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CHEMICAL ENGINEERING 

Nanofluids for Solar Thermal Energy Harvesting 
By Nathan Hordy, Professor Jean-Luc Meunier, and Professor Sylvain Coulombe 

Solar thermal collectors, which capture the Sun’s rays as heat, are currently used worldwide in applications ranging from 
hot water heating to large-scale electricity production. Carbon nanotube (CNT) nanofluids (stable suspensions of CNTs in 
a host liquid) can be used as both a volumetric solar collector and heat transfer fluid in direct solar thermal devices, as a 
method of improving efficiencies and reducing costs. However, the issue of suspension stability, particularly at high 
temperatures, must be addressed if these nanofluids are to be employed in practical applications. We have 
demonstrated, for the time, that the nanofluids we produce remain stable over extended periods of time and after 
intense heating. Optical characterization shows that the CNTs are highly absorbing over the majority of the solar 
spectrum, allowing for close to 100 % solar energy absorption, even at low concentrations, making them ideal 
candidates for direct solar absorption.  

 
Development of novel nanofluids for CO2 sequestration 
By Larissa Jorge, Professor Pierre-Luc Girard-Lauriault, and Professor Sylvain Coulombe 

 The increase in CO2 concentration in the atmosphere is a major concern for climate change as CO2 is a strong 
greenhouse gas. Industrial processes account for a very significant fraction of the total production of CO2 worldwide. 
Highly absorbing and low-cost materials are required to sequester the CO2 contained in industrial waste streams in 
order to reduce the environmental impact of industrial chemical processes. We are developing new nanofluids (NFs), 
consisting of engineered dispersions of nanoparticles in various solvents which feature improved gas-liquid mass 
transfer rates and higher gas solubility. To achieve this, careful tailoring of the surface chemistry of carbon nanotubes 
(CNTs) is performed through non-thermal plasma treatments in mixtures of ethane with ammonia or oxygen. This 
process ensures both the formation of a uniform nanofluid and a high affinity for the dissolved gas. The NFs produced 
from these modified CNTs show good stability over a period of weeks. Future work will consist in testing these NFs in a 
gas bubble column to determine their CO2 absorption capacity at different temperatures and concentrations of CO2. 

 

Control of plasma plume formation during femtosecond laser micromachining 

By Jorge Lehr and Professor Anne Kietzig 

Femtosecond laser micromachining on metals allows engineers to produce regular self- organized surface structures of 
different length scales by using a controlled ablation process. To obtain regular and homogenous surface structures the 
formation of a large plasma plume has to be avoided, since it has a negative effect of the quality of surface pattern 
formation. So far the effects of plasma plume formation have mainly been investigated in the context of single ablated 
spots and lines. Ideally, both phenomena have to be controlled since the plasma plume originates from ionized surface 
material as well as from ionized gas of the surrounding environment. While the first one can be limited by using 
moderate levels of fluence and pulses per spot (PPS) during micromachining, the latter case can be almost eliminated 
with the right working environment. We have investigated the influence of different gases like air, noble gases, vacuum 
as well as water on the homogeneity of the resulting micro-structured array on a titanium surface. Thereby, it has been 
observed that the use of nitrogen and helium gives the best results, while the formation of regular structures in a low 
vacuum has not been possible. 

 
Designing Greener Plasticizers: Influence of Geometry of Central Group and Side Chains 
By Hanno Erythropel, Professor Milan Maric, Professor David G. Cooper and Professor Richard Leask 

Plasticizers are important additives for rigid polymers such as poly(vinyl-chloride) (PVC) to make them softer and more 
flexible. Plasticizers are not bound to the polymer matrix and tend to leach into the environment. Di(2-ethylhexyl 
phthalate) (DEHP) and its toxic, stable metabolites, are ubiquitous environmental contaminants and have been banned 
in various jurisdictions. This has motivated efforts to design alternative green plasticizers, that don’t exhibit the 
problematic properties of phthalate esters. Based on knowledge of the degradation behaviour of di-ester plasticizers, we 
have designed greener and more sustainable compounds that retain comparable plasticizing properties to DEHP, but 
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which are more easily biodegraded by common soil bacteria. Mechanical testing of PVC formulations incorporating 
these and biodegradation studies of the pure compounds have shown linear succinate and maleate esters to be 
promising alternatives. The cost and life cycle of these materials will help reduce the overall impact on human health 
and our environment. 

 
Simvastatin Influences Endothelial Cell Morphology when Exposed to Wall Shear Stress 
By Melissa Dick, Jean-Claude Tardif, and Professor Richard L. Leask 

A risk factor for developing atherosclerosis, the inflammation and narrowing of blood vessel walls, is having high 
cholesterol levels. This can cause injury to the endothelial cell (EC) layer that lines blood vessels, leading to increased 
permeability of cells and lipids. ECs are constantly exposed to a wall shear stress (WSS) from blood flow, influencing cell 
shape and structure. Statin drugs have been designed with the intention of preventing atherosclerosis development by 
inhibiting cholesterol synthesis. Although statins have been shown to significantly reduce cholesterol levels, they exhibit 
other beneficial effects that are not well understood. This research studies the effect of statins on ECs within a 
hemodynamically realistic environment. EC shape and structure have been analyzed and compared for both static and 
perfused cells. This work is crucial to aid in understanding how statin drugs work in vivo, which may lead to better drugs 
and treatment options in the future. 

 
Synthesis, Characterization, and Performance of a Non-Noble Metal Catalyst Based on Graphene Nanoflakes for PEM 
Fuel Cells 
By Pierre-Alexandre Pascone, Professor Dimitrios Berk, and Professor Jean-Luc Meunier 

In order for polymer electrolyte membrane fuel cells (PEMFCs) to become commercially viable, a cost-effective catalyst 
must be developed. The catalyst of interest is inspired by the heme structure, an iron porphyrin found in blood. High-
nitrogen content functionalized graphene nanoflakes (N-GNFs) are produced by thermal plasma decomposition and 
used to support atomic iron, thus forming catalytic sites. In initial tests, the non-noble metal catalyst with low iron 
content has already been shown to be active and fully stable in a PEMFC environment and has been identified as a 
potential replacement for platinum, the current industry catalyst. The present work concentrates on the optimization of 
iron incorporation through the control of synthesis parameters. The catalyst will be characterized to determine its 
atomic composition and structure as well as its performance in the PEMFC environment following US-DOE testing 
standards. These tests include activity readings and measurements of durability/stability through 1000-hour operation 
simulations.   

 

Understanding Plasma Chemical Reactions on Carbon Nanotube Composite Materials 

By Leron Vandsburger, Professor Sylvain Coulombe, and Professor Jean-Luc Meunier 

Carbon nanotubes (CNTs) are carbon macromolecules consisting of one or more concentric planes of sp2 hybridized 
carbon atoms bonded in continuous hexagonal lattices. Anisotropic electron conduction along the axis of CNTs can be 
considerable. When energized electrically, CNTs exhibit a concentration of electric field strength at their tips, in what is 
termed the “field enhancement effect.” In the interest of exploiting this property to reduce energy consumption, CNTs 
have been targeted for development of nanostructured electrode materials to replace conventional electrode 
technology. Field enhancement causes tip-localized concentration of charged particle interactions. This effect has been 
studied by observing the bombardment of energized CNTs with charged particles. The polarity of the surface bias selects 
for particle charge, allowing for detailed description of electron bombardment degradation, oxygen-ion bombardment, 
and plasma-polymer and polycyclic-aromatic hydrocarbon synthesis. This has led to valuable new methods for plasma 
functionalization and production of CNT-polymer composites for biocompatible electrode materials. 

 
Development of photo-electrodes for the treatment of organic wastewaters 
By Alexander Grant, S. Ghasemian and Professor Sasha Omanovic 

Antibiotics released into the aquatic environment promote the evolution of bacterial antibiotic resistance. 
Photoelectrochemical wastewater treatment may be useful in oxidizing these organic contaminants and thus preventing 
this. The dye phenol red was used as a model organic to simulate common antibiotics and this research project involved 
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treating solutions of it with photoelectrodes. Different photoelectrodes were tested based on different recipes of 
photoactive and electrochemical components (tungsten and tin were used, respectively, with a small amount of 
antimony).  Better treatment (dye degradation) was expected with recipes containing a higher amount of the 
electrochemical component (tin), and put together in some combination that was queried, a maximum dye degradation 
was expected. The maximum degradation found in this project existed with a recipe of 30-50% tin and 50-70% tungsten. 
With this knowledge, the photoelectrode can be doped further and its potential to degrade organics can be improved. 

 
An investigation of novel nanomaterials for hydrogen gas production and supercapacitors based on Ni-based 
nanoparticles and multiwall carbon nanotubes 
By Mark A. McArthur, Professor Sylvain Coulombe, and Professor Sasha Omanovic 

It is clear that global energy trends continue towards renewable methods and materials to alleviate or eliminate 
environmental and economic stresses caused by the use of traditional fossil fuels. Two alternative energy technologies 
include hydrogen gas based ‘burning’ systems (fuel cells and H2 internal combustion engines) and electrochemical 
capacitors (commonly referred to as supercapacitors). Currently, these technologies are either too expensive or have 
room for improvement (in the case of the former and latter, respectively) to be competitive with fossil fuels. Our 
laboratories have tackled these technologies from two angles: development of (i) electrocatalyst materials for H2 
generation and (ii) electrode materials for supercapacitors, both based on nickel, a relatively inexpensive metal. Both of 
these techniques are accomplished through a modular approach using novel nanomaterials. Multiwall carbon nanotubes 
(MWCNTs) serve as a high-area scaffold onto which Ni nanoparticles can be deposited. This poster will highlight how 
these novel materials are synthesized and present the electrochemical performance data obtained so far. 

 
Estimation of Elastic Properties of Liquid Crystals under the Cylindrical and Conical Confinements 
By Alireza Shams and Professor Alejandro Rey 

Liquid crystals are an important class of soft matter, displaying multi-functionalities and formed by self-assembly, and 
display the anisotropic behavior of solids and the flow abilities of liquids.   Liquid crystals under  capillary confinement 
generates a rich variety of static and dynamic defect textures including integer or half integer singular disclination lines. 
In a micro range cylindrical or conical confinement we face with a branching process in which a straight high order +1 
disclination splits to  a pair of curved +1/2 disclinations.  In this work, using the “nematic elastica” model derived from 
the Q-tensor Landau–de Gennes and n-vector Frank–Oseen equations, the geometry, stability, and energetics of 
disclination are fully characterized. It has been found that (i) The branch point is defined by an aperture angle of 120° 
and for cone angles larger than this value there is no bending moduli; (ii) increasing the capillary radius (confinement) 
and/or the cone angle (alignment) leads to less curvature and more bending energy. These new findings are useful to 
assess the Frank elasticity of the nematic liquid crystal and predict the best condition for the novel structures. 

 
Solubility Measurements and Modeling of Semi-Clathrate Hydrates formed with Different Compositions of Tetra-n-
Butyl Ammonium Bromide 
By Jean-Sébastien Renault-Crispo and Professor Phillip Servio 

Gas hydrates are crystalline solid structures consisting of small gas molecules encapsulated by caged-like networks of 
water molecules. The main challenge to using hydrates in industrial processes is their slow formation rates. Semi-
clathrate hydrates are similar to gas hydrate but contain a charged molecule participating in the formation of the 
hydrate cage structure along with water. Interest in semi-clathrates hydrates has grown since their discovery because 
they store similar amounts of gas as conventional gas hydrates but form at more moderate conditions. Reliable 
thermodynamic models for predicting the formation conditions and phase compositions of these structures are 
important for their implementation in industrial processes. In this study a stirred tank crystallizer was loaded with a 
variety of compositions of tetra-n-butyl ammonium bromide (TBAB), a commonly studied compound capable of forming 
semi-clathrate hydrates. Measurements of temperature, pressure, and liquid phase composition were taken under 
three-phase (gas-liquid-hydrate) equilibrium in the stirred tank crystallizer. Following data collection, a thermodynamic 
model was used to predict species compositions in all phases present (gas, liquid and hydrate). A special emphasis was 
placed on modeling liquid phase composition due to its importance for modeling hydrate growth. 
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Influence of Particle Surface Coating and Water Chemistry on the Aggregation and Transport Behavior of Palladium-
Doped Nanosized Zero Valent Iron (Pd-NZVI) Particles in a Model Ground Water Environment 
By Mohan Basnet, Professor Subhasis Ghoshal, and Professor Nathalie Tufenkji 

Direct subsurface injection of Pd-NZVI particles has been suggested for achieving rapid remediation of various 
environmental contaminants into innocuous products. The major challenge encountered during field application is rapid 
Pd-NZVI aggregation and thus very limited transport. Therefore, to reduce aggregation and concurrently improve 
transport, the surface of bare Pd-NZVI can be coated with various stabilizing surface modifiers. In this study, we 
investigated the potential of using environmentally friendly surface modifiers: carboxymethyl cellulose, soybean flour 
and other natural molecule (patent under consideration) as Pd-NZVI stabilizing agents. We assessed the aggregation 
potential by monitoring the evolution of Pd-NZVI hydrodynamic diameter as a function of time; whereas the transport 
potential was evaluated in a model ground water environment. Our results show that when the aggregation is 
unfavorable, all of the selected surface modifiers perform well to improve Pd-NZVI mobility. However, at high ionic 
strength, the natural molecule is more effective at enhancing Pd-NZVI transport. 

 

 

CIVIL ENGINEERING AND APPLIED MECHANICS 

Seismic Risk Analysis for Montreal: An application of HAZUS Canada 2.1 and calibration of the shelter model 
By Umma Tamima and Professor Luc Chouinard 

Seismic risk analysis is performed for Montreal Island based on the methodology developed by the Federal Emergency 
Management Agency (FEMA) and implemented in HAZUS. This study is based on the version of HAZUS that has been 
adapted for Canada, HAZUS Canada 2.1. The vulnerability and loss estimation procedures of HAZUS were developed 
using expert judgment and were calibrated/validated using data from historical earthquakes in US. The application of 
HAZUS methodology in Canadian setting requires calibration/validation of these parameters. The current study focuses 
on the calibration of the shelter model of HAZUS. The Stated Preference (SP) method is used to determine the response 
of participants to various hypothetical scenarios of large earthquakes in a shelter choice game. A Multinomial Logit 
(MNL) model is used to represent the probability of shelter choice as a function of event, contextual and personal 
characteristics. The updated shelter choice model provides useful information for emergency managers to plan the 
allocation of resources for prior and in the aftermath of earthquakes. 

 
Link criticality evaluation:  an application to Montreal's road network 
By Frederic Reynaud and Professor Naveen Eluru 

Road networks are subject to degradation, and need to be maintained in order to provide an adequate level of service. 
Given limited funds, it is necessary to develop tools that assess the criticality of links in the network and enable decision-
makers to allocate funds in a way that maximizes efficiency. Historically, such measures have been local and static 
measures such as Volume-to-Capacity (V/C) ratio, Average Annual Daily Traffic (AADT), or local congestion measures. 
These metrics treat links as isolated components, and do not capture system-wide effects. During the past decade, the 
focus of research in this area has shifted towards assessing the impacts of a link closure on the network as a whole. The 
research presented in this poster intends to further our understanding of system-wide evaluation metrics and features a 
case study of the Montreal urban area. 

 
Smog and socio-economics: an evaluation of traffic-related air pollution generation and exposure 
By Timothy Sider, Professor Marianne Hatzopoulou, and Professor Naveen Eluru 

The distribution of traffic-related air pollution generation, exposure and social disadvantage is an important 
environmental justice concern, raising many questions at the metropolitan scale. Do socially disadvantaged communities 
have higher exposure levels to traffic-related air pollution? Does a polluter-pays situation exist wherein communities 
that generate high levels of pollution are also exposed to greater concentrations? These questions are examined for the 
Montreal region through the development of an integrated transport and emission model. Two measures of traffic-
related air pollution are estimated (generation and exposure) as well as a measure of social disadvantage index. Three 
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levels of inequity exist: firstly, social disadvantage has a positive relationship with exposure, meaning that more socially 
disadvantaged communities tend to experience higher levels of traffic-related air pollution. Spatial disparities in 
emission generation versus exposure are also present for most of the metropolitan region, negating the polluter-pays 
principle. Furthermore, the communities that face a double-burden of greater disadvantage and higher exposure also 
tend to create the lowest quantities of pollution. 

 
Investigating the Isolated and Combined Effects of Congestion, Roadway Grade, Passenger Loading, and Alternative 
Fuels on Transit Bus Emissions 
By Ahsan Alam and Professor Marianne Hatzopoulou 

This study investigates the isolated and combined effects of network congestion, roadway grade, passenger load, and 
fuel type on transit bus emissions of greenhouse gases through a simulation of transit operations and emissions along a 
busy corridor. We observe that positive grades have strong effects on emissions causing other variables to become 
significant such as passenger load. The effects of increasing negative grades on emissions are often offset by varying the 
random seed in the traffic simulation. While an increasing passenger load on the bus increases emissions, the addition of 
each passenger influences the per-passenger emissions differently depending on the bus occupancy. Finally, the benefits 
of compressed natural gas (compared to diesel) vary across different network speeds, grades, and passenger loadings. 
The results are useful to transit planners in the evaluation of operational changes and in the allocation of alternative 
fuelled buses along selected transit corridors. 

 
Trichloroethylene Degradation by Granular Activated Carbon Impregnated with Nanoscale Zero-Valent Iron 
By S. Bhattacharjee, S.C. Rajajayavel, S. N. Rajendran, R. Bandyopadhyaya, and Professor Subhasis Ghoshal 

Halogenated organic compounds such as trichloroethylene (TCE) are encountered in contaminated for drinking water 
sources. There is a critical need for water treatment technologies that are efficient in removal of these toxic compounds 
to offer adequate protection to public health. Halogenated organic compounds can be effectively removed by 
absorption onto granular activated carbon (GAC). However, GAC’s have a fixed bed absorption capacity. Incorporation of 
nanoparticles of zero valent iron (NZVI) on to the GAC is a promising approach for increasing the absorption capacity of 
GAC; in addition NZVI impregnation can rapidly degrade chlorinated organic compounds to innocuous end products. In 
this study two different methods for impregnating NZVI into GAC are compared. In the first method, NZVI is 
incorporated into the GAC by thermal reduction of ferric chloride imbibed into the GAC. In the second method, NZVI is 
incorporated by chemical reduction of ferrous sulfate imbibed in the GAC by sodium borohydride solutions. The 
synthesised GAC-NZVI were characterised for their surface morphology and properties using BET, SEM-EDX, XRD and 
XPS. SEM-EDX results show higher relative abundance of NZVI within pores of the GAC prepared by chemical reduction. 
SEM images indicate that the diameter of NZVI on the surface of GAC prepared by both the method was in the range of 
60~100 nm. The kinetics of TCE degradation by different GAC-NZVI and NZVI were assessed in batch reactors. GAC-NZVI 
prepared by chemical reduction degraded approximately 60% of the initial TCE (120 mg L-1) in less than 48 hours, 
compared to only 8% degradation of TCE by GAC-NZVI prepared by thermal reduction. The presence of higher amounts 
of NZVI within pores of GAC-NZVI prepared by chemical reduction might explain the faster degradation of TCE absorbed 
in pores. Experiments with the GAC-NZVI with iron loadings of 5, 7 and 9 wt% were carried out, and TCE degradation 
increased with the GAC-NZVI loading. This study demonstrates the advantage of impregnating a reactive material such 
as NZVI onto GAC can achieve more efficient removal of TCE from water or wastewater contaminated with TCE. 

 
Behaviour of extended shear tabs and shear tabs with coped beam under combined axial and shear forces 
By Mohammad Motallebi and Professor Dimitrios Lignos 

Although current steel design codes do not consider axial force in design procedure for shear tabs, lateral loads such as 
wind and earthquake or unexpected events such as column damage subject these connections to the deformation, 
combined axial and shear forces. The aim of this research is to determine the behaviour of steel extended shear tab 
connections and shear tab connections with coped beams subjected to the deformation, combined axial and shear 
forces. These connections are widely used to connect beam to column or girder web. Full-scale laboratory tests and 
complementary finite element simulations will be implemented to determine the connections’ behaviour and their 
strength and ductility capacities. According to these results, a design procedure will be proposed. Results of this study 
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will be presented to the Canadian Institute of Steel Construction to be adopted in its design procedures which are relied 
on by the Canadian steel industry to fabricate economical connections with an acceptable level of safety. Furthermore, 
this research will be a basis for additional study on the collapse of steel gravity frames and will be used to define a 
numerical model to be implemented in the analysis of structures to accurately assess their susceptibility to progressive 
collapse. 

 

 
ELECTRICAL AND COMPUTER ENGINEERING 
 
Identification of Umbrella Constraints in Security-Constrained Optimal Power Flow Problems 
By Ali Jahanbani Ardakani and Professor Francois Bouffard 

In electric power systems, network-constrained optimization problems are very large in terms of the number of 
constraints and variables. Therefore, in solving these problems large amounts of memory and CPU time are required. 
Still, system operators have to rely on these problems to minimize operation costs while planning further resources to 
address system uncertainties arising from renewable energy sources, demand and component failures. Empirical 
evidence shows, nonetheless, that generally only a few constraints are really of importance for forming the feasible set 
of solutions in these problems. In this research, an optimization-based methodology is proposed to identify the 
constraints which are both necessary and sufficient for constructing their feasible set of solutions. The method has been 
applied on several industry standard test systems, and in some instances over 99% of the original network-constrained 
problem’s constraints are identified as redundant. By removing these constraints from the original problem, its solution 
time can be reduced by more than 100 times. As a result, one can very well envision the network-based optimization 
problems could be used in near to real time decision support systems for power system operators. 

 
Solenoid Electric Actuators for Gear Shifting in Electric Vehicles 
By Rana Tahmasebi and Professor Benoit Boulet 

Transportation sector was accounted for 28% of US greenhouse gas emission in 2011. Electric Vehicles (EVs) are green 
alternatives for air polluting vehicles. One of the challenges in EVs design is the gear shifting system. Pneumatic and 
hydraulic actuators are used for gear shifting in EVs. To reduce the vehicles’ weight and complexity and to have better 
efficiency, we propose use of solenoid electric actuators. This type of actuator is able to respond very fast and can 
provide the force needed for gear shifting. This research examines the feasibility of use of this type of actuator in EVs. 
Also, we consider the uncertainties that are introduced to the control system in reality. These uncertainties include 
change of parameters due to variations in coil temperature and/or actuator movements. To compensate for the 
uncertainties, a robust controller is designed to ensure the satisfactory performance of gear shifting process. 

 
Signal processing with silicon photonics for fiber optic communications 
By Mina Spasojevic and Professor Lawrence Chen 

Increasing internet traffic requires routers and switches growing in size where further reduction of the electronic ICs is 
constrained by the current leakages and heat dissipations. Silicon photonics started offering solutions to shortcomings of 
electronics. High optical mode confinement due to high index contrast between silicon and silica allows for low loss 
propagation in very small features and immunity to electromagnetic interference leading to high-density integration 
capabilities. Coupling, switching, splitting, (de)multiplexing of optical signals can all be implemented in nanophotonic 
silicon devices with minimal losses.  The group supervised by Prof. Lawrence R. Chen at McGill University has been 
investigating the attractive properties of silicon waveguides and grating based devices tailored to enhance nonlinear 
effects and realize add/drop multiplexing, filtering and time delay applications. Successful demonstration of FWM 
nonlinear process and wavelength conversion of different modulation formats (OOK, DPSK, 16QAM) was achieved in 
carefully designed dispersion tailored silicon waveguides. Successful demonstration of up to 90 ps delays in increments 
of 15-32 ps was achieved in step-chirped and serial waveguide Bragg gratings to implement discretely tunable optical 
delays. Additionally, Bragg grating based devices in combination with MMI couplers are being designed to realize 
DWDM, Michelson interferometer and Sagnac loop. 
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Semi Automation of the Mean Axis of Rotation Analysis 
By Mayar Abbasi and Professor Frank Ferrie 

The Mean Axis of Rotation (MAR) Analysis is an analysis procedure used to diagnose problems in the cervical spine. 
Researchers have shown that many patient symptoms can be correlated to abnormal MAR placement [1], making MAR 
analysis an important tool in medical diagnosis. However, the current method of calculating the MAR for a single patient 
is manual, and very labour intensive, thus rendering it impractical to use MAR Analysis in a general clinical setting. This 
work presents a computer vision based tool which performs the MAR Analysis in a semi-automatic manner, greatly 
reducing the effort required by the manual procedure.  The overall results of the validation testing demonstrate a 90% 
savings in effort, while still achieving high accuracy. 

 
Parallel Multigrid Acceleration for the Finite Element Gaussian Belief Propagation Algorithm 
By Yousef El Kurdi, Professor Dennis Giannacopoulos, and Professor Warren J. Gross 

The Finite Element Method (FEM) is a widely used simulation and design technique for a broad range of engineering 
applications in automotive, aerospace, biomedical, electromagnetics, material, power, and structural engineering. 
However, the scalability of the FEM computation on emerging parallel computing architectures, such as multicore CPUs 
and GPUs, can be severely limited by an increased requirement for memory bandwidth due to the underlying global 
algebraic operations.  In this work, we introduce a novel reformulation of the FEM using computational inference 
resulting in the FEM Gaussian Belief Propagation (FGaBP) algorithm that demonstrates considerably higher parallel 
efficiency by eliminating all global algebraic operations. In addition, we introduce a novel parallel multigrid scheme for 
FGaBP resulting in the FEM Multigrid Gaussian Belief Propagation (FMGaBP) algorithm.  In comparison with state of the 
art solvers such as Multigrid Preconditioned Conjugate Gradient, the FMGaBP demonstrates both considerable iteration 
reductions and parallel speedups of up to 3x. 

 
Alignment of Gold Nanorods with an Electric Field 
By Graham Boechler and Professor Andrew Kirk 

Gold nanorod solutions absorb light strongly at specific wavelengths, due to plasmon resonances. The wavelength of 
peak absorption shifts depending on the refractive index of the solvent, which makes them ideal for optical biosensors. 
However, in solution multiple resonances are present because the nanorod orientation is random. Here, a technique for 
creating an aligned nanorod sample is presented. A solution of gold nanorods suspended in liquid polymer was cured 
while exposed to an electric field, causing the rods to orientate themselves in parallel to the field. The samples were 
imaged using a near-field scanning optical microscope, which showed nanorod alignment for samples exposed to the 
field and aggregation for those that were not. Optical measurements confirm this, showing increased absorption in the 
aligned samples while the aggregated nanorods show reduced plasmon resonance. (Gole & Murphy, 2005) 

 
Wavelength and Bandwidth Tunable SOI Switch Using Integrated Gratings 
By M. T. Boroojerdi, M. Ménard, and Professor Andrew G. Kirk 

In this poster we present the simulation results of a novel bandwidth and wavelength-tunable SOI switch which is a 
balanced MZI structure having two grating structures on each arm. The device is based on two consecutive Bragg 
gratings which are designed to reflect different frequencies. The bandwidth of the transmission response of the filter is 
adjusted by tuning the central reflection frequency of each grating separately. The simulation results prove that the 
FWHM of the drop port response is tunable from 4.5 nm to 15.5 nm. The wavelength of the drop port response is also 
tunable by heating the gratings. The wavelength is shifted by 5.4 nm for a temperature change of      in both gratings 
and it can be shifted even further if more heat is applied. 

 
Coupling and modulating light in plasmon waveguides 
By Sara Karami, Professor Odile Liboiron-Ladouceur, and Professor Andrew Kirk 

Demand for high speed compact devices makes surface plasmons of high interest. However, coupling and modulation in 
plasmonic waveguides are key challenges. In this poster, a new efficient method for long-range surface plasmon 
polariton (LRSPP) wave excitation is proposed. Using silicon grating couplers and an optical waveguide to excite LRSPP 
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wave, a coupling efficiency of 33% is achieved, which is twice more efficient than previously reported. A novel design for 
a plasmonic based thermo-optic modulator is also proposed. Through coupling between optical and plasmonic waves, 
the length of modulator reduced to 203 µm from several mm. An extinction ratio of 7 dB with an insertion loss of 7.5 dB 
is achieved. We also show that silicone is a good candidate as an energy-efficient thermo-optical material. The required 
refractive index change of 0.005 can be obtained using approximately 10 mW of power.   

 
An app for facial expression recognition in unconstrained videos 
By Ivan Aslamov and Professor Martin Levine 

This work presents a real-time facial expression recognition technique applied to unconstrained videos, which runs on a 
smart phone. It is motivated by the fact that a considerable amount of today's facial expression recognition research is 
being conducted on databases of images taken under strict laboratory conditions, which neither fully represent the rich 
characteristics of the outside world nor the true complexity of human emotional patterns.  This issue is addressed by 
building a database of unconstrained videos using an interactive mobile application targeted at a wide audience. The 
application records a user's facial expressions by presenting them short movie clips used by psychologists to elicit 
emotional responses. We have adopted rigorously selected state of the art face and expression recognition 
techniques and will apply them to a wide set of gathered data. Furthermore, as most currently published methods are 
designed to work with images only, carefully optimized approaches have been applied to speed-up their execution time 
and make it possible to apply them to videos in an efficient manner. 

 
Does "Lie to Me" Lie to You? An Evaluation of Facial Clues to High-Stakes Deception 
By Lin Su and Professor Martin Levine 

High-stakes deception occurs when lies are told in life-threatening situations. It is very prevalent notwithstanding the 
heavy consequences that may result. Studies have shown that people’s performance on detecting such deceit is no 
better than chance. Additionally, the currently used deception indicators, including physiological signals, brain signals, 
body language and gaze aversion, either lack theoretical support or can be easily degraded by countermeasures. In light 
of this, we have investigated several facial clues to deception, such as eye blink, eyebrow movement, mouth movement 
and wrinkle appearance. Spatial and temporal facial features were extracted and integrated to train a decision classifier. 
A database consisting of high-stakes deception videos of real-world situations has been collected from YouTube and 
used for testing the proposed method. A precision of 76.92% was achieved in distinguishing between liars and truth-
tellers, which bodes well for automated determination of facial indicators of high-stakes deception. 

 
Online Dominant and Anomalous Behavior Detection in Videos 
By Mehrsan Javan Roshtkhari and Professor Martin Levine 

This research focuses on monitoring non-specific and unconstrained activities in videos. We present a novel approach 
for video parsing and simultaneous online learning of dominant and anomalous behaviors in surveillance videos. 
Dominant behaviours are those occurring frequently in videos and hence, usually do not attract much attention. In 
contrast, an anomalous behaviour is defined as having a low likelihood of occurrence. We propose a unique solution 
using a hierarchical framework of video fragments to describe events.  The approach can be considered as an extension 
to the original Bag-of-Video Words approaches in which a spatio-temporal scene configuration comes into play. A 
significant aspect of the methodology is the way that we represent scene information while keeping the computational 
cost low enough for real-time implementation using the current hardware resources. Moreover, it does not require 
lengthy training videos, object segmentation, tracking and background subtraction, with their attendant weaknesses, 
which form the basis for previously reported approaches. 
 
Automatically Detecting Invasive Ductal Breast Carcinomas in Whole Digital Slides 
By Matthew Balazsi, Professor Martin Levine, Paula Blanco, Alexandre Odashiro, Miguel N. Burnier 

The pathological process is transitioning from microscopes to equivalent high-resolution images.  This revolution 
enhances information sharing, research, and automation.  Our project tackles the latter, in grading Invasive Ductal 
Breast Carcinomas (IDBC) through computer vision techniques. The current study aims to automatically locate cancerous 
areas in whole digital slides.   
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Workload Effects on Execution Fingerprinting for Low-cost Safety-Critical Systems 
By Mojing Liu, Jonah Caplan, Georgi Z. Kostadinov, and Professor Brett H. Meyer 

Due to the decrease in transistor size and the resulting increase in transistor density and reduction in critical charge, 
safety-critical systems (SCS) have become more vulnerable, not only to single bit, but also multi-bit transient upsets. 
Traditional protection techniques such as SECDED or dual modular redundant (DMR) processor pairs executing in 
lockstep come with high area overhead. We therefore propose execution fingerprinting. By compressing large amount of 
processor’s execution behavior information into fixed-length words—fingerprints—for comparison with another 
redundant execution’s fingerprints, overhead associated with error detection can be reduced. We investigate in this 
work how the behavior of applications affects two critical metrics in safety-critical systems—error manifestation latency, 
and error hamming distance—and the consequences for fingerprinting. 

 
Thermal Management of GaN-Based Nanowire Light-Emitting Diodes 
By David Laleyan and Professor Zetian Mi 

Light-emitting diodes (LEDs) are becoming increasingly popular in various applications such as lighting and displays. Due 
to the need for more efficient devices, the use of nanowires is being explored. These nanostructures provide a 
dislocation-free, phosphor-free alternative to produce multicolored or white light. However, the heating effect still 
remains an issue with nanowire LEDs, reducing device performance and lifetime. In this study, a sample structure of the 
experimental device was modelled. Computer-aided simulations were performed to understand the thermal behaviour 
of nanowire LEDs and determine methods to extract and dissipate heat. It was found that the substrate is the most 
important component for heat extraction, while the region surrounding the nanowires has a weak effect due to its 
thinness. Additionally, the experimental correlation between device heating and electroluminescence shift of the 
emitted light was investigated, useful to indirectly measure the temperature of the nanowires. 

 
Engineering the Color Rendering Index of Phosphor-Free InGaN/(Al)GaN Nanowire White Light Emitting Diodes Grown 
by Molecular Beam Epitaxy 
By A. T. Connie, H. P. T. Nguyen, S. M. Sadaf, Professor Ishiang Shih, and Professor Zetian Mi 

As the demand for solid state lighting is increasing day by day, it is imperative that they should exhibit high output 
power and good functional properties, such as good color rendering index (CRI) and appropriate color correlated 
temperature (CCT). The bottleneck to achieve high power in nanowire light emitting diodes (LEDs) is poor carrier 
injection efficiency owing to the nonradiative recombination at the surface states. We have presented that a core-shell 
structure, where a higher bandgap material is used to passivate the surface can significantly enhance the output power 
of the LED device. On the other hand, to have good CCT and CRI index, it is necessary to have the flexibility to tailor the 
spectrum. In dot-in-a-wire nanowire LEDs, it is easy to tune the peak emission and spectral power distribution by 
changing the growth conditions. In this study, we have presented that our nanowire LEDs can exhibit an output power of 
~ 1.5 mW, the highest power reported for any nanowire-based white LEDs, and CRI value as high as 97.4 and 92.2, in 
warm and cool white regions, respectively. 

 
Doping Effect on Photocatalytic Activity of GaN Nanowires Arrays for Overall Water Splitting 
By M. G. Kibria, F. A. Chowdhury, S. Zhao, Q. Wang, and Professor Zetian Mi 

Solar water splitting for hydrogen generation is known to have the potential for future carbon-free, renewable and 
storable source of energy. Therefore, significant research effort has been made in this area over the last four decades. 
Recently, metal nitrides (i.e., GaN, InGaN) have attracted considerable attention, as they possess all the requirements 
(i.e., band gap, band alignment and corrosion resistant) for water splitting. On the other hand, we have recently shown 
that one-dimensional (1D) GaN nanowires offer significantly improved photocatalytic activity over commonly used GaN 
nanoparticles for overall water splitting. Moreover, the surface band bending and therefore carrier transport properties 
of nanowires can be engineered by controlled dopant (Si and Mg) incorporation, which can further enhance the 
photocatalytic activity. In this context, we have studied the effect of Si and Mg ion dopants on the water splitting activity 
of GaN nanowire arrays. 
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Counter-Propagating Whispering-Gallery-Modes of InGaAs/GaAs Microtubes 
By  Qiuhang Zhong and Professor David Plant 

We demonstrate, for the first time, the counter-propagating whispering-gallery-modes of InGaAs/GaAs microtubes. We 
study the thermo-optic effect in these microtubes and realize optical-optical modulation in both propagating and 
counter-propagating modes. 

 
Time-Domain Microwave Breast Cancer Screening: A Patient-Ready Prototype 
By Emily Porter and Professor Milica Popovich 

Microwave breast cancer detection techniques have been proposed as a complementary technology to the standard x-‐
ray mammography. They offer the potential advantages of low cost, comfortable scans, and they do not require the 
ionizing radiation that mammography does. Our work presents a clinical prototype for microwave breast imaging via 
multistatic radar using time-‐‐domain measurements. The imaging system involves a 16-‐‐element broadband antenna 
array that is integrated into a table for ease of interfacing with patients. We briefly describe the imaging system and 
discuss its incorporation into a tool appropriate for patient use, focusing on both medical and practical aspects. Further, 
we demonstrate the functionality of the complete system by reconstructing images of malignant tissues within 
realistically shaped and sized breast models and show proof-‐‐of-‐‐concept with successful tumour detection results. 

 
Fabrication of GaN High Electron Mobility Transistors 
By Xin Gao, Takeshi Musgrave, and Professor Ishiang Shih 

GaN is recognized by the community as the third generation semiconductor material, with Si as the first and GaAs as the 
second. GaN-based transistors can be operated at higher voltages, temperatures, and frequencies compared to silicon-
based transistors. Applications include cellphone base stations, automotive electronics, radar, etc. In our research 
project, we studied the background concepts, fabricated our laboratory GaN High Electron Mobility transistor (HEMT) 
samples, and performed a series of tests on them, which include the I-V characteristics test, annealing test, breakdown 
test and contact metal comparison. Several results are obtained accordingly, and our samples function very well 
compared to the theoretical transistor behaviors. One of the most important conclusions reached is that GaN HEMTs 
have higher breakdown voltage and wider saturation region compared to Si-based devices, which means GaN HEMTs 
can supply stable current at a much larger voltage range. 

 

MECHANICAL ENGINEERING 

Large-amplitude vibrations and active vibration control of completely free sandwich rectangular plates 
By Giovanni Ferrari and Professor Marco Amabili 

Large-amplitude vibrations and active vibration control of completely free sandwich rectangular plates are investigated 
experimentally. Excitation is applied by an electro-dynamic exciter. A scanning laser Doppler vibrometer is used for 
experimental modal analysis, providing non-contact vibration measurements with high spatial resolution. Large-
amplitude experiments are implemented by a single point laser Doppler vibrometer and a stepped-sine 
procedure. Nonlinear frequency-response curves and damping are obtained as functions of vibration amplitude. 
Piezoelectric patches are used as transducers to perform an active control of the system. Their positioning is determined 
by finite element analysis and allows a modal control strategy. Transfer functions are extracted; a positive position 
feedback algorithm, targeted at the first vibration modes, is developed in SISO, SIMO, MultiSISO and MIMO 
configurations. Stability, robustness and spillover are studied. Vibration amplitude is decreased for sinusoidal and 
broadband disturbances. Disturbances which would trigger large-amplitude vibrations are also controlled using the 
concept of nonlinear damping. 
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Nonlinear vibrations and stability of a periodically supported rectangular plate in axial flow 
By E.Tubaldi1, A.Alijani, and Professor Marco Amabili 

In the present study, the geometrically nonlinear vibrations of thin infinitely long rectangular plates subjected to axial 
flow and concentrated harmonic excitation, are investigated for different flow velocities. The plate is assumed to be 
periodically simply supported with immovable edges and the flow channel is bounded by a rigid wall. The equations of 
motion are obtained based on von Karman nonlinear plate theory retaining in-plane inertia and geometric imperfections 
by employing Lagrangian approach. The fluid is modeled by potential flow and the flow perturbation potential is derived 
by applying the Galerkin technique. A code based on the pseudo arc- length continuation and collocation scheme is used 
for bifurcation analysis. Results are shown through bifurcation diagrams of the static solutions, frequency-response 
curves, time histories, and phase-plane diagrams. The effect of system parameters, such as flow velocity and geometric 
imperfections, on the stability of the plate, trend of nonlinearity, and natural frequencies of the coupled fluid-structure 
system are fully discussed and the convergence of the solutions is verified. 

 
Swift Shift Transmission with One Way Clutch 
By Cyrille Goldstein and Professor Jorge Angeles 

Driveline components, specifically the transmission and clutch, can be designed differently in an electric vehicle then in 
an internal combustion powered vehicle. An electric motor has the advantage of being able to stop and reverse rotation, 
can maintain high torque over a large speed range, and is significantly smoother in operation. As a result, the 
transmission needs fewer speeds, making it simple and compact, and can be designed to be extremely smooth in 
operation. In this project, a prototype of a two-speed automatic transmission was designed. By simplifying the 
transmission, we designed a system that should allow for extremely smooth, fast shifting. This is achieved by using a 
combination of two, one-way clutches, and a friction clutch. The goals of this prototype are to test and refine the 
smooth shifting characteristics and gain a body of knowledge towards the development of further prototypes. 

 
A Novel Percutaneous Mitral Valve Repair Approach 
By Toufic Azar, Professor Renzo Cecere, Professor Rosaire Mongrain, Professor Jorge Angeles, and Professor Jozsef 
Kovecses 

Mitral valve regurgitation is a common valvular disease with a prevalence of 2% in North America, specifically affecting 
those aged above 65. Given the growing population of elderly patients with multiple comorbidities, the risk for 
conventional surgery is elevated. Only a fraction of these patients undergoes open-heart surgery. There are efforts to 
develop less invasive approaches that would reduce the risk and trauma associated with conventional surgery, offering 
the possibility to treat a larger pool of patients, while significantly cutting the recovery times from weeks to days. 
However, most do not reproduce the results and efficacy of the conventional open-heart treatment. 

This research team has developed a novel percutaneous anchoring procedure, which replicates the standard of care. The 
patented technique consists of delivering an implant to the annulus of the valve using a catheter-based deployment 
tool. As a first validation step, a handheld-version of that tool has been successfully tested on excised porcine hearts. 
 
A novel method for net-shape manufacturing of metal-metal sulfide cermets 
By Atefeh Nabavi, Alexander Capozzi, Samuel Goroshin, Professor David L. Frost, and Professor Francois Barthelat 

Ceramic-metal composites (cermets) offer unique combinations of hardness and toughness which make them attractive 
for a variety of applications. In this study, we propose a new method for the preparation of the metal-sulfur precursor 
mixture based on the ability to melt-cast the precursor mixture. We have used self-propagating high-temperature 
synthesis (SHS) to produce a chromium/chromium sulfide cermet, exploiting the fact that this mixture of metal and 
sulfur can support the propagation of reactive waves. This ability, together with the properties of the reaction products 
(low gas evolution and liquid sulfide products), enable the net-shape synthesis of dense, near theoretical density 
product with a relatively simple and low-cost set-up. While the thermochemical calculations predict near-zero gas 
production for the chromium-sulfur system, the actual cermets showed a large amount of porosity (about 70%) when 
synthesized at atmospheric pressure. The possible sources for porosity were identified and the process improved to 
bring the porosity down to about 7%. We also investigated the physical and mechanical properties of the produced 
cermet. Obtained results show by reducing the porosity, the mechanical properties of cermet improved significantly.  



12 
 

Exploring the mechanics of living matter with computer simulations - turbulence in self-motile bacterial suspensions 
By Denis Hinz, Alexander Panchenko, Tae-Yeon Kim, and Professor Eliot Fried 

Living matter such as cells, tissue, or suspensions of living agents exhibits a large range of non-classical physical 
phenomena when compared to their passive counterparts. The exploration and prediction of such systems requires both 
experimentation and the development of novel models for large-scale computer simulations. However, efficient and 
reliable predictive numerical simulations of such systems in complex engineering applications is still in its infancy. In this 
poster, a simple model for simulating flows of active suspensions is presented. The approach is based on the dissipative 
particle dynamics framework. While the model is potentially applicable to a wide range of self-propelled particle 
systems, the specific class of self-motile bacterial suspensions is considered as a modeling scenario. To mimic the rod-
like geometry of a bacterium, two dissipative particle dynamics particles are connected by a stiff harmonic spring to 
form an aggregate dissipative particle dynamics molecule. The bacterial motility is modeled through a constant self-
propulsion force applied along the rod axis of each such aggregate molecule. Numerical simulations of this system are 
performed using a customized version of the open-source LAMMPS (Large-scale Atomic/Molecular Massively Parallel 
Simulator) soft- ware package. Detailed studies of the influence of particle concentration, pairwise dissipative 
interaction forces, and Stokes drag forces on the statistics of the system are provided. In agreement with previous 
investigations (see, for example, Wensink et al., 2012) the model predicts dynamic agent aggregation and large-scale 
spatially correlated motion patterns for high agent concentrations, given suitable choices of the model parameters. The 
characteristic length-scales of the spatially correlated structures exceed the characteristic size of an individual agent and 
point at the presence of phenomena reminiscent of the upscale energy transfer and energy condensation phenomena 
observed in classical two-dimensional turbulent flows. Further, the model enables a very efficient and robust simulation 
of active suspensions, opening up possibilities for simulations of larger and more complex scenarios. 

 
Modeling of Turbulent Unsteady Flows in the Fields of Aerospace and Civil Engineering 
By Yue Zhang and Professor Wagdi Habashi 

Turbulence is a very common but complex phenomenon in nature. Modeling of turbulent unsteady flows still remains a 
challenge. A modified detached‐eddy simulation approach is presented in order to better predict and understand this 
complex physics. The proposed methodology combines the best features of two existing hybrid RANS/LES methods and 
the transport equation is stabilized via a variational multiscale formulation. First, the aerodynamic performance 
degradation of iced‐contaminated wings, where the turbulent separation plays an important role, is studied by means of 
the proposed approach. The accuracy of the flow field solution is found largely improved over the traditional RANS 
method. Moreover, the wind‐induced vibration of a tall building is investigated by combining the new turbulence 
modeling technique with the structural modal analysis strategy. The highlights of this study include the synthetic wind 
generation and the sound prediction of vortex‐induced vibration. 

 
Computational Modeling of Ice Accretion on a Helicopter 
By Habib Fouladi, Professor Wagdi Habashi, and Dr. Marco Fossati 

Computational modeling of ice accretion on a helicopter is an alternative and/or a complement for flight test in icing 
certification and ice protection system design. Although CFD solutions of helicopter flow have advanced in the last few 
years, icing simulations (flow, droplet and ice accumulation) are scarce and, to the best of the authors’ knowledge, none 
has modeled helicopter icing completely. Since 3D unsteady turbulent Navier–Stokes and droplet calculation, combining 
rotational and stationary grids, is computationally too expensive; therefore the development of less expensive and 
reliable methodologies for the simulation of ice accretion on helicopter parts is necessary. In this poster, two 
methodologies for the icing simulation of helicopter rotor and fuselage are proposed. The flow, droplet and icing 
solutions for different test cases, in hover and forward flight regimes, are obtained and validated against published 
experimental results and then used to illustrate icing on the helicopter’s rotor and fuselage.  

 
Impact of Carbon Nanotube Dispersion on Strain Self-Sensing in Composite Structures 
By Mostafa Yourdkhani, Wenjiao Liu, Cyril Cattin, and Professor Pascal Hubert 

Carbon nanotube (CNT) addition to polymers enables electrons to flow through the material by forming an electrically 
conductive network throughout the non-conducting polymer matrix. With the combination of CNTs and carbon fibres 
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(CFs), the electron conduction in polymer-CF-CNT composites can be achieved at different length scales. In addition, the 
electrical properties of polymer-CF-CNT composites can be coupled with mechanical deformation, which enables their 
use as a sensing material. Both the electrical properties and the multifunctionality of the material are directly related to 
the structure of the CNT network. Against this background, the motivation for this work is (i) to monitor CNT network 
formation during material manufacturing, and (ii) to better understand the potential of CNT addition for improving 
strain sensing in CF based composite structures. Dispersion stability during polymerization is analyzed by means of 
microscopical observation, and its consequent influence on the electromechanical characteristics of polymer-CF-CNT 
composites is investigated. 

 
Processing Study of In-Situ Composite Bonded Repairs in Service Environment 
By Mathieu Préau, Kavish Bujun, Nadine Auda and Professor Pascal Hubert 

Aircraft components manufactured using carbon-fiber-reinforced thermoset polymers often experience damage during 
their service life that requires repair. In-situ bonded scarf repair is a popular composite repair method which provides 
good strength recovery; however, the processing aspects of these repair techniques is challenging in a service 
environment. To address these challenges, the heat transfer phenomenon, air evacuation, and moisture ingress, all of 
which occur during the repair process, must be precisely assessed to ensure a reliable processing technique. In this 
research work, a method of detecting heat sinks in the structure and estimating their influence is presented. By 
accommodating the thermal effects of these heat sinks in the repair process, efficient curing of the patch and adhesive 
can be ensured. Various air evacuation strategies are also studied to perform high quality repairs with recently 
developed vacuum-bag-only prepreg materials. Finally, a methodology to study the effect of pre-bond moisture on the 
quality of monolithic skin repairs and the joint’s performance is presented. 

 
Out-of-autoclave composite aerospace structures manufacturing 
By James Kratz, Stella Marissa Hughes, Adam Smith, Steven Payette, and Professor Pascal Hubert 

The focus of this collaborative project was to develop material models and methods to characterize the process 
phenomenon for out-of-autoclave prepregs. As the name suggests, these materials are not cured in high-pressure 
autoclaves, but in an atmospheric pressure oven with the consolidation pressure applied through a vacuum bag. The 
lower consolidation pressure presents some unique challenges that we were able to explore throughout the project. Our 
toolbox was used to identify the temperature and pressure conditions needed to successfully manufacture aerospace 
quality composite structures, and what process deviations are possible. With a better understanding of the processing 
science, we were able to reduce the cost associated with manufacturing aerospace structures by curing some 
components in an oven, and alleviating the autoclave bottleneck for critical components. This technology was used to 
build a secondary aircraft structure – a helicopter door – with the industrial partners. 

 
A  Systems of Systems Approach to Air Transportation Design 
By Gautam Marwaha and Professor Michael Kokkolaras 

A System of Systems (SoS) provides capabilities and functionalities that none of the individual constituent systems can 
accomplish alone. In this work we utilise a SoS approach to investigate the effect of a yet-to-be-designed system on an 
airlines operations for minimizing operating costs. The individual systems considered are aircraft, airline route network 
and passenger/aircraft allocation. A sample problem of a regional Canadian airline company wishing to expand its 
operations nationally is considered. We present a decomposition- based method to solve the SoS design optimization 
problem to alleviate difficulties faced by traditional ‘all-in-one’ methods. 

 
Planar Lattice Modeling for Multidisciplinary Design Optimization of Vascular Stents 
By Purnendu Prithipaul, Professor Damiano Pasini, and Professor Michael Kokkolaras 

The goal of this research is to develop a model for the multi-disciplinary design optimization of a planar lattice applied to 
self-expandable stents. Essentially, a stent can be considered a planar lattice when unfolded. The properties of a lattice 
structure can be specifically tailored by controlling the topology of the unit cells making up the lattice. The result of the 
model presented here is that case-specific unit cell designs for stents can be produced. Depending on where the stent 
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will be used and the objectives to be achieved with the stent implantation, the required properties of the stent will vary. 
The three main properties to be considered in stent design are: the radial force exerted on the artery wall, the flexibility 
of the stent, and the foreshortening of the stent during implantation. The model also considers the fluid flow around the 
stent struts because the presence of the stent disturbs the flow and can create regions of low wall shear stress. Critically 
low wall shear stresses can result in hyperplasia causing in-stent restenosis. 

 
Kinematic and Dynamic Analysis of Foot Models for Human Locomotion 
By Farnood Gholami and Professor Jozsef Kovecses 

Kinematics and dynamics of human gait is a topic of interest to researchers in the areas such as humanoid robot design, 
gait rehabilitation, diagnosis of gait abnormalities, prosthesis design, sport analysis, and motion cognition. For gait 
analysis, different foot models have been proposed and used in the literature and conclusions are drawn but not a deep 
understanding on the sensitivity of the predicted results to the modelling assumptions is available. 

In this study, a more appropriate model for the ankle joint relying on the experimental data is proposed. This can 
improve the predicted ankle kinematics in comparison with the conventional joint models. Furthermore, the effects of 
modelling assumptions on the dynamic behaviour of the models are investigated. Moreover, the effect and importance 
of the marker placement protocols to accurately capture the motion of the foot segments using the camera based 
motion capture setup are addressed.  

 
Modelling and Analysis Methods and Tools to Support Mobile Robotics Design and Control 
By Bahareh Ghotbi and Professor Jozsef Kovecses 

Planetary exploration is one of the most challenging applications of mobile robotics. The objective of our work is to 
develop analysis methods and tools to improve the design and operation of planetary rovers. A set of performance 
indicators were defined to evaluate and compare different rover designs. The performance of these systems was studied 
using experimental tests with rover prototypes as well as computer simulations. The modelling and validation of rovers 
in unstructured environments pose several challenges; in order to deal with them, a software tool for the analysis and 
simulation of multibody systems was built. Moreover, a novel plasticity-based model was introduced to represent 
wheel-soil interaction. In this presentation we will describe our approach to evaluation and improvement of rover design 
and operation. Also, we will have a discussion on various experimental tests we conducted on a rover prototype and the 
conclusions we have drawn based on their results. 

 
Feeling Virtual Objects through High-Fidelity Force Feedback 
By Arash Mohtat and Professor Jozsef Kovecses 

A haptic interface enables the user to experience a force feedback feeling while interacting with a virtual object. 
Rendering realistic contact forces is the key to this so-called haptic interaction. A realistic virtual object should feel as its 
physical counterpart; in other words, it should display the same physical properties such as stiffness and inertia. The 
core challenge, here, is to expand the renderable range of these properties at the available sampling rate. To address 
this challenge, a framework entitled high-fidelity contact rendering has been developed in this research. The framework 
has been validated through simulation and various experiments. Results verify its promising aspects for various 
scenarios including sustained contact and sudden collision events. The application spectrum is vast and can range from 
force feedback-enhanced video games to haptic surgical training simulations. 

 
A High-performance Velocity Estimator for Haptic Applications 
By Kamran Ghaffari T. and Professor Jozsef Kovecses 

This poster presents a velocity estimator which results in low-delay and low-noise velocity estimation. Interval 
arithmetic is employed to narrow down the estimation error range arose from quantization and time discretization. 
Improved velocity estimates can increase the efficacy of virtual dampers resulting in more stable interaction and higher 
renderable impedance in haptics simulation. 
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Two-dimensional modeling of shaft precessional motions induced by direct blade/casing contact in aircraft engines 
By Nicolas Salvat, Alain Batailly, and Professor Mathias Legrand 

The present work focuses on the occurrence of whirling motions in bladed disk assemblies, initiated by direct 
blade/casing contacts in one stage of an aircraft engine. These contact events lead to complex shaft/bladed disk/casing 
interactions that may threaten the engine structural integrity. A 2D flexible in-plane model of the casing and the bladed 
disk is built, and the shaft is modeled by two linear springs. Contact is initiated through a prescribed casing distortion 
and the two structures are then free to interact. Three types of regimes are identified, namely: (1) damped, (2) 
sustained and (3) divergent. It is shown that the vibratory response of the bladed disk mainly relies on the first harmonic 
of the first family of modes regardless of the rotational speed or the type of regime detected. The severity of these 
contact events is highlighted, in particular in the presence of forward whirl. 

 
Thermoplastic Composites Forming Technology for Complex and Integrated Aerospace Components 
By Dominic Leblanc, Benoit Landry, Gilles-Philippe Picher Martel, Marina Selezneva, Arthur Levy, and Professor Pascal 
Hubert, and Professor Larry Lessard   

The need of lightweight structural parts is paramount in the aerospace industry and for this reason carbon-fibre 
reinforced polymer (CFRP) technologies have been the material of choice for several years. Conventional continuous 
fibres (CF) are difficult to form whereas injection moulding parts lack the mechanical properties. Lying between these 
two material configurations are randomly-oriented strand (ROS) composites. ROS composites are a bulk moulding 
compound type of material comprised of strands of unidirectional thermoplastic pre-impregnated tape that is processed 
using compression moulding. The main advantages of this material are its high formability but also increased mechanical 
performance due to high fiber volume fraction. The main focus of this project is to study the mechanical properties of 
ROS and the effect of processing conditions. Furthermore, flow and compaction behavior will be considered. Complex 
shapes will also be processed in the scope of this project.  

 
Natural Fiber/Bio-Composites 
By Soroush Asgarinia, Katherine Hay, Steven Philips and Professor Larry Lessard 

While natural fibers are among the oldest materials, they have been overshadowed by synthetic fibers during past 
decades. Recently, concerns about the ecological footprint of the synthetic fiber composite life cycle have caused 
significant industry interest in natural fiber composites. Not only are natural composites (bio-composites) sustainable, 
biodegradable and carbon-dioxide free, they also have shown good properties due to their low density and damping 
properties. Many industries are already using natural fibers for different applications. Nevertheless, there are some 
limitations which inhibit their usage, and many studies have tried to address them. Here at the Composite Material lab 
at McGill, we are investigating the specific characteristics of natural fiber composites to improve the understanding of 
their mechanical behavior, manufacturing requirements, and commercial applications. This presentation will be a 
summary of recent initiatives ranging from characterization of the material and enhancement of the mechanical 
properties, to testing methodology and design of novel devices. 

 
Optimization of variable stiffness laminates including gaps and overlaps induced by Automated Fiber Placement 
By Mahdi Arian Nik, Kazem Fayazbakhsh, Professor Damiano Pasini, and Professor Larry Lessard 

Variable stiffness composite laminates can be manufactured using Automated Fiber Placement (AFP). An improvement 
in structural performance can be achieved by tailoring their material properties in directions that are more favorable to 
carry loads. In practice, the creation of gaps and overlaps within the laminate are inevitable during the manufacturing by 
AFP. The amount of these defects depends on two sets of parameters: manufacturing parameters; and design 
parameters. In this study, a novel method, “defect layer”, has been developed to evaluate the performance of variable 
stiffness laminates with defect. The results show that by incorporating the effect of gaps, the buckling load improvement 
resulting from fiber steering reduces by 12% compared to the laminates where gaps are ignored. On the other hand, 
overlaps increase the improvement from fiber steering by 26%, and the variable stiffness laminate with overlaps has 
84% higher buckling load compared to a quasi-isotropic laminate. 
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Paper-Based Electrochemical Biosensors for Low-Cost, Point-of-Care Diagnostics 
By Xiao Li, Chen Zhao, Martin Thuo, and Professor Xinyu Liu 

Paper-based microfluidics, the technology of manipulating small amounts of fluids in patterned channels in a single- or 
multi-layer paper device, has emerged as a simple yet powerful platform for low-cost bioanalysis. We have developed 
paper-based electrochemical biosensors for performing multiplexed detection of metabolic (e.g., glucose, lactate, and 
uric acid) and antigen/antibody (e.g., hepatitis B, C, and HIV) markers. These diagnostic devices are inexpensive, 
portable, highly sensitive and selective, and can perform an assay rapidly and detect a wide range of diseases. Different 
from existing paper-based electrochemical devices, our device includes an array of eight electrochemical sensors and 
utilizes a handheld custom-made electrochemical reader (potentiostat) for signal readout. They could be used by 
unskilled operators at the point of care with limited resources. In collaboration with Kenyatta University, we are testing 
these devices in both clinical and field settings at Nairobi, Kenya. 

 
A Force-Controlled Robotic Micromanipulation System for Mechanotransduction Studies of Drosophila Larvae 
By Weize Zhang, Alexandre Sobolevski, Bing Li, Yong Rao, and Professor Xinyu Liu 

The capability of accurately applying millinewton-level touch stimuli to Drosophila larvae and simultaneously observing 
their fluorescence responses in mechanosensitive neuron transmissions will enable novel studies of 
mechanotransduction neural circuitry. This research presents an automated robotic micromanipulation system capable 
of force-controlled mechanical stimulation and fluorescence imaging of Drosophila larvae, which significantly improves 
the force regulation accuracy and operation consistency over conventional manual operations. An elastomeric 
microdevice is developed for efficient immobilization of an array of larvae for subsequent force-controlled touching. A 
microelectromechanical systems (MEMS) based force sensor is integrated into the system for closed-loop force control 
of larva touching at a resolution of 50 μN. Two microrobots are coordinately servoed using orchestrated position and 
force control laws for automatic operations. The system performs simultaneous force-controlled larva touching and 
fluorescence imaging at a speed of 4 larvae per minute, with a success rate of 92.5%. This robotic system will greatly 
facilitate the dissection of mechanotransduction mechanisms of Drosophila larvae at both the molecular and cellular 
levels. 

 
Determination of the elastic properties of vocal fold tissue using uni-axial tensile test and a tailored finite element 
model 
By Neda Latifi, Amir K. Miri, and Professor Luc Mongeau 

A detailed knowledge of the mechanical properties of vocal folds (VFs) is required to create mathematical models of 
human phonation; such models may be used to develop injectable biomaterials, or to evaluate or guide surgical 
methods. Mechanical testing usually requires the use of excised VFs with arbitrary geometries, whose effects on the 
elastic modulus have not yet been evaluated. The aim of the present study was to quantify the effects of the specimen 
shape on the accuracy of mechanical properties in the framework of a sample-specific model generation strategy. Digital 
images of five rabbit VFs in their initial undeformed conditions were used to build a solid model. A three-dimensional 
finite element model was built considering the measured boundary conditions. An inverse-problem approach was used, 
assuming a homogeneous isotropic linear elastic constitutive model. Unknown elastic moduli were identified 
iteratively through an error minimization technique between simulated and measured force-time data. 

 
High-Order Unstructured Methods for Large Eddy Simulation and IMEX Schemes 
By Brian Vermeire and Professor Siva Nadarajah 

High-order methods are significantly more accurate than conventional second-order numerical methods at an 
equivalent computational cost. Their major limitations are that traditional high-order schemes are restricted to 
structured grids and relatively simple geometries. Additionally, their associated memory requirements for implicit time-
stepping can make them intractable for large scale simulations. The purpose of the current work is two-fold. Firstly, we 
present the first implementation of the novel high-order unstructured correction procedure via reconstruction (CPR) for 
large eddy simulation (LES) of turbulent flows. Secondly, we propose a novel adaptive implicit-explicit (IMEX) scheme to 
reduce the memory requirements of high-order unstructured methods in general. Results show that the CPR scheme 
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can provide accurate results for ILES of transitional and turbulent flows, and that the adaptive IMEX scheme is 
significantly faster than fully explicit schemes, while using a fraction of the memory required for fully implicit. 

 
An Adjoint-Based Optimization Method for Multistage Turbomachines 
By Benjamin Walther and Professor Siva Nadarajah 

With the exponential growth of computational power, high-fidelity computational fluid dynamics (CFD) simulations have 
become more and more accurate and are routinely employed in the turbomachinery design process. The emerging trend 
is to use CFD not only for flow analysis but to also incorporate numerical optimization techniques into the design 
process. Considering that CFD flow simulations are still fairly time-consuming and can take several hours or even days, 
the question of how to build an efficient numerical optimization tool for automatic turbomachinery blade design arises 
naturally. The research project develops a novel framework for gradient-based constrained aerodynamic shape 
optimization in a two- and three-dimensional multistage turbomachinery environment. Once the sensitivities of the 
objective functional and constraints have been calculated by the adjoint solver, a sequential quadratic programming 
algorithm is employed to find an optimized design. The functionality of the proposed optimization method is 
demonstrated by the re-design of a multistage turbomachine. 

 
Hierarchical topology optimization of a bone tissue scaffold 
By Emily Gogarty and Professor Damiano Pasini 

The use of scaffold materials for reconstructive orthopaedics is a strong candidate for promoting tissue regeneration 
while addressing both mechanical and biological constraints. A scaffold's microarchitecture can be specifically tailored to 
locally match properties of the host tissue resulting in a biologically fixed implant. As such, the use of an optimized 
graded scaffold mitigates otherwise present issues causing implant failure such as bone resorption and shear stress at 
the interface. 

A 2D hierarchical topology optimization technique has been developed for the design of a bone tissue scaffold that 
mimics the stiffness of surrounding bone while maximizing permeability, essential for tissue growth. The procedure 
involves simultaneously optimizing material layout at two scales: 1) the material distribution of the implant, and 2) the 
cellular material used in its construction. By integrating multi- objective optimization with multi-scale topology 
optimization, a bone tissue scaffold can be specifically designed to achieve target stiffness and permeability properties. 
Thus, through the use of hierarchical topology optimization an optimal environment for tissue regeneration in an 
orthopaedic implant can be created. 

Carbon/Epoxy machining by diamond superabrasive tools: material removal mechanisms, fiber fracture simulation, 
and cutting force prediction 
By Ireen Sultana, Professor Vince Thomson, and Professor Helmi Attia 

Understanding composite machining behavior and predicting cutting forces are necessary to obtain improved tool life as 
well as avoid material damage and joint instability in aircraft structures. This research is concerned with the 
fundamental material removal mechanisms of Carbon/Epoxy during machining by diamond superabrasive tools. The 
machining behavior of Carbon/Epoxy was experimentally investigated for a single diamond grain (single grain machining) 
as well as for electroplated and brazed diamond wheels (surface grinding) to find out fiber fracture mechanics and their 
dependency on fiber orientations in a laminate. Based on the material removal mechanisms, primarily investigated for 
the single grain machining, a mechanistic model was developed to predict the cutting forces for machining by 
superabrasive wheels. The predicted forces correlated well with experimental test results. A micro-mechanical finite 
element model for single grain machining was also analyzed to investigate major deformation modes and validated by 
optical micrographs. 

 
On the self-starting constraints for Busemann intakes with overboard spillage 
By Niloofar Moradian, Professor Evgeny Timofeev, Rabi Tahir, and Sannu Mölder 

In this work, quasi-steady starting of Busemann air intakes for next-generation super/hypersonic air-breathing engines 
with overboard mass spillage is considered. The startability of these intakes is numerically tested using 2D 
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(axisymmetrical) and 3D unstructured adaptive Euler finite-volume flow solvers. The overboard spillage is achieved by 
cutting out an angular section of the full Busemann intake and covering the cuts with flat plates allowing for overboard 
spillage and maintaining the Busemann flow in the started mode. The theory predicting the self-starting (spontaneous 
starting) area ratios for Busemann intakes with overboard spillage is outlined. Methodology of finding the self-starting 
area ratios for a given free stream Mach number via numerical experiments is discussed and applied to Busemann 
intakes with different capture angles in Mach 3 free stream. The numerical findings confirm the theoretical predictions 
of self- starting boundaries. It is demonstrated that overboard spillage significantly improves the starting characteristics 
of Busemann intakes. 

 

MINING AND MATERIALS ENGINEERING 

Additive Manufacturing of Nanostructured and Thermally Sensitive Materials 
By J. Milligan, D. Walker, J. Mezzetta, R. Chou, and Professor Mathieu Brochu 
This research program aims at fabricating materials directly for a CAD process using a 3D printing approach. Our group is 
focusing on the materials aspects of the process, such as controlling the laser beam-powder interactions to prevent 
solidification cracking and to maintain a desired grain structure using a powder bed deposition unit developed in-house. 

 
Sintering of Al Alloy Flake Powders by the SPS Process 
By Bamidele Akinrinlola, Professor Raynald Gauvin, and Professor Mathieu Brochu 

Biological materials possess remarkable mechanical properties; in particular nacre, where high hardness and toughness 
co-exist. This is of interest for nanostructured materials where hardness & strength are often gained at the expense of 
the material’s toughness. In order to realize similar property combinations, a nacre-like material is designed by the SPS 
sintering of Aluminum flake powders. An understanding of the bonding mechanisms occurring at the flake interface is 
required to achieve the desired microstructure. Typical solid-state sintering theory cannot be applied due to the flake 
morphology. However, diffusion bonding theory, applicable to the joining of nominally flat interfaces, provides a decent 
approximation of the bonding process. A preliminary investigation of the flake sintering was carried out, with the 
bonding monitored by pore evolution and predicted with a diffusion bonding model. Variations between the modeled 
and actual bonding results suggest there may be current-enhanced mechanisms during the process. 

 
Prenucleation cluster chemistry: the example of hydroxyapatite formation in the presence of amino acids 
By M. Tavafoghi Jahromi and Professor Marta Cerruti 

According to classical models, precipitation involves two stages: nucleation and growth. However, recent studies 
indicate the existence of prenucleation clusters forming before nucleation. We have studied prenucleation clusters 
formed in the presence of calcium and phosphate ions, the precursors for hydroxyapatite (HA, Ca5(PO4)3OH) 
precipitation, and amino acids (AA). HA in the body nucleates on collagen. Several proteins are known to direct HA 
biomineralization, but their effect on HA prenucleation has rarely been discussed. Here, we show that the prenucleation 
clusters form between AAs, calcium and phosphate, and they develop if left undisturbed.  Depending on how long they 
are allowed to develop for, once they come in contact with each other they give rise to HA precipitate that form at 
different times and that are different in their crystallinity, surface composition and morphology. These results allow us 
to introduce the fascinating concept of prenucleation cluster chemistry. 

 
A Bilayer Hydrogel System with Bioinspired Mucoadhesion for Buccal Drug Delivery 
By Jinke Xu and Professor Marta Cerruti 

Buccal drug delivery is an attractive administration method which has no presystemic clearance compared to 
gastrointestinal tract drug delivery, avoids the first-pass elimination in the liver during systemic circulation, and prolongs 
localized drug effect. Good mucoadhesion of the systems can prolong their residence time on site, allowing sustained 
release of drugs. In this study, we developed catechol-chitosan/genipin (Cat-CS/GP) hydrogel system inspired by Dopa-
enriched marine mussel adhesive protein. The rheological characterization of Cat-CS/GP hydrogels indicated that they 
had faster gelation compared to unmodified CS/GP hydrogels. Cat-CS/GP system has shown enhanced mucoadhesion in 
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vitro at pig buccal mucosa. Sustained release of model drugs (Lidocaine) were achieved up to 3 hours. Cat-CS/GP 
hydrogels are promising buccal drug delivery systems. 

 
Surface modification of poly(D,L-lactic acid) scaffolds for orthopedic applications: a non-destructive route via 
diazonium chemistry 
By Hesam Mahjoubi and Professor Marta Cerruti 

Scaffolds made with synthetic polymers such as polyesters are commonly used in bone tissue engineering but due to 
their hydrophobic properties their surface is not ideal for cell adhesion and growth. Surface modification of these 
materials is thus crucial for enhancing the scaffold integration in the body. Different wet chemistry surface modification 
techniques have been developed to improve scaffold biocompatibility, such as hydrolysis that can be used to bind 
several functional groups, but they often change the scaffold properties because they degrade the polymer. Here we 
show that diazonium chemistry can be used to modify the surfaces of Poly(D,L-lactic acid) scaffolds with phosphonate 
groups, using a simple 2-step method. By changing reaction time and impregnation procedure we were able to tune the 
concentration of phosphonate groups present on the surfaces of the scaffolds. Phosphonate groups should be able to 
enhance nucleation and growth of hydroxiapatite (HA) by attracting calcium cations. To test this, we immersed the 
scaffolds in simulated body fluid, and characterized them with SEM, XPS, XRD, Raman, and FT-IR spectroscopy. Our 
results showed that HA precipitates faster and in larger amounts on phosphonate-modified PDLLA scaffolds than on bare 
PDLLA. Furthermore, cytocompatibility of the samples were investigated with MC3T3 preosteoblast cells and no toxic 
effect was observed. This work shows that diazonium chemistry can be used as a tunable scaffold surface modification 
technique. 

 
Effect of Crystal Orientation on the Local Magnetic Domain Structure of Non-Oriented Electrical Steels 
By Matthew Gallaugher, Nicolas Brodusch, Professor Raynald Gauvin, and Professor Richard Chromik 

In order to optimize the performance of electric car motor cores, understanding how the magnetic properties of the key 
material, Non-Oriented Electrical Steels (NOES), change with microstructural parameters such as texture/crystal 
orientation is critical.  At a local level, the magnetic properties of NOES are determined by its magnetic domain 
structure.  In this study, a new imaging method to reveal this magnetic domain structure has been developed using a 
standard Electron Backscatter Diffraction (EBSD) setup with Forescatter Detectors (FSD) in a Scanning Electron 
Microscope (SEM).  Unlike most currently used domain imaging techniques, the EBSD setup also provides local texture 
information, allowing the relationship between crystal orientations and magnetic structure to be explored for a fully 
processed NOES sample.  By learning which texture relationships influence the domain structure of NOES, an optimum 
texture parameter for characterizing the steel’s performance in motor cores can be realized. 
 
Determination of residual stress induced by the coating process for non-oriented electrical steels  
By Yaoyao Ding, Nicolas Brodusch, Professor Richard Chromik and Professor Raynald Gauvin 

To produce the magnetic core of the electric motors, non-oriented electrical steels (NOES) is used. Recently much 
attention has been focused on optimizing the efficiency of electric motor and, as such, various materials aspects of NOES 
are being re-examined to understand their effects on losses. In this study, the effect of the coating placed on the NOES 
lamination is examined, specifically, its role in creating a residual stress near the coating/steel interface. The presence of 
residual stress influences the magnetic properties of the final product; hence, the output performance of the motor will 
be compromised/optimised depends on the nature and magnitude of the stress. Nanoindentation technique was used 
to measure the stress, which was linked to the variations in mechanical properties and corresponding magnetic domain 
patterns. 

 
Spectral Engineering of Dye Sensitized Solar Cells Through Integration of NaYF4:Yb3+,Er3+ Upconversion 
Nanomaterials 
By Nathan Dyck and Professor George Demopoulos 

Dye-sensitized solar cells (DSSCs) are positioned as a potentially low cost alternative to established 
photovoltaic technologies. Recent strides in research have achieved DSSC efficiencies greater than 12%. In general, 
DSSCs are unable to capture infrared light, accounting for a large part of the solar spectrum. Spectral engineering via 
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upconversion is a technique that alters the spectrum of light striking the DSSC in order to better suit the cell’s spectral 
response, converting infrared light to visible light, which can then be absorbed by the solar cell. This research uses 
NaYF4:Yb3+,Er3+ upconversion nanomaterials as an internal, dual-functional scattering layer for DSSCs, increasing the 
overall efficiency by a factor of 1.16. An innovative core-shell approach is used in order to better integrate the 
upconversion materials and avoid unwanted recombination in the cell’s operation. 

 
Surfactant structure - property relationship: Effect of polypropylene glycol ethers on bubble rise velocity 
By Yuehua Tan and Professor James Finch 

The poster is part of our study of the frother structure-property relationship using bubble rise velocity. Single bubble rise 
velocity profiles were determined in a 350 cm column. Velocity at 300 cm as a function of concentration is used to 
estimate the concentration to reach minimum velocity, CMV. The structure variables alkyl chain length (n, number of 
carbons) and number of propylene oxide (m) groups were investigated. The effect of increasing n and m is to decrease 
CMV. Linear correlations with log CMV vs. hydrophilic-lipophilic balance (HLB) as a function of n and m were observed. 
The correlations are compared with previous correlations between critical coalescence concentration and HLB. 

 
Plastic Deformation Studies with Electron Chanelling Contrast Imaging 
By Shirin Kaboli and Professor Raynald Gauvin 

Electron channeling contrast imaging (ECCI) was used in the cold-field emission scanning electron microscope (CFE-SEM) 
to image strain fields on deformed bulk specimen. Imaging was conducted at two different specimen/detector 
configurations. Pole-piece mounted silicon photodiode (PD-BSE) detector was used at 1-5 keV to collect backscattered 
electrons (BSEs) generated from a low-tilted (0-3 degrees) specimen (ECCI position). Electron backscattered diffraction 
(EBSD) phosphorous screen-mounted forescatter electron detector (FSED) was used at 20 keV to collect BSEs generated 
from a high-tilted (65-70 degrees) specimen (EBSD position). The crystallographic orientation of area of interest on bulk 
specimen was controlled with EBSD orientation mapping. ECCI observations on deformed bulk specimen showed 
irregular and complex bend contours inside grains similar to those observed on bent thin foils in transmission electron 
microscope. ECCI on an ion milled prepared surface provides non-destructive and rapid visualization and 
characterization of strain fields along with near-surface deformation substructures in CFE-SEM. 

 
An experimental study on the conversion of waste heat to electricity 
By Nasim Razavinia, Professor Frank Mucciardi, and Professor Ferri Hassani 

The use of renewable energy sources is gaining much attention from industries.  The greatest challenge however, is the 
production of high grade energy at a cost that is competitive with fossil fuels. The recovery of low grade thermal energy 
is a resource which has not been extensively exploited but is gradually becoming an expanding industry as society strives 
for sustainable development. This energy can be from various sources like solar, geothermal, and waste heat off-gases. 
Regardless of the source, it has to be efficiently captured and concentrated to higher grade energy and then converted 
to a valuable form. A novel process (CHP) has been developed at McGill University to harness waste heat. This 
innovative CHP, termed the “heat pipe cycle”, consists of heat pipes that are coupled with an external combustion 
engine. Our study shows the possibility of achieving a 10% increase in the efficiency of the energy intensive processes. 

 
Thermodynamic Optimization of the Cr-B Binary System 
By Richard Church, Junghwan Kim and Professor In-Ho Jung 

The construction of thermodynamic databases provides a valuable resource to design and model industrial 
processes.  Using the FactSage software and associated databases process efficiencies and ideal operating conditions 
can be determined, thus saving people in industry both time and money.  For the Cr-B binary system all available 
thermodynamic data was collected and assessed before modeling began.  The data with then fit with thermodynamic 
parameters and any missing values were either estimated or assessed.  Estimations were carried out using approved 
thermodynamic techniques, while assessments were made by reproducing trends found in similar Transition Metal-
Boron systems.  The overall agreement between the optimization and the experimental data appears to be very 
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good.  Therefore this optimization can be used as part of a larger thermodynamic database that can be used to predict 
the behavior of melted down industrial magnets and design a process to recover Rare Earth Metals from them. 

 
Anisotropic diffusion of Al in hcp Mg 
By Sazol Kumar Das and Professor In-Ho Jung 

Diffusion couple experiments with Mg single crystal and Al were conducted to find out the anisotropic diffusion behavior 
of Al within the hcp Mg single crystal along the a- and c- axis experimentally for the very first time. Anisotropic diffusion 
of Al in hcp Mg was investigated at the temperature range between 638 K and 693 K (365 oC and 420 oC). The diffusion 

coefficients derived from Al profiles in single crystal hcp Mg are 
Al

Mghcp
D

  (a-axis) = 
31086.4  exp(-154484/RT) and 

Al

MghcpII
D

  (c-axis) = 
31051.9  exp(-159476/RT). The diffusion coefficient of Al within the basal plane is about 1.3 times 

greater than that along normal direction of the basal plane at the experimental temperatures. The anisotropy of the Al 
diffusivity becomes smaller with increasing temperature. 

 
Microstructure development in light alloys during solidification: an experimental and modeling study 
By Manas Paliwal and Professor In-Ho Jung 

The present study deals with the development of multi-component solidification model for light alloys mainly Mg and Al 
alloys. The solidification model incorporates all the essential kinetic processes during solidification such as dendrite tip 
undercooling, secondary arm coarsening, solute back diffusion and eutectic undercooling. The model is dynamically 
linked to thermodynamic library for the accurate input of thermodynamic data. Fundamental solidification experiments 
were conducted in the cooling rate range of 0.05-700 K/sec and the experimental microstructural features were 
compared with the modeling results. Some test cases for Mg-Al, Mg-Zn and Mg-Al-Zn alloys are presented in this study 
as well.  

 
Development of a thermodynamic database for the Na2O-FetO-SiO2-Al2O3-CaO-MgO System 
By Elmira Moosavi-Khoonsari and Professor In-Ho Jung 

This study aims at constructing an optimized thermodynamic database for the Na2O-FeO-Fe2O3-SiO2-Al2O3-CaO-MgO 
system which can help to better understand natural and industrial phenomena. Controlling the oxygen partial pressure, 
sodium high vapor pressure and the complex chemistry of this system make its experimental investigation very 
challenging. Moreover, no systematized thermodynamic modeling of the Na2O-containing liquid is available. The liquid 
phase is modeled with the Modified Quasichemical Model and the solid solutions are treated within the framework of 
Compound Energy Formalism. The calculations are carried out using FactSage software. Key experiments are carried out 
to resolve inconsistencies in literature data and to confirm predictions where no data are available. So far, a systematic 
thermodynamic optimization of the phase diagrams and thermodynamic properties of the Na2O-FeO-Fe2O3-SiO2 
system were performed at 1 bar total pressure. Experimental studies of Na2O-FeO-Fe2O3-Al2O3 system are currently in 
progress to contribute to the database development.  

 
Systematic Analysis and Thermodynamic Optimizations of the binary Mn-RE Systems 
By Junghwan Kim and Professor In-Ho Jung 

RE (Rare Earth) metals are widely used in metallurgy and electronic applications. RE are emerging alloying elements for 
Al and Mg alloys to improve the mechanical properties, major elements for magnets, and their oxides are important 
electronic materials. In the present study, the thermodynamic optimizations of the Mn-RE systems which are the sub-
binaries of the Mg-RE-Mn systems were performed to obtain reliable thermodynamic functions to reproduce all 
available and reliable experimental data. As there are few experimental data available for many RE-Mn systems, a 
systematic analysis of all available experimental data was performed to utilize the systematic trends in the physico-
chemical properties of RE for the thermodynamic optimization of the RE-Mn systems. In addition, to clarify the 
discrepancy of the available experimental data, phase diagram and solution calorimetry experiments were performed 
for Mn-Dy system. The advantage of the systematic analysis of the entire series of RE systems will be explained.  
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Dense Collagen/Chitosan Gels as Scaffolds for Cartilage Tissue Engineering 
By Florencia Chicatun, Claudio Pedraza, Naser Muja, Chiara Ghezzi, Professor Marc McKee and Professor Showan Nazhat 

Tissue engineering approaches for articular cartilage (AC) repair using collagen type I (Coll)-based hydrogels are limited 
by their low collagen fibrillar density (CFD; < 0.5 wt %) and their poor capacity to support chondrocyte differentiation. 
Chitosan (CTS) is a well-characterized polysaccharide that mimics the glycosaminoglycans (GAGs) present in native AC 
extracellular matrix and exhibits chondroprotective properties. Here, dense Coll/CTS hydrogel discs with CFD (~ 6 wt %) 
approaching that of AC were developed to investigate the effect of CTS content on the growth and differentiation of 
three-dimensionally seeded RCJ.3.1.C5.18 chondroprogenitor cells. Compared to dense Coll alone, cells seeded within 
Coll/CTS showed increased viability and metabolic activity up to 21 days. Immunohistochemistry for collagen type II, in 
combination with Safranin O staining and GAG quantification, indicated greater chondroprogenitor differentiation within 
Coll/CTS, compared to cells seeded within Coll alone. In summary, these findings demonstrate that dense Coll/CTS 
hydrogels are suitable model scaffolds for cartilage tissue engineering applications. 

 
Dynamic precipitation and recrystallization: effects on grain size and texture 
By Abu Syed Humaun Kabir, Jing Su, Mehdi Sanjari, Professor In-Ho Jung and Professor Stephen Yue 

Magnesium, being the lightest structural metal has some potential to be used in automobile and aerospace applications 
to reduce the fuel consumption. The final mechanical properties of Mg wrought alloys are largely controlled by 
microstructure and crystallographic texture. The aim of this work is to investigate the effect of dynamic or strain induced 
precipitates on microstructure and texture evolution during hot deformation of Mg-Al-Sn alloys. Mg-Al-Sn alloys have 
been designed using thermodynamic modeling software, FactSage, based on forming precipitate at hot deformation 
temperatures. Uniaxial compression has been introduced at these elevated temperatures to simulate the hot 
deformation behaviour as well as to enhance the formation of precipitates. This strain induced dynamic precipitate may 
interfere with the kinetics of recrystallization and slow down the grain growth by grain boundary pinning resulting in, 
finer grain size and randomization of texture.  

 

SCHOOL OF URBAN PLANNING 

A New Perspective on Transit: Passenger-Oriented Performance Visualizations 
By Colin Stewart, Ehab Diab, and Professor Ahmed El-Geneidy 

Advances in information and communication technologies have enabled transit agencies around the world to collect an 
abundance of data on a daily basis. Increasingly, these agencies are interested in new methods to visualize this data, 
both in order to communicate transit performance to the public and to communicate the positive attributes of public 
transportation. This paper aims to demonstrate the untapped visual potential of transit data in the context of Montreal, 
Canada, using such data sources as GTFS (Google Transit Feed Specification), APC (automatic passenger counting), and 
AVL (automatic vehicle location). Transit performance measures are generated at different scales, including transit-
system, neighborhood, route, and stop levels. This paper expands on previous research on transit-performance research 
and visualization by adopting the perspectives of customers rather than transit agencies. The methods displayed in here 
can be of interest to transit planners and transit marketing professionals. 

Breaking into Bicycle Theft: Insights from Montreal, Canada 
By Dan van Lierop, MichaelGrimsrud, and Professor Ahmed El-Geneidy 

Currently, bicycle theft often goes unnoticed and is largely unchallenged, negatively impacting the use of this sustainable 
transportation mode. The present research brings attention to this issue by analyzing the multifaceted problem of 
bicycle theft in Montreal, Quebec, Canada. A bilingual online bicycle theft survey was designed for this purpose and 
answered by 2,039 Greater Montreal residents, yielding 1,922 usable responses. This paper tries to understand bicycle 
theft through answering the questions of ‘who’, ‘what’, ‘where’, ‘how’, and ‘when.’ Findings from this study are useful to 
better understand and ultimately decrease bicycle theft in Montreal, but can also be beneficial for cyclists, police, and 
policy makers in other cities aiming to decrease bicycle theft. 
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TISED is an innovative think tank propelling forward new ideas in sustainable engineering 
and design. TISED creates forums and encourages discourse on how manufacturing, 
transportation, information technology, architecture, and urban planning can be greener 
and more efficient. Researchers, students, and partners with McGill University’s Faculty 
of Engineering are taking bold steps in education and outreach, influencing public policy, 
and pioneering research to build a sustainable planet. http://www.mcgill.ca/tised/ 

MIAE is an initiative of the Lorne Trottier Chair in Aerospace Engineering to foster interest 
in Aerospace Engineering among undergraduate and graduate students and awareness of 
the multi-disciplinary and multi-cultural environment in which they may work as future 
engineers working in the Aerospace Industry. Students accepted into the Institute will be 
given the opportunity to participate in a number of 500 to 1000 hours Research Projects 
proposed by the Aerospace Companies. The Institute is also creating at McGill a special 
environment where the students will have access to a secure room with complete 
computer facilities, so that they will be able to work in their projects with the support of 
their professors. The MIAE students will also be given the opportunity to participate in 
other activities, organized to give them a comprehensive view of the Aerospace Industry 
and its challenges, such as plant visits and specially designed courses. 
http://www.mcgill.ca/miae/ 

 

MIAM was established by the Faculties of Science and Engineering to act as a focal point 
for research into all forms of advanced materials. Engineering innovation and materials 
creation have led to important developments in communications, information 
technology, transportation, clinical diagnosis and care, and energy generation, for 
example. New materials are considered by knowledge-based economies to be a 
precursor to many technological developments necessary for development and growth, 
and have been identified as one of Canada's strategic areas of research, and a priority 
area for McGill. http://www.mcgill.ca/miam/ 

NSERC aims to make Canada a country of discoverers and innovators for the benefit of all 
Canadians. The agency supports university students in their advanced studies, promotes 
and supports discovery research, and fosters innovation by encouraging Canadian 
companies to participate and invest in postsecondary research projects. NSERC 
researchers are on the vanguard of science, building on Canada’s long tradition of 
scientific excellence.http://www.nserc-crsng.gc.ca/ 

Through unique research and training programs, Mitacs is developing the next generation 

of innovators with vital scientific and business skills. In partnership with companies, 

government and academia, Mitacs is supporting a new economy using Canada’s most 

valuable resource – its people. http://www.mitacs.ca/ 

Innovations Catalyst in Engineering (ICE) has been established in the Faculty of 

Engineering thanks to a major gift from Engineering alumnus William Seath (B.Eng. 

Mechanical Engineering, 1952).  Its two-fold missions are to build and strengthen the 

Faculty’s relationships with industry, and to encourage entrepreneurship and 

commercialization of innovative research.  http://www.mcgill.ca/engineering/research/ice 

McGill Engineering is ranked one of Canada’s top two Engineering Schools in rankings 

published by the U.S. News & World Report, and on the international level scores higher 

than well-known U.S. schools such as Columbia, Yale, Northwestern, Penn State and Texas 

A&M University. The 2011 ranking breakdown by discipline varies between 15th spot and 

34th in the world in the fields of Chemical, Civil, Computer, Electrical and Mechanical 

Engineering. Our Faculty places 29th overall in the U.S. News & World Report listing of the 

world’s 300 engineering and technology schools.  http://www.mcgill.ca/engineering/ 
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