of this blend requires excellent dispersion of PI and PTFE powders before processing 
begins [1]. Without proper dispersion, this material loses significant mechanical properties and wear 
resistance. An alternative manufacturing process was used to develop an alternate blend of PI-PTFE. 
Friction and wear properties new method PI-PTFE will be compared to existing commercially available 
polymers and polymer composites. 
 
Project Objectives 
This project aims to determine if manufacturing processes of PI-PTFE Blends affect its tribological 
properties (wear rate and coefficient of friction).  
 
Methods  
A linear reciprocator flat-on-flat tribometer was used to measure wear rate and the coefficient of 
friction. Samples were prepared from stock to a uniform size, polished on one face with 400 grit silicon 
carbide grinding paper, sonicated in methanol to remove contaminants, and measured for reference 
during testing. The samples were tested with 250 N applied force, 25 mm long sliding stroke, 50 mm/s 
sliding velocity, and in lab-controlled air (30% RH and 22-25 ⁰C). 
   
Results and Discussion 
Table 1 provides a description for composition and manufacturing processes of the samples. Samples F 
& G failed to complete the total sliding distance of the rest of the samples due to excessive wear. 
Sample F ran for 2 km; CoF and wear rate are provided for only that distance. Sample G only ran for 0.5 
km, so no experimental values for CoF and K were provided.  
Figure 2 shows the steady-state wear rates of each sample. Lower wear rate values are more desirable; 
values larger than 10-4 mm3/Nm are poor, 10-6 mm3/Nm are acceptable, and 10-8 mm3/Nm are 
considered excellent. Samples D (3.79x10-8 mm3/Nm), E (5.26x10-8 mm3/Nm), H (2.52x10-8 mm3/Nm), 
and J (2.09x10-8 mm3/Nm) demonstrated excellent wear rates. Samples C (2.35x10-6 mm3/Nm) and M 
(2.76x10-6 mm3/Nm) demonstrated acceptable wear rates. Samples F (3.66x10-4 mm3/Nm) and G 
demonstrated poor wear rates. 
Figure 3 shows the experimentally determined average CoF for each sample. Samples E (0.208) and H 
(0.212) exhibit the highest coefficient of friction. The rest of the samples are within 0.05 of each other, 
with sample F (0.132) demonstrating the lowest CoF. Generally, a lower CoF is more desirable. Note that 
while samples E and H are among the least desirable CoF, they demonstrated excellent wear rate (2.5-



5.3 x10-8 mm3/Nm). Similarly, sample F has the most desirable CoF but demonstrated the highest wear 
rate. 
 
Figures/Charts  
 
Table 1:  Summary of samples tested and manufacturing  description 

Sample ID Sample Name Manufacturing Description 

C PTFE-PI Blend 1 Powders dry mixed and sintered, Novel Method 1 

D Commercial Blend 1 Unknown 

E Commercial Blend 2 Unknown 

F Unfilled PTFE 1 Cold Pressed & Sintered 

G Unfilled PTFE  2 Unknown 

H Commercial Blend 3 Unknown 

J Commercial Blend 4 Unknown 

M PTFE-PI Blend 2 Dry mixed, sintered, Novel Method 2 

 

 
Figure 1: Steady-state wear rates of each sample
 Figure 2: Average CoF of each sample 
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Abstract 
This project focused on the human foot, specifically the skin. Foot loading is of paramount importance to 
astronauts who need to exercise to maintain bone density.  In the case of this population, foot loading is 
dramatically reduced in a microgravity environment.  In 1G, however, there are individuals with the opposite 
problem, specifically patients with plantar pressure profiles and/or shear stress distributions that predispose skin 
breakdown.  These types of patients include those with diabetes. They are at higher risk for increased forces in 
their feet, which lead to ulcers. In neither population has the relationship between skin pressure (or its spatial 
derivatives) and shear stress been rigorously investigated.  If such a relationship can be determined, then this will 
offer a potential solution to the vexing problem of assessing skin shearing inside a subject’s shoe, without the need 
for additional in-shoe instrumentation. 
 
Project Objectives 
The objective of this research was to determine if there’s a relationship between pressure and shear stress by 
utilizing novel technology at Cleveland State University.  This information would help predict where patients are 
most likely to see the formation of an ulcer, specifically in diabetics’ due to being at a higher risk of ulcer 
development. This then could potentially be used to measure shear on a patient’s foot without the need of 
additional devices. 
 
Methods  
For this research, I utilized an ISSI Gait Analysis System. This machine has the ability to measure shear and pressure 
on the foot during the gait cycle. There is a shear sensor platform with a force plate that measures three forces 
and three moments’ simultaneously.  Data analysis utilized MATLAB to determine if shearing stresses can be 
estimated using pressure data alone.  Lastly, ADAMS software was used to create a 3-D model to demonstrate the 
results of body weight forces applied to the foot and the forces between the skin and floor.   
I collected data on several people at the university, I choose subjects with similar characteristics. The data I 
analyzed was on female college students, in their early 20’s. The results from two individuals where chosen to 
compare results between. Since diabetics are more likely to have skin breakdown, I compared results from a non-
diabetic and a diabetic.  However, the diabetic did not have any complications related to diabetes and it was well 
under control therefore, I did not expect to see much variation between the two subjects. 
 
Results and Discussion 
After reading a journal written by a Cleveland State University graduate student, I learned that socks cause a 95% 
error in results of shear stress distributions.  Once I finished the journal, I decided to redo all of the data I collected 
on the subjects, this time with no socks. The actual influence of the sock is unknown so the subjects walked across 
the platform barefoot to eliminate any potential errors. Other factors that could affect the data include but are not 
limited to, the weight of the individuals, walking speed, and any turning. 
The use of MATLAB algorithms allowed me to determine the spatial derivative.  This could offer a potential 
solution to the problem of assessing skin shearing inside of a subject’s shoe without the use of additional 
instrumentation. The desired outcome was a linear relationship between the spatial derivative and shear. If one of 
the subjects had uncontrolled diabetes and potentially neuropathy, the results would have varied. The results from 
a diabetic with neuropathy would differ greatly from the healthy subject. 
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Figure 1: Model to represent the interaction between skin and the floor. 

Figure 2: Comparison of actual results collected and analyzed in the lab to theoretical data. 

Figure 3: Comparison of results collected on a controlled diabetic and subject without diabetes. 
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Abstract 
Improved aircra� performance is a con�nually ac�ve area of research. Altering the angle of jet thrust, known as thrust vectoring (TV), is 
par�cularly interes�ng for its impact on aircra� maneuverability and required takeoff/landing distance. Thrust vectoring is tradi�onally 
achieved by mechanical manipula�on of nozzle exit geometry, which involves added weight and complexity to the aircra�. An alterna�ve 
method Coanda-based Thrust Vectoring (CTV), exploits the Coanda effect to atach jet flow to a fixed surface at the nozzle exit which 
curves away from the jet axis (i.e., a “reac�on surface”). This is accomplished by injec�ng high velocity flow into the exhaust flow shear 
layer which comes at the cost of a high bleed air requirement. Localized arc-filament plasma actuators (LAFPAs) manipulate natural 
instabili�es in jet flows to control shear layer behavior which could be used, similar to CTV, to atach the jet flow to a curved reac�on 
surface, deflec�ng the exhaust thrust along the surface. LAFPAs may be par�cularly suited for this applica�on due to their rapidly variable 
opera�onal state and low power requirement. LAFPAs have demonstrated success in establishing shear layer control authority for various 
flow control objec�ves, but have yet to be applied to thrust vectoring. 
 
Project Objec�ves 
The unifica�on of the demonstrated flow control authority of the LAFPAs and the impact of TV on maneuverability and takeoff/landing 
distance is promising in terms of the poten�al aircra� performance gains available. This work serves as a preliminary explora�on of jet 
response to LAFPA/reac�on surface control in a broad parameter space, as well as the par�cular poten�al of LAFPA opera�on in thrust 
vectoring. This is done by sweeping through excita�on frequencies of LAFPAs and reac�on surface configura�on, and documen�ng jet 
behavior with pressure measurements, schlieren imaging, and PIV. 
 
Methodology 
The Kelvin-Helmholtz instability is an inherent sensi�vity of shear layer flows (regions of high velocity gradient) to small perturba�ons of 
velocity, temperature, and pressure [1] that cause the shear layer to roll up into large scale structures (LSS) [2]. LAFPAs operate by striking 
a high voltage arc across pin electrodes which produce local thermal perturba�ons (1000s of Kelvin) with a rela�vely low input power 
(10s of Wats) at a controlled frequency [3,4]. These perturba�ons are amplified into LSS by the Kelvin-Helmholtz instability, allowing for 
control authority over LSS forma�on and development within the shear layer [5]. LSS forma�on in jet shear layers play a dominant role 
in several processes such as mixing and entrainment. Past works have applied the control authority over LSS forma�on afforded by LAFPA’s 
in areas of jet acous�cs [6,7], and mixing enhancement [5]. Gonzalez et al. [8,9] demonstrated the LAFPAs’ ability to induce asymmetric 
mixing in a supersonic axisymmetric jet with a straight exit geometry (i.e., no CTV-like reac�on surface). 
Here, a CTV inspired curved nozzle outlet geometry is paired with embedded LAFPAs to explore the TV capability of the LAFPAs by means 
of ataching exhaust flow to the curved reac�on surface. A 1-inch diameter jet nozzle with a curved reac�on surface nozzle (depicted in 
Fig. 1) is embedded with 8 azimuthally spaced LAFPAs, as well as pressure taps within the reac�on surface. A backward facing step was 
included to situate a shear layer as flow passes the step. The effects of LSS entrainment were explored by altering actuator control 
frequency. The effect of control on the jet flow was assessed with embedded pressure taps and schlieren imaging (a method of capturing 
density gradients in fluid flows). 
LAFPAs are expected to ini�ate LSS forma�on in the shear layer that forms at the step. These LSS naturally entrain fluid as they propagate 
downstream, but instead atach to the curved reac�on surface due to its proximity. An actua�on frequency dependent response is 
expected in the LSS development behavior. At low actua�on frequency, LSS are expected to grow naturally as they propagate downstream, 
while at high actua�on frequency, reduced spacing between LSS is expected to cause growth interference and reduce ul�mate size. LSS’ 
entrainment—and therefore jet atachment/thrust vectoring capability—is higher for large, coherent structures than for small, rapidly 
dissipa�ng structures, allowing manipula�on of jet atachment loca�on. Using different actua�on frequencies for different LAFPAs, LSS 
size at par�cular azimuthal loca�ons can be independently controlled, causing an asymmetry in fluid entrainment and subsequent jet 
atachment/thrust vector deflec�on along a specified direc�on. 
 
Results 
Excita�on was asymmetrically introduced across a range of frequencies along 3 adjacent ac�ve actuators. Results in Fig. 2 highlight the 
azimuthal distribu�on of suc�on while Fig. 3 demonstrates the con�nuity of suc�on asymmetry across frequencies and limita�ons in 
control at the frequency extremes. An expected range of suc�on profiles is found in response to plasma actuator forcing frequency. 
Rela�ve to an unforced flow, low forcing frequencies increase suc�on downstream of ac�ve actuators and the opposite is found at higher 
frequencies. Furthermore, at the lower and upper extremes of the frequency range, impact on suc�on is reduced as control authority is 
limited by the �me-averaged reduc�on in excita�on and the band of frequencies the shear layer naturally amplifies, respec�vely.  
 
 
 



Figures/Charts 
 

 
               (a)         (b)  

Figure 1: Subsonic axisymmetric jet with reaction surface: (a) Side view (flow left-to-right and (b) Front view (flow out-of-the-page). 

 

Figure 4.1: Azimuthal Distribution of Suction Coefficient (-Cp) Percent Difference from Baseline for an Mj  = 0.48 Jet Excited across 
Various Frequencies (Ste). 

 
Figure 4.3: Summa�on of Difference in Suc�on Coefficient (-Cp) from Baseline toward CE for an Mj  = 0.48 Jet across Excita�on 

Frequency 
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Abstract 
The goal of the research was to better understand the effects of roughness on macrohardness of three-
dimensional (3D) printed grade 23 titanium. 3D printed materials allow for easy surface modification. In this 
study we manufactured 10 different surfaces by varying frequency and peak magnitude. We also included 
titanium bar stock polished to industry standards. We defined macrohardness to be the hardness measured 
using a contact surface of 1/16th of an inch or greater. This is an attempt to measure the hardness 
experienced initially by another surface interacting with the titanium.  We tested all the various samples 
using the Rockwell Hardness test and three different indenters. Our hypothesis was that as the indenter size 
increased the macrohardness would decrease and that indenter sized played a large part in the hardness of 
the material. We found that indenter size has a large influence on the hardness of the material as the larger 
indenters showed a correlation between the hardness of the surface while the small spheroconical point 
indenter showed no correlation. Our results show that while the macrohardness the initial surface hardness 
changed with roughness and interface area for the larger indenters, the actual hardness of the material 
remained constant when a smaller indenter was applied. We were also able to match our findings with a 
similar study using electrical discharge machined (EDM) specimens, showing the behavior of the 3D printed 
material is the same as that of traditionally manufactured material. These findings are useful for designers 
and manufacturers who plan to use 3D printed metals. 
 
Project Objectives 
The primary objective of this research was to determine the effect of customization of 3D printed surface 
roughness (surface peak magnitude and peak frequency) on macrohardness.  An additional objective was to 
test the effect of different indenters on surfaces with large amplitude peaks for hardness measurements. 
 
Methods  
Ten groups of three 3D printed grade 23 titanium samples each of which had a different roughness along 
with a group of grade 23 bar stock were used in this experiment. Each sample was a circular disc [Ø9.5mm x 
2mm Thickness]. There were three peak magnitudes, 0.15 mm, 0.4 mm, and 0.65 mm, and three peak 
frequencies, 3, 4.5, and 10 peaks/mm2. Combinations of these parameters provided us with 9 of our 11 
groups, while the other two groups were polished bar stock and the unmodified 3D printed control. The 3D 
printed specimens were manufactured using a GE Additive Concept laser mLab DMLM Fiber Laser printer 
(Lichtenfels, Germany). This printer uses laser powder bed fusion (LPBF) to create the parts. We used the 
Rockwell hardness test to measure the roughness of the samples and we used three different Rockwell scales 
so that we could find the effect of different indenters. The scales used were C scale (spheroconical point; load 
of 150 kgf), B scale (1/16th carbide ball; load of 100 kgf), and E scale (1/8th carbide ball; load of 100 kgf). All 
hardness testing was performed to the ASTM International standard test methods for Rockwell hardness. 
Two machines were used, one for the C scale, and one for the B and E scales. Every sample was tested 
according to scale and the resulting hardness measurements recorded. One indentation from each indenter 
was made on every sample. This gave us 3 indentations per sample group per indenter. The statistical mean 
of these three hardness values were then taken and plotted on Figure 1. 
 
 



Results and Discussion 
The study found that the indenter shape influences the macrohardness of a material if the surface peaks are 
large and frequent, i.e., the roughness. The regressions with the ball indenters show a decrease in hardness 
with Ra whereas the hardness with the spheroconical point indenter do not. These micrographs illustrate the 
effect. Figure 2 shows the conical indentation left by the C scale indenter. While it is difficult to clearly see 
the point of the indentation is still completely intact much like the indentation left in Figure 4. In Figure 3 we 
can clearly see gaps between the base of the indentation and the sides of the depression. These gaps are not 
present in Figure 5 which has a shallow and round depression. Because hardness measurements are found by 
identing a material and measuring either the depth or the diameter of the indentation, The smaller indenter 
(spheroconical point) is going deep enough into the surface, that the surface roughness provides no real 
change in hardness, While the larger indenters (1/16” and 1/8” carbide ball indenters) are greatly affected by 
the surface features. 
 
Figures/Charts  
 

 
Figure 1. Trendlines for the data of each indenter. Rockwell Hardness numbers vs. Average Surface Roughness 

    
Figures 2-5. Rockwell C scale on .65mm 4.5k specimen, Rockwell E scale on .65mm 4.5k specimen, Rockwell C 

scale on control specimen, Rockwell E scale on control specimen.1 
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Abstract 
Parabens, a common antimicrobial agent used in a wide variety of industrial, cosmetic, and pharmaceutical products, has been used for 
many years due to their ability to maintain a neutral pH and their odorless and colorless properties. While parabens have been found in 
everyday products for a number of years, controversies over their use have arisen as they have been linked to aversive effects and 
multiple skin cancers including malignant, melanoma, and contact eczema in the last several years. In this study human melanoma cells 
and normal human epithelial cells were treated with 0.05-10mM paraben solution, consistent with LC50 values. Parabens were 
dissolved in ethanol or methanol solvent and added to complete DMEM for cell treatment. Methylparaben (methyl 4-
hydroxybenzoate) and a paraben derivative, helptylparaben, were used. A colorimetric Caspase-3 microplate assay kit was used to 
assess the ability of these compounds to induce apoptosis. Previous research has shown parabens have induced apoptosis in human 
melanoma cells, while this study will assess parabens’ ability to induce apoptosis in normal human epithelial HaCat cells versus human 
melanoma M624 cells and provide support for the continued study of paraben as a possible topical treatment for melanoma.     

 
Project Objectives 
The primary goal of this particular project was to determine if paraben should be continued to be evaluated as a potential topical 
treatment for melanoma cells in the presence of normal skin cells. This investigation was the first of its kind to quantify the potential of 
paraben and paraben derivatives in initiating the apoptotic pathway of both cell types. In the investigation of paraben as a topical 
melanoma treatment, paraben-induced caspase-3 activation was analyzed in M624 human melanoma cells compared to HaCat normal 
epithelial cells for support of conclusions. 

 
Methods  
Cell Culture 
M624 human melanoma cells and normal HCat cells were kept in 100mm cell culture plates with complete media which includes 
Dulbecco’s Modified Eagles Medium (DMEM) with 10% fetal bovine serum, and 1% penicillin-streptomycin. Cells were incubated at 
37ºC with humidity and 5% CO2. Once it was ensured cells were growing without contamination cells were transferred. Trypsin was 
added, and the plate was incubated for 5-10 minutes for M624 human melanoma cells and 20-25 minutes for normal HCat cells. 
Complete media was added to the plate and the contents of the plate were washed. New plates were then prepared by adding a small 
amount of cell and complete media mix to each plate. DMEM was added to each plate and the plates were placed in the incubator. The 
cells are transferred as needed every 3 to 4 days.    
Solvent and Paraben Treatment  
 
Paraben was dissolved in ethanol or methanol solvent as determined through preliminary data. The paraben solution was dissolved in 
complete DMEM cell growth medium. Control, solvent, and various concentrations of each paraben were prepared. The control 
treatment group was treated with DMEM only.  
 
Four 10 mm plates of cells at 75-95% confluency were prepared for each treatment group. The regular complete media was removed 
and DMEM treatment solution was added with solvent or paraben. The plate was then incubated for a designated amount of time 
determined by previous determination of LC50 values with each specific paraben (Table 1). 

 
Paraben Treatment Time LC50 

Methyl- 6 hours 2.28 mM 

Heptyl- 1 hour 0.195 mM 

 
Table 2: LC50 values for methylparaben and heptylparaben   

 
Cell Lysis and Caspase-3 Assay  
The DMEM containing the dead cells was removed from each plate and placed in centrifuge tubes. PBS was added to each plate and 
the plate was scrapped using the blunt end of a pipet tip. The collected cells were added to the labeled tube for the control, solvent, 
and paraben concentration groups. The tubes were centrifuged for 10 minutes, and the supernatant was discarded. 100 ul of lysis 
buffer was added to the pellet of cells and the pellet was broken up using a pipet tip. The tubes were centrifuged for three minutes. 
The liquid supernatant is placed into small centrifuge tubes and kept in the freezer until the assay was completed.   



The Caspase-3/CPP32 Colorimetric Assay Kit was used to detect and quantify the presence of caspase-3 through recognition of the 
sequence DEVD. The assay is based on the spectrophotometric detection of the chromophore p-nitroaniline (pNA) after cleavage from 
the labeled substrate DEVD-pNA. Dilute protein to cell lysis buffer was added to each sample. Reaction buffer was combined with 
dithiothreitol (DTT) immediately before use. DEVD-pNA substrate was added and incubated at 37 degrees for 1 hour. Cells were then 
centrifuged for one minute in a standard centrifuge. The supernatant was transferred to a new tube and set on ice for immediate 
assay.   
 
A Bradford protein assay was completed by creating a dilution series of known protein concertation in mg/mL. Bovine Serum Albumin 
(BSA) was placed in a tube and centrifuged. The BSA is added to increasing concentrations of water to create a standard protein curve. 
The sample was performed in triplicate on a 96 well plate and absorbance was measured using spectrophotometer plate reader.  
 
Samples were read in the spectrophotometer at 405nm on a 96 well plate. These results were compared with Bradford protein assay 
to compare the general protein concentration found in each sample to the amount of Caspase-3 in each sample. Each caspase assay for 
heptylparaben and methylparaben was standardized to control samples. Statistical analysis was completed using standard deviation 
and examining p values. P values >.1 were considered statistically significant. 

 
Figures/Charts 
 

 
Figure 1: Caspase-3 activation induced by methylparaben standardized to control 

 
Figure 1: Caspase-3 activation induced by methylparaben standardized to control 

 
Results and Discussion  
At LC50 concentrations for M624 human melanoma cells, determined through previous studies, no statistically significant difference 
between the amount of caspase-3 detected in HaCat normal epithelial cells versus M624 melanoma cells was observed. However, 
increased concentration of both methylparaben and heptylparaben treatment resulted in increased caspsase-3 in M624 cells compared 
to HaCat, providing evidence that at higher concentration of paraben, these compounds may still be a topical treatment for melanoma. 



Experimentation on other apoptotic indicators such as PARP or caspase-9 would provide confirmation of these conclusions. In 
investigation of paraben as a topical melanoma treatment, paraben-induced caspase-3 activation was analyzed in M624 human 
melanoma cells compared to HaCat normal epithelial cells. In this preliminary study, results demonstrate that heptylparaben induces 
higher levels of caspase-3 activation in melanoma cells versus normal cells at concentrations of 0.2mM and higher, while methylparaben 
is capable of inducing higher levels of caspase-3 activation in melanoma cells than normal cells at 10mM. The lipophilic structure of 
heptylparaben compared to methylparaben enhances the ability of heptylparaben to penetrate the stratum corneum of the skin to 
access cancer cells. The activation of caspase-3 protein in melanoma cells demonstrates that apoptosis, healthy cell death, is occurring, 
and that parabens have the potential to be used at a topical therapeutic. 
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Abstract 
The combination of multifunctional biomaterials and living cells has given rise to the field of engineered living 
materials where living cells such as bacteria function as active components of material’s design and performance. 
Genetically modified microorganisms have been encapsulated in hydrogels and used as a part of the living 
therapeutics for the treatment of skin diseases. On-demand drug delivery is often required for advanced 
therapeutic applications. In this project, the thermo-responsive bacteria-based engineered biohybrid material 
platform (EBMP) was developed as a proof of concept transdermal design for production and regulation of green 
fluorescence protein (GFP) expression has been explored. The thermo-responsive EBMP consists of a hydrogel 
containing genetically modified probiotic bacteria, Escherichia coli Nissle 1917 (EcN). This study investigates the 
growth and metabolic activity of bacteria within an associative hydrogel. 

Project Objectives 
This project aims to answer the question: “Do thermo-responsive EBMPs have the potential to be used for 
biomedical applications?” So, the objective was to develop an EBMP consisting of a microheater that can heat to 
37°C with a low voltage and modified EcN that can survive in the hydrogel, express Green Fluorescent Protein 
(GFP) protein, and be contained on the microheater in a PDMS spacer. 

Methodology 
The EBMP consists of an Engineered PEC hydrogel, and a microheater, detailed below: 

• Engineered PEC hydrogel 
• 40:60 CHI/ALG hydrogel 
• EcN with modified GFP gene cultured with kanamycin at 25 oC 
• EcN culture diluted with M9 salt medium to OD of 0.284. 

• Microheater 
• Composed of Laser Induced Graphene (LIG), silver nanowires coating, copper tape and 

PI insulation tape 
• Supporting construction for stability 
• PDMS spacer to place the EBMP 

Power was supplied to microheaters and temperature was monitored using a thermal camera. 

 

Figure 1. Experimental set up.  



Results Obtained 
Bacteria heated in EBMP using microheater shown in figure 2 below: 

 

Figure 2. EcN glowing intensity shown at different times.  

Modified E.coli Nissle 1917 with GFP glows in response to heat, and intensity increases over time. EcN began to 
glow after 15 minutes, and increased intensity in 0-4 hours when heated in hydrogel using microheater. EcN can be 
contained in hydrogel and heated with microheater. Supports research question that EBMP may be used for 
biomedical application, as GFP can be activated with microheater. 
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Abstract 
Radial pulse simulators can play an important role in the advancement of wearable healthcare devices and the 
modernization of pulse diagnosis methods, which are widely used in Oriental Medicine [1-3]. They can be used to 
calibrate wrist-worn sensors and train medical professionals for pulse palpations. This study proposes a new, 
simple, and cost-effective pulse simulator capable of producing a wide range of blood pressure waveforms. It 
designed and constructed a prototype pulse simulator, consisting of two precision solenoid valves, an air 
compressor, a pneumatic pressure sensor, and control electronics. 
 
Project Objectives 
The primary goal of this project is to replicate radial pulses that are characteristic of a variety of in-vivo human 
pulses. The project intends to employ a solenoid system to control pressure in a system, creating pressure 
waveforms that match pulse waveforms. Different inputs will be sent to the solenoid valves to create different 
waveforms while maintaining the system. 
 
Methodology Used 
Figure 1 shows the experimental set up employed in this study. As shown in the figure, an air compressor is linked 
via a tube to the pressure solenoid. This valve is connected through tubing to both the pressure sensor and the 
output valve. Both solenoids are connected to a relay, which is interfaced with an Arduino board before data 
transmission to the computer. A DAQ-IQ board is connected to the computer to read values from the pressure 
sensor.  The pressure tank used is a compact air compressor. Due to the small change of pressure recorded when 
the system is open, this compressor can be modeled as an infinitely large and unchanging pressure reservoir. It is 
controlled independently of the rest of the system and is refilled after each run of the system. When fed different 
duty values, the solenoid valves open and close at different speeds, mimicking a partially opened valve. This allows 
waveforms with different slopes to be generated. 
 

 
Figure 1. Experimental set-up 

 
Results 
Three distinct in-vivo waveforms were chosen to simulate: the waveforms of a 10-year-old, a 50-year-old, and a 
90-year-old human. For each of these pressure waveforms, a unique control input was sent to the solenoid valves, 
regulating their opening and closing times to match the waveform pattern. Figure 2a shows the generated 10-year-
old waveform plotted alongside the corresponding in-vivo pulse, which exhibits three peaks.  
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Figure 2. (a) Experimental 10-year-old waveform plotted against in-vivo pulse, (b) Pressure valve control, and (c) 

Release valve control 
 

Figure 2b shows the periods of time when the input or pressure valve is open, while Figure 2c displays the 
corresponding periods for the output or release valve. It can be seen that when the input valve was open, a rising 
slope was recorded, and the opening of the output valve led to a decrease in the pressure in the system. 
Figure 3 shows the modeled 50- and 90-year-old pulses plotted against the in-vivo data. It can be seen that the 
system was able to model both of these waveforms as well, showing evidence that any arbitrary pulse can be 
modeled with the system. Using root mean square analysis on all 3 waveforms, a percent error of less than 7% was 
found. As this error is relatively small (<10%), the analysis supports the feasibility of the system accurately 
modeling arbitrary pule waveforms across various age groups. 

 
Figure 3. (a) Experimental 50-year-old waveform plotted vs. in-vivo pulse, and (b) Experimental 90-year-old 

waveform plotted vs. in-vivo pulse 
 

Conclusion and Future Work 
This study investigated the feasibility of utilizing a solenoid system to replicate age-related pulses. It demonstrates 
that the proposed system can generate arbitrary waveforms. Future work includes refining the system by replacing 
the solenoid valves with more precise alternatives and developing a control method for replicating arbitrary pulses 
effectively. Overall, the findings of this study offer promising prospects for developing systems that accurately 
model in-vivo pulses while maintaining simplicity in operation and cost-effectiveness. This could significantly 
contribute to modernizing pulse diagnosis techniques and advancing sensor technology for wearable healthcare 
devices. 
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Abstract 
Jet turbine blades can be rotated at angular veloci�es upwards of 25,000 revolu�ons per minute.  These 
high veloci�es can lead to a significant amount of vibra�onal energy being transferred to the structure of 
the blade, especially when the vibra�onal frequencies approach the natural frequency of the structure.  
Hyphen innova�ons, an Aerospace company based out of Dayton, Ohio, is working with the University of 
Akron to conduct vibra�onal tes�ng of their proprietary turbine blade design.  Before conduc�ng this 
physical shake-table tes�ng, preliminary analysis needs completed.  Moreover, a Finite Element Analysis 
(FEA) model needs created to verify the first five vibra�onal modes and the frequencies associated with 
these modes.  These mode shapes and frequencies will provide preliminary informa�on to Hyphen 
Innova�ons on how to conduct the physical shake table tes�ng moving forward 

 
Methodology 
The FEA computer program chosen for this project is ABAQUS CEA.  This was chosen due to the 
familiarity of the program from all par�es involved with the project.  The geometry of the blade is shown 
in Figure 1 below and is imported into ABAQUS from Solidworks CAD as a VGES file.   A second model of 
interest in this analysis is the same blade, but with a “notch” where the blade meets the base that is 
fixed on the shake table, where the highest stress concentra�ons are expected.  This model is shown 
below in Figure 2.  This notch, in the physical tes�ng, is meant to simulate a jet turbine blade that has 

been fractured by debris pulled into the jet engine. 
                              

 
 

Figure 1 – Turbine Blade 
Geometry 

Figure 2 - Turbine Blade 
Geometry (with Notch) 



The material of the blade is Inconel-
625.  Before this analysis, dog-bone tests and mass density measurements were conducted to gather 
representa�ve material proper�es.  Pictures of this tes�ng is shown in Figures 3 and 4 below.  The 
material proper�es of interest are a Young’s Modulus of 22737.5 ksi, a Poisson’s ra�o of 0.3, and a mass 

density of 7.6 𝑥𝑥 10−4 𝑙𝑙𝑙𝑙𝑙𝑙∗𝑠𝑠
2

𝑖𝑖𝑖𝑖4
.  These proper�es were input into the ABAQUS model, which is shown in 

Figure 5 below. 
       

 

 
Figure 5 - Materials data input into ABAQUS program 

 

To setup a modal analysis in ABAQUS, a frequency analysis step is added in the step module of the 
program.  Due to this, there are no loads that need added into the model; however, a boundary 
condi�on is necessary to constrain the model.  A fixed support (all six degrees of freedom locked) on the 
base of the structure is added to emulate the shake table tes�ng where that por�on of the part is fully 
fixed in a vice grip.  This boundary condi�on is shown in Figure 6 below. 

Figure 3 – Volumetric testing to obtain 
mass density of Inconel-625 

Figure 4 – Dog-bone testing of 
Inconel-625 Specimen 



 

 
 

Figure 6 - Fixed boundary condi�on 
 

Due to the complex geometry of the turbine blade, a quadra�c tetrahedron mesh is necessary to run 
the analysis.  Addi�onally, an eight-node element type was the default in the ABAQUS program and was 
subsequently used.  The blade was par��oned into three sec�ons to provide different mesh sizing.  This 
includes a coarser mesh on the base structure that is not of interest, a fine mesh on the turbine blade, 
and an extra fine mesh on the high stress bearing part of the blade at the botom.  This mesh is shown in 
Figure 7 below. 

 

 
 

Figure 7 - Refined mesh of turbine blade 
 

Although the vibra�onal results of the model are of actual use and interest, modal analysis through 
ABAQUS also provides displacement and subsequent stress values from the vibra�ons.  However, the 
accuracies of these stress values is widely regarded as inaccurate, but they can be used to make rela�ve 



comparisons between mul�ple designs.  For this reason, an extra verifica�on of the model can be 
completed by verifying that the notched blade has higher stress amplitudes. 
 
Results and Discussion 
Shown below in Figures 8 and 9 is the modal frequencies at each mode and the associated mode shape.  
These results show that the notch in the geometry did not affect the modal frequencies.  Addi�onally, 
modes 3 and 4 are shown to resemble the parameters of interest most closely for Hyphen Innova�ons 
turbine blade applica�on, so they will be used in subsequent shake table tes�ng. 

 
Figure 8 - Modal Frequency results 

 
Figure 9 - Mode shapes of turbine blade 

 

Addi�onally, the results for both principle and von mises stress maximums are shown below graphed in 
Figures 10 and 11.  The maximum values were all located at the notch or notch region for both models.  
This result shows a direct increase in rela�ve stress experience when adding the notch or fracture which 
further validates the model.  
 



 
Figure 10 - Von Mises Stress Results 

 
Figure 11 - Principal Stress Results 

 

In this paper, a modal vibra�onal was completed using the finite element method.  The mode shapes and 
modal frequencies were found and represented.  Given this data, Hyphen Innova�ons will test their 
turbine blade design to represent modes 3 and 4.  The reasoning for this is because the informa�on for 
modes 3 and 4 match up best with the desired applica�on for the turbine blades they are making.  This 
model was verified using principle and von mises stress numbers that showed a rela�ve change when 
introducing a “notch” or simulated fracture in the stress bearing geometry of the part. 
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Abstract 
Atmospheric validation research aims to improve our understanding of atmospheric behavior through the 
validation of atmospheric models and data. This research involves comparing modeled data with 
observed data to assess the accuracy of predictions made by atmospheric models. By validating 
atmospheric models, researchers can improve the reliability of weather forecasts and climate change 
predictions. Additionally, atmospheric validation research helps identify uncertainties and biases in 
modeled data, leading to improvements in the representation of atmospheric processes. Through ground-
based observations, atmospheric models can be validated across different spatial and temporal scales. 
Furthermore, atmospheric validation research involves the evaluation of model performance in different 
atmospheric conditions, such as extreme weather events. By validating atmospheric models, researchers 
can enhance our ability to predict and understand atmospheric behavior, ultimately leading to 
advancements in weather forecasting and climate science. Overall, atmospheric validation research plays 
a crucial role in improving the accuracy and reliability of atmospheric models, ultimately enhancing our 
understanding of atmospheric behavior. 
 

Objectives 
The primary objective when launching a high-altitude balloon is to conduct scientific experiments and 
observations in the Earth's upper atmosphere. These experiments aim to gather valuable data on various 
atmospheric parameters, including temperature, humidity, pressure, and composition, at altitudes that 
are challenging to access through conventional means. The data collected during the high-altitude balloon 
flight contribute to a better understanding of atmospheric processes, climate dynamics, and 
environmental changes. This information can be used to validate and refine atmospheric models, 
improving the accuracy of weather predictions and enhancing our overall understanding of the Earth's 
atmosphere. 
 
Methodology 
This research involves evaluating the accuracy of atmospheric models by comparing their predictions with 
real-world atmospheric measurements from ground-based instruments and satellite observations. By 
conducting this comparison, researchers can identify any discrepancies or biases in the model output and 
improve the representation of atmospheric processes in the models. This methodology helps validate the 
reliability of atmospheric models, leading to enhancements in weather forecasting accuracy and climate 
change predictions. Additionally, comparing modeled data with observed data allows researchers to assess 
the performance of models under different atmospheric conditions, such as extreme weather events, 
providing valuable insights into atmospheric behavior. 
   
  
  
   
  
   
  
  
   
  



Figures & Charts 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Indicates payload speed and altitude during flight. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Temperature vs Time chart (time measured in minutes)



 
Figure 3: Pressure vs Time chart 
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Abstract 
The goal of this study was to determine if systemic ethanol administration induces neural activity in brain regions in female rats 
differently than it does in male rats. Most of the studies reviewed used exclusively male rats (Chang et al., 1995, Criado et al. 
2000, Herring et al., 2004, Saalfield et al., 2019, Segovia et al., 2013) and this project aimed to determine if alcohol’s impact is 
different in female rats. This is a problem because the prevalence of alcohol use disorder is increasing in women (White et al., 
2015), yet women are underrepresented in basic research. This experiment may be used as preliminary research for future 
studies in the behavioral neuroscience lab at BW that will focus specifically on female rats.  
 
Project Objectives 
We hypothesized that the brains of male and female rats would process alcohol similarly, thus both sexes could be used in 
future research without concern of confounding sex differences. If there would be alcohol-induced sex differences at a neural 
level, this could provide information leading to different treatments between men and women with alcohol use disorder.  
 
Methods  
To do this, a group of female rats (n=8) and a group of male rats (n=8) were exposed to saline injections before the experiment 
to acclimate them to the injection so that the stress of the large injection on experiment day did not influence our data. On 
experiment day, the group of female and group of male rats were either exposed to a concentration of ethanol (20% at 12.5 
ml/kg ip, n=4/sex) or saline (n=4/sex). Two hours after the injection, the rats were euthanized and perfused, after which their 
brains were collected. The brains were sliced and stained through a process known as immunohistochemistry. We evaluated 
neural activity (as shown by the expression of Fos protein) in brain regions that are part of the limbic system, which processes 
information and guides behavior based on reward. These brain regions included the central nucleus and basolateral nucleus of 
the amygdala, the lateral hypothalamus, the lateral septum, and the nucleus accumbens. The data were analyzed to determine 
if there were differences in Fos levels induced by ethanol between female and male rats.  
 
Results and Discussion 
We expected to see significantly more Fos in brain reward regions in at least the male rats that were injected with ethanol 
compared to those injected with saline. Unfortunately, we found that ethanol injection did not reliably induce Fos in target 
brain regions when the male data were analyzed separately (Figure 2) or when the male and female data were combined 
(Figure 3). Thus, we were unable to assess sex differences due to failure to replicate ethanol-induced Fos in male rats. Our data 
were likely not significant due to low sample size and the qualitative, as opposed to quantitative, scoring of Fos done by 
students.  
 
 

 
 

Figure 1. Ethanol did not induce Fos in the target brain 
regions of female rats. 

Figure 2. Ethanol did not induce Fos in the target brain 
regions of male rats. 
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Figure 3. When Fos scores of both male and female rats 
were combined, ethanol-induced Fos in the CeC in a manner 
approaching statistical significance (p=0.069), but 
differences did not emerge in the other brain regions 
(p>0.05). 
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Introduction 
Self-healing elastomers are an emerging class of materials capable of mitigating externally induced damage in soft structures and 
devices (e.g., soft robots). Recent advancements in polymer chemistry have led to the development of “BeckOHflex,” a 3D-
prinatble elastomer with real-time autonomous self-healing [1]. BeckOHflex is produced exclusively from commercially available 
(COTS) precursors, enabling straightforward production at scale. At present, for BeckOHflex and other self-healing elastomers, 
the trade-offs between virgin mechanical properties and self-healing efficiency enabled by tuning chemical composition are not 
well known. To address this compelling research opportunity, a Bayesian optimization platform (EBDO+) is utilized to facilitate an 
experimental design space exploration that investigates the interplay between virgin mechanical properties (hardness and 
toughness) and self-healing efficiency (ratio of self-healed toughness to virgin toughness) as chemical composition is varied. The 
use of EBDO+ is expected to generate a well-defined Pareto frontier after tens of experiments out of a possible 2,000+ discrete 
input parameter combinations. 
Methods 
The experimental design was constructed by varying the crosslinker (hexanediol diacrylate, HDDA) and chain-transfer agent 
(pentraerythritol tetrakis, PETMP) from 0-10% by volume while holding the molar ratio of acrylate (2-hydroxyethyl acrylate and 
hexanediol diacrylate) to photoinitiator (phenylbis phosphoine oxide) nearly constant. Informed by previous-iteration 
experimental inputs (i.e., vol. % HDDA and PETMP) and the resulting outputs from mechanical testing (i.e., virgin hardness, virgin 
toughness, and self-healing efficiency), an open-source Bayesian optimization platform (EBDO+) was used to suggest next-
iteration experimental inputs. For each formulation investigated, component masses were calculated from their respective molar 
weights and weighed out on an analytical balance with a resolution of +/- 0.001g. Resin was synthesized in 100 mL batches. Test 
samples were cast in a custom ASTM D412 Type C silicone mold. Using an external UV lamp with a power rating of 0.1974 μW, 
the samples underwent three cure-rest cycles (10 s cure followed by a 1 min rest) followed by a 4 min continuous cure. After 
synthesis and curing, the as-cast test samples were stored in a low-humidity nitrogen-purged desiccator (< 10% RH).  
A Shore 00 analog durometer was used to measure the hardness of all “virgin” (undamaged) samples in their undeformed state 
prior to tensile testing. Each sample’s hardness was interrogated in three locations (gauge section (center) and both grip sections 
(ends)), recorded after 15 s of contact, and then averaged.  

 
Figure 1: Calculation of toughness (red striped area) from a uniaxial tensile test. 
 

To determine the toughness of each “virgin” (undamaged) specimen, uniaxial tension testing was performed on an Instron 3365 
universal testing machine equipped with a 2-kN load cell for force measurement and a custom optical setup (FLIR Blackfly 3.0 
machine vision camera with a 35-mm lens) to facilitate strain measurement. Tests were performed at a displacement rate of 500 
mm/min, with 5 psi of pneumatic grip pressure applied to hold the samples in place. Open-source image processing software and 
a custom Python code were used to calculate the length-averaged engineering strain between two gage marks. Engineering stress 



was calculated as measured force divided by original cross-sectional area (via measurements taken by a digital caliper). As shown 
in Fig. 1, toughness (area under the engineering stress-strain curve) was calculated through numerical integration. The toughness 
for each formulation was reported as the mean of four to six different samples. 
To determine self-healing efficiency, virgin test specimens (four to six per formulation) were cut horizontally across the center 
of their gage section with a clean razor blade, then allowed to rest for 5 min. Each half of the specimen was then placed back 
together under nominal manual pressure and allowed to self-heal for 5 min. Post-healing uniaxial tension testing was performed, 
and the resulting toughness was calculated. The self-healing efficiency of a formulation was calculated by dividing the average 
toughness of the (four to six) cut-and-healed samples by the average toughness of the (four to six) virgin samples.  
 
Results And Discussions 
Thus far, 15 different formulations have been synthesized, cured, and tested to begin populating the design space (blue dots in 
Fig. 2). The emerging Pareto front in Fig. 2 shows the tradeoffs between the three different properties of interest. While there is 
currently not enough data for a well-defined 3D surface, a few key trends are emerging.   
First, hardness directly correlates with percent volume of crosslinker (HDDA). Self-healing efficiency is highest when there is a 
higher concentration of chain-transfer agent (PETMP) in the formula. Virgin toughness has generally increased with higher levels 
of HDDA. Most of these high-HDDA formulations achieved high levels of toughness with very low strain due to the rigidity 
(stiffness/hardness) of the material. So far, most of the generated formulas across the design space have had higher percent 
volumes of HDDA, which leaves more room for exploration. 
The experimental campaign is shifting towards more emphasis on low-HDDA and high-PETMP compositions, which tend to yield 
more compliant (less rigid/stiff/hard) materials. These formulations generally show promising self-healing efficiency. As the 
design space continues to be investigated and more data points are collected, a more well-defined Pareto frontier will form. From 
there, selected Pareto-optimal formulas will be further interrogated for important not-yet-characterized properties, including 3D 
printability and viscoelasticity.   
 

 
Figure 2: Current design space of formula optimization campaign. 

 
Conclusions 
With 15 different formulations tested, the design space is approximately 50% through its initial search. As more data is collected, 
a clearer Pareto front will allow for better insight into the effect of chemical composition on mechanical properties (hardness and 
toughness) and self-healing efficiency. From there, specific chemical compositions of BeckOHflex can be further investigated to 
better understand their suitability for various end-use applications.  
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Abstract 
Neurodevelopmental autism spectrum disorder (ASD) is a common diagnosis, where one in every 100 children is diagnosed 
globally, typically characterized by aberrant social behaviors and reactions to sensory stimuli. While there is limited research 
investigating the mutations of this diagnosis, 22q13.3 deletion syndrome, specifically the recurring breakpoint in the Shank3 
gene, has been correlated with ASD development. The SHANK3 protein is part of a family of scaffolding proteins involved in 
excitatory glutamatergic signaling in postsynaptic densities. Some of these signaling pathways target the ionotropic glutamate 
AMPA receptor, to which the GluA1 subunit of the receptor directly binds to the PDZ domain of SHANK3. Further implications 
demonstrate decreased AMPA receptor-mediated signaling in a SHANK3 mutant model. While this suggests a basis for one 
potential neural mechanism behind ASD, the Shank3 mutation needs to reflect similar behavioral patterns. While Shank3 
mutant mice models have displayed similar abnormal social and repetitive behaviors, there has been limited research on 
reactions to nociceptive stimuli. Therefore, we will investigate the model organism Caenorhabditis elegans with a mutation in 
SHN-1, a SHANK3 protein homolog, to image the localization of AMPA receptors in postsynaptic densities and measure 
reactions to noxious stimulus presentation to further the knowledge on ASDs. 

 
Project Objectives 
Due to the influence of the SHANK family of proteins in autism, specifically SHANK3, their utilization as an ASD model can 
further the knowledge surrounding the molecular implications of these disorders. C. elegans provide a useful tool due to their 
established genetic map and identical development, along with their translucence allowing for live imaging. The establishment 
of SHN-1 as a SHANK3 homologue provides the opportunity to investigate the circuitry involved in this mutation and determine 
reactivity in response to noxious stimuli. We hope to decrease the knowledge gap surrounding ASDs to potentially allow for 
more specified treatment of these disorders. 

 
Methods  
To investigate this model, behavioral assays and imaging will be conducted to determine the molecular basis and behavioral 
implications of ASD using two SHN-1 deletion models. SHN-1 is comprised of the ANK domain, PDZ domain, Proline-rich region, 
and SAM domain, therefore only missing the SH3 domain present in human SHANK3 proteins (Oh et al., 2011). The shn-
1(gk181) mutation is a deletion including most of the ANK domain, and the entire PDZ domain—the shn-1(ok1241) mutation 
includes the entire PDZ domain and Proline-rich region. Since AMPA receptors bind directly to the PDZ domain in SHANK3, the 
deletion mutations may influence receptor location on the postsynaptic densities. Therefore, as a possible neural mechanism, 
both mutations will be genetically crossed with a strain modified with green fluorescent protein AMPA receptors (nuIs25 [glr-
1p::glr-1::GFP + lin-15(+)]) to conduct live imaging of their location in postsynaptic densities of both SHANK3 mutations. 
Moreover, due to their identical development and short life span, AMPA receptor localization can be investigated at different 
development points as characterized by distinct size differences of C. elegans. The SHN-1 mutation and reduced scaffolding 
protein activity are also expected to influence ASH sensory neurons in C. elegans, the primary nociceptive receptors in both 
noxious chemosensation and light mechanosensation (Kaplan & Horvitz, 1993). Additionally, ASH neurons signal to 
interneurons AIB and AVA, which initiate backward locomotion in C. elegans in response to stimulation (Piggott et al., 2011). 
Therefore, two behavioral assays designed to activate ASH through nociception and initiate backward locomotion, the octanol 
assay (chemoreception) and nose poke (mechanoreception), will be conducted with both SHN-1 mutations. We hypothesize 
decreased sensitivity levels to noxious stimuli presentation in shn-1 mutants, through which display a mislocalization of AMPA 
receptors on the postsynaptic densities of sensory neurons. 

 
Results and Discussion 
This study characterized the shn-1 mutants' avoidance responses in both a feeding and nonfeeding state. Previous literature 
investigating behavioral responses to both avoidance assays has primarily focused on conducting the testing on untreated 
plates and, therefore, only focused on behavioral responses in a nonfeeding state. However, food-treated plates are not the 
only treatment that initiates this feeding state; the serotonin-treated plates also accomplish this. 
Both shn-1 mutants displayed similar patterns of behavior, where there was no difference in reactivity to the noxious stimuli 
presentation whether mutants were in a feeding or nonfeeding state. However, considering the animals reacted similarly on 



the untreated plate conditionings, the shn-1 mutant strain's ability to avoid a noxious stimulus was established. Both shn-1 
deletion animals maintained the ability to respond to chemosensation, but the increased sensitivity levels when placed on 
treated plates were not present. Therefore, the shn-1 mutations are likely interacting with the ASH sensory neurons in a 
manner that prevents increased sensitivity levels.  Considering that ASH is required for backward locomotion and that the 
pattern of behavior on treated plates is representative of the untreated plates, ASH's ability to signal to the command 
interneurons must remain intact. Therefore, the lack of signal amplification abilities likely results from improper signaling 
involving gpa-11.  
Since shn-1 is a scaffolding protein localized in postsynaptic densities, the deletion likely altered the localization of receptors 
needed to receive the amplification signals from treated plates.  Therefore, ASH could not increase sensitivity to the treated 
plate conditions, and avoidance behavior was not altered. This may result from improper signaling of 5-HT to gpa-11 or gpa-11's 
signals not being correctly received. The same behavioral test was conducted on all three other mutant strains to determine 
how signaling was altered. 
Due to the similarities between shn-1 mutant animal behaviors and ionotropic glutamate receptor mutant animal behaviors, 
behavioral testing was also conducted with magi-1(gk657) animals to determine how shn-1 deletions result in behaviors similar 
to deletions of genes encoding for receptors. Since MAGI-1 encodes two isoforms present in SHN-1's PDZ domain, the results 
could demonstrate if the decreased reactivity in the behavioral data is a result of the interaction between SHN-1 and GLR-
1/NMR-1 since both receptors bind to the PDZ domain (Emtage et al., 2009). The magi-1(gk657) animals displayed the same 
behavioral pattern as all previous mutants. This further supports the concept that the decreased reactivity is due to improper 
signaling from ASH. Additionally, the data suggests some type of interaction between altered behaviors as a result of SHN-1 and 
the two ionotropic glutamate receptors. 

 
Figures/Charts  
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Abstract  
Air quality is an essential factor for human health. The World Health Organization states there are "4.2 
million deaths every year as a result of exposure to ambient (outdoor) air pollution". Additionally, they 
report that "9 out of 10 people worldwide live in places where air quality exceeds WHO guideline 
limits". In 2022, Cuyahoga County, an area of 459.07 square miles and a population of 1,245,337 (as of 
2020), had only one air quality sensor monitoring Particulate Matter 2.5 levels, proven to be the most 
dangerous kind for humans to breathe. Particulate Matter 2.5 (PM 2.5) are inhalable particles with a 2.5-
micrometer diameter and pose the most significant risk to humans as they can penetrate human lungs 
and the bloodstream. Long-term exposure can lead to asthma and lung cancer, among other health 
conditions. Fortunately, since the beginning of this research project (2022), there has been an increase 
in the number of PM 2.5 sensors. For this project, we specifically use Internet-of-things (IoT) devices to 
build a network of sensors to capture fine-grained air quality via PM 2.5 levels and report it to our web 
dashboard. Beyond creating these low-cost microcontrollers, we allow students to learn computer 
science, engineering, and air quality topics through our curriculum, which allows them to build and 
deploy their sensors to help their community. 
 
Project Objectives 
This project aims to deploy a network of low-cost air quality sensors throughout Cleveland to capture 
more fine-grained air quality data throughout the city. Additionally, we are building and teaching a 
curriculum at a local middle school so students can learn important air quality, computer science, and 
engineering topics. 
 
Sensor Prototype and Testing 
Our sensor units were made with four main factors in mind: low-cost, low-power, generally available 
boards, and accuracy. Commercial-off-the-shelf air quality sensors cost ~$200, and ours cost around $40 
per sensor. We also focused on making our sensors low power because power is expensive and limits 
where these sensors could be placed. Next, we used generally available boards such as Raspberry Pi's 
and Arduino's, because both are easy for younger computing students to learn. Lastly, accuracy is 
important in capturing trends in Cleveland's air quality. Although low-cost sensors are less precise than 
higher-cost alternatives, they can still accurately show general trends in air quality. 
  
Our sensor units active in the field are made up of a Raspberry Pi and Plantower PMS5003 2.5 sensor, 
and we programmed them to start reporting their PM 2.5 readings to our web dashboard once they 
have power and connectivity. We partnered with a Cleveland company, PCsForPeople, who provides Wi-
Fi hotspots and refurbished electronics to low-income neighborhoods. By leveraging their existing 
infrastructure and hotspots around Cleveland, we got both power and connectivity for our sensors. 
 



 
Curriculum Results  
Figure 1 above shows two members of the MOPS Research Group, Hannah Ogden and me (Julia Gersey), 
teaching the after-school program at Incarnate Word Academy. The curriculum was 13 weeks long, with 
three divided sections: Air Quality, Computer Science, and Engineering. We started by having the 
students explore current air quality data and trends, specifically in Cleveland, so that they could 
understand the problem at hand. Next, we entered the Computer Science section, which focused on 
teaching the students Python and Raspberry Pi microcontrollers. Afterward, we taught them essential 
engineering topics: power, circuits, 3D printing/modeling, and soldering. The last three sessions were 
dedicated to coding the sensors since all the hardware components were soldered together, and 
students could see the live PM 2.5 readings for their sensors.  
  
Deployment Results  
Figure 2 shows the current version of our sensor with the Raspberry Pi Pico W and PM 2.5 sensor inside 
a PVC box. This specific sensor is currently on our Burrell Observatory and has been reading and 
reporting the real-time PM 2.5 readings to our web server. We are currently building Android and iOS 
mobile applications and a public-facing website so anybody can go on and get our sensor readings from 
all around Cleveland. Additionally, we will have our API documentation for the students to use, and we 
will be able to have their sensors listed on our website’s map as well. The mobile applications will serve 
as a way for Cleveland residents to see the latest readings more easily, as they would when they check 
the weather on their mobile devices. 
 
Future Work 
Our future work is focused on a campus deployment, increasing our sensors around Cleveland, and 
finalizing our curriculum so we can give it to more schools to use. This academic year allowed us to 
build out and teach our curriculum; however, we ideally want to have the curriculum available for any 
teacher to teach to their classes since all our materials are open source. This will allow those kids to 
learn more about air quality and important computer science topics they otherwise wouldn't. 
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Abstract  
Success of NASA’s future space exploration missions is dependent on cryogenic fluid management 
systems being able to provide safe, effective, and reliable supply of cryogenic fluid to a variety of 
systems. A key technological challenge in this, as recognized by NASA, is the line chilldown and transfer 
process. For understanding chilldown process under microgravity, chilldown tests with a simulant fluid 
like normal perflourohexane (nPFH) can be conducted in the Flow Boiling and Condensation 
Experiments (FBCE) module currently available in the International Space Station (ISS). The focus of the 
present work is to develop and test a chilldown experimental setup under terrestrial conditions in a 
closed loop with PF-5060 as the working fluid.  
 
Project Objectives 
In this project, the study will focus on high-speed imaging of the different flow boiling regimes, viz., film, 
transition and nucleate boiling regimes during the chilldown of a pyrex tube. The flow regimes will be 
captured and correlated with the wall heat flux data to better understand and predict the transfer line 
chilldown process. The results from these ground-based flow visualization experiments are crucial to the 
development of the flow visualization test section for the space station experiments. 
 
Methods 
The experimental schematic is shown in figure 1. The chilldown experiment was carried out with a 
simulant fluid PF-5060 through SS-316 tubes to mimic the cryogenic transfer line chilldown process and 
the entire regimes of the chilldown process were captured. Postprocessing data obtained from the 
experiments conducted using a stainless steel are discussed in the following section. For future work, 
accurate heat flux can be estimated either by, directly heating the SS tube using an external power 
supply or using a Nichrome coated heater with Alumina insulating layer to heat the SS tube which allows 
flow visualizations using the pyrex/sapphire test sections. Currently we are setting up the pyrex tube for 
experimentation, figure 3. Given the necessity for high voltage/power, our focus lies in evaluating the 
durability of the connections between the nichrome wire and power source.  
 
Results, and Discussion 
The chilldown curves for the stainless-steel (SS) tube experiment (0.6V and 0.7V pump) can be seen in 
figure 2; the experiment captured all chilldown process regimes for PF-5060. Data was analyzed for 0.4V, 
0.5V, 0.6V, 0.7V, 0.8V, 0.9V and 1V pumps and the following was interpreted: because of gravity in the 
horizontal flow configuration, the liquid re-wets the bottom wall first, hence all the top thermocouples 
read a higher re-wetting temperature. The propagation of quench front can be clearly visualized in the 
chilldown curves with the drop in wall temperature readings along the axial direction. Moreover, due to 
the high inlet subcooling, the curve further drops in the single-phase liquid region which was not present 
in most cryogenic chilldown experiments. At low inlet liquid subcoolings, the chilldown curves indicate a 
longer duration film boiling regime which is common for cryogenic chilldown process where the inlet 



fluid is near saturation conditions. The duration of single-phase liquid convective regimes reduce as the 
inlet subcooling decreases. Along the axial direction from the inlet, upstream locations cool down faster 
compared to downstream locations as the quench front propagates through the tube. In general, the 
rewetting temperatures, critical heat flux values, regime-specific heat fluxes as well as regime-specific 
heat transfer coefficients tend to increase with increase in inlet liquid subcooling. The liquid re-wetting 
temperatures seem to be unaffected by the changes in inlet mass flow rates and the chilldown time 
decreases with increase in mass flow rate. 
 
Figures/Charts 

 
Figure 1: image and schematic of the flow boiling loop facility  

 
Figure 2: chilldown curves for 0.4V and 0.7V pumps 

 
Figure 3: Pyrex tube setup at the facility  
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Abstract 
The mitigation of microbial life, encompassing bacteria and fungi, in the microgravity environment on the 
International Space Station presents heightened challenges compared to terrestrial environments. Consequently, 
astronauts frequently contend with prevalent bacterial and fungal infections due to constant exposure in confined 
spaces. Addressing this issue necessitates the development of a cost-effective and low-waste mechanism for the 
continuous neutralization of bacteria and fungi. One promising solution is ambient air ionization. Cabin 
Atmosphere Filtration using Ambient Air Ionization (CAFAAI) is a specialized ambient air ion thruster created to 
neutralize microbial life. It operates on a voltage amplifier circuit that converts low-voltage AC into high-voltage, 
low-current DC. This conversion is crucial for producing an electric field concentrated enough for effective 
ionization, typically around 10 kV, but with effectiveness increasing up to a certain voltage threshold. This study 
aims to test CAFAAl's effectiveness in neutralizing Auerobasidium pullulans, a fungus found on the International 
Space Station. Cultures of A. pullulans will be nebulized and introduced into agar plates in two distinct manners: 
direct injection and pre-treatment through CAFAAl. The comparison of the growth of surviving spores on these 
plates will provide insights into the effectiveness of ambient air ionization for microbial neutralization in 
microgravity environments. 
 
Project Objectives 
The research goal of CAFAAI was to determine the effectiveness of using ambient air ionization for neutralizing 
microorganisms, mainly fungi, for microgravity applications. 
 
Methods  
Prior to fungi testing, agar plates were be made. A. pullulans grows well using a potato dextrose solution, where 
the potato dextrose is made up of potato infusion and dextrose. The potato dextrose broth (PDB) was autoclaved 
for 45 minutes at 121°C, then the PDB was left to cool overnight. After the PDB cooled to 60°C, Chloramphenicol, 
which is an anti-bacterial, was added to deter bacteria growth. After the broth had cooled further, 25 mL was 
added to Petri dishes and left to cool overnight. The yeast stock was an isolate of  A. pullulans which was collected 
from buildings on Ohio State’s campus. It was stored at -80°C until use. The isolate was revived by adding about 10 
L of frozen stock to 25 mL of the PDB. The solution was incubated for 2 days at 25°C while shaken at 180 rpm. This 
procedure was derived from the paper Persistence of viable MS2 and Phi6 bacteriophages on carpet and dust. 
 For testing, a negative and positive control was needed to validate the results. The negative control shows 
if there were any contamination in the testing volume and was made by nebulizing the PDB and passing it through 
CAFAAI while turned on. It was then collected in a potato dextrose agar (PDA) plate. The positive control is the 
base result to show how much of A. pullulans will grow without any ionization introduced; this was made by 
adding 3 mL of fresh yeast stock to the nebulizer and injecting it directly into a PDA plate. After the controls were 
made, active testing started. CAFAAI has have 3 stages, each stage consisting of a positive grid and a negative grid. 
2 tests were made for 1 stage, 2 stages, and 3 stages attached electrically in parallel. The yeast stock-PDB solution 
was nebulized for 45 seconds and passed through CAFAAI. Then the nebulizer was turned off and 15 seconds 
passed with CAFAAI still on. Lastly, CAFAAI was turned off and the contents were allowed to settle for 45 seconds. 
All plates were then incubated at 25°C for 3 days. 
 
Results and Discussion 
In Figure 1, the bottom row of agar plates indicates the results of using 1 stage, the middle row indicates the 
results of using 2 stages, and the top row indicates using 3 stages. It can be seen there is a clear trend – as the 



number of stages increases, the contact time increases as well, killing more fungi. There is also an interesting 
growth difference for A. pullulans when it had more contact time. A. pullulans has a dimorphic growth structure, 
which means it can grow in two different ways: as a yeast-like cluster and as mycelium. For less contact time, A. 
pullulans grew as yeast-like clusters and for more contact time, it grew as mycelium. The reason for fungi to grow 
mycelia is if they are depleted of nutrients. This implies the nutrient transfer process at the cell membrane, or the 
ion transport, is not functioning properly. Hence, ambient air ionization affects the ion transport at a cell 
membrane, effectively damaging it, and with more contact time, killing it. 
 

 
Figure 1 – Results from active-stage testing. The bottom row, middle row, and top row indicate 1 stage, 2 stages, 

and 3 stages used during testing, respectively. 
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Abstract 
A plant’s perception and response to gravity is necessary for normal growth and survival, but the 
pathways involved are not fully understood. The Wyatt Lab studies the biochemical components of a 
plant’s gravity response to better understand these pathways. In the BRIC-20 spaceflight experiment, we 
identified 968 genes that were differentially regulated in spaceflight in 3-day-old etiolated Arabidopsis 
thaliana seedlings, compared to ground control replicates (Kruse et al., 2020). A group of proteins that 
functions in the ubiquitin pathway, E3 ligases, were differentially expressed. These proteins are involved 
in the pathway that labels molecules for degradation in the cell. Two of these E3 ligases were later 
identified to have a role in gravitropism through reorientation experiments conducted on Earth: KFB and 
PP2-A13. Plants with mutations in these genes displayed a gravitropic phenotype, so they are likely 
important in gravity signaling pathways. Investigating these proteins will further the knowledge on 
gravitropism and aim to improve our ability to grow plants in space to fuel long-term spaceflight. 

 
Project Objectives 
The objective of this project is to characterize the role of KFB, kelch domain-containing F-box 
protein, (AT1G23390, kfb) in the gravitropic pathway in A. thaliana through knockout mutants. Once 
mutant lines are identified, mutant phenotypes are analyzed through root curvature and gravity 
persistent signaling (GPS) experiments. These data are then compared to the wild-type response to 
identify the effect of KFB on gravitropism. 
Methods 
Recombinant A. thaliana seeds were obtained from the Arabidopsis Biological Resource Center (ABRC), 
containing a tDNA insertion within the transcribed region of KFB. These knockout lines were grown and 
bred to homozygosity, confirmed by DNA extraction and PCR. Plants homozygous for the insertion were 
then used for experimentation. Two knockout lines, kfb-1 and kfb-2, were studied in this project and 
compared to the wild type ecotype Col-0. Root curvature experiments are conducted by reorienting 7-
day-old A. thaliana seedlings, turning them 135° (Figure 1, A). Over 24 hours, their response to the new 
gravity vector is measured (Figure 1, B). GPS experiments are conducted by placing mature, 8 to 10 cm 
tall, A. thaliana plants on their side in the fridge for an hour, then placing them upright at room 
temperature (Figure 2, A). Over two hours, their response to the old gravity vector is measured (Figure 
2, B). Recovery and response to the current gravity vector is also observed in this timeframe.  
 
Results and Discussion 
For the root curvature experiment, there were significant differences between kfb-2 and Col-0 at time 
points 5, 7, and 8, and between kfb-1 and kfb-2 at time points 3, 4, 5, 6, 7, 8, and 9 at the 0.05 level. Kfb-
1 and Col-0 were not significantly different at any time point. These results indicate that the mutation 
had a different effect on kfb-1 than kfb-2. Regardless, this data supports the claim that KFB has a role in 
the gravitropic pathway because mutating it had a significant effect on a plant’s gravitropic response. 
For the GPS experiment, there was no significant difference between any of the genotypes at any of the 



time points. This could indicate that KFB has less of a role in shoot gravitropism, compared to root 
gravitropism.  
 
Figures/Charts 

Figure 1. Root curvature setup and results. 

Figure 2. GPS setup and results.  
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Abstract 
Chlorophyll has long been ubiquitous with water quality. However, individual optical constituents like phytoplankton 
absorption (related to community composition) and colored dissolved organic matter are more representative of 
specific ecological processes and water quality stressors, like wastewater inputs or ecosystem state. We can model 
the contributions of these parameters to satellite-observed reflectance using radiative transfer code to assess how 
well these components can be observed. This project will build off demonstrations of satellite retrievals of 
phytoplankton absorption and community composition in Lake Erie, by using select satellite imagery paired with the 
open-source bio-optics Python package to compare individual biogeochemical components alongside traditional 
water quality indices (e.g., chlorophyll and harmful algal bloom indicators). Using code and radiative transfer 
workflows established by Dr. Grunert and others, I will examine the extent to which colored dissolved organic matter 
and phytoplankton are observable in remote sensing reflectance in Lake Erie to improve our ability to retrieve more 
advanced ecosystem metrics for the system.  
 
Project Objectives 
The main objective of the project was to determine whether global aquatic bio-optical models accurately represent 
optically complex ecosystems like Sandusky Bay in Lake Erie, including considering how backscattering in the bay 
affects remote sensing reflectance. Sandusky Bay was identified as an ideal site for this project due to its natural 
gradient of optical and biogeochemical variability, from highly turbid, sediment rich waters to clearer, productive 
waters at the mouth of the bay and in coastal Lake Erie.  
 
Methods  
The FishTales 3 vessel was used to collect all observations in Sandusky Bay. Data collected included inherent optical 
properties (IOPs) and apparent optical properties (AOPs), including absorption, backscattering, and remote sensing 
reflectance. To collect absorption a discrete water sample was collected at each station, stored on ice, then filtered 
onto 25 mm glass microfiber filters and flash frozen in liquid nitrogen back in the lab at Cleveland State University. 
Optical density of the filterpad was measured  on a Cary 4000 UV-Vis Spectrophotometer following the approach of 
Cremella et al., 2022 and absorption due to particles, phytoplankton, and non-algal particles was determined 
following the IOCCG protocols (Volume 1, Neeley & Mannino, 2018). Backscattering data was collected at each site 
using a hyper-bb hyperspectral backscattering sensor (Sequoia Scientific). The hyper-bb was placed in the water and 
data was collected within 1m of the surface (0.75-1m actual depth) for five minutes, then a depth profile was 
collected. Hyper-bb data was processed using MATLAB functions provided by Sequoia Scientific and custom 
processing code within our lab. Using the IOPs collected for each of the Sandusky Bay sites, the open-source bio-
optical Python package was used to re-construct remote sensing reflectance spectra from generic and observed 
IOPs. The bio-optics package allows for forward and inverse modeling of above water multispectral and 
hyperspectral observations of natural water bodies, providing an approach to consider the sensitivity of remote 
sensing reflectance spectra to various IOP combinations. 
 
Results  
For this project, we considered whether the default, ‘global’ parameters used to fit remote sensing reflectance were 
suitable for optically complex waters such as Sandusky Bay. Specifically, we sought to assess the suitability of using 
a power law model to represent particulate backscattering, as a power law model is typically assumed when 
retrieving IOPs from remote sensing reflectance data. We considered all sites, but display data for the first (SB1, 
most turbid) and last (SB10, most optically transparent) sites to consider the extent to which power law relationships 
can suitably represent backscattering and effectively reproduce observed reflectance data (Fig. 1). As seen in Figure 
1, modeled backscattering using generic bio-optics parameterizations resulted in very poor agreement for the most 



turbid site, with improving agreement but still substantial differences for coastal Lake Erie waters where observed 
backscattering better fits a power law model (Fig. 1a,c). Modeled reflectance closely matched observed reflectance 
(green and gray lines, respectively); however, when using the observed backscattering data instead of the global 
model parameterization, reflectance was substantially higher (Fig. 1b,d). Based on these results, we expect the 
model can be improved through the introduction of regional coefficients and, for waters with more particulate 
material, by identifying and using models that represent the domed shape of observed backscattering better than a 
power law model does.  
 
Figures/Charts  

 

 
Figure 1: Sandusky Bay site 1 and 10 bio-optics model. Modeled backscattering is represented in subplots a and c 
while modeled reflectance is represented in subplots b and d.  
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Abstract 
Non-nutritive sweeteners (NNS) are promoted as healthier alternatives to caloric sweeteners like sugar. 
However, their long-term implications on health require further investigation, especially during critical 
periods of development. Rats provide an informative model of the impact of early-life experiences on health 
due to their neural and behavioral similarities to humans. We have shown that rats that ingested NNS 
chronically in their early life lick more avidly across concentrations of the caloric sugar fructose than rats not 
exposed to NNS while also expressing lower amounts of mRNA that code for a portion of the sweet taste 
receptor (Taborda et al 2019). NNS-exposed rats also display a smaller taste field on the posterior tongue 
(e.g., circumvallate papillae, Witt et al 2022). Since a higher density of sweet taste receptors is found on the 
anterior tongue, early-life NNS exposure may have an even more significant impact in this region. Here, we 
seek to assess if rats that have chronically ingested NNS early in life have fewer fungiform papillae, which 
contain taste buds, on the anterior tongue than do unexposed control rats. We are currently piloting on naive 
rat tongues the process by which to stain and quantify taste pores, which are indicative of an active taste 
bud, on the anterior tongue. After a transverse cut of the tongue, the mass on the ventral side is removed, 
and the dorsal surface is stained and flattened between two microscope slides, allowing visualization of the 
taste pores at 10-20x with a light microscope. We optimized staining and are now assessing how to 
accurately quantify the taste pores. Once we fully establish the protocol, we plan to assess differences in 
taste pore number and density in the anterior tongues of rats provided daily with NNS as well as their 
unexposed littermate controls. We expect to see fewer taste pores across the anterior tongue of NNS-
exposed rats. These results would suggest that early-life exposure to NNS can alter the morphology of both 
the posterior and anterior tongue, which may explain these animal’s altered behavior towards caloric 
sweeteners later in life. Collectively, these results may shed light on the impact of NNS ingestion early in life 
and influence dietary recommendations, especially for children. 

Project Objectives 
The purpose of this study was to enhance a staining protocol for the examination and quantification of the 
morphology of the taste buds on the anterior portion of a rat’s tongue. 

Methods   
Tongues were collected from rats in a previous study within the Baldwin Wallace University Neuroscience 
Department and were fixed in paraformaldehyde before this project began. The anterior portion of the 
tongue was first separated from the posterior portion of the tongue using a razor blade. The distinction 
between the anterior and posterior parts of the tongue was made at the intermolar prominence of the rat’s 
tongue. The anterior portion of the tongue was then placed in distilled water for 30 minutes at room 
temperature and left out to dry on a paper towel for 25 minutes. After the tongue was left out dry, the 
tongue’s width and length were measured. The tongue was then cut along the transverse plane. The bottom 
portion was discarded, and the mass of the ventral aspect of the dorsal portion of the tongue was then 
removed by scrapping and cutting away at the tissue. Once a thin surface of the tongue was achieved, the 
tongue was submerged in a 0.5% methylene blue dye for 3 seconds. The tongue was then 
rinsed by submerging it in water to remove excess dye from the surface. After rinsing the tissue, the 



tongue was dyed and rinsed twice more to achieve an even coat across the tissue. After the staining process, 
the tongue tissue was mounted between two slides by a firm pressing and fixed with tape between the 
slides. The tissue was examined under a microscope at 20x magnification, and taste pores were identified.  

Results and Discussion 
The protocol was enhanced, and the taste pores that were alive and those that were dead on the anterior 
portion of the tongue could be recognized under the microscope (Figure 1). The enhancements to the 
protocol included changes in the thinning of the tongue tissue and the amount of time the tissue was in the 
dye for the staining procedure. Under the microscope, if the tissue isn’t at its thinnest, the layers within the 
tissue can be seen at different focuses of the microscope, which affects what is being counted/recorded. 
Also, since the goal is to maximize the visibility of the taste buds/pores on the anterior portion of the tongue, 
if there isn’t enough dye, the taste pores aren’t as visible. If there is too much dye, the taste buds blend into 
the background of the surrounding tissue. Therefore, by enhancing tissue thinnest and staining time, the 
protocol determined can accurately quantify alive taste pores against dead taste pores on the anterior 
portion of a rat's tongue.  
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Abstract 
The use of solar energy has increased especially in the past two decades, as the need for renewable 
energy sources has become increasingly apparent. However, the effect that these solar panels have on 
the ecosystem, particularly the microhabitats underneath them, is largely under-studied. For this 
experiment, we are interested in studying the effect that solar panel presence and operation has on soil 
microbial communities, and consequently the soil-atmosphere exchange of greenhouse gasses. This will 
be accomplished by quantifying CO2 production in samples from both locations using LI-6400XT with a 
soil chamber attachment, and further specifying results by selectively inhibiting bacterial and fungal 
communities using biocidal agents, bronopol and captan respectively.  
Results from this study will hopefully provide a greater insight into current contributions of 
microorganisms in varying microhabitats to greenhouse gases, a broader consideration of the 
consequences of solar panel land usage, and motivation to take a deeper look into further areas of study 
such as the effects of increasing temperature or using different biocide agents.  
 
Project Objectives 
This project sought to better understand the potential effects of solar panels on the microhabitats 
where they are established, as this is both an increasingly popular method of renewable energy, but 
largely understudied from an ecological perspective. This experiment sought to quantify the soil-
atmosphere exchange of greenhouse gasses, particularly CO2, through selective inhibition of bacteria 
and fungi. These results have potential implications for solar panel land usage and other land 
management considerations.  

Methods  
We randomly selected solar panels from our university’s solar panel field, collecting 4 cores underneath 
each panel and 4 cores next to it. These cores were dried at 50C for at least 48 hours, ground and sieved 
to <2mm, and the bulk density was calculated. This bulk density was used to calculate a 70% water fill 
pore space, in order to uniformly wet each sample prior to biocidal application. At time “-30 minutes”, 
1000mg of glucose was added to 75% of the determined water amount from the previous step and 
applied to each sample. Then at time “0 hours”, the remaining 25% of the determined water amount 
was mixed with the appropriate biocide: either 400,000μg captan to inhibit bacteria, 200,000μg 
bronopol to inhibit fungi, both in the combination group, or none in the control group.  

Immediately, the CO2 flux rate was determined using an LI-6400XT chamber. This device calculates the 
flux rates over consistent intervals over time. The flux rate was measured again at “3 hours” post-
biocidal treatment, and again at “6 hours”. This was conducted on a total of 68 samples.  

 
 



Results and Discussion 
Using a one way analysis of variance, we found no significant difference in the change in CO2 efflux rates 
at 0 and 6 hours of incubation between samples taken from underneath or between solar panels. 
The lack of statistical significance shows us that ten years after a solar installation, there is no significant 
effect on soil respiration rates. This adds a data point to our understanding of the impacts - or lack 
thereof - on land. We also found no statistical significance in the bulk density of samples taken between 
versus under panels.  
We found that there was no significant difference in CO2 efflux rates at 0 and 6 hours of incubation 
between samples among the biocide applications. We noted the expected trend of the control 
responding positively to the addition of glucose over the incubation period. Meanwhile, each biocide 
treatment had a net negative change in efflux.  This indicated that the biocide applications did, on 
average, reduce the soil respiration rates. 
When we dove in a bit further we found that there, again, was no significant interaction between the 
respective biocides under or between the solar panels. As a group the soils between the solar panels 
appeared to be most strongly impacted by the biocide inhibition. The interaction effect assesses the 
slope of the response of the soil source for each biocide.  We observed that the biocides had a smaller 
effect of soil source as compared to the biocide control treatment. 
We found the fungal to bacterial ratios to be 0.59 for soils under solar panels and 1.87 for soils between 
solar panels. This information suggests that soil CO2 efflux is mediated predominantly by bacteria under 
the panels while fungi were more active between the panels. 
IAR, inhibitor additivity values, were 1.02 and 2.36 for soils under and between solar panels, 
respectively. The closer the IAR is to 1.0, the smaller the overlapping impact a biocide has on a non-
target group. 
Our study also - out of necessity - used a new approach to assess biocide applications.  We found the 
volume of soil (20x typical) made it difficult to effectively and evenly deliver the biocides and glucose to 
the sample.  As a result this led to a wide range of sample and response variability. The direction of 
future research in this field should aim to narrow down the sample mass to be able to more effectively 
and consistently apply the biocides to the entire sample. Using a gas chromatograph could have shown 
trends in the flux of other greenhouse gasses, as well as the potential effect that changes in 
temperature could have on these results as well. 
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Abstract 
The interplay of green architecture, abiotic factors, and microbiota is not well understood, despite the 
effects that each have on human well-being. Understanding the interplay of these factors is critical for 
terrestrial environments, as well as for space flight, where plants may be introduced as a source of fresh 
food or for bioregenerative life support systems. To better understand how introducing plants into a 
built environment can influence microbial communities, we quantified the fungal and bacterial 
communities in the settled dust and potting soil of seven offices in an academic building in Northeast 
Ohio. Results show that indoor plants have no significant impact on the abiotic factors nor the total 
concentration of microbes in each office. More sampling is needed to determine if these trends are 
stable over time. We plan to use these findings to determine the effectiveness of indoor plants and 
green architecture use for microbiome manufacturing in a built environment. 

 
Project Objectives 
Analyze the difference, if any, between the abundance and diversity of fungal DNA and bacterial DNA in 
an office with an established indoor plant and in an office without any indoor plants.  
 
Methods  
Data was collected from seven offices on the same floor in an academic building in Northeastern Ohio. 
Four offices contained 1-4 plants; 3 offices acted as controls with no plants. Throughout a 3-month 
period, dust was collected in petri dishes for 4 weeks, then retrieved. Offices that contained plants had 
soil samples collected every other week. Particulate matter (PM2.5), temperature, pressure, and 
dewpoint were measured once every 30 minutes using a PurpleAir outdoor air quality monitor.  
DNA was extracted using the Powersoil Pro kit (Qiagen), according to the manufacturer’s instructions. 
Digital droplet PCR (ddPCR) analysis was performed to quantify the concentration of DNA in each 
sample.  

 
Results and Discussion 
During our sampling period, we detected no significant differences in the abiotic parameters between 
offices that contained plants when compared to offices without plants. An example of this is particulate 
matter (PM2.5), where rooms with and without plants show similar trends (Figure 1). Little difference 
was noticed between offices with and without plants for the concentration of bacterial and fungal 
(Figure 2) DNA over the course of sampling. There was more variability in the total fungal DNA 
concentrations in the rooms without plants.  
While plants in high abundance have been previously shown to induce changes in humidity and air 
temperature (1), we detected no differences in these parameters based on plant status in this study. 
Similarly, DNA concentrations were consistent between dust samples regardless of the rooms’ plant 
status. As the offices sampled had at most 4 potted plants, this suggests that the abiotic and biotic 
factors measured are not influenced by these levels of plant material. 



Our findings suggest that low plant densities have negligible effects on abiotic factors and microbial 
abundances in the built environment. Further sampling is needed to determine if effects can be 
measured at higher plant densities. Amplicon sequencing may also determine that bacterial and fungal 
communities are different between built environments with plants versus those with no plants. 
Identifying a difference would provide a potential mechanism to shape the indoor environment with 
implications for air quality and human health aboard spacecraft. These future studies will lay the 
groundw whether indoor plants could modify the microbiome of spacecraft and protect occupant 
health.  
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Figure 1. Timeseries of particulate matter (2.5). 
Data analysis performed showed no correlation 
between rooms with plants and rooms without 
plants. 
 
 

 
 
 
 
 
 
Figure 2. 

Timeseries data of the bacterial (left) and fungal 
(right) concentrations in the settled dust samples. An average line is added for all offices without plants 
or with plants at each week. Week 6 has no data due to sampling issues. Offices labelled based on air 
quality monitor. Two monitors were in one office, which is why there is no office two. 
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Abstract 
This research is being conducted in support of a master’s thesis project by University of Akron graduate 
student Ray Roos studying the development of an adaptive wing. The specific study of this project is the 
development of a prototype wing model with blended flaps actuated by shape memory alloy. A blended flap 
can improve aircraft performance in fuel efficiency, aerodynamic performance, and functionality, like a 
traditional flap system, with the added benefit of maintaining surface integrity and avoiding gaps. Smart 
material actuators can deliver better power actuation power density than their hydraulic and conventional 
electromechanical counterparts. These traditional methods use heavy and complex systems to manipulate 
the wing surface, which has historically added significant weight and drag to the aircraft. The objective of this 
project is to develop an alternative adaptive wing technology using a shape memory alloy blended flap. 
Shape memory alloys exhibit mechanical memory whereby temperature manipulation results in a precisely 
controlled deformation to manipulate the wing flap. Integrated heating can provide control authority of the 
adaptive wing with significant improvement in weight, maintenance, and complexity, over a hydraulic or 
conventional electromechanical system.  
 
Project Objectives 
The objective of this project is to develop a wind tunnel prototype model to demonstrate blended flap 
alternative adaptive wing technology. The flap will utilize shape memory alloy actuation. This physical 
prototype will serve to validate ongoing aerodynamic simulations conducted by the graduate student. Upon 
completion of a successful test model and convergent CFD simulation, a wind tunnel test campaign will be 
conducted to provide proof of concept to reinforce the conclusions drawn from the simulation. Following 
refinement of the scale model through iteration, a larger SMA blended flap will be produced and outfitted 
onto a large-scale RC plane for flight testing to provide further tangible proof of concept.  
 
Methods 
Aerodynamic simulations are being computed using Ansys Fluent. The 3D model being tested is based on the 
wing of a past Zips Aero Design Team RC plane. To design a physical model the parameters were first selected 
as follows. A 24-inch model span was determined by the wind tunnel test section available at The University 
of Akron. Zips Aero flight data was analyzed to determine the loads the model would be subject to, the wind 
tunnel airspeed was determined analytically. Equivalating Reynolds numbers provided a wind tunnel speed of 
92 mph. SolidWorks CAD was then used to develop a solid body 3D model by modifying and scaling the Zips 
Aero wing planform. 
With the model designed, 3D-printing was chosen to achieve precise, strong airfoil contours more simply, 
cheaply, and quickly than metal or composite construction. Design iteration has yielded a 2-part construction 
printed from polycarbonate which has successfully withstood the target test conditions in the wind tunnel 
using a trailing edge mounting tube to interface with the wind tunnel sting mount. 4-inch by 1-inch vacancies 
for hinged flaps have now been added Figure 1.  
The next phase of the project included the design and fabrication of a prototype hinge actuated by a small 
segment of shape-trained nitinol wire. A hinge design was selected from a December 2023 publication that 



Figure 2. Wing Model in 
Wind Tunnel 

Figure 2. Shape Memory Hinge Function Diagram 

 

Figure 3. 3D Printed Hinge 

outlined a torsional shape memory actuator. (Qiang Liu) The concept of this hinge is displayed in Figure 2. A 
fixturing method and tempering procedure was developed to successfully shape train small SMA segments. A 
flap hinge prototype was then designed, printed, and assembled and actuation was achieved through joule 
heating to induce a localized elevated temperature in the wire Figure 3.  
 
Results and Discussion  
The 2023-2024 research period has not yielded any quantitative data, but the design progress has been 
satisfactory. Ongoing development will include refining the flap by filling the gaps with silicone to form a 
blended wing surface. Then, the flexibility and reliability of this technique will be evaluated to ensure 
consistent actuation. Afterwards, a LabView VI and physical circuit will be created to control the joule heating 
through temperature feedback. The SMA flap bench prototype will then be integrated into the scale wing 
model and subjected to wind tunnel testing to evaluate the design, characterize performance, and validate 
the aerodynamic simulations. Finally, if the technology is successful, the hinge concept will be scaled to the 
size of the original reference RC aircraft for flight testing.  
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Figure 1. 3D Printed Wing Model                 
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Abstract 
Developments in aviation are closely associated with performance characteristics, however there are 
other important advancements to consider. Aviation is consuming a noteworthy amount of our total 
Carbon Footprint here on Earth with no foreseeable decline. Hydrogen Fuel Cells are a promising 
alternative to standard jet fuel, with no Carbon Footprint. The objective of this research is to evaluate 
the potential and viability of hydrogen fuel cell power as an alternative for combustion fuel. The scope 
of this research is commercial flight; however, the intent of this research is to broaden the 
implementation to all types of propulsion. Combustion engines are very common in the field of aviation, 
but in order to properly eliminate emissions, we can no longer rely on the combustion of fuel to propel 
an aircraft. The implementation of propeller aircraft is a reliable way to turn hydrogen fuel cell 
generated power into thrust. 
 
Project Objective 
The objective of this project is to compile information about Hydrogen Fuel Cells implemented into 
aeronautical applications. While comparing with current energy sources and other sustainable methods 
with respect to factors including endurance, range, and cost.  
 
Methods  
Research publications were reviewed, and data evaluated to provide comparison of methods. Research 
Articles were additionally reviewed for their publisher impact factor to ensure credible information. 
 
Results and Discussion 
Evaluating current aeronautical fuel technologies and sustainable alternatives, we see four main 
alternatives in efforts to eliminate standard jet fuel consumption. Most commonly you see sustainable 
aviation fuel, which is biofuel, which helps address the production concerns, but when consumed 
produces almost no reduction in NOx emissions and minimal reduction in CO2 emissions. More recent 
technologies speak on batteries and their ability to store sustainably generated energy and use it when 
needed in aeronautical applications, many issues have come to light from this method including scaling, 
efficiency, and the sustainable nature of the battery composition. After review of energy dense 
substances, hydrogen proved to provide at least twice as much energy per unit of mass, as seen in figure 
1. Hydrogen can be harnessed as an energy source in two different ways: the first being combustion of 
such, as it eliminates carbon emissions, yet NOx emissions are still present; the second being Hydrogen 
Fuel Cells, which is the primary focus of this research. Hydrogen Fuel Cells use an electrochemical 
process that results in the sole by product of water and heat. This is a completely zero emission 
technology, but more goes into this process to implement it into aeronautical applications.  
To evaluate the full effects of Hydrogen Fuel Cells we need to consider the following items Hydrogen 
Production, Hydrogen Containment, Hydrogen Storage, and Transportation. Hydrogen can be produced 
in a variety of ways, often referred to as the hydrogen rainbow. Zero Emission methods include green 
from any renewable source, pink from nuclear, and yellow from solar. The most common method is gray 



from methane steam reformation. Therefore, to continue our mission, we need to establish a green 
hydrogen infrastructure, a major setback considering our current infrastructure, H2 Fly has made the 
first step in building the first Hydrogen Aviation Center at Stuttgart Airport. This type of infrastructure 
also helps with transportation concerns, if we implement hydrogen production facilities at airports the 
transport of hydrogen from facility to the aircraft is significantly decreased. Furthermore, the 
transportation vehicles need to have an aligned mission of zero emissions.  
Hydrogen Containment and Storage go hand in hand, through the implementation into the aircraft. 
Containment refers to the vessel the holds the hydrogen itself, while the storage is locational placement 
in the aircraft. When dealing with containment, we have two different routes to take with Hydrogen, 
gaseous and liquid. Perks of liquid are mainly focused on volumetric density as reflected in figure 1. 
However, liquid hydrogen requires cryogenic cooling, an additional draw of energy. Regardless, both 
need a vessel capable of withstanding the necessary pressures, which often results in a vessel that 
weighs more than the actual fuel itself. With the heavy and solid shape of these vessels, this proves to 
be an issue when replacing current fuel tanks that are stored in the wings of aircraft. By occupying part 
of the fuselage with fuel, room for payload is decreased, causing decreased profits in airline companies.  
 
Appendix 

 
            Figure 1: Fuel Energy Density Diagram 
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Abstract 
Space exploration stands at the forefront of human endeavors, pushing the boundaries of our knowledge 
of the universe. This project introduces a groundbreaking initiative to advance lunar exploration by 
developing a navigation system. The proposed method offers a broad platform to guide and instruct 
astronauts, accommodate multi-operator users, and integrate state-of-the-art technologies for 
autonomous operation. The lunar navigation system is redefining how astronauts navigate and conduct 
research. Its main objective is to provide astronauts with a versatile and reliable navigation tool that 
supports various mission objectives. 
A necessary feature in the system is the visual interface for multiple robots, addressing the complexities 
of multi-operator scenarios. This interface enhances situational awareness and allows users to control 
multiple robots simultaneously, providing a seamless switch between the robots and external 
perspectives. This unique facet ensures a comprehensive understanding of the lunar environment and 
mission tasks, fostering a new era of human-machine interactions in space exploration. The lunar 
navigation system represents a necessary step forward in navigating the challenging and dynamic lunar 
environment. Beyond facilitating the immediate needs of astronauts, the system contributes to the 
overarching goal of advancing technology for continued lunar exploration. 
 
Project Objectives 
First, this project aims to develop an ultra-modern navigation system with multifunctioning capabilities 
for lunar missions. It is also added to this; it will be an instrument that guides and provides indispensable 
instructions to astronauts as they go about on the hard surface of the moon. This will also support multi-
operators, easing the ability to coordinate tasks from the lunar surface with counterparts at home base 
to support mission flexibility and group collaboration. 
It will also focus on the latest technologies and algorithms designed for autonomous operations. This 
will, in turn, further decrease the astronauts' dependence on Earth's commands, hence fastening the 
decision-making process and increasing mission autonomy. This project worked out a more workable 
and successful ambitious moon mission aimed at using these technologies for increased efficiency and 
safety in lunar exploration. 

 
Methods  
The Lunar Navigation System is designed as a comprehensive platform, integrating advanced sensors, 
mapping systems, and sophisticated navigation algorithms. This will provide the system with capabilities 
such as localizing and mapping lunar terrain with highly required resolutions—a prerequisite for 
successful navigation during a moonwalk. In addition, the system interfaces manage several robotic 
assets visually, giving prompt feedback to the operators as they control robots from the optimum 
distances required. 
This adaptability significantly improves operational capabilities, as the system allows for a seamless 
transition between robot perspectives and external viewpoints. Such flexibility enhances situational 



awareness and enables improved decision-making during lunar missions, reassuring operators as they 
adapt to changing conditions on the surface. 
The demonstration component of the Lunar Navigation System was built in Unity to showcase practical 
use. This present scene features one principal user and three rovers designed with different missions 
and control layouts to cater to the generic use of the system. Rover, one takes part in a traverse mission, 
collecting samples and making detailed maps of the local areas it goes over along the lunar surface. 
Rover Two focuses on a sample-collecting mission, specifically going on missions to look for a specific 
type of rock within the lunar landscape. The third rover takes part in the rescue mission after getting 
stranded, waiting for support with its broken axle. 
In terms of the user interface, the simulation will let the user switch easily back and forth through the 
screens of each rover, giving access to particular controls and diagnostics of faults. On that account, this 
intuitive design in the real system will improve operational efficiency, guaranteeing a response to 
problems occurring in time that need solving, hence having successful missions for those rovers. 

 
Results and Discussion 
The expected effects of the Lunar Navigation System Simulation include several. In this sense, the 
interface will visually enable the smooth exchange of operators between the several robots and the 
realization of the Lunar Environment. It will also empower astronauts with autonomy by reducing their 
reliance on Earth's commands, and hence, it will speed up decision-making on the lunar surface. Its 
multi-operators' scenario support further enhances mission flexibility, improving coordination during 
complex tasks. Further, the system ensures user-friendly interfaces, enabling it to respond promptly to 
operational problems. It is designed in a unity-based simulation, not just to test robustness but also as a 
form of demonstrating possible developments in technology. Successful outcomes could pave the way 
for scaling this technology to other planetary explorations, such as missions to Mars, highlighting a 
broad range of applicational potential. 
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Screenshots of the Lunar Navigation System interface. 

 
Acknowledgments 
I want to thank the Ohio Space Grant Consortium for this fantastic opportunity to work on this exciting 
research project. And thank you to my advisor, Dr. Jong-Hoon Kim, for all his support and guidance. 
 
References 
1. Cardenas, Irvin Steve, et al. "AARON: assistive augmented reality operations and navigation system 
for NASA’s exploration extravehicular mobility unit (xEMU)." Intelligent Human Computer Interaction: 
12th International Conference. Springer International Publishing, 2021. 



Conserved, gravity-independent, gene expression changes in response to spaceflight 

Student Researcher: Anne Mathew 

Advisor: Dr. Nathaniel Szewczyk 

Ohio University 
Neuroscience 

 
Abstract 
Recently, inves�gators have shown that there are gravity-dependent and independent changes in 
gene expression in response to spaceflight. These changes have been reported in the model 
systems C. elegans (worms) and Drosophila melanogaster (flies). Interes�ngly, the 
gravity-dependent changes have been proposed to be a generic stress response whereas the 
gravity-independent changes appear to be neuron-specific in flies. Worms, flies, and astronauts 
all display neuronal defects in response to spaceflight. In flies and astronauts these changes have 
been proposed to be due to altered oxida�ve metabolism and altered oxida�ve metabolism also 
occurs in worms in space. Thus, the overall goal of my project is to test if there are common 
gravity-independent changes in gene expression in response to spaceflight in worms and flies. 
 
Project Objec�ves 
My aim is to inves�gate whether shared, gravity-independent altera�ons in gene expression 
occur in response to spaceflight in both C. elegans and Drosophila melanogaster. By comparing 
the gene�c responses of these two model organisms, I aim to iden�fy common mechanisms that 
transcend species boundaries, thereby shedding light on fundamental gene�c adapta�ons to 
microgravity condi�ons in a broader context. 
 
Methods 
This research ini�a�ve, which began in the fall of 2023, is centered on the comprehensive 
analysis of gene expression data for Drosophila melanogaster following their spaceflight 
experience aboard the SpaceX-14 cargo resupply mission. This mission, which commenced on 
April 2, 2018, involved the launch of experimental subjects to the Interna�onal Space Sta�on, 
where they resided from April 4, 2018, un�l their return to Earth on May 5, 2018. 
The dataset for the fruit flies includes specimens from various condi�ons: male and female 
ground controls, males and females exposed to microgravity, and males and females exposed to 
1g simulated gravity within a centrifuge on spaceflight. This research endeavor used RNA 
sequencing for transcrip�on profiling. There is also a comprehensive analysis being done for the 
dataset of C. elegans as they are under similar condi�ons, so a compara�ve analysis can take 
place. This dataset however from from worms cul�vated in the Japanese Module of the 
Interna�onal Space Sta�on (GSE71770). These worms included: male and female ground 
controls, males and females exposed to microgravity, and males and females exposed to 1g 
simulated gravity within a centrifuge on spaceflight. The analy�cal phase of this project involved 
acquiring skills in the R programming language, which is tailored for sta�s�cal, microarray, and 
proteomic analysis of the dataset. As this was my first experience in programming I taught 
myself these skills, star�ng with the founda�onal basics and progressively extending to data 
integra�on into the R environment. I took the �me to learn the basics, which I then could apply 
to this dataset. I have conducted the normaliza�on and filtering process (shown below) which 
makes the data more amenable to various sta�s�cal techniques and algorithms. The next step 



involves conduc�ng differen�al expression tests. This analysis is fundamental in genomics and 
transcriptomics to discern which genes or molecular en��es exhibit sta�s�cally significant 
differences in expression levels across different experimental condi�ons or groups. 
 
Results and Discussion 
The implica�ons of this research extend far beyond the confines of the laboratory, holding 
significant implica�ons for human space explora�on and the broader field of space biology. By 
elucida�ng the molecular impacts of spaceflight on model organisms, this study has the poten�al 
to inform strategies for safeguarding the health and well-being of astronauts during extended 
space missions. Moreover, the findings generated through this research endeavor may pave the 
way for the development of targeted interven�ons aimed at mi�ga�ng the adverse effects of 
microgravity on biological systems. Through publica�ons, presenta�ons, and collabora�ons 
within the scien�fic community, the insights gleaned from this study have the power to catalyze 
advancements in our understanding of space biology, ul�mately shaping the future of human 
space explora�on. 
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Abstract  
I compared the depositional environments, topography, and geologic history of each city I used in my 
research. 
 
Project Objectives 
Determine whether there is any correlation between geological conditions and human settlement. 
 
Methods 
Used a web soil survey map to compare the layers of rock underneath the surface to determine 
depositional environments of each city. Then compared this as to why it was a valuable place to settle 
 
Results and Discussion 
In conclusion, the depositional environment of each location in Ohio played a crucial role in shaping 
human settlement in their own ways by providing fertile land for agriculture, access to transportation 
and trade routes, valuable natural resources, and influencing the topography and challenges posed by 
natural hazards. These factors collectively contributed to the development and growth of communities 
in the region over time, some with greater growth and success than others.  
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Abstract  
Shape Memory Alloys (SMAs) have the ability to remember their original shape even after experiencing 
large inelastic deformations. Although there are many different types and compositions of SMAs, the NiTi 
and NiTiHf material compositions are common representatives of the conventional and high-temperature 
alloys, respectively, used for aerospace applications. Their design applications utilize the superelastic 
and/or shape memory effect properties under thermal or mechanical cycles. From the experimental point 
of view, investigating the variations in the actuation properties of SMAs under extensive cycles is 
cumbersome. This highlights the implementation of novel machine learning models, such as Artificial 
Neural Network, to predict the stress-strain-temperature relationship of shape memory alloys. Artificial 
Neural Network (ANN) mimics the structure of the brain to predict outcomes by discerning patterns from 
input data, hence, provides a viable route to predict material performance under the influence of stress, 
mechanical/thermal cycles and different temperature levels.  The overall goal of this project is to develop, 
test, and enhance the predictive capabilities of a general ANN software for cyclic SMA responses.  
 
Project Objectives.  
To achieve the targeted goal, the project is divided into two main specific objectives: 

1. Understand the major differences and similarities in the responses of SMAs used in the field of 
aerospace actuation (e.g. NiTi vs NiTiHf). As part of this step, we will collect extensive data on the 
cyclic behavior of several different shape memory alloys having distinct transformation 
characteristics when subjected to thermal cycles and mechanical stresses. This investigation will 
also highlight the general background of SMAs, their history, applications, and limitations. 

2. To learn about the specific aspects of ANN [1] that affects its predictive capabilities. Generally, 
ANN model contains the following layers: input, hidden, and output. The research here will 
provide some basic understanding of the effect of the differences in the number of neurons per 
layer on the prediction accuracy of different ANN architectures. Moreover, prediction outcomes 
when SMAs are subjected to a certain number of cycles, temperature, and stress will be 
investigated for NiTi vs NiTiHf under thermal cycles.  

 
 
 
 
 
 
 
 
 
 



Methodology 
To begin the project, a deep look at the function and actuation process of SMAs is 
needed. In this process, preliminary review of scholarly work (thesis, published 
articles, project reports) was made. The scope of the review covered shape 
memory alloys, their phase change processes, and their behaviors when high 
thermal stress is applied. It was observed that there has been a surge in the use 
of additive manufacturing processes to fabricate SMA components; moreover, 
methods such as Finite Element Models have been used to predict the responses 
of SMAs.  
Initial testing of various architectures of ANN was made following the previous 
work of Abdallah et al. [2]. That work focused on NiTi under various stress 
magnitudes. Through this exercise, I learnt data cleaning, data groupings, and 
division of the data into various parts for training, verification and validation.  
 
Results and Discussion  
Generally, SMAs exhibit superelasticity, one-way or two-way shape memory effect. These alloys will 
deform and return to their original shape once the applied mechanical loads are removed, and heat is 
applied. The underlying principle is the martensitic transformation, wherein the alloy undergoes a 
reversible change in crystal structure from austenite to martensite [3]. A comparison of the cyclic response 
of NiTi indicated that under constant stress thermal cycles, the material does not return to its prior state 
after each cycle [4]. In essence there is a loss of actuation strain per thermal cycle until a certain stage 
when it becomes nearly stable. The number of cycles needed to reach this state of stability is a function 
of the cycling temperature range, and the amount of stress. On the other hand, NiTiHf has a significant 
improvement in terms of “early stability” and transformation temperature range when compared to the 
NiTi. NiTiHf could withstand higher temperatures and return to its initial state proceeding each cycle [4]. 
As part of this ongoing research, a comparative study will be made to understand the differences in the 
ANN architectures as we attempt to capture the responses of NiTi and NiTiHf under constant stress 
thermal cycles. 
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Abstract 
This research inves�gates the op�miza�on of fixed �lt solar panels in Dayton, Ohio, emphasizing the cri�cal role of 
experimental valida�on in refining computa�onal models. Depar�ng from tradi�onal approaches, which overlook 
seasonal varia�ons in sunlight intensity, this study collaborated with Dr. Ridge Mulford to design a year-long experiment 
comparing two �lt angles. The two �lt angles are 40 degrees as determined by the Na�onal Renewable Energy 
Laboratory due to Dayton’s la�tude, and 34 degrees as determined by computa�on analysis previously completed by Dr. 
Mulford. By construc�ng mounts for four new 100W solar panels and filling a geographical gap in valida�on efforts, this 
research not only enhances understanding of solar dynamics but also empowers future genera�ons to contribute to 
sustainable energy solu�ons. This prac�cal journey, presented at the Ohio Space Grant Consor�um Symposium, 
highlights the importance of bridging theore�cal models with real-world applica�ons for efficient solar energy u�liza�on. 
 
Project Objec�ves  
The objec�ve of this project is to inves�gate the op�miza�on of fixed �lt solar panels in Dayton, Ohio, by determining an 
ideal �lt angle that maximizes energy genera�on throughout the year. While tradi�onal prac�ce aligns solar panels at a 
�lt equal to their la�tude, we aim to establish a lower �lt angle, par�cularly suited to harness the increased sunlight and 
solar intensity during the summer months when the sun is higher in the sky. Given the scarcity of long-term op�miza�on 
experiments conducted in the United States or at this la�tude, this research seeks to fill this gap by conduc�ng a year-
long experiment comparing different �lt angles. My personal objec�ve for this research is to design a comprehensive test 
for a future cohort of researchers to complete in the next year.  
 
Methodology Used 
The methodology employed in this study involves conduc�ng a year-long compara�ve test of two fixed solar panel �lt 
angles, 34 and 40 degrees, situated on a concrete pad facing south at the University of Dayton Ketering Labs building. 
The experiment ensures representa�on across all seasons, with data collec�on occurring every 15 minutes via a 
Bluetooth module, resul�ng in a total of 35,064 data points for each �lt angle. For each �lt angle, two panels at iden�cal 
�lt angles are connected to one batery and mounted on the �lt mount. To validate results, a control experiment is 
implemented where all four panels are laid flat for a dura�on of 30 days prior to ensure uniform performance across the 
panels. This comprehensive methodology aims to provide data driven insight into the op�mal �lt angle for fixed solar 
panels. 
 
Results Obtained 
While the experiment's comple�on is pending, the expected results an�cipate a compara�ve analysis between the two 
�lt angles to ascertain the performance superiority of the lower angle. Although the final outcomes remain forthcoming, 
projec�ons based on computa�onal models suggest promising prospects for the 34-degree �lt angle. It is an�cipated that 
the lower �lt angle will yield approximately 10 kW more power per year compared to its counterpart. As the experiment 
transi�ons into the hands of a current freshman and graduate student for the subsequent year, the an�cipated results 
pave the way for further explora�on and valida�on of op�mal �lt angles for fixed solar panels, contribu�ng to the 
advancement of sustainable energy solu�ons.  

 
Significance and Interpreta�on of Results 
The an�cipated results have the poten�al to inform and guide future decisions regarding solar panel �lt op�miza�on, 
par�cularly in regions with similar geographical la�tudes to Dayton, Ohio. The expected outcome, indica�ng a 
considerable increase in power genera�on from panels set at a lower �lt angle, underscores the importance of fine-
tuning �lt angles to maximize energy capture throughout the year. If confirmed, these results could offer valuable insights 
for engineering, urban planners, and renewable energy installa�on companies to enhance the efficiency and 
sustainability of solar energy systems. Furthermore, the ongoing nature of the experiment highlights its significance for 



con�nuous refinement and valida�on. Ul�mately, the interpreta�on of these results may catalyze further research 
endeavors, driving innova�on and progress in the pursuit of environmentally friendly energy solu�ons. 
 
Figures/Charts 
 

 
Figure 1. The layout of the solar panels on the concrete pad                                     
 
 

 
Figure 3. Wiring diagram in parallel configura�on of the two solar panels to one batery 
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Abstract 
The Navy has long been interested in adjusting the angle of thrust from exhaust nozzles on aircraft (thrust 
vectoring) for diverse applications like hyper-maneuverability and vertical take-off/landing (VTOL). VTOL would 
facilitate the use of fixed-wing unmanned aerial vehicles (UAVs) from non-flight deck-equipped vessels. Alternative 
applications of thrust vectoring are extensive. Thrust vectoring is currently produced by a complex, heavy, faceted 
nozzle design. Another method is Coanda-based Thrust Vectoring (CTV), which utilizes the Coanda effect to attach 
jets to “reaction surfaces” but can bleed up to 15% of primary air flow. As an alternative, this work explores the 
use of localized arc-filament plasma actuators (LAFPAs). These exploit flow instabilities to control flow 
characteristics, offering an energy-efficient, low-power method of thrust vectoring. Similar to a CTV, this ability 
could enable them to attach/detach flow from a reaction surface.  
LAFPAs will initially be mounted on a CTV-inspired reaction surface. Experimental sweeps of excitation frequency 
and other excitation parameters will be conducted, and the resulting flow interrogated using schlieren and 
pressure measurements to assess the active flow control concept’s (AFCC) jet deflection capability. PIV 
measurements will confirm thrust vectoring by observing if the AFCC is inducing cross-stream velocity. Time-
resolved schlieren will document flow unsteadiness, while PIV over the surface will provide insight into LAFPAs' 
control mechanism.  
 
Project Objectives 
The research aims to explore the potential of LAFPAs for thrust vectoring applications in aircraft. It involves 
investigating how LAFPAs, when combined with flexible reaction surface nozzle extensions, can enhance 
maneuverability, and reduce takeoff/landing distances. The study encompasses a broad parameter space; by 
sweeping over excitation frequencies and spatial modes of LAFPAs and variations in reaction surface 
configurations, jet behavior will be analyzed. In parallel, the project aims to develop flexible reaction surface nozzle 
extensions utilizing an SLA resin 3D printer. These extensions will enable rapid and cost-effective testing of nozzle 
parameters, allowing for the identification of optimal combinations. This innovative approach is expected to 
streamline the testing process and facilitate the discovery of the most effective thrust vectoring nozzle and to 
uncover vital information detailing the AFCC's fundamental physics and effectiveness for the potential application. 
 
Methods  
The research will be conducted over three years, during which a subsonic, axisymmetric, 1-inch-diameter jet will 
be designed and manufactured fitted with LAFPAs as depicted in Figure 1. This jet will be tested against a 
backward-facing step of CTV-inspired reaction surface to evaluate the influence of surface geometry on the flow 
control effectiveness of the LAFPAs. The primary experimental methodology includes a series of excitation 
frequency sweeps, documented using schlieren and pressure measurements, to assess the ability of the AFCC to 
deflect the jet. Additional PIV measurements will be conducted to confirm that observed jet deflections 
correspond to induced cross-stream velocity, providing a deeper insight into the flow dynamics. 
To investigate the dynamic response of the jets, the experiments will initially focus on the effect of excitation on 
one side of the jet, using time-averaged schlieren and static pressure measurements. These diagnostics will help 
characterize the baseline and controlled flow states of the jets. The subsequent analysis will delve into the effects 
of excitation frequency variations and their impact on jet deflection and flow attachment or detachment from the 
reaction surfaces. This approach aims to determine the optimal operating conditions for the LAFPAs, enhancing 
their effectiveness in manipulating jet aerodynamics. Further, time-resolved schlieren and excitation-locked PIV 
measurements will be employed to capture the unsteady behavior of the flow and the evolution of flow structures 
induced by the LAFPAs. These measurements are crucial for understanding the interaction between the plasma-



induced perturbations and the shear layers in the jet flow. By analyzing the formation and behavior of large-scale 
vortical structures (LSS), the research will contribute valuable insights into the control mechanisms available 
through plasma actuation. The results will inform the design of future nozzle configurations and reaction surfaces, 
potentially leading to more efficient and effective thrust vectoring solutions for aerospace applications. 
 
Results and Discussion 
The Plasma Actuators were excited asymmetrically across a range of frequencies and number of active actuators in 
a subsonic jet facility. After many experimental sweeps, Figure 2 & 3 highlights the baseline case versus the best 
performing test case yet. For reference, expected asymmetric static pressure distribution is observed with both 
low and high frequencies, with low frequencies demonstrating increased suction toward active actuators (termed 
“attachment-based control”), and high frequencies demonstrating increased suction away from active actuators 
(termed “detachment-based control”). The case at hand uses Actuator Code 131 (LAFPA’s 1, 2 & 8) with the center 
LAFPA aligned with baseline asymmetry, operates at Mach 0.48, and utilizes a detachment-based control. Figures 3 
and 4 depict axial velocity and vertical velocity plots for both test cases at hand. It is evident that the DBC-131 test 
case creates a clear rightwards shift in axial velocity, and a significant downwards shift in vertical velocity, when 
compared to the baseline results. Further research is needed to comprehend the pressure and velocity profiles at 
higher Mach numbers, along with the application of measurement techniques such as schlieren imaging and PIV to 
validate control mechanisms and confirm and quantify thrust vectoring. 
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Figure 1. CTV Inspired                           
Figure 2. Azimuthal Pressure  
Reaction Surface, side view                  Distribution Velocity Chart 
(a) and front view (b) 
 
Figure 3. Baseline                                   Figure 4. DBC 131  
Case                                                                                                                                                                                                                                                               
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Abstract 
This project uses XR technologies to establish an immersive environment for the Ohio University Navaid 
Performance Prediction Model (OUNPPM), catering to public, private, and military runways on Earth, 
along with navigational aids on Mars. OUNPPM stands as a globally recognized tool pivotal for certifying 
navigational aid compliance and ensuring airport safety worldwide. Its core function involves calculating 
multipath interference from nearby structures and generating corresponding error plots. By integrating 
an XR interface, users are offered an intuitive approach to navigational aid visualizations, enhancing 
their overall experience by allowing them to interact with these visuals in real-time and real-life. With 
implications spanning both terrestrial airport safety and missions linked to Mars exploration, this project 
showcases the potential of XR and OUNPPM in space and aviation. 
 
Methodology 
Preliminary Optimization: Before transitioning our existing software to the XR medium, it was 
imperative to implement optimizations in OUNPPM [1] to avoid certain flaws that would be exaggerated 
in an XR context. A significant focus was placed on leveraging multithreading, a computer science 
technique, to enhance the user experience. This optimization notably slashed initial rendering times 
from over 20 seconds to under 0.1 seconds. With this enhancement, our visualization process became 
smoother, progressively refining itself towards maximum resolution [2]. This improvement was pivotal, 
particularly for prototyping airport configurations with a headset, where a 20+ second stall would 
disrupt user experience, causing the image to no longer synchronize with the user's point of view and 
potentially causing dizziness, discomfort, and breaking the immersion [3]. 
OpenXR Integration: To integrate the optimized OUNPPM into the XR medium, the authors used 
OpenXR, an open standard designed for virtual reality (VR) and augmented reality (AR) development. 
The integration process began by incorporating the necessary OpenXR libraries and dependencies into 
the OUNPPM project. Subsequently, the authors established communication between the headset and 
workstation to facilitate data transmission. With data now flowing from the workstation to the headset 
and OpenXR successfully implemented alongside OUNPPM optimizations, we could begin the code 
integration of OUNPPM into the XR environment. After writing the new features, the authors have 
begun testing the application in a Meta Quest Pro VR headset with promising results.  
Creating Mars Terrain from NASA Viking Mission Data: The Mars Terrain visualization was created in 
the AftrBurner engine [4] by utilizing Mars terrain images and topographic maps sourced from the NASA 
Viking mission [5] via the USGS website. Notably, this engine shares its foundation with OUNPPM, 
allowing cross-compatibility. This opens the potential to model future Mars landings using the benefits 
and tools of OUNPPM. 
 
Results and Discussion 
The project has made significant strides in enhancing existing implementations of OUNPPM by laying the 
groundwork for a complete XR implementation. This innovation not only accelerates engagement and 
interactivity but also promotes safety and security in airports worldwide. Additionally, the project delves 



into Mars 3D visualization techniques, laying a solid foundation for future research in the realm of 3D 
visualizations and navigational simulations related to Mars exploration. Furthermore, the initiative has 
propelled advancements in the fields of antenna visualization, navigation, and space science. 
 
Figures 

 
Fig 1. A standard Wilcox 14-10 course array antenna pattern in ideal conditions. 

 
Fig 2. Current renderings of Mars terrain. 
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Abstract 
Ongoing increases in computing power have decreased the difficulty of decrypting ever larger data, driving 
a corresponding increase in the size of encryption keys. Multiplication is one common operation necessary 
for creating and processing such keys, which consist of high-precision (often over 512 bits) binary integers. 
This work improves upon current hardware for high-precision integer multiplication using an improved 
priority encoder, which enables skipping all zeroes in the first operand, the multiplier. While priority 
encoders are traditionally expensive, our novel two-level structure significantly reduces the hardware 
complexity, and thus cost, of these devices. The proposed algorithm performs no worse than traditional 
methods in the worst case, is roughly equivalent to contemporary methods in the average case, and is 
superior to other methods in the best case. 
 
Project Objectives 
This work summarizes [1], in which we utilize the two-level priority encoder introduced in [2] and propose 
a high-precision multiplication algorithm (paralleling the division algorithm also from [2]). Our primary 
objective is to enhance high-precision encryption by optimizing the arithmetic hardware backing 
encryption computations. The required precision of encryption keys is continually increasing due to 
corresponding increases in computing power. For instance, the NIST currently recommends RSA key sizes 
of at least 2048 bits [3]. 
 
Methods  
We first reviewed existing multiplication algorithms and hardware, including Booth’s algorithm, the 
Modified Booth Algorithm) Comba scheduling, Karatsuba’s method, the traditional shift-and-add method, 
and improved shift-and-add methods. The proposed algorithm is an improvement on the shift-and-add 
idea, leveraging the functionality of the priority encoder to skip all zeroes within the multiplier 

operand. This is the key difference between our 
method and existing methods, the latter of which must process all bits in the multiplier. Meanwhile, the 
proposed algorithm must only process the high 
bits (ones) in the same operand. Notably, the 
density (in terms of high bits, i.e., Hamming 
weight) of the multiplicand does not matter, 
only that of the multiplier.  
We utilize the two-level priority encoder (2LPE) 
introduced in [2] and shown in Figure 1 to 
reduce the complexity of the traditional priority 
encoder, which makes its usage here feasible. 
The 2LPE slices the input using multiple OR 
gates, the outputs of which are passed to the 
“coarse” PE, which determines which bit slice the most significant high bit (MSHB) is in. The output of the 
coarse PE is used as the select signal for a multiplexer to select the appropriate bit slice for the fine 

Figure 1: A Block Diagram for a 2048-bit TLPE. 



encoder, which determines where in that slice the MSHB is in. Concatenating the outputs of the coarse 
and fine encoders gives the output for the entire encoder. 
Finally, a hardware block diagram for the entire multiplication hardware is provided below in Figure 2. 
The hardware takes the operands (multiplier Mr of length 𝑛𝑛 and multiplicand Md of length 𝑚𝑚) in sign-and-
magnitude form. Each iteration, the priority encoder determines the location of the most significant high 
bit (or one) in the multiplier. This is the shift amount, Sh𝑖𝑖, which is passed to the decoder and barrel 
shifter. The latter performs the partial multiplication, shifting the multiplicand by Sh𝑖𝑖. The partial products 
are accumulated by a carry-look-ahead adder. Meanwhile, the decoder produces a bit vector of all 0s 
except for a single 1 in the position of the most significant high bit. This is exclusive ORed with the current 
value of the multiplier to “delete” the most significant high bit, preparing the hardware for the next 
iteration. The multiplication is complete when the multiplier is all zeroes, and the “Done” signal is 
generated by a NOR gate. The sign of the product is found by a simple exclusive OR of the signs of the 
inputs, where 0 represents a positive number, and 1 represents a negative number. 

 
Figure 2: Multiplication Hardware Block Diagram 

 

Results and Discussion 
From a theoretical perspective, the proposed algorithm takes a number of clock cycles exactly equal to 
the number of high bits in the multiplier, denoted ℎ. The best case is when there is only one high bit, so 
the hardware takes ℎ = 1 clock cycles. On average, an 𝑛𝑛-bit vector has ℎ = 𝑛𝑛/2 ones, which is also the 
number of iterations necessary for the modified Booth algorithm. In the worst case, the multiplier is all 
ones, so ℎ = 𝑛𝑛, which is the number of iterations of the traditional shift-and-add algorithm. We 
implemented our algorithm in hardware for 32 to 2048 bits using VHDL, targeting an FPGA development 
board. Our source code is available at https://github.com/ALUminaries/Two-Level-Multiplier. We found 
that our algorithm was far less expensive than competing algorithms. A full analysis is presented in [1]. 
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Abstract 

The meteorite fell on Tuesday, May 1st, 1860, around 12:30 p.m. Over thirty individual meteorite 
fragments, weighing a combined 230 kg (507 lb.) fell in a broad swath over eastern central the 
meteorites are named after the town nearest the largest concentration of stones, New Concord, home 
of Muskingum College and the first American to orbit the Earth, John Glenn. (ASU). The meteorite 
fragments Scattered over roughly 30 square miles. The largest special specimen weighed 103 pounds 
and is displayed in the department of geology at Marietta College after being obtained by EB Andrews 
professor of geology at Marietta College and geologist with the second geology survey of Ohio 1869 to 
1884. Andrews was one of the first scientists on the fall scene collecting what is believed to be the 
largest specimen that fell. 

 
Project Objectives 
 The objectives of this project are to better understand the history and the general makeup if the 
fragment of the New Concord Meteorite residing at Marietta College. 
 
Methods  

Essentially my project started coincidentally enough at Marietta College. The Project that I 
selected was to assist Dr. Andrew Beck with loaning out Marietta College’s piece of the New Concord 
Meteorite. One of the largest fragments of the New Concord Meteorite weighing 103lbs is in fact the 
sample at Marietta College. The college has maintained this specimen in its collection since it was 
obtained by EB Andrews in 1860 after it fell. It can often be seen to anyone interested at the Brown 
Petroleum Building on the Marietta College campus. My work primarily dealt with transportation, 
curation, and research on the New Concord Meteorite. It was a great experience and allowed me to gain 
knowledge in research both historically and scientifically.  

 
Results and Discussion 

The large push that spurred my project into motion was a request made to Marietta College By 
the John and Annie Glenn Museum. This provided me the unique and valuable experience of acting as a 
quasi-curator for the meteorite. The largest duty I had prior to delivering the meteorite was taking 
pictures of each side of the meteorite to document the condition of the meteorite prior its 
transportation and delivery. Some of these are included in my poster as Figures 2-6. This collaboration 
has also brought about the question as to the usage of the sample at Marietta College’s frequent 
planetarium events. The possible inclusion of the sample in these events would be an excellent way to 
better connect the college with the surrounding communities in an engaging and academic way. 

The potential for future work with the meteorite sample is vast. A very intriguing idea I had 
during my project was to 3-D scan and print the sample so it could be utilized for department outreach 
events as well as a visual aid in the classroom. This replica would offer a tactile and visually engaging 
way for students and the general public to interact with a meteorite specimen, fostering a deeper 
understanding of astronomy, geology, and planetary science. Through hands-on experiences with 3D-



printed meteorites, learners can explore concepts such as meteorite classification, impact crater 
formation, and the role of meteorites in planetary evolution. Doing this would also allow for the college 
to loan out the sample more often while maintaining the replica in the faculty offices where the real one 
normally resides. While not an essential this would also be a unique way to represent the implications of 
newer technologies with more traditional concepts like geology and such. 

 
Figures/Charts  

Mineral Parts per 100 % Composition
Kamacite (FeNi) 10.690 10.69%
Schreibersite (FeNi)3P 0.005 0.01%
Pyrite (FeS2) 0.005 0.01%
Olivine (Fe,Mg)2SiO4 56.884 56.88%
 Pyroxene (Fe,Mg)SiO3 32.416 32.42%
Total: 100.000 100.00%

Table 1:

 
Approximate Composition of Marietta Sample by Weight (lbs)

Kamacite Schreibersite Pyrite Olivine  Pyroxene Total:
11.0107 0.00515 0.00515 58.59052 33.38848 103  
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Abstract 
The development of efficient and selective methods for heavy metal detection has become paramount due to worldwide pollution in 
the environment and its deleterious effects on human health. In this study, a novel biohybrid nanocomposite is described for the 
detection of Cd2+, Pb2+, Cu2+, and Hg2+ ions. The proposed sensor is fabricated on a glassy carbon electrode (GCE) through a simple one-
pot hybridization method. This creates a MOF/CNC/PEDOT:PSS/GCE modified sensor. The MOF/CNC/PEDOT:PSS/GCE displays high 
sensitivity during cyclic voltammetry (CV) experiments (169 µA) compared to other modified electrodes, and electron transfer kinetic 
studies using electrochemical impedance spectroscopy (EIS) shows a low transfer resistance (100 Ω ). These characterization results 
indicate direct electron transfer from Fe(CN)63-/4- to the surface of the electrode. Highly sensitive detection of Cd2+, Pb2+, Cu2+, and Hg2+ 

is accomplished using the sensor through square wave anodic stripping voltammetry (SWASV). The accumulation time, starting 
potential, and pH of an acetate buffer solution were optimized for detection, and limits of detections (LODs, based on a signal-to-noise 
ratio of 3) were found to be 2.5 µg L-1, 1.78 µg L-1, 0.226 µg L-1, 0.294 µg L-1 with sensitivities of 0.0139 µA L µg-1 , 0.0257 µA L µg-1, 
0.1581 µA L µg-1, and 0.0889 µA L µg-1. The MOF/CNC/PEDOT:PSS/GCE was studied for its interference and then applied for real sample 
testing using local samples. This work contributes a new modification approach for the simultaneous detection of heavy metal ions for 
practical applications in the field and lab work. 
 
Project Objectives 
In this study, we report a novel electrochemical sensor based on the MOF and nanocomposites for detections of multiple heavy metal 
ions. This can serve to evaluate possibly contaminated drinking water and ensure its safety for consumption. GCEs are modified with 
various polymers, metals, nanoparticles, nanostructures, and nanocomposites to improve limit of detection, sensitivity, and linear 
range of electrochemical detection through improved conductivity and surface area. This project utilizes a Poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) conductive polymer, which has shown promising conductive results. Along 
with PEDOT:PSS, this project aims to utilize cellulous nanocrystals, (CNCs) and, for the first time, DUT-67 MOFs to develop a 
modification layer for GCEs for stable detection of multiple heavy metal ions in aqueous medium. This PEDOT:PSS/MOF/CNC, to our 
knowledge, has yet to be explored and is presented in this article as an extremely simple, one-pot drop cast method of modifying a GCE 
to improve its conductivity and detection limit for the detection of multiple heavy metals in aqueous mediums. 
 
Methods  
In this study, a MOF/CNC/PEDOT:PSS mixture was created using appropriate injections from microliter pipettes. An aqueous mixture of 
a 0.5-1.0 wt % PEDOT:PSS conductive polymer in water was injected into EtOH in a 9:1 ratio. A MOF/CNC solution was fabricated by 
adding 5 mg of MOF into 390 µL of EtOH and injecting a 100 µL volume of a 10 mg/mL aqueous CNC solution into the same capsule. 
The MOF/CNC/PEDOT:PSS/EtOH mixture was achieved after a 10 µL injection of the previously prepared stock PEDOT:PSS solution into 
the MOF/CNC/EtOH mixture. The resulting MOF/CNC/PEDOT:PSS/EtOH mixture was ultrasonicated at the normal setting on a Cole-
Parmer Ultrasonicate (Illinois, USA) for 30 seconds to achieve homogenization. GCEs 3 mm in diameter were purchased from CH 
Instruments, Inc. (Texas, USA). The GCE was polished carefully using 1.0 µm then 0.05 µm alumina slurry for a mirror-like surface and 
was cleaned successively with EtOH and Millipore water.(1) The electrode surface were then dried with a 99.99% N2 stream. After 
cleaning, a 10 µL drop cast of the MOF/CNC/PEDOT:PSS/EtOH solution was deposited on the surface of the GCE. It was then dried at 
room temperature for 1 hour to form the MOF/CNC/PEDOT:PSS/GCE modified sensor. Both cyclic voltammetry (CV) and 
electrochemical impedance spectroscopy (EIS) analyses were performed using a 5 mM Fe(CN)63-/4- solution containing 150 mM KCl for 
characterization of the modified electrodes. CV was conducted with a scan rate of 100 mV s-1 and step size of 5 mV with a potential 
range of -1.0 V to 1.0 V, unless stated otherwise. A total of 5 Cycles were conducted for each experiment, and cycle 3 was reported for 
results. EIS scans were taken at the appropriate DC voltage for a constant phase element (CPE) with diffusion study and carried out at a 
frequency range from 1 Hz to 1 MHz.(2) Electrochemical detection was performed using a three-electrode system connected to a 
Gamry Interface 1010E Potentiostat (Pennsylvania, USA). The GCE was used as the working electrode, and a silver-silver chloride 
(Ag/AgCl) and platinum wire coil were utilized as the reference and counter electrodes, respectively. The platinum wire was incubated 
in a 10% nitric acid aqueous solution for 5 minutes and cleaned with Millipore water prior to testing to remove inorganic 
impurities.(3)Square-wave anodic stripping voltammetry (SWASV) curves (square wave voltammograms) were recorded in a range 
from -1.0 V to 0.5 V. All electrochemical experiments were carried out in 15 mL of a 0.1 M acetate buffer solution (pH 5) with a step 
size of 5 mV, a frequency of 25 Hz, and a pulse size of 20 mV unless stated otherwise. The Limit of detection (LOD) for each heavy metal 
ion was calculated based on a signal-to-noise ratio of 3. 
 
 
 



Results and Discussion 
Electrochemical characterization using CV and EIS 
R: CV and EIS are practical techniques that are useful in observing electrochemical behaviors of bare and modified electrodes.(4) Both 
experiments were performed in a 5 mM Fe(CN)63-/4- solution containing 150 mM KCl. The GCE, PEDOT:PSS/GCE, CNC/PEDOT:PSS/GCE, 
and MOF/CNC/PEDOT:PSS/GCE sensors were utilized for experimentation. CV and EIS experiments, displayed in Figure 1(A-B), were 
performed to assess conductivity and resistivity, respectively, of the materials during ion exchange. The resulting CV curves are 
depicted in Figure 1A, which contains reversible reduction-oxidation (REDOX) peaks (Ipa/Ipc = 1). The Ipa values were found to be 91 µA 
(GCE), 115 µA (PEDOT:PSS/GCE), 89 µA (CNC/PEDOT:PSS/GCE), and 169 µA (MOF/CNC/PEDOT:PSS/GCE). PEDOT:PSS/GCE has higher 
oxidation peak values than the GCE. A lower oxidation peak was found after the CNC/PEDOT:PSS/GCE electrode was formed. The 
MOF/CNC/PEDOT:PSS generated peak values greater than those obtained on the CNC/PEDOT:PSS/GCE, PEDOT:PSS/GCE, and GCE. It 
also had the smallest peak-to-peak separation (ΔEp) observed.  

 
Figure 1. (A) Cyclic voltammograms and (B) Nyquist diagrams of the GCE, PEDOT:PSS/GCE, CNC/PEDOT:PSS/GCE, and 
MOF/CNC/PEDOT:PSS/GCE electrodes in a Fe(CN)63-/4- solution containing 150 mM KCl. Inset: equivalent circuit model. 
 
D: The conductivity peaks present in the cyclic voltammograms increase due to improved conductivity from the PEDOT:PSS conductive 
polymer, which provides a larger electroactive surface area and sensitivity.(5) The current peaks decrease, and the ΔEp increases once 
CNC is added due to a subtraction in electroactive surface area from CNC’s conductively insulative covering.(6) This indicates a 
hindrance in electron transfer on the surface of the electrode.(7) The increased reduction and oxidation peaks of the 
MOF/CNC/PEDOT:PSS/GCE sensor indicate a cooperation between the PEDOT:PSS and MOF.(5) The sensitivity of the electrode is 
enhanced by an increase in surface area and improved conductivity.(5) The ΔEp values found were 0.59 V, 0.155 V, 0.5 V, and 0.12 V for 
GCE, PEDOT:PSS/GCE, CNC/PEDOT:PSS/GCE, and MOF/CNC/PEDOT:PSS/GCE, respectively. The disparity in ΔEp between 
MOF/CNC/PEDOT:PSS/GCE and the other modified electrodes is attributed to improved electron transfer kinetics and an increase in 
active metal reaction sites.(4) EIS was conducted to further investigate the electron transfer properties of the electrodes. 
R: EIS Nyquist plots were recorded for insight into the resistance during electron transfer exhibited at the interface between the mM 
Fe(CN)63-/4- solution containing 150 mM KCl and the surface of the electrode. The EIS curves in Figure 1B were composed of a clear 
semi-circular and linear region. The diameter of the semi-circle corresponded to the electron-transfer resistance (Rct). The plots were 
fitted with a constant phase element (CPE) with diffusion circuit. The GCE displayed a large Rct value of 2250 Ω. The PEDOT:PSS/GCE 
sensor had a noticeable decrease in the electron transfer resistance to 250 Ω. The addition of CNC caused the R ct to increase to 1300 Ω. 
The Rct value of the MOF/CNC/PEDOT:PSS sensor dropped to 100 Ω after the addition of MOF material. 
D: The changing Rct values indicate that the GCE becomes sufficiently coated by the modification materials.(5) When CNC is drop cast 
onto the surface, some surface area is blocked by insulative material and increases the resistivity of the electrode due to a decrease in 
electroactive surface area from insulative material.(4) With cooperation in the MOF/CNC/PEDOT:PSS/GCE sensor, the resistance 
decreases to the lowest value. This means there is an increase in electron transfer rate with the MOF/CNC/PEDOT:PSS/GCE sensor. This 
indicates that the materials are able to improve and accelerate the electron transfer on the surface of the electrode.(5) In particular, 
the MOF/CNC/PEDOT:PSS/GCE sensor indicates the lowest resistivity by increasing the conductivity and surface area of the GCE. These 
results are consistent with the previous CV analysis. The changes in Rct values align with the changes in ΔEp because both values deal 
with the electron transfer kinetics between the solution and the surface of the electrode.(4) 
 
Simultaneous detection  
The efficacy of the MOF/CNC/PEDOT:PSS/GCE during simultaneous detection of the target analytes was evaluated. The simultaneous 
detection of these Cd2+, Pb2+, Cu2+, Hg2+ analytes was performed with a range of -1.0 V to 0.5 V under the same conditions as the 
previous individual ion detection experiments. The results are displayed in Figure 2. 



 
Figure 2. The SWASV responses of the MOF/CNC/PEDOT:PSS/GCE sensor after adding in increasing concentrations of the target 
analytes (A) Cd2+, (B) Pb2+, (C) Cu2+, (D) Hg2+ across a range of -1.0 V to 0.5 V in an 0.1 M acetate buffer solution at pH 5. The ranges for 
each ion were 20-163.31 µg L-1, 20-163.31 µg L-1, 20-84.29 µg L-1, and 20-119.96 µg L-1, respectively.  

 
Figure 3. The linear calibration plots for each target analyte (A) Cd2+, (B) Pb2+, (C) Cu2+, (D) Hg2+ over the concentrations ranges for each 
ion: 20-163.31 µg L-1, 20-163.31 µg L-1, 20-84.29 µg L-1, and 20-119.96 µg L-1, respectively. 
 
R: The linear ranges, displayed in Figure 3(A-D), for Cd2+, Pb2+, Cu2+, and Hg2+ were 20-163.31 µg L-1, 20-163.31 µg L-1, 20-84.29 µg L-1, 
and 20-119.96 µg L-1, respectively. Using the calibration plots, the R2 values of Cd2+, Pb2+, Cu2+, and Hg2+ were 0.9104, 0.9515, 0.9343, 
and 0.9108, respectively. The linear sensitivity slopes were found to be 0.0139 for Cd2+, 0.0257 for Pb2+, 0.1581 for Cu2+, and 0.0889 for 
Hg2+ The limits of detection found for each ion were 2.5 µg L-1, 1.78 µg L-1, 0.226 µg L-1, and 0.294 µg L-1, respectively. 
D: Instability of the linearity was expected during simultaneous detection due to various factors, such as presence of the intermetallic 
interface Pb-Cu and a competitive active surface area.(8) However, the experiment still exhibits a linear range of R2 > 0.91 for each 
target analyte as well as clear separation between the anodic peaks generated by the target analytes, which are both challenging to 
accomplish.(9) This allows for simple categorizing of multiple heavy metal ions. Table 1 displays a comparison between the standard 
maximum allowed concentrations and the LODs calculated during both individual and simultaneous detection. For both method of 
determination, the GCE/CNC/PEDOT:PSS/GCE has LODs lower than the standards set. The MOF/CNC/PEDOT:PSS/GCE sensor detects 
the four target analytes at very sensitive ranges,(10) however, the selectivity of the MOF/CNC/PEDOT:PSS/GCE must be evaluated. 

 
Table 1. A comparison between the standard maximum allowed concentrations of Cd2+, Pb2+, Cu2+, and Hg2+ in drinking water and the 
LODs calculated during detection. 

Condition Cd2+ (µg L-1) Pb2+ (µg L-1) Cu2+ (µg L-1) Hg2+ (µg L-1) 

CDC/EPA 5 15 1330 2 

Individual 0.497 5.74 0.693 1.33 

Simultaneous 2.5 1.78 0.226 0.294 

     

 



Real sample analysis  
The MOF/CNC/PEDOT:PSS/GCE sensor was utilized for real sample testing. The objective was to determine trace amounts of Cd2+, Pb2+, 
Cu2+, and Hg2+ in real samples. These samples include Mahoning River water, East Palestine River water, tap water, and soil. Each real 
sample was filtered with a 0.2 µm sterile syringe filter to remove any solid contamination prior to testing. Results are displayed in Table 
2.  
 
Table 2. Results of MOF/CNC/PEDOT:PSS/GCE in different local real samples. 

Analytes 
  

Water Sample Original (µg L-1) Recovery (%) 

Cd2+ 

Tap 
Mahoning River 
East Palestine 

Soil 

ND 
ND 
ND 
ND 

73.47 
72.99 
91.40 
81.38 

Pb2+ 

Tap 
Mahoning River 
East Palestine 

Soil 

ND 
ND 
ND 
ND 

73.91 
73.76 

107.25 
102.38 

Cu2+ 

Tap 
Mahoning River 
East Palestine 

Soil 

ND 
ND 
ND 
ND 

95.53 
128.25 
122.44 
124.14 

Hg2+ 

Tap 
Mahoning River 
East Palestine 

Soil 

ND 
ND 
ND 
ND 

128.57 
84.59 
72.24 

117.89 
 
R: Before spiking the solutions, no heavy metal ions were detected in the samples. This indicated that the target analytes present in the 
solution were either too low or nonexistent. Solutions of 100µg L-1 of Cd2+, Pb2+, Cu2+, and Hg2+ were prepared using each of the real 
samples previously mentioned.  
D: The results indicate that the MOF/CNC/PEDOT:PSS/GCE is a feasible tool for the simultaneous detection of Cd2+, Pb2+, Cu2+, and Hg2+ 
in real samples.  
 
Conclusions 
In this report, a modified sensor (MOF/CNC/PEDOT:PSS/CNC/GCE) was successfully fabricated using facile methods for the detection of 
heavy metal analytes Cd2+, Pb2+, Cu2+, and Hg2+ in aqueous media. CV and EIS experiments were performed to study the electron 
transfer kinetics and sensitivity of the proposed sensor compared to separate modifications. Due to its increased surface area, 
decreased resistivity, and increased conductivity, the completed MOF/CNC/PEDOT:PSS/GCE sensor was successful in detecting the 
target analytes in both individual and simultaneous circumstances. Under optimized conditions, the prepared electrode had limits of 
detection below the standard maximum concentration limits present for drinking water. The linear ranges determined for Cd2+, Pb2+, 
Cu2+, Hg2+ were 20-163.31 µg L-1, 20-163.31 µg L-1, 20-84.29 µg L-1, and 20-119.96 µg L-1, respectively during simultaneous detection.  
Both the LODs and linear ranges are comparable with other modified electrodes fabricated using MOFs or otherwise. The practicality of 
the sensor was examined by analyzing its selectivity in the presence of other interfering ions and in real sample conditions. This heavy 
metal sensor can be prepared on site through simple mixing, drop casting, and air drying. A simple, reliable, and sensitive, 
electrochemical sensor based on the porous thiophene MOF DUT-67 is presented and recommended for environmental protection and 
human health. 
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Abstract 
This work investigates the use of 3D printing for aerospace applications by looking at the failures 
encountered by YSU’s aerospace competition teams over the last two years. The major issue the YSU’s 
aero team ran into with the parts printed by fused filament fabrication (FFF) using the light-weighted 
PLA, it was the reduced mechanical strength and rapid failure of the printed components, such as 
landing gear and the airplane wing. The poor layer adhesion in the FFF process might be related to the 
non-uniform environmental conditions (especially temperature variations) during the printing process. 
This research is proposing the usage of a Fused Deposition Modeling (FDM) Snapmaker Artisan hybrid 
manufacturing printer, equipped with and environmental chamber design to regulate the temperature 
during the printing process. Moreover, this research is proposing to use a relatively new method known 
as ironing to try and strengthen the prints in the final steps of the process. The influence of the 
environmental temperature and ironing on the mechanical behavior of 3D printed components will be 
investigated by tensile and compressive testing of printed samples. The project goal is to improve the 
mechanical properties of FDM 3D printed components for aerospace applications.  

 
Project Objectives 
The main objective was to see if ironing would improve the mechanical properties of a 3D printed 
component that could be used for aerospace purposes. Up until this point the local aerospace team has 
been having issues with part mechanical failures. Upon further inspection it could be found that the 
parts were having layer separation. The idea then is to use ironing to try and fix this issue by fusing the 
layers together and strengthen the parts. 
 
Methods  
To create the test specimens, the 3D printer, Snapmaker Artisan was used. This printer is equipped with 
a dual extruder allowing it to print two different filaments during the same print. It is also equipped with 
an enclosure to allow the prints to be unaffected by outside conditions such as temperature. After the 
printer was selected, the open source slicer program Cura was used to create the needed gcode, the file 
type that is upload directly to the printer, for the test specimens. The actual material being printed was 
the previously mentioned lightweight PLA. With this, the test specimens were able to be printed with 
the testing parameters that had been set. There were four batches made in total, two were printed at 
90 degrees and two were printed at 45 degrees. Within both 90 and 45 degrees one batch each was 
made ironed and the other was non-ironed. Once the batches were done they were then put through a 
tensile test. Once all of the specimens were tested, one was randomly selected from each batch to be 
put under a 3D microscope so that the break can be examined on both the 2D and 3D planes. 
 
 



 
Results and Discussion 
The results that came out of the project were not what was expected. The initial hypothesis was that the 
ironed specimens would perform better than the non-ironed counterparts. After examination under the 
microscope and using the data from the tensile test, it became clear that the non-ironed specimens had 
performed better in both group, 90 and 45 degrees. It was also found that the 45-degree pieces, both 
ironed and non-ironed, did better than their 90-degree counterparts. The 45-degree specimens have 
been theorized to have done better because it worked alongside the printer. When printing parts the 
user has to select a print pattern that will make up the inside of the part that isn’t seen once the printing 
is done. The most common pattern, as well as the one used is the Z-pattern. Because the parts were 
printed at 45 degrees they followed the same general direction of the Z-pattern instead of working 
against it like the 90-degree specimens did. For the theory behind the non-ironed performing better 
than ironed, it is that the ironing was not done deep enough throughout the prints. On Cura the ironed 
layers were only the last few layers, not the entire print. So the idea is that the print became weaker 
because there was no balance to the layer adhesion since one side was much stronger than the other 
whereas for the non-ironed it was evenly spread. 
 
Figures/Charts  

 
Figure 1. 3D model of dog bone specimen at 45 degrees 

 
Figure 2. 3D model of dog bone specimen at 90 degrees 



 
Figure 3. Random Samples selected for inspection under the microscope 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  3D image of a 90-degree non-ironed specimen 

Figure 2. 3D image of 45-degree non-ironed specimen 



 
Figure 6. UTS results from all the batches 
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Abstract 
As the amount of aircraft activity has continuously grown over the last several decades, the number of collisions 
with avian wildlife has also been continuously increasing [1]. This critical safety concern is the highest for aircraft 
flying at lower altitudes, such as during takeoff and landing, as this is the altitude that birds tend to occupy the most. 
In the past, the technology required to effectively predict, warn, and avoid these collisions has not been feasible. 
Thanks to the recent developments in artificial intelligence and machine learning, it is becoming much more feasible 
to accurately predict the locations of birds. By taking advantage of these technologies, we can king advantage of 
these technologies, we can check for potential collisions with aircraft, and calculate the optimal delay to takeoff or 
optimal flight path to prevent collisions with birds. 
 
Project Objectives 
For this project, we are working to develop optimization-based strategic and tactical deconfliction algorithms to 
prevent collisions between aircraft and birds, based on flight track forecasts of birds and aircraft. This project has 3 
distinct components: (1) strategic deconfliction of conflicts during takeoff through the addition of a minimized delay, 
(2) tactical deconfliction though mathematically optimized flight path adjustments to prevent collisions once in the 
air, and (3) the bird prediction algorithm. Ultimately, all three of these algorithms will be fully integrated into a single 
program system. The bird prediction algorithm exists from a previous project, but we also will be working to improve 
the effectiveness and precision of this algorithm throughout this project. The algorithms we are developing are 
anticipated to improve flight safety by ensuring collision-free aircraft operations. 
 
Methods  
The basis of the strategic optimization algorithm came from the one designed for multiple aircraft in [2], being 
adapted to handle birds rather than aircraft. First, we formulated the strategic optimization algorithm, with the 
objective function of minimizing delay. We then added a constraint stating that for all points in time during the 
protected flight time of the aircraft, the bird must stay a given distance away from the aircraft. Additionally, the 
maximum delay, represented by 𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚,can be found using: 
 

𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚 =  H –  P                                                   
                            

Where H is the bird prediction horizon, and P represents the protected flight time. 
When attempting to implement this algorithm into Pyomo, a versatile mathematical optimization library for Python, 
numerous issues were encountered. The largest of these was the inability of Pyomo to support how our decision 
variable (delay) was inherently shifting the indices of our parameter data, the protected flight time and the bird 
movement prediction data. While converting the constraints to be in terms of delay and time rather than distance 
would generally be a better approach, for our specific problem it will be faster to find the optimal solution using a 
direct search, every single time. A few things that make this possible are that: 1) there is only one decision variable, 
2) the decision variable is directly proportional to the objective function, 3) converting the variables would require 
first testing every single possible pair of points at all delays to create time-based constraints. Instead, we can start 
our direct search at a delay of 0, then whenever a pair of points is found where the bird will be too close to the 
aircraft at a given delay, we can immediately skip to searching the next value of delay.  
The Strategic Deconfliction Algorithm was developed using the C programming language for high-speed calculations 
and data processing. Data of the planned flight path of the plane and predicted flight paths of the birds was loaded 



in from CSV files, linearly interpolated down to 0.1 second time steps (from 1 second time steps), then searched as 
described above and shown in Figure 1.  
 
Results and Discussion 
The strategic deconfliction algorithm was vigorously tested for efficiency and runtime characteristics across a wide 
range of parameters. A realistic example deconfliction is shown in Figure 2, but many other tests were run with a 
bird sitting at a point in the plane’s flight path, and additional birds would sit a significant distance away from the 
flight path to not violate a distance constraint, but to add additional calculations into the runtime. This setup would 
only find infeasible solutions, which will always take longer to solve than finding feasible solutions. Overall, the 
strategic deconfliction algorithm proved to be highly efficient, always completing the searches in well under a 
second, as shown in Figure 3.  
While work was also done on the tactical deconfliction, this is a much more mathematically complex operation, 
involving making live adjustments to the aircraft’s flight path to avoid a collision. Another major difficulty we 
encountered with tactical deconfliction is the required understanding of commercial aviation practices around 
airports. As such there is still additional work to do to finish a working tactical deconfliction algorithm.  
Overall, this work certainly shows that it is feasible to safely share the skies between birds and aircraft in the 
foreseeable future, allowing for much saver aviation travel.  
 
Figures/Charts 

 
Figure 1: Flow chart of strategic deconfliction search algorithm 

 
Figure 2: Positions during conflicted time period 

 

(a) t=10 (b) t=11 (c) t=12 

 



 

 
Figure 3: Average total runtime vs point of collision in the plane’s flight path 
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Abstract 
Gliders have traditionally relied on aerodynamic surfaces and control mechanisms for maneuvering in the air. 
However, recent advancements in aerospace engineering have opened up new possibilities for alternative control 
methods. This paper explores the concept of using gravitational forces to control the flight of gliders. By 
manipulating the distribution of mass within the glider and/or adjusting the orientation of the glider relative to the 
gravitational field, it may be possible to achieve precise control over its trajectory. 
 
Project Objectives 
The aim of this research is to explore the feasibility and potential advantages of controlling gliders using 
gravitational forces as the primary method of flight control. Specifically, the study aims to: 

1. Investigate the theoretical principles underlying gravitational control of gliders and develop a conceptual 
framework for implementing such control systems. 

2. Design and construct a prototype glider equipped with gravitational control mechanisms, including 
methods for altering mass distribution and adjusting orientation relative to the gravitational field. 

3. Conduct experimental tests to assess the performance of the gravitational control system in achieving 
various flight maneuvers, such as turns, climbs, and descents. 

4. Compare the efficiency, maneuverability, and stability of the gravitational control system with traditional 
aerodynamic control methods used in gliders. 

5. Explore potential applications and advantages of gravitational control systems for gliders in civilian and 
military contexts, including enhanced maneuverability, energy efficiency, and adaptability to diverse 
environmental conditions. 

 
Methods 
Theoretical analysis: 
Is conducted to establish the principles underlying gravitational control of gliders. This includes discussions on the 
effects of altering the center of mass, redistributing mass within the glider, and utilizing gravitational torque to 
influence the glider’s orientation. Mathematical models are developed to describe the dynamics of  control 
systems and predict their behavior under various conditions. 
Design Considerations: 
The design of a glider capable of gravitational control presents unique challenges compared to conventional 
gliders. Special attention must be given to the placement of mass within the glider, as well as the mechanisms for 
adjusting this mass distribution during flight. Additionally, control surfaces and actuators must be designed to 
facilitate precise manipulation of the glider’s orientation in response to gravitational forces. 
Experimental Validation: 
Experimental testing is conducted to evaluate the feasibility and effectiveness of gravitational control for gliders. A 
prototype glider equipped with gravitational control systems is subjected to a series of flight tests under different 
conditions. Performance metrics such as maneuverability, stability, and energy efficiency are measured and 
compared to traditional aerodynamic control systems. 
Potential Applications: 
Gravitational control systems for gliders could have numerous potential applications in both civilian and military 
contexts. In civilian aviation, they could enable more efficient and environmentally friendly gliders for recreational 
and transportation purposes. In the military, they could provide enhanced maneuverability and stealth capabilities 
for reconnaissance and surveillance missions. 
 



Results and Discussion 
 The results of this research demonstrate the feasibility and potential advantages of using gravitational control for 
gliders. While further research and development are needed to optimize design and implementation, gravitational 
control systems show promise as a novel approach to aerial maneuvering. This paper contributes to the ongoing 
exploration of alternative control methods in aerospace engineering and highlights the potential for innovation in 
glider technology. 
 
Figures/Charts  
 

In the picture, we see a glider soaring through the sky. If we are able to disassemble the remote glider to make it a 
gravitational glider this research project would be successful. Unlike traditional gliders that rely solely on 
aerodynamic surfaces for control, this glider is being controlled gravitationally. This means that the glider’s 
trajectory and maneuvers are primarily influenced by the manipulation of its mass distribution and orientation 
relative to the gravitational field. One notable feature of the glider is the presence of mechanisms or devices 
designed to alter its mass distribution during flight. These mechanisms may include movable weights or shifting 
payloads strategically placed within the glider to facilitate gravitational control. By adjusting the distribution of 
mass, the glider can effectively manipulate its center of gravity, allowing it to turn, climb, or descend in response 
to gravitational forces. Additionally, the glider may feature specialized control surfaces or actuators that enable 
precise adjustments to its orientation relative to the gravitational field. These control surfaces work in tandem 
with the gravitational forces acting on the glider to facilitate smooth and coordinated maneuvers. Overall, the 
picture illustrates the innovative concept of controlling a glider using gravitational forces, showcasing a potential 
alternative to traditional aerodynamic control methods. 
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Abstract 
Ohio has many gorges that are believed to have been formed due to ice age processes, however, the 
exact method of their formation remains a mystery. This project collected data at 1 km intervals down 
the Little Miami and Great Miami streams to determine gorge locations. A map of these was then 
overlayed with various geologic maps by use of ArcGIS Pro to allow for geospatial analysis. The Little 
Miami was shown to have formed first and under more catastrophic conditions.  
 
Project Objectives 
This project sought to provide new data to the mystery surrounding the formation of gorges in 
southwest Ohio by analyzing the differences of two geographically similar streams. The Great Miami and 
the Little Miami, seen in figure 1, as well as their relationship to the last glacial maximum that occurred 
during the Wisconsinan ice age, the extent of which can be seen in figure 2.  
 
Methods  
The majority of work was done in Google Earth, where data was collected from cross sectional elevation 
profiles of the streams every 1 km. This data was then put into excel and used to create detailed 
elevation profiles for the two streams. Overlays of the two streams and points of interest, defined as any 
point with a depth of greater than or equal to 15m, were created in Google Earth and then imported 
into ArcGIS Pro. In ArcGIS Pro geospatial datasets of bedrock geology, karst geology, quaternary geology, 
and drift thickness, were stacked with the Google Earth files allowing geospatial analysis of the streams 
and points of interest.  
 
Results and Discussion 
There were several key differences between the two streams that hinted at the difference in their 
formation. First of all the points of interest on the Great Miami were predominately one sided banks and 
often with bridges nearby suggesting mankind’s influence. This contrasted with the Little Miami whose 
biggest section of points of interest was the gorge by Clifton and Yellow Springs Ohio.  
The second difference between the two streams was that the elevation profiles showed the Little Miami 
cutting into bedrock to an impressive extent where the points of interest were located, while there was 
no cutting into bedrock seen on the Great Miami profile. These profiles are shown in figures 3 and 4.  
Another important difference between the two was the timing of their formation. This was estimated 
relatively based on analysis of the Quaternary geology map shown in figure 5. This map shows that both 
streams originate between the Miami and Scioto lobes of the Wisconsinan glaciation but the Great 
Miami was formed later on in the melting process when the ice was a lot further north, while the Little 
Miami was formed early on in the glaciation retreat.  
The fourth and final difference was seen in the drift thickness map which showed the Great Miami 
following the old channel of the Teays River System while the Little Miami cut directly across a big 
branch in the system. This can be seen in figure 6 



All of these difference lead to the conclusion that the Little Miami was formed first in a rapid 
catastrophic manner, likely due to some sort of buildup of meltwater being released, while the Great 
Miami was formed later on by a more subdued meltwater flow.  
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Abstract 
Following the characteriza�on of differen�al protein expression in the BRIC-20 spaceflight experiment 
aboard the Interna�onal Space Sta�on, Arabidopsis H+ ATPase 2 (AHA2) proteins were found to be 
differen�ally phosphorylated in microgravity compared to ground controls, thus changing their ac�vity. 
This project inves�gates the molecular mechanisms of plant gravitropism signal transduc�on by 
researching the importance of AHA2 protein phosphoryla�on in Arabidopsis. Thus far, 
Arabidopsis aha2 mutants lacking the func�onal AHA2 gene have been iden�fied and six AHA2 DNA 
constructs were developed that biomimic phosphoryla�on or prevent phosphoryla�on, causing the 
protein to stay constantly ac�ve or inac�ve. These DNA constructs are being transformed into the 
mutant background of Arabidopsis lacking the AHA2 gene. Once the altered DNA is inserted into the 
mutants, the transformant’s gravity response can be observed. These experiments will show if the 
phosphoryla�on of the AHA2 protein is involved in a plant’s response to gravity, which will further our 
knowledge of plant molecular mechanisms and put us another step forward in developing 
bioregenera�ve life support and provide food, oxygen, and fuel on spaceflights and habita�on. 
 
Project Objec�ves 
A plant’s survival is largely impacted by its ability to sense and respond to gravity. Without this 
gravitropic response, it would not know to bend its shoots upwards to collect sunlight, put its roots in 
the ground to harvest water and nutrients, or reorient itself if knocked over by wind or precipita�on. 
Typically, gravitropism is broken into gravity sensing, signal transduc�on, auxin movement, and 
differen�al growth response. Although there are many proteins known to be involved in the signal 
transduc�on pathway, it is not completely understood. By studying the genes that affect the gravity 
signaling of plants, we can engineer plants for life support during space flight and habita�on. 
Following the characteriza�on of differen�al protein expression in the BRIC-20 spaceflight experiment 
aboard the Interna�onal Space Sta�on, Arabidopsis H+ ATPase 2 (AHA2) proteins in Arabidopsis 
thaliana were found to be differen�ally phosphorylated in microgravity compared to ground controls1. 
AHA2 is suspected to be involved in between auxin and acid growth in the signaling pathway1, which 
diminishes auxin’s ability to alter proton movement and thus the cell contrac�on and elonga�on 
necessary for gravity response. It is hypothesized that AHA2 protein phosphoryla�on is the link between 
auxin and differen�al growth in the gravity signaling pathway. Also, cons�tu�ve phosphoryla�on 
(ac�va�on) of AHA2 will increase the rate of the differen�al growth, whereas preven�on of 
phosphoryla�on (deac�va�on) will decrease the rate of differen�al growth.  
Seven transgenic Arabidopsis lines are in the process of being developed with altered phosphoryla�on 
(ac�va�on) sites. The role of AHA2 phosphoryla�on in gravitropism can be determined by phenotyping 
the transformants for altered gravity response. 
 
Methodology  
Confirmation of Homozygous Knockout Arabidopsis Lines: For the first step in this project, an Arabidopsis 
homozygous aha2 knockout line was iden�fied, meaning it lacks both AHA2 genes. Several mutagenized 



plant lines from the Arabidopsis Biological Resource Center were tested via polymerase chain reac�on 
(PCR) of DNA extrac�ons and gel electrophoresis. 
Phenotypic Analysis of aha2 Knockouts: For the root curvature experiments, seedlings were grown 
ver�cally on a plate for 7 days, reoriented to a 135-degree angle, and the root’s curvature was measured 
over �me.  
Development of Transgenic Arabidopsis Lines: A Site-Directed Mutagenesis Kit from Agilent was used for 
crea�ng the phosphoryla�on site muta�ons. Three gene constructs were created with the amino acid 
threonine (T) changed to alanine (A) to prevent phosphoryla�on, leading to three modified AHA2 
proteins (T942A, T947A, and T942-947A). Likewise, genes were developed where each of these sites 
cons�tu�vely mimic phosphoryla�on where the amino acid T is changed to aspar�c acid (D) crea�ng 
three more lines (T942D, T947D, and T942-947D). Finally, a seventh construct of the original AHA2 gene 
was developed to transform the mutant and ensure the WT phenotype is recovered. To insert them into 
Arabidopsis, they are ligated into a plasmid and transformed into E. coli for mul�plica�on of the 
construct. The plasmid is then isolated and transformed into Agrobacterium tumefaciens. These gene 
constructs are finally inserted into the genome of the mutant Arabidopsis lacking the 
func�onal AHA2 gene via Agrobacterium-mediated transforma�on, which will ensure that only the 
mutant genes are expressed and not the original gene. 
 
Results 
The aha2 knockout plants lacking func�onal AHA2 genes were phenotyped for an altered gravity 
response. aha2 knockout seedling roots were found to curve more than wild type when reoriented. This 
indicates that AHA2 is necessary for a normal gravity response. 
Thus far, six of the gene constructs have been created for their eventual inser�on into Arabidopsis. Three 
AHA2 gene constructs with altered phosphoryla�on sites have been transformed into Agrobacterium 
and have infected the Arabidopsis aha2 knockouts, and two lines are confirmed to be transformants. The 
rest of the constructs are in various stages of development and inser�on into Agrobacterium. 
 
Conclusion 
From the data obtained on the aha2 knockout mutants showing an increased gravity response and the 
study done by Kruse, et al. (2020) where AHA2 had differen�al phosphoryla�on in microgravity, it can be 
inferred that the AHA2 protein likely plays a role in Arabidopsis gravity response. However, to determine 
the specific role of AHA2 phosphoryla�on, the transformants described in this paper need to be 
characterized. Determining the role of more proteins involved in gravity signaling in plants will allow us 
to develop plants that will thrive in space, allowing us to have both agriculture and bioregenera�ve life 
support on long-term manned missions and habita�on of other planets. 
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Abstract 
Currently, economic policies are urging manufacturers specifically in transportation to make more 
lightweight structures to reduce CO2 and fuel consumption I’m not sure if you guys are aware but PMCs 
are implemented in several aerospace companies such as Boeing airbus Lockheed Martin, and many 
more also a few automotive companies like Bugatti for the main material for their body of their cars 
today due to their lightweight and high strength properties in result reduces the overall weight of the 
structures improving fuel efficiency and reducing emission while enhancing performance in the design of 
the structures. A polymer matrix composite is a Composite material consisting of a polymer matrix 
reinforced with fibers. These materials offer superior strength-to-weight ratios, stiffness, corrosion, and 
fatigue resistance, compared to traditional materials like steel and aluminum, making them suitable for 
a wide range of applications across different industries such as aerospace marine automotive, and many 
more. 
 
However, the downsides are higher material cost recycling difficulties and performance under extreme    
weather. 

 
Objective 
The objective of this research which was to create a polymer matrix composite bonded to metal the way 
me and my advisor went about achieving this goal was by embedding various geometrical shaped 
aluminum 6061 metals into a PMC that consisted of carbon fiber using the vacuum assisted resin infusion 
molding method after the PMC is successfully cured through the VARIM process those specimens will be 
tested on the Instron all- purpose tensile tester and the obtained results will be used to calculate the shear 
strength and the calculated shear strength values will be used to do the Weibull analysis. Weibull analysis 
is a tool used by engineers and researchers to assess reliability, predict failures, and make informed 
decisions about product design, maintenance schedules, and system improvements. 
 
Methods 
The technical approach that was utilized in creating the PMC bonded to metal. The first thing that had to 
be done was to create the metal specimens with the table shear press or vertical band saw to achieve 
either the arrowhead, serrated or flat specimen shapes. Then we went to the bagging process which I 
consider one of the most significant step because this step has a huge impact on the success of making 
your PMC bonded to metal so the bagging process consist of layering with your chosen fabrics in a specific 
order we chose to use release film, peel ply carbon fiber and a breather with ofc our metal specimens. the 
final picture the stages of the PMC bonded to metal included being completely bagged, getting infused 
with the epoxy resin and hardener mixture; which consisted of 100 parts of resin to 27 parts of hardener 
and, the PMC bonded to metal completely infused fresh out the bagging film during this process the 
pressure maintained was 846 millibar which is approximately 25 inches of mercury 
The Instron all-purpose tensile tester was used to do shear testing on each specimen so the way this 
machine works in terms of collecting the data is During the testing the tensile tester collects data on the 
force applied and the resulting movement or displacement of the bonded components in this case the 
aluminum specimens and the carbon fiber. The data collected is then used to calculate the shear strength 
and understand the behavior of the bond under shear stress. As the testing happens, a graph is produced. 



 
 

The graph displays the collected data to determine the shear strength of the bond between the PMC and 
the metal. It provides insights into the bond's shear behavior, failure mode, and overall performance 
under shear stress conditions The importance of doing this testing in terms of the research is because in 
electric vehicles, where weight reduction, safety, and overall efficiency are key, high shear strength in 
bonding materials is essential and this testing helps us get insight on those key components. After the 
shear testing, the shear strength formula, which consists of the max force applied on the carbon fiber 
specimen before it breaks divided by the specimen's area, was used on the results. 
 
Results and Discussions 
After calculating the shear stress for each specimen, the averages were taken and the average shear 
strength of each set of PMCS bonded to metal highlighted the serrated specimens value having a stark 
difference compared to the arrowhead and flathead specimens. Therefor it was determined the serrated 
values would be the best choice to use for the Weibull analysis in addition to what was previously stated 
the Weibull distribution can also be used to model extreme values for shear/tensile testing and the two 
parameters Weibull distribution is a popular form of statistical analysis that is used in analyzing life data, 
times of model failure, and for accessing product reliability. 

The purpose of conducting the Weibull analysis on these PMC bonded to metal, was to gain a deeper 
understanding of the bond strength characteristics, which results in enabling better design decisions, 
improving product quality, and enhancing reliability in various industrial applications but my research is 
tailored to lighter structures specifically electric vehicles so with my shape parameter or my β being 6.1 it 
indicates an increasing failure rate over time. This might suggest that failures are more likely to take 
place as the component ages. on the other hand for the scale parameters, a larger scale parameter also 
known as your alpha value usually indicates a longer average lifetime which is moderately good for my 
case due to my value being 46 However determining if the alpha is in a good range varies depending on 
the specific component or the system being analyzed In other words, a high value of the shape 
parameter (beta) is not a problem, as long as the corresponding value of the scale parameter (often 
denoted as eta) is high enough to allow the product to achieve an acceptable overall reliability. 
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Abstract 
As the use and application of Internet of Things (IoT) expands, the search for reliable and efficient communications 
between devices in order to provide real-time data to end users continues. Given its open-source and low-cost 
nature, LoRa, a popular wide-area network, is a favorable choice for providing network coverage to IoT devices. 
This research paper provides an analysis of the performance of two distinct LoRa boards with different types of 
antennas. The first board, the RFM9X, is paired with a small and inexpensive spring antenna, which has been 
directly soldered to the board, while the second board, the RP2040, utilizes a pigtail antenna with an SMA IPEX 
connector. In addition, a Raspberry Pi 3 is used to receive data packets from the RFM9X and the RP2040 and 
responds by sending a confirmation packet back to the RFM9x and the RP2040. It was hypothesized that the pigtail 
antenna, paired with the RP2040, would outperform the RFM9X with the spring antenna. However, the conclusion 
showed the opposite through a series of experiments conducted around the Baldwin Wallace University campus. 
The experiments reveal that in most cases, the RFM9X with a spring antenna yielded higher signal strength, 
measured in RSSI (received signal strength indicator). This research aims to empower IoT enthusiasts, 
practitioners, and engineers to make informed decisions about the hardware they utilize, thereby enhancing the 
overall performance and reliability of LoRa-enabled devices in diverse environments. 
 
Project Objectives 
LoRa has been increasingly used as a means of providing connectivity to Internet of Things (IoT) devices all over the 
world. LoRa, or long-range low-power, belongs to a classification of networks called Low-Power Wide-Area 
Networks, also known as LPWANS. Unlike other LPWANS, LoRa is gaining popularity due to its open-source, low-
cost nature. Since LoRa is open source, the user has the ability to configure and customize the network settings 
that influence the network performance, data transmission rate, and signal spread. These settings must be 
considered in distance and interference testing as they could sway the data, measured in RSSI or Received Signal 
Strength Indication. Reflected in the methodology, LoRa was pushed to its limit, walking across distances far 
beyond the reach of Wi-Fi, testing indoors and outdoors, and taking note of possible interferences. This paper 
relays the results of the performance tests, providing a clear answer as to which LoRa setup is more optimal. In this 
case, the aim was to utilize LoRa to receive real-time data from air quality sensors stationed around the city of 
Cleveland, Ohio. Given that the sensors exist in an urban environment, it’s important that the methodology 
reflected how LoRa would be deployed in a city, which is why the tests were conducted across campus where 
there were buildings, trees, parking lots, walls, and other obstacles that may impact direct line of sight. 
 
Methods  
A number of tests were performed to evaluate the capabilities of both the spring antenna and the pigtail antenna. 
The equipment used was a Raspberry Pi 3 with an Adafruit radio bonnet with an OLED display, a simple spring 
antenna soldered onto the RFM9X board, and a pigtail antenna with an SMA to IPEX connector used with the 
RP2040 board. The Pi and RP2040 used CircuitPython code while the RFM9x used C code. Both boards were 
powered through laptops using a USB connector. The process works by having the boards send out a packet. The Pi 
is constantly listening for a packet, and once it receives one, it sends back a confirmation packet. After sending out 
the initial packet, the boards are now listening for the confirmation packet. Once it is received, they print out the 
RSSI value to the console. It was hypothesized that the pigtail antenna and RP2040 pair would perform better than 
the simple spring antenna and RFM9X pair. The first test was done in the test site one. This test was carried out 
outdoors and within a certain range, focusing on the combination of polarity and distance. The test started off at 
1m, doubling the distance each time until 128m was reached. To test the polarity, the antennas were first pointed 
straight up and then immediately after pointed the antenna directly at the pi. At each location, the mode value 



was taken. The first distance test that were performed was at test site two. The focus of this test was to determine 
how distance affected the RSSI value and the maximum range. This site was chosen because it is a fairly long and 
straight street, which would help lessen possible interference, such as buildings, while still allowing distance to be 
tested. Unlike the systematic testing done in the first test, no set distances were used. Instead, land markers were 
used at 100m and 310m. The last marker was different for each antenna because they both dropped the signal 
before reaching the planned land marker. The RFM9X and spring pair at 520m, and the RP2040 and pigtail pair at 
550m. Another outdoor test performed was at test site three. Just like test site two, this test concentrated on 
performance over a range of distances. There were two reasons why this was decided on a second distance test. 
One is to confirm the validity of the second test results. Second, to test a more ‘open-air’ environment. While it 
was stated that site two was straight which helped avoid interference, it did have a lot of trees and foliage. Site 
three had less foliage, so it could better test with less interference. This test had 4 land markers at distances of 
140m, 260m, 400m, and 530m. At the 530m marker, one of the antennas dropped the signal while the other 
antenna lasted until 720m. 
 
Results and Discussion 
After completing the three tests with each board and set of antennas, it was found that the hypothesis was 
incorrect, and the RFM9X board with the spring antenna outperformed the RP2040 board and pigtail antenna in 
every test. The results of the first (Figure 1) test demonstrated that while the difference between the RSSI values 
was not drastic, the vertical positioning outperformed the horizontal positioning every time, as indicated by the 
corresponding lines in Figure 1. Although the vertical positioning yielded better results every time for the 
respective board and antenna pairs, even the RP2040 and pigtail antenna, when positioned vertically, was worse 
than the RFM9X and spring antenna when positioned horizontally at the majority of distances. Along with this, it 
further demonstrated the opposite of the proposed hypothesis, as the RFM9X with the spring antenna 
outperformed the RP2040 with the pigtail antenna at every distance tested. The results of the second test (Figure 
2) yielded similar results, further rejecting the proposed hypothesis, as the RFM9X and spring antenna pair kept a 
better RSSI value for almost all distances, with the exception of one data point at 310 meters away from the 
receiver. Interestingly, although the RFM9X and spring antenna outperformed for the majority of the test, the 
signal dropped completely at a distance of 520 meters. On the other hand, RP2040 and the pigtail pair held the 
signal for a total distance of 550 meters. Lastly, the third test (Figure 3) further facilitates the negation of the 
proposed hypothesis as here, the RFM9X remains steadily above the RP2040 and even lasts a significantly larger 
distance. This increase in the length of distance contradicts the previous test (Figure 2), where the RP2040 and 
pigtail antenna pair exceeded the distance of the RFM9X and spring antenna pair. However, in this test, the latter 
lasted a total of 720m, 200m more than the previous test and 70m more than the total distance the RP2040 pigtail 
pair had in the same test, which dropped at 530m in this test (20m short of how it performed in the previous test). 
The above results strongly suggest that the proposed hypothesis is invalid and that the RFM9X spring pair is a 
better option for LoRa than the RP2040 pigtail pair. It was discovered during the experiments that the pigtail 
antenna that was used with the RP2040 board was utilizing a connector that was not meant for outdoor use. This 
specific connector’s sole purpose was to attach to the board and the antenna in an enclosed space, as it was not 
meant to undergo the physical stress that it went through during these tests. If this connector was utilized 
correctly within such an enclosed space, it is likely that the RP2040 board and pigtail antenna could have 
outperformed against the RM9X and spring antenna; however, this specific test was attempting to find the ideal 
board and antenna pair when used alone, and thus the results are valid for this specific question. Moving forward 
it will be useful to test how each board and antenna pair do within an appropriate enclosure. Additional tests can 
also be utilized to see how each board and antenna pair performs with different objects of interference. Whether 
these interferences are different types of materials or signals, it would be useful to see if different pairs perform 
better against different means of interference. Along with accounting for different means of interference, it would 
be useful to see how different settings and configurations of these boards and antennas would affect their 
performance. This paper addressed vertical and horizontal orientations of the antennae, but more changes can be 
made to how they are set up and placed in an environment that can help find the best procedure for a given 
deployment. Lastly, these two combinations of boards and antennae are not the only options for utilizing LoRa, 
and more research can be conducted to better understand other boards and antennae that may present better 
alternatives. 
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Abstract 
As manned space exploration missions extend to unprecedented distances, managing astronauts' health 
becomes of paramount importance. Studies show that extended times of space travel reduce mental 
capabilities and increase stress levels, particularly in multitasking scenarios. To address this challenge, 
this paper introduces the Personalized Proactive Assistant for xEMU (PPAxEMU), an innovative artificial 
intelligence (AI) system designed to reduce stress during space missions involving task switching. 
PPAxEMU employs personalized machine learning to adapt directly to each astronaut. By leveraging 
collected contextual data, PPAxEMU can proactively assist astronauts in completing tasks. This paper 
outlines the development of PPAxEMU as well as a simulation environment for future use in proving its 
effectiveness. The proposed solution not only addresses the immediate concerns of space exploration 
but also showcases the adaptability of proactive AI systems in enhancing human performance and well-
being across diverse domains. 
 
Project Objectives 
Over the past few decades, space travel technology has improved significantly. Humans can travel safer 
and farther than they ever have been able to before. As humans prepare to re-enter space and 
unimaginably long distances, it is important to consider astronauts’ mental health as much as their 
physical health. During extended periods of time in space, studies have found that astronauts’ mental 
performance decreases, and their stress levels increase [1] [2]. Moreover, during these space missions, it 
is very likely that astronauts are either 1) given multiple tasks to handle at the same time or 2) 
interrupted during their tasks. Studies unrelated to space travel have shown that individuals who are 
multitasking or have their tasks interrupted have increased stress levels and decreased output [3] [4]. 
This paper presents a potential solution for reducing stress during space missions that involve switching 
between tasks. The Personalized Proactive Assistant for xEMU (PPAxEMU) creates a personalized 
artificial intelligence (AI) assistant for use in NASA’s Exploration Extravehicular Mobility Unit (xEMU). 
This AI assistant proactively assists astronauts with tasks during space missions. 
 
Background 
Previously, the Dr. Jong-Hoon Kim’s Advanced Telerobotics Research (ATR) Laboratory (supporting this 
project) developed the Personalized Proactive Home Robotics (PPHR) System [5]. This system empowers 
home assistant robots to act proactively by training individual personalized machine learning models for 
each member of the household. These small models predict each user’s desires based on current 
conditions in the home. The home assistant robot then acts in one of three states (Passive, Active, or 
Proactive) based on the confidence of the prediction. 
 
Methods  
By leveraging the methods of the PPHR System described in [5], the PPAxEMU assistant gathers 
contextual data from the individual astronaut and the environment. With this data, the system learns 
combinations of environmental and biometric signifiers to perform different actions to assist the 



astronaut. PPAxEMU could be integrated with other systems to gather more detailed information, and 
perform more mission-specific tasks. The system actively learns over time based on the astronaut’s 
actions. 
In order to test the application of PPHR methods with the PPAxEMU system, a simulation environment 
was created. This virtual reality environment has customizable and repeatable scenarios where a user 
controls multiple Rovers to complete tasks in a moon-like environment. The user is given five minutes to 
score as many points as possible by completing tasks. Unexpected events can occur, impeding the user. 
Some of the possible events include: 

1. A Rover breaks down due to a malfunction 
2. A space object crashes into a rover 
3. An object blocks a rovers path 
4. A rover mistakenly goes off course 

During the scenario, PPAxEMU collects data from the environment, the user, and the rovers. The 
assistant can perform tasks to assist the user, including repairing a rover, returning a rover to its course, 
sending a rover back to its home location, and clearing an obstacle. The assistant begins in an active 
state and progressively becomes more proactive as it learns about the user. 
 
Results and Discussion 
The Personalized Proactive Assistant for xEMU addresses the problem of reduced performance and 
increased stress in multitasking scenarios. Currently, the development of the PPAxEMU assistant and the 
simulation environment is complete. The ATR Lab plans to continue this project by leveraging the 
simulation environment to perform a study with active participants. This study will prove the 
effectiveness of PPAxEMU at reducing stress levels in a multitasking environment. 
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Abstract 
Artificial Intelligence (AI) is becoming a huge part in the modern technological world. Many search 
engines and even mobile applications are now incorporating AI assistants into their platforms. The 
underlying issue behind that is, can humans and AI’s efficiently trust each other and work together. This 
study aimed to create a virtual environment where that could be tested. Unreal Engine 5 (UE5) was the 
platform used to develop the environment for the study to take place, and although UE5 has a lot of 
their own AI capabilities, our purpose was largely completed using our own methods. We were able to 
successfully integrate a Fuzzy AI, an AI which does not think binarily, into UE5 using Python, C++, and 
UE5’s own features. The purpose of this AI was to act as a guide for a human player navigating a maze 
and avoiding an adversary. 
 
Project Objectives 
Objectives of this project were mainly focused on the integration and development of the AI and the 
environment, opposed to the actual study of teamwork (that study was completed by a peer’s research 
project which will contribute to his graduate degree thesis). The objectives for this project were: to learn 
about the world of AI (specifically Fuzzy AI), apply a fuzzy AI into a digit twin environment, have the 
fuzzy AI react and take action to evade an enemy or obstacle, program the fuzzy AI into a virtual reality 
assistant to aid a human player into evading the adversary, and then to create a foundation of 
knowledge in AI so that I can dive into the deeper projects that Professor Kelly Cohen has ongoing.  
 
Methods  
Unreal Engine 5 was chosen suitable for our purposes after taking inspiration from a similar simulation 
that our lab had already created. Unreal Engine 5 has powerful tools to help backend development 
which allowed us to utilize our python and C++ knowledge to workaround some of the basic UE5 tools. 
The platform also has a powerful Blueprint and Blackboard system to create AI’s of their own (Figure 1 
shows a breakdown of our plan).  
Utilizing the blueprints established in UE5 allowed us to leverage our coding capabilities and create 
custom blueprints in the platform. Using these custom blueprints we were able to create a basic fuzzy AI 
system in C++ and then integrate it into the platform. After this was done, the AI sensing components 
(Figure 2) in UE5 were partnered with our custom AI function and tested to see whether an AI could 
react to a sight and hearing stimulus. These preliminary tests were successful which allowed us to 
transition to the training section of the project.  
Due to system capabilities within UE5, a separate game with the same purpose had to be created to test 
our AI in. This was done using PyGame within Python and developing a hide-and-seek maze, which was 
the plan for the final project in UE5. The purpose for this was that the training required a genetic 
algorithm, and that genetic algorithm acts like human genes and will continually learn and evolve over 
the course of a training, which would allow it to react the same no matter the layout of the map. These 
trainings are just simulations ran over and over again, in our case 10000 iterations was ran over the 
course of a weekend. In this period the AI was able to learn how to avoid adversaries and dead ends by 



itself due to the genetic algorithm teaching itself how to play the game. At its best run, the AI was able 
to survive for 2 minutes long, which was the maximum amount of time we set the run time at.  
Once testing was finished, the finished algorithm was implemented back into UE5 and the final map and 
some minor tweaks needed to be made to the final AI. Those included a delay, which allowed the AI to 
react to sensing stimuli more efficiently, as well as adding animations to make the AI look less clunky. 
The project then at this point, was passed onto our peers for further analysis.  
 
Results and Discussion 
Almost all of our project objectives were completed. We were able to implement a fuzzy AI into UE5, 
which was seemingly a new topic, and were able to gather a greater knowledge of AI along the way. Due 
to timing, the AI was never fully turned into a virtual assistant for a VR version of the game but studies 
were still ran to show how an AI and human would team together using our model we created. By using 
a combination of different platforms the goal was achieved. A similar concept could have be done by 
just utilizing the methods that UE5 had, but it would not have been a true fuzzy AI, since there would be 
no genetic algorithm or training involved. By using the custom blueprint and then importing a fuzzy 
system through that, is the most efficient way to import an external AI like that into UE5.  
 
Figures/Charts 

 
Figure 1. AI Project Workflow 

 

 
Figure 2. AI Sensing Capabilities 
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Abstract 
The impact of various airfoils on the effec�veness and efficiency of an aircra� wing can be significant. 
Airfoils play an important role in determining the aerodynamic characteris�cs of an airplane. By altering 
the shape and design of the airfoil, the li� and drag forces ac�ng on the wing can be altered, which 
ul�mately influences the overall performance of the aircra�. Every aircra� has a different airfoil with 
dis�nct proper�es that affect the performance of the wing for different condi�ons in flight. Some airfoils 
are designed for easier maneuvering while others are designed simply for high speed flying. The airfoil 
selec�on process depends on several factors, including the weight, size and purpose of the aircra�. The 
experiment designed will test three separate airfoils in DesignFOIL, to analyze which one provides the 
most effec�ve performance based on the li� versus drag condi�ons. The proper�es of the aircra� used 
will be based on the Ohio Northern University SAE Aero compe��on team’s aircra�, using the weight, 
size and slow speeds.  
 
Project Objec�ves  
The objec�ve of this research was to determine the most effec�ve airfoil shape for an aircra� designed 
towards the SAE Aero Design compe��on rules based on the li� and drag coefficients as well as the 
angle of atack.  
 
Methodology  
The methodology for this research was conducted using DesignFOIL so�ware and airfoil tools. Mul�ple 
airfoils were originally chosen in airfoil tools in order to narrow down the op�ons to three. Once the 
three airfoil shapes were selected, they were imported into DesignFOIL. The virtual wind tunnel was the 
main use of this so�ware. Each airfoil shape was examined at 3 and 5 degrees angle of atack using the 
SAE parameters such as al�tude, reference length, etc. The Reynolds number was automa�cally 
calculated in the virtual wind tunnel and implemented into the analysis. Pressure, velocity and boundary 
condi�on plots were generated and observed and finally, the Eppler and NACA plots were created to 
determine and compare the li� and drag ra�o and coefficients of each airfoil shape. 
 
Results/Discussion/Figures/Charts 
Based on the SAE Aero Rules and a�er performing the experiment and analysis, it was concluded that 
the GOE448 was the best airfoil shape for angle of atack 3 degrees or less, however, the GOE226 airfoil 
is the ul�mate best choice for an angle of atack between 3 and 8 degrees. A GOE448 airfoil at 3 degrees 
angle of atack resulted in a L/D ra�o of 122.3 and at 5 degrees was 111.1. However, the GOE226 at 3 
degrees was 82.6 but at 5 degrees it skyrocketed to have a L/D ra�o of 141.4. Figure 1 below shows the 
NACA plots represen�ng each of the three airfoils coefficient of li� and drag. 



 
 

Figure 1: NACA Plots from Virtual Wind Tunnel 
 
It is shown that the GOE225 airfoil has poor performance due to the amount of drag created and gets 
significantly worse as the angle increases. The GOE448 should be used at lower angle of atack but 
compared to the GOE226, the drag coefficient starts to increase significantly quicker as the angle 
increases. A�er doing the virtual wind tunnel analysis, the best decision for the SAE airfoil to use was the 
GOE226 airfoil.  
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Abstract 
An active galaxy is a category of galaxy determined by the presence of an active galactic nucleus (AGN). 
AGN are defined by their comparatively high activity, emissions and luminosity emitted by the galaxy's 
compact center, correlating usually with the presence of an accretion-producing supermassive 
blackhole. There are many categories AGN fall into, with the prominent ones being: Seyfert galaxies, 
quasars, and blazars. What category a galaxy falls into is determined by their emissions across the 
electromagnetic spectrum, variability, polarization, luminosity, and viewing angle from Earth.  

 
Project Objectives 
The objective of this project is to gather information about the characteristics and emissions of different 
AGNs, and interpret data from AGN spectra to determine red-shift as well as other characteristics. 

Methodology Used 
Using NASA/IPAC’s Extragalactic Database, University of Alabama Astronomy Databases, and NED’s 
Caltech Glossaries, information was gathered about the properties of AGN and their emissions, as well as 
why they contained such properties. Simbad, and NED was used to collect spectra. 

The three AGN selected to be studied are: 3C 273, NGC 5548 and Markarian 421. Each one falls into a 
different class of AGN. Spectra was chosen by its categorization as observed, and whether their values 
allowed for the comparison of either Lyman, Balmer or Paschen series. 

To determine redshift, the equation (𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 − 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)/𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑧𝑧 was used, with 
𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 being an observed absorption line on the spectra, and 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 being the calculated 
value of the absorption line from the corresponding series (Lyman, Balmer or Paschen). 

Results Obtained 
The spectra of 3C 273 had a Balmer series H-Alpha Line lie at approximately 7600 Angstroms, 
determining the observed wavelength to have a value of 760 nm. Using the equation (𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  − 
𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 )/𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  = 𝑧𝑧, where 𝜆𝜆𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  = 656 nm, a redshift of 0.158 was calculated for C3 273. 

 
The observed spectra of NGC 5548 had a Paschen H-Beta line around 18750 Angstroms (187.5 nm). 
Using the Paschen series H-Beta value, an emitted wavelength of 187.56 nm was used in the equation 
for redshift, producing a redshift of 0.017. 

The observed spectra of Markarian 421 had a Balmer H-Alpha line around 6600 Angstroms (527.5 nm). 
Using the value of 656.0 nm for the rest wavelength and the equation stated above, a redshift of 0.03 
was found. 



Interpretation of results 
Analysis of optical spectra can be determined through many methods, with the method of choice for this 
study being absorption spectroscopy. Absorption spectroscopy utilizes dark Fraunhofer lines against a 
colorful background to determine data such as redshift, chemical composition, and distance. These lines 
appear often as jumps and dips on graphs, coinciding with spectral lines for elements, usually hydrogen. 
The hydrogen spectral series is often used due to the element’s prevalence between spectra, with its 
values being determined by the energy it takes to make hydrogen electrons to transition energy levels. The 
values are categorized by the Lyman, Balmer and Paschen series. H-Alpha, H-Beta and H-Gamma lines are 
found within each series used, but the values differ for each. Lyman series contain values between 950-
1216 A, Balmer 4340-6563 A, and Paschen 12821-18756 A. To determine redshift, scientists compare 
where they compared the observed spectral line value to their rest value. 

Absorption spectra have helped scientists determine many aspects of AGN, with some being emissions, 
chemical composition, and redshift; redshift, the center of this study, is a defining characteristic of some 
AGN. For many of the radio-loud classes like quasars and blazars, redshift has shown that these galaxies 
are extremely far away, and due to Hubble Law, has led scientists to believe that radio-loud AGN were 
common in the early stages of the universe, or were an early step in galactic evolution. 

 
Active galaxies have no unified model, but are usually determined by their accretion disk, angle at which 
the viewer sees them, the presence of relativistic jets, and the amount of debris that obscures the 
nucleus. They are often divided into radio-loud and radio-quiet AGN, based upon these observations.  
The spectra of AGN usually contrast with interstellar bodies around them, with broad emissions lines that 
set them apart from other galaxies’s emissions, and a notable curve in flux that compares to other 
galactic spectra. Analysis of emission lines in spectra has led to the discovery of AGN emitting vast 
amounts of radiation across the electromagnetic spectrum, the defining variability and polarization of 
radio loud AGN, and the ionization of gas clouds in relation to AGN. 
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Abstract 
Biomedical engineering is the key to many technological advancements that can help humanity as we 
know it. A new part of this growth in advancement is bioprinting. Redwire's achievement of successfully 
fabricating the first human knee meniscus on the International Space Station (ISS) marks an important 
milestone in this field. Partnered with the Uniformed Services University of the Health Sciences Center for 
Biotechnology for the BFF-Meniscus-2 investigation. The potential of microgravity research in 
pharmaceutical drug development and regenerative medicine is endless. Bioprinting, the process of 3D 
printing with biomaterials to create functional structures, like bones, blood vessels, and tissue. Offers 
solutions to address issues in organ transplants and tissue engineering. By exploring bioprinting in 
microgravity environments, this essay aims to explain its life-changing potential and the company’s driving 
innovation in this field. 
 
Project Objectives 
The objective of this essay is to examine Redwire's 3D bioprinting breakthrough of the fabrication of a 
human knee meniscus. Also, the essay aims to elaborate more on the concept of bioprinting, its challenges 
on earth, and the advantages offered by microgravity conditions. Furthermore, it seeks to highlight the 
potential of bioprinting. 
 
Methods  
A review of relevant sources on bioprinting and the companies associated with bioprinting 
technology was researched for this essay to help develop an educated understanding of the 
information provided. Key sources include articles, news reports and company websites for 
information on Redwire, LambdaVision, and Space Tango.  
 
Results and Discussion 
Redwire's achievement of successfully bioprinting a human knee meniscus signifies a significant milestone 
in biomedical engineering. By using microgravity in space, they aim to advance pharmaceutical drug 
development and regenerative medicine, with a focus on tissue engineering. Bioprinting offers a 
promising solution to the waitlist for organ transplants by being able to one day create the organs needed 
to save lives.  
Bioprinting faces challenges, particularly in environments where 
gravitational forces can compromise the integrity of printed 
structures. Issues such as the need for scaffolding and the risk of 
chemical toxicity pose significant hurdles to overcome. That is 
why microgravity conditions offer an alternative approach, 
enabling the fabrication of complex structures without the need 
for scaffolding. This opens new possibilities for those in this field.  
 

Figure 1: 3D printed knee meniscus by Redwire. 



In addition, other companies such as LambdaVision and Space Tango are also driving innovation in 
bioprinting and microgravity research. LambdaVision's development of an artificial retina and partnership 
with Space Tango highlight their applications of microgravity in biomedical engineering. Space Tango's 
expertise in microgravity hardware and automation provides valuable infrastructure to support iterative 
research and development in fields like tissue engineering and cell culturing. 
In conclusion, the achievement of bioprinting a human knee meniscus represents a significant 
advancement in biomedical engineering. By using this unique environment of space, researchers can 
overcome challenges associated with earth’s gravity when bioprinting and make more progress in 
regenerative medicine. Bioprinting holds a promising future in addressing the shortage of organs and 
improving health. With continued innovation and partnerships between companies and hopefully many 
more like them, the future of biomedical engineering is promising, offering hope for millions of patients 
in need of life-saving treatments. 
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Abstract 
AIDS viruses such as HIV-1 require two receptors to enter a cell. Thus, the principal receptor CD4 is not 
sufficient for infection to occur. In addition to CD4, one of two co-receptors, CCR5 or CXCR4 is required. 
A mutation in CCR5 has been shown to confer resistance to viral infection. That mutation, CCR5 Δ32, 
appears to also alter the cell surface expression of the second receptor, CXCR4, as well as the wild-type 
version of CCR5 in heterozygous individuals and cell culture. The ability to down-modulate co-receptors 
by the delivery of lentiviral particles containing CCR5 Δ32 will be determined. Lentiviral vector systems 
were employed to construct viral particles that contained CCR5 wild-type and CCR5 Δ32. Lentiviral 
vectors have been previously employed as a cure for Sickle Cell Anemia thus the safety of our approach 
is probable. 
 
Project Objectives 
Use CCR5 Δ32 in gene therapy in order to make T cells immune to HIV infection. Additionally, further 
research will be made on the effectiveness of CCR5 Δ33. 
 
Methods  
HEK293ft cells were transfected with pLenti puro HA-ubiquitin plasmids containing the CCR5 wild-type 
or Δ32 along with two plasmids containing genes needed for viral packaging. We have also constructed a 
mutation Δ33 that encodes an 11 amino acid deletion. This construct will be used to generate lentiviral 
particles as well. Stable t-cell lines will be constructed by transducing various alleles of CCR5 into Jurkat, 
H9, and CEMX174 cells. Flow cytometry and immunofluorescence will be employed to determine the 
surface expression of CCR5 and CXCR4.  
 
Results and Discussion 
The ability of lentiviral particles encoding CCR5Δ32 and CCR5Δ33 to down-modulate wild-type CCR5 and 
CXCR4 will be determined, both in vitro and in vivo. Should the lentiviral particle encoding CCR5Δ32 or 
CCR5Δ33 be effective in down-modulating CCR5-wt and CXCR4, a potential gene therapy for HIV/AIDS 
would be created.  Additional doses of the therapy could be delivered if stable stem cells were not 

obtained in the initial delivery of the gene therapy. 
 
Figure 3. Map of pLenti-CCR5-wt, pLenti-CCR5Δ32, and pLenti-
CCR5Δ33 constructed plasmids. pLenti puro HA-Ubiquitin was 
cut with XbaI and AgeI. PCR fragments were generated, using 
primers containing the AgeI and XbaI restriction recognition 
sites from the three different templates. PCR fragments were 
cloned into pLenti puro. 
 
Figure 4. PCR amplification of fragments used to construct 



lentiviral particles 
 
1. Φ X174 HaeIII molecular weight marker 
2. Negative control  
3. PCR of JS1 
4. PCR of SD1  
5. PCR of AF1  
6. Φ X174 HaeIII molecular weight marker 
 
   1    2      3     4    5      6 

 
   
Figure 5. pLenti ccr5–wt, pLenti ccr5Δ32, and pLenti ccr5D33 contain      
1. Φ X174 HaeIII molecular weight marker 
2. PCR negative control 
3. PCR of pLenti-CCR5-wt 
4. PCR of pLenti-CCR5Δ32   
5. PCR of pLenti-CCR5Δ33a 
6. PCR of pLenti-CCR5Δ33b 
7. Φ X174 HaeIII molecular weight marker 
 
 
    1     2      3      4      5     6      7    
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Abstract 
This project uses SolidWorks to develop a simple model of a surgical back implant, and run a stress 
analysis test on the construct using Finite Element Analysis (FEM). The FEM so�ware used is Abaqus CAE 
Student Edi�on, which can determine the deforma�on and stress distribu�on across the model.  
 
Project Objec�ves 
The greatest challenge in trea�ng pediatric scoliosis is the development of back implants that can grow 
alongside the pa�ent without mechanical failure. This project aims at demonstra�ng a means of 
rou�nely tes�ng various models quickly and efficiently, and with minimal cost. 
 
Methods 
In Abaqus, the CAD model is imported, and sec�ons are assigned to each part of the model. Materials 
are then assigned to each sec�on, and boundary condi�ons are set. The botom-most surface of the 
model becomes fixed, and a load is applied to the top surface of the model. The model is then seeded 
and meshed, and the job is run. 
 
Results and Discussion 
The Student Edi�on of Abaqus CAE restricts the number of nodes to 1000. Due to the node restric�on, a 
large seed size was used, resul�ng in the greatest distance between nodes that the program would allow 
for the imported geometry. Due to the nature of the mesh genera�on, an asymmetrical mesh skewed 
the results, despite the boundary condi�ons, load, and imported geometry all being le�/right 
symmetrical. The stress was concentrated on the rightmost rod (See Figure 1). While high stress was 
present on the anterior side of the rod (Figure 2), stress was more heavily concentrated and distributed 
on the posterior side of the rod, leading to the conclusion that the posterior side of the rod would break 
first. The geometry used to calculate stress distribu�on is that of the mesh, which is determined by node  
count. Hence, the greater the node count, the smaller the error. Therefore, a greater node count is 
required for further tes�ng to produce a more accurate stress distribu�on. This will determine if the 
stress on the anterior side of the rod is indeed greater than that of the posterior side. Furthermore, with 
a higher node count, the stress will likely be more evenly distributed across the le� and right halves of 
the model. 
 
 
 
 
 
 



Figures/Charts 
 

Figure 1: Deformed image of the working model from the posterior-right view. 

 
Figure 2: Deformed image of the working model from the anterior view. Top and botom blocks are 
hidden to aid the visibility of the rods. 
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Abstract 
Propagation has been a goal for the International Space Station for several years. A major obstacle in this 
process is the lack of gravity, and this research aims to find probable solutions using electromagnets and 
small pieces of iron dispersed in the soil. 
Plants use a process called gravitropism to know which direction to grow roots, and which direction to grow 
stems and leaves. There are currently two theories on how exactly plants utilize gravity, and this research is 
based on the most likely theory —seeds determine the direction of gravity by tiny pressure changes in the 
plasma membrane, and direct root growth toward increasing pressures. 
There are two possible ways to execute this hypothesis, but both operate on the same basic principles: 

•  The magnetic attraction on small pieces of metal in the soil work to simulate gravity 
•  Iron pieces diffused into the soil will allow the electromagnet to apply an even downward attraction, 

while the tiny, magnetized bits of iron provide higher pressure closer to the electromagnet 
 

Project Objectives 
This research aims to find probable solutions using electromagnets and small pieces of iron dispersed in the 
soil. There are two potential solutions: 

Hypothesis A: The most effective method to simulate gravity with electromagnetism is to increase the 
concentration of dissolved ferrous iron (Fe2+) in the water. 

Hypothesis B: The most effective method to simulate gravity with electromagnetism is to habitually add 
non-dissolved elemental iron pieces to the soil, and rotate periodically to avoid settling. 

 
Methods  
This research was exclusively theoretical, and was conducted using literature resources. Throughout the 
course of the research, it was determined that while hypothesis A may potentially work, it would require 
extensive steps and additives to prevent iron toxicity, while the dissolved iron ions may not be large enough 
to induce the magnetism needed to simulate gravity. The majority of this research focuses on hypothesis B.  
 
Results 
Hypothesis B utilizes larger pieces of iron, which will result in a stronger induced magnetism on each 
individual piece. In addition, iron remembers magnetism that has been induced in it, and can be reused up 
to the point of saturation. The proposed process looks like this: (1) iron filings would be sprinkled on the 
top of the soil (2) after a predetermined amount of time, the filings will have been pulled toward the 
magnet, and a new set of filings are sprinkled on top (3) This continues until filings have reached the 
bottom of the pot, and the electromagnet is turned off and the tray emptied (4) the iron filings are then 
reused, and the degree of magnetism in increased up to saturation with each trip through the soil. 
The size of the iron filings and frequency of “stirring” is key to the functionality of this hypothesis. The size 
of the iron filings needs to be the perfect balance between optimal magnetism and evenly distributed 
pressure. The frequency of “stirring” would need to happen often enough to prevent settling and provide a 
consistent downward magnetic attraction. A few complications with this proposed theory: (1) larger pieces 



of iron act as stronger individual magnets, but are less evenly dispersed, resulting in uneven pressures 
throughout the soil (2) using larger insoluble pieces of iron will require more frequent labor and 
observations, as the iron cannot be allowed to settle at the bottom. 
 
Discussion 
Several determinations must be made to determine the plausibility of these hypotheses:  
1) the strength of the electromagnetic field needed to generate a force similar to earth’s gravity.        

This could potentially be done theoretically using this formula: 
  
 
         but would be much more efficient to determine these values experimentally. 
2) the pressure induced on the soil as a result of  the magnetism on each particle of iron at a   

specific point. This could again be determined theoretically by a cross product of the strength of the 
magnetic field (B) crossed with the cross-sectional area of a specific iron filling (M)— 

  
         but would be much easier to determine this experimentally. 
Within those two unknowns, the size of the iron fillings would need to be determined for an optimal 
balance between overall applied pressure and individual magnetic attraction. 
 
Figures/Charts  

 
Figure 1: diagram of proposed process for hypothesis B 
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Abstract 
Generally, a solar panel is made with a base layer of tempered, followed by a layer of encapsulant, a module solar of 
cells, another layer of encapsulant, and a back sheet. The structure is held together using polymer and an aluminum 
frame, with external wiring located in a junction box on the bottom of the panel [3]. These cells are strung together in 
rows of fingers and columns of busbars. [1] 
 
Solar energy comes from the absorption of photons by the cell modules of the panel. The cell includes two types of poly 
silicon, the N-side (negative) and the P-side (positive). The N-side contains negatively charged electrons, while the P-
side contains positively charged holes. When a photon is absorbed by a cell it knocks an electron off its atom, exciting it 
and making it move around. This allows for the flow of electrons, or electricity, and it is only possible within a solar 
panel when the P/N junction directs the flow of electrons. The P/N junction is created when the negatively charged 
electrons meet the positively charged holes and create a neutral zone. The electrons follow the path due to it having 
the least amount of resistance, the electrons are then taken into a load then back out. The electrons are released into 
the positive side where they meet a hole and are neutralized. These flow back up to the P/N junction and the cycle, 
photovoltaics, continues [4]. There are multiple advantages to this process, it is self-sufficient and does not require a lot 
of maintenance besides clean up and pest control. The problems arise when energy loss increases throughout the 
lifespan of the panel. 
 
Project Objectives 
The production of solar panels is designed with two factors in mind: cost and efficient use of materials. However, the 
production process completely disregards the recyclability and sustainability of manufacturing a panel and prevents 
solar energy from functioning on a national scale. Inverter and battery technology is in its infancy, and the price of a 
solar panel, despite having seen significant reductions over the past few years, is still an unfeasible investment for the 
average household. When considering these factors, solar can seem like a waste of time, money, and effort, yet it is still 
a necessary step for reducing carbon emissions. Solar energy alone is not the solution, but it is a step in the right 
direction and a critical component in the fight for a cleaner planet.  With a multitude of clean energy sources available 
today, the best option is using an effective combination of each based off location, resources, and necessity. The 
objective is to determine the best solution for absorption issues and panel recycling. 
 
Methodology Used 
Solar power was theorized to have first been used in the 7th  century BC, with the first production of a solar panel being 
done by Charels Fritts in 1873 [5]. The history of PV is what brought along the modern solar panel, and in turn, the great 
leaps in innovation. The best way to approach this research was to filter through various sources, including experiments 
and federal records. 
 
Results Obtained 
As of current, the most efficient solar panel has an absorp�on ra�ng of just over 22% [2]. This does not seem great at 
first glance, but energy systems’ ra�ngs are normally below 60%. There are a mul�tude of methods being tested to 
improve this ra�ng, including perovskites, and bifacial panels. Perovskites are a mix of synthe�c material iden�fiable by 
their crystallographic structure. Perovskites have shown a 25% increase just by working in tandem with the cell. [6] They 
bolster for the panel, though they are known for their degrada�on in sunlight they are valuable enough to warrant 
further research. 
 
As of now the reason for discarding a solar panel is typically monetary and it is in fact a smarter financial decision to 
replace your panel prior to the end of its lifespan. This is because of the natural decline of absorp�on efficiency 



throughout its life, as well as the cash back you receive from the local government when some of that electricity gets 
delivered back into the powergrid. The 'Solar Trash Wave’ shows the amount of unnecessary waste that is to be 
expected by 2050. Solar panels are made with precious materials including polysilicon, aluminum and silver [7]. They 
also contain hazardous materials such as sulfuric acid and hydrogen fluoride [8]. There are companies that plan to fight 
this wave, this includes We Recycle Solar. We Recycle Solar is a company based in Australia developing a microwave 
technology that makes it easier to pull apart the panel layers by hea�ng the polymers that s�ck those layers together. 
This marks the beginning of a market that specializes in taking apart used panels and selling the materials to make new 
ones, comple�ng the cycle of a fully sustainable energy source. 
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Abstract 
Rational and sustainable abatement and healing of earth’s atmospheric integrity 
 
Project Objectives 
To investigate payload, delivery, efficacy, and replicability of operations from low gravity on Earth 
 
Methods  

1. What program can be adopted to provide routine delivery of payload. 
2. Is there a material which would effectively negate the effects of 

caustichydrochlorofluorocarbons (HCFC’s). 
3. Terrestrial impact of the life cycle of this material. 

 
Results and Discussion 

1. Rockets launched in the falcon/dragon configuration are equipped to deliver payload to 
satellites in L1 orbit. 

2. By first harvesting brine and in turn removing the chlorine from the salinated material, a 
reflective material which would be chemically compatible with the atmospheric HCFC. 

3. The precipitate of this material would be molecularly similar to the brine solution (pre-
dechlorinization) and could only be as caustic as the source material. 

 
Figures/Charts  
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Abstract 
Fabrics of various materials have been worn by humans as clothing for millennia with purposes such as 
identification, insulation, and protection from the environment. While clothing in the modern world is typically 
selected for comfort and fashion, the utilization of fabric coverings protecting the body is often overlooked in 
the selection of everyday outfits. This investigation studies the ability of various fabric materials to withstand 
shock of a projectile without excessive deformation or rupture of the material. 
 
Objective 
The project objective is to determine which fabric of three tested fabrics best withstands impact from a 
launched projectile. Based on an interest in fabric and fiber with hopes of raising awareness of alternative fabric 
uses for personal protection in daily wear. 
 
Measuring the independent variables such as thread strength, elasticity, and thread diameter of several fabric 
swatches to identify which variable had the most significance in the deformation of the swatch’s dependent 
variable, the depth of penetration. 
 
Methodology Used 
Several different fabric swatches were tested with. 
Of the three fabrics used, one titled Heavy Blue is 
made of 100% polypropylene, Blue Gingham is 
made of 60% cotton and 40% rayon, and Peach 
made of a cotton crinoline.  
 
The thread count was calculated as the sum of the 
warp and the weft with Heavy Blue being 13 threads 
per centimeter, Blue Gingham being 61/cm, and 
Peach being 85/cm. 
 
Young’s Modulus describes the elasticity of a material when stretched. The tensile strength is the maximum 
stress a material can endure while being stretched before breaking. These were measured using a force sensor 
attached to one end of a thread as the other end was fixed in place. As the force sensor stretched the thread, 
the thread’s extension was also measured until the thread fractured. This data was used to determine both the 
Young’s modulus and the tensile strength of the thread material. 
 
A ballistic pendulum, to measure the projectile’s velocity, was constructed using an air compressor at a 
consistent 70 psi to launch a 4.3mm BB through a 4.4mm horizontal barrel. The BB was launched at a hanging 
target of smooth putty covered with a small swatch of tested fabric. The pendulum swung forward after impact. 
The swing distance was recorded by measuring the distance a small dowel rod was moved by the swinging 



pendulum after resting inside a tube. The deformation of the fabric swatch was determined by placing a digital 
caliper in the putty crater left by the launched projectile to measure the depth of penetration.  
 
Interpretation and Significance of Results 
While a goal of this investigation was to find a fabric that does not break when impacted by a high velocity 
projectile, it was concluded that it is of equal importance that the fabric does not stretch so much upon impact 
that both the fabric and the projectile became lodged deep within the putty. The concept of “bruise, not break” 
applies.  
 
Conclusion 
Neither the tensile strength nor Young's modulus appeared to have a more significant effect than another in this 
investigation. Thread count, the reciprocal of thread diameter, was found to have the most significance of the 
three variables in testing of the three fabric swatches.  
 
As can be seen in the graph, all three fabrics showed 
similar variance in depth of penetration. The graph 
demonstrates the Peach material allowed the greatest 
penetration at an average of 6.6mm and the Heavy Blue 
showed the least at 4.2mm. The Blue Gingham had an 
average of 4.9mm.  
 
A video demonstration of the projectile launch and 
tensile strength test can be found in the public access 
link here:  
 
https://drive.google.com/drive/folders/1Mh38BPl0zqGFLQGKqQkSPWWvL6iAuvCZ?usp=drive_link  
 
With Additional Time… 
With additional time for continual testing, a more diverse selection of woven materials such as fine copper 
thread or spider silk, using homogeneous organic materials rather than polyesters and polymers could be 
studied. By increasing the diameter and speed of the launched projectile it will allow a more accurate 
assessment of the deformation of the impacted materials, to ultimately determine if there is or is not a variable 
in fabrics that can increase the capability of withstanding shock. 
 
Ideally, additional testing might identify the most affordable fiber or woven blend that fits the goal of “bruise, 
not break.” Such a fabric could be incorporated into the wardrobe of those looking to optimize functionality and 
protection in clothing for daily wear.  
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Beyond Earth: Space's Effects on the Human Body  

Student Researcher: Ari Babcock 

Advisor: Dr. Jones  

Cedarville University  
Middle Childhood Education (Math & Science)  

 
Abstract 
In the year 2015, Astronaut Scott Kelly went up into space to fulfill a one-year low-Earth atmosphere 
mission. Data was collected regarding the human body’s reaction and adaptation to long exposure to 
the space environment. This data is extremely interesting when looking at the results of Astronaut 
Kelly’s journey compared to the data taken from his twin Astronaut Mark Kelly (who stayed on earth and 
provided an ideal control group to which to compare the results).  
In this lesson, students will look at the effects of space travel/orbit on the human body and compare 
that to human health on Earth. Students will be looking at different aspects of human health, in addition 
to how space travel would impact the health of a human determining if these effects are detrimental or 
beneficial. Students will be using inquiry and group discussions to pinpoint the cause of these conditions 
and look for ways to alter these effects. Students will use research given by NASA, to support their ideas 
to better human health in space. Their findings and ideas will then be presented in a multimedia format 
of their choosing.  
 
Project Objectives 
- Students will discover the effects of space travel on the human body 
- Students will develop a method to test and collect data 
- Students will summarize in 4-5 sentences their results.  
 
Methodology Used 
This lesson is based on the inquiry approach to learning. IN this learning style students discover how the 
world around them works based on real world experiences. Students, through the use of a guided lab, 
will come up with their own method of investigation. As they try to answer the question "how does 
space affect the human body?".  
 
Students will spend two weeks learning about space travel and basic human anatomy. Students will then 
put together both topics in a guided lab to demonstrate their knowledge to their peers and 
educators. Guided labs are labs where students develop procedures, methods of data collection and 
data interpretation that results in a generalized concept or principle. Inquiry 
Investigation:Engage: Students will be introduced to the story of NASA Astronauts, identical twins Scott 
and Mark Kelly. Scott Kelly spent a year on the space station while Mark was on Earth. Their data gave 
NASA insight into the human body's reaction and adaptation to long exposure to the space 
environment. 
Explore: Students will spend 2-3 weeks researching the phases of space travel and learning about human 
anatomy  
Explain: Students will keep a logbook to explain their research/discoveries. 
Elaborate: Students will take their knowledge and apply it to a guided lab where they will develop a 
method to test their hypotheses.  



Evaluate: Students will decide on a multimedia format to present their results, and  take an assessment 
covering: topics discussed in class, their own research, and the research of their peers.  
At the end of this unit students will be assessed in their ability to use the methods of science in order to 
develop their own questions, and find answers to that question in a guided lab format.  
 
Discussion Points 
Students discussed (both in small group, and whole class settings) questions such as: What methods did 
you use to try to answer the questions ``How does space travel affect the human body", which methods 
worked well? Which methods did not work well? How do your results compare to your peers? What 
would you change if you were to do this lab again? And how do your results make you feel about space 
travel?  
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The Power of the Sun Student 

Student Researcher: Ruthie Curry 

Advisor: Dr. Brandi Seither 

Baldwin Wallace University 
Department of Educa�on 

 
Abstract 
Students in the 2nd grade class learned the types of energy that the sun provides rela�ng to the Ohio 
learning standard 1.ESS.1; The sun is the principal source of energy. By the end of the learning segment 
students were able to provide two things that heat and light energy from the sun do for us on Earth. 
Using mul�ple resources from NASA as well as hands-on ways of showing learning students expressed 
that they enjoyed this unit about the sun. This learning segment occurred in March of 2024 and was a 
good transi�on into talking about the total solar eclipse that would be happening in Cleveland, Ohio 
which is where my class is located. 
 
Project Objec�ves  
By the end of the learning segment students will be able to and have completed  
➔ No�ce and Wonder about the Sun 
➔ Students think-pair-share about how Earth would feel without the Sun.  
➔ Iden�fy the types of energy that the Sun provides.  
➔ Brainstorm a list of things that heat energy from the sun does for us on Earth. 
➔ Brainstorm a list of things that light energy from the sun does for us on Earth. 
➔ Complete a cra� of the sun, pictured in the results, that included a topic sentence and two ways the 
sun provides energy for us on Earth. 
 
Methodology  
The no�ce and wonder about the sun was completed using a NASA resource �tled “A Decade of the 
Sun.” Students expressed enjoyment while watching this video and talked about how different the sun 
looks from our perspec�ve on Earth. Asking students the ques�on “What would Earth feel like without 
the sun?” was a ques�on that led to our main topic and objec�ve of the learning segment, heat and light 
energy. Student answers varied, but ul�mately landed on the fact that Earth would be dark and cold 
without the sun.  
 
A�er brainstorming mul�ple ways that the Sun provides energy for us on Earth students completed a 
cra�. Students were given sentence frames to write three sentences and then they colored the rays of 
the sun, pu�ng them in order to spell “energy.” The beginning sentence frame was “The sun gives us 
____ energy.” Students were given a point if they wrote heat, light, or both heat and light in the blank. 
Students then wrote two more sentences about examples of the energy provided.  
 
Results 
All students were able to complete this ac�vity independently in the 2nd grade general educa�on 
classroom se�ng. Figure one shows student A’s work. She wrote on her cra� that “The sun gives us heat 
and energy. The heat gives us food, water, grass, and dirt. And the plants grow and give us air and food.”  
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Water, Water, Everywhere! 

Student Researcher: Roemello Davis 

Advisor: Brandi Seither 

Baldwin Wallace University 
Department of Education, Mild/Moderate (K-12) Education 

 
Abstract 
 This research/project aims to teach students a lesson on how valuable water is. This will be 
accomplished by teaching the water cycle process, specifically focusing on the subject of Earth Science. 
The lesson will address that water is presented within the atmosphere. More specifically, as a water 
vapor. As a result, when water becomes a vapor in the atmosphere, it can form clouds, snow, fog, rain, 
and much more. Students will conduct hands-on experiments to learn about the 3 different phases of 
the water cycle (condensation, evaporation, and precipitation). At the end of the lesson, students will 
learn why water is an important and valuable resource within our atmosphere and make the 
connections between how water is involved in our daily lives. Within the lesson, students will also be 
asked the main essential question, which is how are global precipitation, evaporation, and the cycle of 
water changing?  
 
Project Objectives 
By the end of the lesson, students will…. 

● Learn what condensation is 
● Learn what evaporation is 
● Learn what precipitation is 
● Experience a hands-on experiment of the 3 stages 
● Identify the 3 stages of the water cycle 

 
Methods  

1. Students will first watch an introduction of the water cycle (the water cycle song). 
2. After listening to the water cycle song, the students will complete a writing activity about the 

different purposes of water (how we use water on a daily basis).  
3. Before reviewing the water cycle diagram, the students will watch the NASA video called “A tour 

of the water cycle.” 
4. After watching the video, the students will review the water cycle diagram (learn about each 

stage of the water cycle and how it is all connected).  
5. The students will review the diagram again the next day and watch a new NASA video called 

“The fresh (water) connection.”  
6. The students will complete hands-on experiments, experiencing the 3 stages of the water cycle.  

 
Results and Discussion 
By the end of the 3-day learning segment, the students were able to…. 

● Identify the 3 stages of the water cycle and explain what each stage is.  
● Explain the connection between the 3 stages of the water cycle and the importance of water in 

our daily lives.  
● Explain how the 3 stages of the water cycle affect the weather and how water is an important 

resource. 
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Using Knowledge of Human Anatomy to Determine the Effects of Longterm Space Exploration 

Student Researcher: Cora L. Gill 

Advisor: Laura Dell 

The University of Cincinnati 
Secondary Education Integrated Sciences: Chemistry 

 
Abstract 
This lesson would be for a senior or AP anatomy class. The lesson would be based on the different 
anatomical systems in the body and how they would be affected by extended time in space. This would 
be an end-of-the-year project that fully encompasses what the students have learned throughout the 
year. There are 10 body systems: skeletal, muscular, nervous, endocrine, cardiovascular, lymphatic, 
respiratory, digestive, urinary, and reproductive. The students would be split up into equal groups of 
two or three and assigned one of the body systems to research. The students would have to use what 
they learned throughout the year and what they found in books and websites. Students will be expected 
to use at least two NASA resources to obtain their information. Students will also be expected to present 
what they found in a formal presentation to their peers and a written group report of their findings and 
any data they may have used to justify what they found. The final part of the project is students will 
have to theorize a way to prevent the effects of space on the body. If prevention is not possible, that 
should be included in their reports.  
 
Project Objectives 

● Students will recall the subject matter on their assigned body system 
● Students will be able to explain the effects of space on their body system 

 
Lesson Plan 
This is an end-of-the-year project for a senior/AP Anatomy and Physiology class. Students will have to 
rely on previous lecture notes and information they gather from NASA websites and other reliable 
sources. 
 
The Project 
Students will be split into 10 groups of 2-3. Each group will be assigned a different body system to 
research. Students will have to use NASA resources and other reliable sources to explain the effects of 
space on their body system. Students will have to present possible ways to prevent any problems that 
may be caused by extended time in space. Students will present their findings in a formal presentation 
to the class. 
 
Conclusion 
The goal of this lesson is three-fold. First, students are asked to recall information from previous lectures 
on their body system. Next, students would have to work with their partners and find credible sources 
of information for their body system to support their prior knowledge. Specifically, students will have to 
use NASA resources to support their findings. Finally, students will have to think critically and come up 
with a possible solution for the effects of space on their body system. All of these things, in conjunction, 
would push students to the limits fo their knowledge and further their understanding of their body 
system and the human body on Earth and in space. 



Humans in Space 

Student Researcher: Molly MacLochlan 

Advisor: Karen Henning 

Youngstown State University 

Beeghly College of Arts and Liberal Science 

Abstract 
Human space exploration is an essential tool to address fundamental questions about Earth’s position in 
the universe, along with the history of the solar system. These fundamental questions include: Why are 
we here? Are we alone? How did it all begin? What comes next? These fundamental questions are an 
inspiration on why humans choose to study space by exploration. However, in order for human space 
exploration to be successful,  The National Aeronautics and Space Administration (NASA) must continue 
to conduct an incredible amount of research for human space exploration. Human beings can not easily 
adapt to space, and this is because of all of the health concerns that the space environment brings them. 
There are medical, financial, and ethical hurdles that prevent humans from living in space. This report is 
based on research on how space may not be safe for human exploration.  

Project Objectives 
In this short lesson for 11th grade students, the students will learn about the harmful environment that 
astronauts face. The students will complete a study on one of the subtopics searching for research on 
the potential harm that can be caused psychologically or physically to the space travelers. This lesson 
will review why space travel is considered dangerous and how space is a hostile environment for 
humans. The students will also play an interactive Kahoot where they answer all of the questions based 
on their studies. 

Methods  
Humans in Space face multiple dangers. Firstly, the radiation in space is especially dangerous and 
unnatural to humans. Beyond the protective atmosphere of Earth, astronauts are exposed to higher 
levels of radiation. This increases the risk of cancer and other health problems. Another danger is 
microgravity, which can lead to discomfort in humans. These discomforts include bone density loss, 
cardiovascular deconditioning, and muscle atrophy. Space debris is also a concern for humans in space. 
Even a small object or debris at high speeds can harm or be lethal to humans. These collisions can 
damage the spacecraft immensely, leading to issues of survival for humans. Isolation and confinement 
are another danger that these humans may face. This can lead to depression and psychological stress 
which can have very harmful effects on these astronauts. The students will be introduced to these 
concepts during the unit overview.  

Results and Discussion 
Overall, the students will show an understanding of the overview of space exploration and the danger 
many astronauts face during space travel. The students will also understand the importance of space 
travel and why it is relevant to our society at the end of this unit lesson.  
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Spaghetti Satellites  

Student Researcher: Ryah Moner 

Advisor: Dr. Brandi Seither 

Baldwin Wallace University  
Department Of Education  

 
Abstract 
During this lesson students were able to learn about how NASA communicates with space through the 
Deep Space Network (DSN). Student were taught how the satellites work and how they need to be able 
to withstand the elements of the outdoors. Students then worked with a team to create their own 
satellite using dry spaghetti noodles and tape.  
 
Project Objectives 
By the end of the lesson students will have a general understanding of NASA’s communication with 
space and be able to create a spaghetti satellite that can hold the weight of a large marshmallow.  
 
Methods  

1. Students were introduced to the DSN and what the satellites look like.  
2. Then we discussed how the satellites need to withstand outside forces like wind and weather.  
3. Students were then told that they would be building their own satellites using tape and dry 

spaghetti noodles.  
4. Students were given full creative freedom and started to build their satellites.  
5. Students were tasked with building the tallest satellite that could hold the weight of a large 

marshmallow at the top. The marshmallow represented the large satellite dish.  
 
Results and Discussion 
All students were successful in building a satellite. Most of the satellites were not very tall but all groups 
were able to hold the marshmallow. The students focused on having a strong based before they tried to 
make it tall.  
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Elements in Space: A Planetary Comparison 

Student Researcher: Elizabeth Roche 

Advisor: Erica Miller-Arpajian 

Cleveland State University 
Biology, Integrated Science; Adolescent Young Adult 7-12 Licensure 

 
Abstract 
Students will use online NASA materials to construct a presentation about the difference between the 
planets in our solar system. This project will focus on the different elements present in the planets and 
will go along with the HS-PS-1 Ohio learning standard. Students may choose two or more planets to 
explore and will work in groups to foster collaboration. The presentations will be media of the students’ 
choice (slide show, trifold poster, video, webpage, blog, etc.). Students will be directed to NASA’s 
Spaceplace webpage as a starting point to familiarize themselves with the planets (students have wide 
range of prior scientific knowledge). Students will be required to use NASA’s online image database to 
find pictures of the planets to include in their presentations. Required in the presentation will be: the 
most common elements found on the planets, characteristics of the elements (atomic number, number 
of subatomic particles, etc.), and atmospheric characteristics. Students will also display at least two 
other interesting facts. When the projects are completed, the students will present to their peers so the 
whole class may learn more about the chemical composition of our solar system.  

 
Project Objectives 
This lesson was an introductory lesson to review content the students learned in physical science as 
freshman. The project objectives were to investigate the chemical makeup of the solar system and 
review knowledge on atomic characteristics, namely protons, neutrons, and electrons. The students 
were reviewing their knowledge of energy levels and atomic structure. When completing this project, 
the students were able to combine this standard chemistry knowledge while also learning about the 
universe and solar system.  
 
Methods  
This project began with an introduction with the expectations of the project and a short tutorial of how 
to find and how to use NASA’s materials. I then placed my students in strategic groups and they chose 
whichever form to make their project that they felt would best portray their material. They had two 90-
minute blocks to work on this project. During these two work days, I circulated the classroom and had 
thorough check-ins with the students on their work. The students then presented their projects to the 
whole class.  
 
Results and Discussion 
I evaluated my students on their content, creativity, and presentation skills. They did a good job creating 
projects that had accurate content, but struggled with creativity and presentation skills.. It was not a 
surprise that they handled the content well, as this was a review of content they learned in a previous 
class. However, the lack of creativity is not an uncommon issue with urban education. Every group 
except for one made a rather simple PowerPoint presentation. This lack of creativity got better 
throughout the semester with repeated exposure to creative project requirements. The same was true 
with their presentation skills. I made sure to give specific and manageable feedback to the students to 
help them get better at presenting while still pushing them to be better. 
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The Water Cycle 

Student Researcher: Nathan Samblanet 

Advisor: Brandi Seither 

Baldwin Wallace University 
Department of Education 

 
Abstract 
Water is such a vital resource in our world today and it is important to understand the cycle that water 
goes through. Water cycles through many places on earth and it is important to keep all those places 
free of pollution to ensure clean water. During these lessons, my students discussed the path that water 
takes and how keeping water clean helps out humans. We came to the conclusion that water is not only 
important for use to drink but it helps grow food and so much more. My students discussed the water 
cycle and the importance of keeping water clean. 
 
Project Objectives 
By the end of this lesson students will be able to: 

- Describe the Water cycle. 
- Describe the importance of water. 
- Chart their data for the water cycle dice activity. 

 
Methods  
Experiment Procedure: 

• Each student received a cup of water with shaving cream on top. 
• Then, the teachers added food coloring to the top, and students observed what happened. 
• Students then recorded their observations. 
• Then, the class discussed how this experiment showed the precipitation step of the water cycle. 
• Finally, students discussed the importance of precipitation and how it helps us. 

 
Activity Procedure: 
1. Explain that students will play a game; they will role-play water as it moves throughout Earth. Ask 
students where water exists on Earth and how it gets there. Display OVERHEAD: “Water Cycle.” 
2. Distribute the STUDENT WORKSHEET: “Water Cycle Game.” Divide students into pairs, pairing an 
older student with a younger student if possible. Divide pairs evenly among the stations. 
DESK CONFIGURATION 
Animal Plant Clouds 
Lake Soil 
Surface Glaciers 
River Ocean Ground 
3. Explain that when the signal is given, students will roll the die at the station. If more than one student 
is at a station, students will need to take turns rolling the die. Students should read the number on the 
die and match it to the chart on the sheet on the table. The chart will indicate where to go next. For 
example, if a student rolls a 3 at the Soil Surface Station, he or she will move to the Ground Water 
station next. 
4. As students move from station to station, they should chart their paths on their STUDENT WORK- 
SHEETS. 



5. At the next station, the student should roll the die and move according to the chart at the new 
station. Each station will have a different chart. 
6. Sometimes the chart will indicate that a student should stay at that station. In that case, the student 
should mark an X on that location on his or her chart and roll again. By the end of the game, a student 
may have several X’s next to a particular station. At the end of the game, students will share paths with 
each other. 
7. Play a mock round to make sure students understand the rules. 
8. Indicate that students should begin and assist as necessary. Allow students to play for 10-15 minutes. 
(NOTE: Level I students may require more play time.) 
9. Draw a replica of the blank STUDENT WORKSHEET: “Water Cycle Game” on the board or use the 
OVERHEAD: “Water Cycle.” Invite students to share the path they took. Compare students’ paths. 
10. If needed, introduce the term “water cycle.” Explain that a cycle is something that repeats over and 
over. For example, the year is a cycle. The twelve months of the year repeat over and over every year. 
Water moves on Earth in a cycle as well. Even though water moves in a variety of ways, it always returns 
to its original position. 
11. Ask students to answer the following questions based on the paths that were taken during the water 
cycle game. List student ideas on the board and discuss as a class. Where can water from a plant go? 
How does water get to a river? Where can water go from a glacier? How does water get to a cloud? 
 
Results and Discussion 
This lesson was a huge success in my classroom. It sparked students to think more about we use water 
and how it is not just for drinking. My students also learned through the dice activity the paths in which 
water can take to help reinforce the importance of keeping those areas clean. Through the experiment 
my students grasped the understanding of precipitation and the other steps of the water cycle. Overall, 
these lessons greatly helped my students understand the water cycle and the importance of water.  
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A Lesson in Ocean Ecology: The Intersec�on of the Carbon Cycle, Climate Change, and Ocean Biota 

Student Researcher: Grace A. Turcote 

Advisor: Dr. William Jones 

Cedarville University 
AYA Science Comprehensive Educa�on 

 
Abstract  
The purpose of this lesson is to educate students on how biochemical cycles function and how these cycles 
contribute to environmental change. This lesson connects the importance of the carbon cycle with the 
real-world issue of climate change. It is important for the students to be able to make this connection so 
that they are inspired to learn of how the actions of humans and other organisms impact the Earth’s 
climate. This lesson on ocean ecology is a cooperative-based learning activity using the resources provided 
on NASA’s website. Digital tools provide interactive models that allow for students to experience a more 
direct approach with understanding the carbon cycle. After learning from these models, students will be 
divided into groups and allowed to choose a topic that must then be approved for their presentation. This 
group activity will allow students to present organized information with their peers and broaden the 
classes understanding of this subject. The expectation for this project is that students would build 
collaborative skills as they conduct research and organize their findings. Peers are expected to evaluate 
all presentations to develop lifelong skills in assessing and providing feedback to others.  
 
Methodology Used 
This mul�-day ac�vity is based on coopera�ve-based learning. Coopera�ve learning is an instruc�onal 
task design that engages students ac�vely in achieving learning outcomes through their own efforts and 
the efforts of the members of their small learning team. The students work together in groups to answer 
a research ques�on that is focused on the rela�onship between the hydrosphere and atmosphere. This 
ac�vity was created using ideas from the NASA online lab �tled “Climate Change Online Lab”.  Students 
will present their work to the class and discuss how different topics relate to one another. This form of 
instruc�on has been linked with increases in student achievement, cri�cal thinking, group interac�on, 
and self-esteem. Interdependent learning ensures all students are accountable for their learning. 

Lesson 
This lesson is part of a unit meant to educate students on the role carbon has in keeping our world 
habitable. This lesson focuses on how carbon dioxide is absorbed and released in rela�on to the 
hydrosphere. An experiment will be done in class that demonstrates how water absorbs CO2, which 
alters the pH balance of the solu�on. Students are then expected to choose a topic that demonstrates 
they understand how carbon interacts with the Earth’s Ocean. Examples of appropriate topics include 
how carbon dioxide levels relate to ocean levels rising, what causes ocean acidifica�on, the rise of ocean 
temperatures, and how El Nino events affect the pace the ocean absorbs carbon dioxide. All these 
poten�al topics allow for students to research real-world concerns using resources provided by NASA.  
Lesson objec�ves:  

1. Students can analyze data collected by NASA to determine how carbon emissions have 
influenced the health of the ocean.  



2. Students can use interac�ve models to develop an explana�on for why changes in global 
temperatures and ocean chemistry have taken place.  

3. Students can iden�fy how carbon is transferred between different spheres of the earth. 
4. Students can use NASA resources to compare changes in CO2 concentra�on, biochemical cycles, 

and global temperatures and explain why recording these variables allows humans to make 
informed ecological decisions.  

Discussion Ques�ons:  

1. Are the impacts of excess carbon emissions limited to changes in the ocean?   
2. How has collec�ng data on carbon emissions helped researchers interpret recent trends 

concerning ocean acidity?  
3. Why does NASA invest �me and resources in studying the amount of carbon on Earth?  
4. What impact does the carbon cycle have on your life? What would you predict the future looks 

like for future genera�ons considering the trends you found?  
 
Results 
I have not been able to formally implement this lesson in a classroom se�ng. However, this lesson was 
inten�onally designed to work for a high school level classroom and should serve as a valuable resource 
for my future classes. Classrooms that have fostered a higher level of independence would lend 
themselves well to this lesson, whereas classrooms that heavily rely on direct instruc�on may need 
addi�onal scaffolding to ensure students are ac�vely learning. I hope to have the opportunity to use this 
lesson and expose future genera�ons to how NASA resources can be used for understanding current 
events.  
 
Conclusion 
This lesson was designed to share resources with students and promote ac�ve learning. Students need 
to consider real-world scenarios and form ques�ons based on what they interpret from legi�mate 
sources. The resources provided by NASA are an entry way for students to learn how data can be used to 
draw conclusions on what is being analyzed. This enables students to take ownership of their learning 
and invest in lifelong skills. The group se�ng replicates what students will experience in their future 
careers while the coopera�ve learning style ensures all students take accountability for their work. 
Students are able to demonstrate what they have found in a concise manner and learn from their peers.  
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