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Welcome to the 16th Annual Graduate Engineering Annual       

Research & Recruitiment Symposium (GEARRS) at the 

University of Colorado Boulder. The symposium provides 

an overview of current research within the department. In 

addition, it offers a platform for the exchange and 

development of new ideas among members of the 

department, industry, and prospective students. This year’s 

research presentations have a wide variety of topics that 

include thermofluid sciences, bioengineering, robotics & 

controls, materials, micro/nano systems, air quality, and 

environmental sciences.  

 

We hope that you will appreciate the quality of research 

conducted in the department and enjoy the opportunity to 

socialize with colleagues.  

 

A special thanks to all who helped plan, organize, and 

sponsor GEARRS 2019. 

 

Enjoy your day, 

The 2019 GEARRS Committee 

Welcome to GEARRS 2019! 
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8:00 am 
Light Breakfast 

Reading Room  

8:30 am 
Kickoff: Professor Introductions 

Collaboratory  

9:30 am 
Coffee & Poster Session 

Lobby 

10:15 am Presentation Session I 

 
IA: Materials & Controls 

South Room   

 
IB: Thermo-Fluids & Air Quality 

North Room  

11:30 am 
Lunch 

Reading Room 

12:30 pm Presentation Session II  

 
IIA: Materials & Micro/Nano Systems 

South Room 

 
IIB: Biomedical/Biomechanics 

North Room 

SCHEDULE 
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Mechanical engineering encompasses 

design and manufacturing, fluid and solid 

mechanics, and thermal and materials 

science. From developing 

new energy technologies 

to improving the design 

and functionality of  

artificial limbs, many 

career directions are 

open to mechanical 

engineers.  
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Programmable Multi-functional Soft Robot blends into the 

background 

Name Zhanan Zou 

Advisor(s) Dr. Jianliang Xiao  

Email zhanan.zou@colorado.edu  

Abstract: 

Camouflaging, a well-known phenomenon in nature, is widely adopted 
by animals and plants. Enabling soft robots to blend into their 
surroundings, however, is not as easy as those naturally-selected creatures 
make it seem. A bio-mimetic artificial muscle could be the key to solving 
this problem. Liquid Crystal Elastomers have proven to be one of the 
artificial materials most like natural muscle. In our work, we successfully 
invented an artificial muscle with Liquid Crystal Elastomer as the 
actuation material and liquid metal (Gallium) elements as the controlling 
units. A self-sensible soft robot capable of crawling and camouflaging 
into its background was fabricated based on our novel artificial muscles.   
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Artificial muscles for a new generation of life-like robots 

Name Ellen Rumley 

Advisor(s) Dr. Christoph Keplinger 

Email Ellen.Rumley@colorado.edu  

Abstract: 

Soft robots exceed the ability of rigid traditional robots in terms of 
dexterity and agility by taking inspiration from nature, where organisms 
are largely based on soft materials. A key component of soft robots are 
muscle-like actuators that deform in response to stimuli such as pressure 
or voltage. 

We recently introduced hydraulically amplified self-healing electrostatic 
(HASEL) actuators that exhibits strength, speed, efficiency, and 
actuation strain that matches the capabilities of biological muscle. Their 
outstanding all-around performance makes them relevant towards 
applications such as industrial automation, search-and-rescue operations, 
and more life-like prosthetics. 

I will explain my role in the lab as a PhD student who recently joined the 
group, where I am working on developing a better understanding of the 
fundamental material science that governs the performance of HASEL 
actuators. 
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Highly Diverse Multi-Material 3D Printer 

Name Travis Hainsworth 

Advisor(s) Dr. Rob MacCurdy 

Email Travis.Hainsworth@colorado.edu  

Abstract: 

Additive Manufacturing has evolved past single component print jobs 
that are manually assembled into mechanical devices to print-in-place 
assemblies which require little to no post processing. With this evolution 
non-traditional actuators, force transmissions, and hinges (Figures 1a, 1b) 
have been shown to be viable replacements to their traditional rigid 
counterparts in the printing of electro-mechanical devices but have thus-
far been printed on expensive poly-jet printers. We are developing an 
open-source, low cost 3D printer (Figures 1c, 1d) that will lower the cost 
of entry for printing electro-mechanical devices and provide the hobbyist 
community access to this rapidly developing technology. 
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Constitutive Models of Soft Materials 

Name Lawrence Smith 

Advisor(s) Dr. Rob MacCurdy 

Email Lawrence.Smith-1@colorado.edu  

Abstract: 

Numerical modeling is indispensable in the design of soft robotic 
systems because the behavior of these systems can defy traditional design 
intuition. Finite Element Analysis use a constitutive model to describe these 
materials with a nonlinear stress-strain relationship which is applicable 
over a wide range of strains. Many constitutive models for soft rubber 
have been proposed, but each is a tradeoff between performance metrics 
(accuracy, numerical stability, ect.). In this presentation, several 
constitutive models are tested against empirical data from Eco-Flex 
materials to assess their accuracy, convergence limits, and ability to 
predict responses in arbitrary blends of multiple base rubbers.  
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Improving Human-Robot Interaction through Explainable 

Reinforcement Learning 

Name Mohd Aaquib Tabrez 

Advisor(s) Dr. Bradley Hayes 

Email Mohd.Tabrez@colorado.edu  

Abstract: 

For robots to effectively collaborate with humans, it is critical to 
establish a shared mental model amongst teammates. In the case of 
incongruous models, catastrophic failures may occur unless mitigating 
steps are taken. To identify and remedy these potential issues, we 
proposed a novel mechanism for enabling an autonomous system to 
detect model disparity between itself and a human collaborator, infer the 
source of the disagreement within the model, evaluate potential 
consequences of this error, and finally, provide human-interpretable 
feedback to encourage model correction. This process effectively enables 
a robot to provide a human with a policy update based on perceived 
model disparity, reducing the likelihood of costly or dangerous failures 
during joint task execution. Our research makes two contributions at the 
intersection of explainable AI (xAI) and human-robot collaboration: 1) 
The Reward Augmentation and Repair through Explanation (RARE) 
framework for estimating task understanding and 2) A human subjects 
study illustrating the effectiveness of reward augmentation-based policy 
repair in a complex collaborative task. 
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Session IB 

Thermo-Fluids & Air Quality 

10:15 - 11:30 a.m. 

Chair: Dr. Shelly Miller 

Coordinator: Ryan Cole 
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Combustion wind tunnel facility for 

investigating wildland fire spread  

17 

4. David 

Pfotenhauer  

Burning Trash or Burning Wood: Which 

Pollutes the Air More?  

18 

5. Sarah Toth  Investigating the use of low-cost 

particulate matter sensors to inform 

photovoltaic soiling  

19 

Abstracts 
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Identifying Intermittent Dynamics in Rectangular 

Buoyant Jets  

Name Mike Meehan 

Advisor(s) Dr. Peter Hamlington 

Email Michael.A.Meehan@colorado.edu  

Abstract: 

Buoyant jets have a characteristic instability where upon injection of a 
fluid of differing density than the surroundings, strong oscillatory 
behavior can be observed. We explore the dynamics of the oscillations 
for high-aspect ratio rectangular buoyant jets using highly resolved 
numerical simulations which we utilize an innovative technique that 
actively refines the computational grid on complex regions of the 
flowfield. Through use of orthogonal decompositions, we can clearly 
show that these oscillations exhibit far more complex dynamics that 
previous literature have reported.  
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Constructing the Potential Energy Surface of Propionic 

Acid  

Name Katherine Cummins 

Advisor(s) Dr. Nicole Labbe 

Email kacu9401@colorado.edu  

Abstract: 

A biodiesel surrogate, ethyl propionate (CH3CH2C(=O)OCH2CH3), 
decomposes into propionic acid (CH3CH2C(=O)OH) and ethylene 
(CH2=CH2) upon heating. Propionic acid is an important intermediate in 
the pyrolysis of ethyl propionate but is not well studied in the 
combustion community. Six possible transition states of propionic acid 
were identified and their structures found. A potential energy surface for 
propionic acid decomposition was generated using electronic structure 
calculations at the CCSD(T)/cc-pV∞Z//M06-2X/cc-pVTZ level of 
theory.  Developing an accurate PES for propionic acid allows for the 
prediction of rate constants of propionic acid decomposition, which in 
turn increases the accuracy of ethyl ester kinetic mechanisms.  
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Combustion wind tunnel facility for investigating wildland 

fire spread  

Name Amanda Makowiecki 

Advisor(s) Dr. Greg Rieker 

Email Amanda.Makowiecki@colorado.edu  

Abstract: 

As the incidence of large scale wildfires increases, accurate fire spread 
models are more important than ever to inform fire suppression 
decisions, efficiently deploy firefighters and determine evacuation zones. 
To accurately simulate fire spread the three most important factors are; 
fuels, weather and topography. We have designed a wind tunnel facility 
to isolate each of these variables by building a flame resistant test section 
for studying the flame spread rate of various fuels while controlling the 
angle of the tunnel and the wind velocity. We implement a suite of 
diagnostics including; thermal imaging, high speed imaging and dual 
frequency comb spectroscopy to quantify flame temperatures and spread 
rates.  
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Burning Trash or Burning Wood: Which Pollutes the Air 

More?  

Name David Pfotenhauer 

Advisor(s) Dr. Mike Hannigan 

Email David.Pfotenhauer@colorado.edu  

Abstract: 

Insufficient work has been done to properly understand ambient 
pollution levels and pollutant contributors in Sub-Saharan African 
countries. To address this issue, filter samples taken near cooking, 
kerosene lighting, trash burning, and charcoal making events in 
Navrongo Ghana were analyzed for elemental and organic carbon, as 
well as for organic species using Gas Chromatography-Mass 
Spectrometry methods. We use the emissions data analyzed from these 
filters to help us understand which emission sources are major 
contributors to the ambient pollution and human exposures in that 
region.  
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Investigating the use of low-cost particulate matter sensors 

to inform photovoltaic soiling  

Name Sarah Toth 

Advisor(s) Dr. Mike Hannigan & Dr. Marina Vance 

Email Sarah.Toth@colorado.edu  

Abstract: 

The deposition of ambient particulate matter (PM) onto the surfaces of 
photovoltaic (PV) modules can reduce power output by almost 50% in 
some locations [1]. Ongoing efforts to characterize this phenomenon, 
referred to as “natural soiling”, have been primarily informed by existing 
EPA air monitoring stations that are often too geographically distant 
from the location of interest with respect to the known time scale of 
ambient PM deposition rates [2]. This research deployed and calibrated a 
low-cost ambient PM sensor along with reference solar cells and a 
Colorado Department of Environmental Health PM monitor. 
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25 
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Additive manufacturing: The next generation of          

High-Power-density direct drive electric generators  

Name Austin Hayes 

Advisor(s) Dr. Greg Whiting 

Email Austin.Hayes@colorado.edu  

Abstract: 

Wind turbines are rated for a 20-year life.  However, the probability of a 
gearbox failure before 20 years is 64%1. Direct drive generators solve this 
issue by removing the gearbox. However, due to lower rotational speeds, 
to produce the same power, the diameter of the generator must become 
extremely large (6m for a 5MW machine weighing 250 tons2). Using 
topology optimization, new designs can incorporate lattice-based 
structures which significantly reduce generator weight3 while at the same 
time decreasing deflections.3 However, these designs cannot be made 
with traditional manufacturing techniques. Additive manufacturing 
presents an opportunity to economically manufacture these designs. 
 

1 Sheng, S. 2013. Report on Wind Turbine Subsystem Reliability—A Survey of Various Databases. NREL/PR-5000-59111. 2 L. 
Sethuraman and K. Dykes, September,2017. Generatorse: A sizing tool for variable speed wind turbine generators. Technical report 
nrel/tp-5000-66462. 3 Hayes, Austin & Sethuraman, Latha & Dykes, Katherine & Jay Fingersh, Lee. (2018). Structural Optimization of 
a Direct-Drive Wind Turbine Generator Inspired by Additive Manufacturing. Procedia Manufacturing. 26. 740-752. 10.1016/
j.promfg.2018.07.084.  
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Towards soft robots and flexible electronics using smart, 

stimuli-responsive materials  

Name Andrés Villada 

Advisor(s) Dr. Jianliang Xiao 

Email Andres.Villada@colorado.edu  

Abstract: 

Overcoming the limitations of stiff and bulky electronics will 
revolutionize fields such as internal medicine and micro-scale robotics. 
By taking advantage of the “smart,” stimuli-responsive properties of 
certain polymers and liquid metals, we realized soft, flexible, resilient, and 
recyclable devices that can be functionalized for a variety of applications 
in signal detection and wearable technology. Our emphasis is on low-cost 
production, taking advantage of well-established 2-D manufacturing 
procedures and thin film mechanics to realize complex, 3-D structures 
using concepts inspired by printed circuit board manufacturing and the 
ancient art of origami.  
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Super Tough Hydrogels for Membrane Applications  

Name Jaylene Martinez  

Advisor(s) Dr. Yifu Ding 

Email Jaylene.Martinez@colorado.edu  

Abstract: 

Hydrogels are polymer gels composed of more than 50% water for usage 
in bioengineering, drug delivery, and tissue engineering for tissue 
regeneration research. Due to large water content, hydrogels are easy to 
fracture and have low strength. Recent research has shown the ability of 
double-networked hydrogels to reach 90% water content with a strength 
of ~160kPa and stretching of 17X original length. This research aims to 
encompass this double-networked hydrogel for the use of membrane 
filtration applications. Recent results indicate comparable data and flux 
through the material; ~50kPa strength, 10x original length, and a flux of 
27Lm-2hr-1. 



 24 

 

Photoacoustically guided light focusing through scattering 

media  

Name Marco Inzunza 

Advisor(s) Dr. Todd Murray 

Email marco.inzunza@colorado.edu  

Abstract: 

Imaging through or behind turbid media is a difficult endeavor as the 
object information becomes scrambled through multiple scattering paths. 
The essence of any imaging through scattering is the ability to focus light, 
without direct access behind the scattering media. Ultrasonically guided 
wavefront-shaping has been used to achieve non-invasive scattering 
compensation and focusing but are mostly limited by the transducer 
acoustic diffraction. So far, wavefront-optimization focusing techniques 
through scattering media which utilize photoacoustic (PA) signal 
fluctuations have been largely overlooked. In this work, we characterize 
PA signal fluctuations generated from the endogenous process of 
microparticle flow.  The PA signal fluctuations are then utilized as 
feedback to guide a genetic algorithm optimization process. The result is 
a single, tightly focused, optical speckle, roughly 10 times smaller than 
the acoustic focus.  
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Development of a Conductive Biodegradable Ink for  

Multi-Process Additive Manufacturing 

Name Madhur Atreya 

Advisor(s) Dr. Greg Whiting 

Email Madhur.Atreya@colorado.edu  

Abstract: 

     Widely distributed electronic systems for environmental monitoring 
can enable the collection of large data sets useful for resource 
optimization in areas such as agriculture.  However, the use of such 
sensor systems is limited by a number of factors including unit cost and 
the potential for creating significant amounts of persistent electronic 
waste in the environment. 
     Continued research into transient electronic materials and devices has 
led to a number of available options for biodegradable conductive 
materials.  However, development of biodegradable high-conductivity 
materials suitable for digital additive manufacturing under ambient 
conditions remains a challenge. 
     Building on previous work, we have created solution-based, 
conductive direct-write inks consisting of various metal particles (such as 
tungsten) and biodegradable polymeric binders (such as poly(lactic acid)).  
These printed conductors degrade under a combination of microbial 
action and water solubility in a predictable manner.  Combining the 
direct-ink writing (DIW) process of these conductors with other 
manufacturing processes allows for the fabrication of three-dimensional 
electronic structures and complex geometries that enable the control of 
degradation time and mechanical properties.   
     In addition, we have developed an accelerated biodegradation test 
procedure in order to help rapidly iterate formulas and processes.  
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30 
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Stretched Exponential Modeling of the Intervertebral Disc 

In Vivo 

Name Robert Wilson 

Advisor(s) Dr. Corey Neu 

Email robert.wilson-1@colorado.edu  

Abstract: 

Intervertebral disc (IVD) degeneration, initiated by the depletion of 
glycosaminoglycans (GAGs), can lead to debilitating back pain. Magnetic 
Resonance Imaging (MRI) measurements correlate with GAG content. 
Anomalous MRI relaxation models may yield higher sensitivity to GAG 
compared to conventional models. Here, MRI measurements were 
performed on healthy cervical IVDs. Relaxation data was modeled using 
both a conventional and stretched exponential (SE) decay. Mean squared 
error differences indicate anomalous relaxation. Only SE parameters 
increased with IVD segment. The improved correlation between SE 
parameters and IVD position indicate these parameters may be more 
sensitive biomarkers for detection of GAG content variation.  
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Cancer-Induced Osteocytic Osteolysis  

Name Samira Hajebrahimi 

Advisor(s) Dr. Maureen Lynch 

Email Samira.Hajebrahimi@colorado.edu  

Abstract: 

Cancer metastasis is incurable and leads to poor quality of life for 
patients. It dysregulates normal bone remodeling and causes an 
imbalance between bone resorption and formation, most typically 
resulting in net bone loss or osteolysis. The osteocyte is the most 
numerous bone cell and regulates bone remodeling. It can also directly 
resorb the bone in its microenvironment, called osteocytic osteolysis. This 
study examines the role of osteocytic osteolysis in breast cancer bone 
metastasis and cancer-induced bone loss. For this purpose, the spatial 
characteristics (e.g. volume, aspect ratio, and orientation) of the 
osteocytes’ lacunae in the tibia bones of healthy SCID female mice are 
compared with those of cancer-bearing mice. These spatial characteristics 
are determined by applying 3D image processing methods to the images 
obtained from multiple bone sections through Micro-CT scans. 
Primarily, comparison results indicate an increase in lacunae volume by 
cancer, implying bone resorption. 



 29 

 

Vigor of eye movement reveals decision making preference 

Name Daniel Ryan Apuan  

Advisor(s) Dr. Alaa Ahmed 

Email daniel.apuan@colorado.edu  

Abstract: 

Our movements may reveal our impending choices, reflecting the 
underlying neural decision-making process. Here we ask whether the 
vigor of our eye movements (saccades) reveal our preference. Subjects 
chose between making movement of varying effort. Interestingly, 
subjects did not choose to optimize for energy, but rather also utilized a 
cost function that also minimized time. Additionally, as they decided 
between options, we measured their saccade vigor. We found saccade 
speed between two choices diverges and is faster towards the preferred 
option. These results shed light on the neural decision-making process 
and stand to inform our understanding of movement slowing in 
Parkinson’s Disease.  
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13 days of microgravity exposure diminishes cortical bone 

material quality in growing mice  

Name Bhavya Senwar  

Advisor(s) Dr. Virginia Ferguson 

Email Bhavya.Senwar@colorado.edu  

Abstract: 

Microgravity causes loss of bone mass in humans and animals by 
disrupting rates of bone formation and resorption yet, influence of 
microgravity on bone material quality has not been investigated. Female 
C57Bl/6N mice were exposed to 13 days on STS-135, and were used to 
evaluate changes in bone material properties after microgravity. 
Mechanical aspects of tibiae were evaluated using Nanoindenter along 
with site matched Raman spectroscopy to assess the bone composition 
associated with different loading conditions and aging. Bone material 
quality was significantly reduced suggested by reduced modulus and 
increased carbonate: phosphate ratio in newly formed bone in 
spaceflight.  
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Tech Tattoos  

Name Jesse Butterfield 

Advisor(s) Dr. Carson Bruns 

Email Jesse.Butterfield@colorado.edu  

Abstract: 

We employ microscopic particles that can be installed as dermal implants 
by conventional tattooing techniques, introducing new functions to the 
skin that may improve human health and self-expression. For example, 
we created tattoo inks containing microcapsules loaded with 
photochromic and thermochromic dyes; the corresponding tattoos act as 
real-time naked-eye indicators of the skin’s UV exposure and 
temperature, respectively.  
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