Professor S. Balakrishnanis an expert
in the area of Intelligent Manufacturing
and Automation. This area is a broad
field and requires integration of several
tools from a wide variety of fields. Dr.
Balakrishnan has extensive experience
in the area of control development
related to robotics and machine tools.
Integration of models for metal cutting,
smart fixture development for metal
removal and assembly applications have
been developed in his research
laboratory over the years. Techniques
using neural network, fuzzy-logic and
genetic  algorithms  have  been

successfully developed and
implemented in machine and robotic
control . Dr . Bal

research makes extensive use of sensors
for more enhanced control. Processing
of information from a wide variety of
sensors with associated electronic
interface and software integration has
been gainfully employed in a number of
research projects completed so far. A
typical example of a project completed
recently involved developing a unique
design and development of a
biologically inspired robot modeled
after observing the motion of an
earthwork and a leech.

/ A X
Computerized Manufacturing Cell

An Earthworm and a Leecbbot



Research in alternative energy led by Professor Eric
Bibeau focuses on developing the tools needed to improve
our understanding of innovative alternative energy
technologies; developing new environmentally friendly
production of affordable renewable energy in the future is
at the core of the research program. The emphasis is placed
on distributed power generation to develop new Kinetic
turbines, anaerobic digesters, CHP biopower systems and
specific aspects of wind generation relates to icing issues.
Research on how to increase the renewable energy ratio  Aerodynamic testing of a wind turbin
using electric mobility and district heating and cooling is a  Plade during an icing event in icing tunnel
new area under development. It is expected that the fundamental understanding obtained from
this research will provide a foundation for the development of new alternative-energy
applications, some of which will have significant commercial value in the near future.

Dr . Bs rasearch utifizes the following facilities:
(@) Icing wind tunnel and instrumented meteorological
tower for icing mitigation on wind turbines,
(b) In-situ kinetic turbine facility at Pointe du Bois,
(c) Large scale experiential anaerobic digester,
(d) Hybrid-Brayton 30 kW CHP biomass facility,
(e) PHEV laboratory with auxiliary drive device,
(f) Water tunnel facility with PV and ADV, and
() Energy laboratory: solar systems and wind

Testing kinetic turbine and Acousti turbines.
Doppler measurements on Winnipeg Rivel

Some of his on-going research topics
include: (i) river Kinetic water turbines
for  distributed  generations  and
applications in cold remote climates, (ii)
modeling of swine
anaerobic digesters
and the development
of low costs
distributed systems,
(iii) icing of wind
turbine blades to mitigate its effect on wind farms operating in cold weather
climates and development of icing sensors, (iv) new biomass and waste heat
conversion technologies for distributed generation using two novel cycles
tailored for the distributed biopower market, (v) optimization of plug-in

electric vehicles and conversions of gasoline vehicles to plug-in hybrids, and  \ying turbine for
(vi) district heating and cooling from biomass, solar and geothermal to  renewable energy
significantly increase the renewable energy ratio. lab
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Biomass CHP test facility under construction




Professor Ma tkgearcid inteBest s centeked asound fundamental combustion and
related flow phenomena, which include: (a) droplet and spray evaporation and combustion, (b)
premixed and non-premixed gaseous combustion (jet and swirling flames), (c) Spray formation
(e.g., liquid breakup and atomization in cross-flows), and (d) turbulent flows. Dr. Birouk has
founded the Energy and Combustion Laboratory (ECL)that is equipped with 3 major research
test rigs: (a) a high-pressure turbulence/combustion chamber, which is unique in the world, and
is used for studying turbulence, and its interaction with liquid and gaseous fuel combustion under
realistic test conditions, (b) a burner rig, which is used for studying the burner geometry
(aerodynamic) effects on the (jet and swirling) flame stability, and (c) a wind tunnel, which is
used for studying liquid jet breakup and atomization in cross flows; also for studying turbulent
flows. So far, 2 PhD and 4 MSc students, and 1 Postdoctoral have been completed in the research
program outlined above. Currently 1 PhD, 2 MSc students and 1 Postdoctoral are working in the
ECL. 2 PhD and 1 MSc students are planned to join the group by the end of the year.

WS
Wind Tunnel Test Facility for Studying Turbulen  High-Pressure Combustion/Turbulence Test
Flows and Liquid breakup and Atomization (for g. Facility for Studying Turbulent Liquidnd
turbine engine and propulsion applications) Gaseous Combustion for Power Generation

Dr . Bi r ouk O6E€L) Is agbigped avithosevgral aflvanced measurement techniques;
which include Particle Image Velocimetry (P1V), 2D laser Doppler velocimetry (LDV) and a
high-speed imaging system.

L

Laser Doppler Velocimetry (LDV) for Turbulence and Velocity Measurements




Dr . Vi jay Chread of reseagclo arenpdirsarily: (1) Acoustic Wave Propagation
Studies, (2) Supercritical Flow Dynamics and (3) Ducted Wind Turbine Studies. Two research
facilities have been developed in the Mechanical Engineering Department, and a third facility is
under development.

(1) The Acoustic Wave Propagation Facility (AWPF)

The AWPF is designed for studying acoustic wave propagation in long ducts as well as a
branched network of ducts filled with flowing or stagnant water. The idea for this research arose
when damage occurred to the fuel channels of a Canadian reactor due to amplification of
acoustic waves originating from the pump. The propagation and attenuation of acoustic waves
are not properly understood, and the prevailing analytical tools do not accurately predict the
amplitude and frequency. Further studies will continue on both the analytical and experimental
fronts.

(2) Supercritical Flow Facility (SFF)

The SFF is a large facility designed to study supercritical flow dynamics, including flow
instability in parallel channels. It will be used for studying supercritical behavior of CO; and

The aim of this research is to support the nuclearindustrydés bid to buil d
pressure reactor by contributing to the better understanding supercritical flow behavior. The
research involves both analytical and experimental work.

(3) Ducted Wind/Water Turbine Studies

Wind turbines are presently being used for harnessing energy from flowing water, such as rivers,
in Manitoba. Enhancing the performance of these devices is the principal aim of the research.
The research involves both experimental and numerical studies on determining the effect of inlet
turbulence on the efficiency of the turbines.



Professor R. Jayaramai® s rese
organized into four major thrusts: Intelligent
Processing of  Polymer  Composite
Structures, Long-term  Durability  of
Composite  Structures, Interfaces in
composites, and Novel Composite Materials
Development. Under these thrusts the focus
is placed on both fundamental and applied
research and development in the areas of
Modeling and optimization of various |
composite manufacturing processes such as
autoclave processing, E-beam/UV
processing, filament winding, hot drape
forming, composite bonding and repair, and
development of smart materials,
biopolymers and biocomposites using
natural fibers.

Dr. Jayaraman is the director of University
of Ma n i Compos#ed Materials and
Structures Research Group (CMSRG). The
groupo6s $Bciliy consists lofi
Composite Material Development Lab,
Material Characterization Lab, Composite
Processing/Manufacturing Lab, Composite
Testing Lab and Composite Design and
Modeling Lab.

Polymer Composites are increasingly used
in all industrial sectors T aerospace,
automotive,  transportation,  recreation,
building products, and emerging alternate
energy and bio-medical industries. Dr.
Jayaramanos r e s beenr
working in the forefront of research,
development, and application of composites
and composite structures in these industrial
sectors. Over the past ten years, Dr.
Jayaraman has completed a number of
research projects in collaboration with
industries and has trained and graduated 10
graduate  students, 12 undergraduate
summer research assistants, 3 Post-Doctoral
Fellows (PDFs), and 4 visiting graduate
students. Currently, his group is made of 4
graduate students, 2 PDFs and one
undergraduate student. These graduate
students are getting a broad exposure, and
multi-disciplinary experience and
knowledge that would prepare them for a
rewarding career in any of these industrial
sectors.




Prof essor Desearchds fotcGagdom O ¢
the experimental and numerical study of complex
multiphase flows of fundamental and industrial
relevance. Previously, Dr. Kuhn was the Chair of
First Year Engineering Studies at the University
of Toronto. He joined the Department of

Mechanical and Manufacturing Engineering as
Head in 2006.

His research interests include particle motion and
accretion in complex multiphase flows with
applications in the pulp and paper and wind
energy industries; and entropy production in
multiphase flows. Previous studies considered the flocculation (aggregation) of wood fibres in a
decaying turbulent flow field; transport and deposition of molten carryover particles in pulp and
paper recovery furnaces; flow modification methods in utility boilers to reduce heat exchanger
erosion; dust transport in lime Kkilns; and the interaction of two burner flames in lime Kilns.
Current studies include the study of particle motion in turbulent flows adjacent to rough surfaces
under adverse and favorable pressure conditions, the development of a transient ice accretion
measurement device; and entropy production in multiphase flows with application to flows past
tubomachinery. Advanced Planar/Stereoscopic Particle Image Velocimetry (PIV) and Particle
Imaging (IPV) systems are used for whole-field velocity measurement and particle
characterization. Numerical models of the complex flow phenomena are developed and
integrated into commercially available software.

Dr. Kuhn has graduated 18 Mast er 6 s and 8 Doctoral students a
Masterds and 2 Doctori al student s.
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Professor Y u menewala resebrah ofécgses on
Computational Solid Mechanics, Computational Biomechanics
and Simulation-based Design and Optimization. Dr . L
research laboratory on Computational Solid Mechanics aims at
applying theories, principles, and advanced computational
methods of Solid Mechanics to solve engineering and medical
problems.

His current research includes Mechanical and computational
methods for diagnosing tumor, cancer and injury in human body,
Analysis and characterization of composite materials, Advanced
finite element methods and Computational inverse methods.

Currently, two Masterds anc
his supervision.

Current Research Projects: (1) Finite element modeling of closed head injukyrealistic finite
element model is constructed with the aid of modern medical imaging technology, for example, by
the magnetic resonance imaging (MRI) as illustrated in the following figure. Various scenarios of

Skull

A
Cerebrospinal fluid

(CSF)

Brain tissue

MRI Slice of Human Heac Phystal Model Finite Element Model

impacts in real-life accidents are then simulated by finite element modeling. The objective of the
research is to provide a sound base for more effectively preventing head injury. (2)
Characterization, analysis and design of composite materials using adaptive finite el
method Having known the material properties of constituents, the project aims to develop a
computational procedure based on adaptive finite element method to accurately characterizing the
properties of the composite material without doing physical experiments, and to design composite
materials with desired properties.

Laboratory of Computational Solid Mechanics: Research  Group: The group
The aim of the lab is to apply theories of Solid currently has three MSc students,
Mechanics and advanced computational methods to one PhD student. A close research
solve engineering and medical problems. The lab is collaboration has been established
equipped with ANSYS, ABAQUS and self- with professors from other faculties

developed finite element codes. and departments.



Pr of es s o rresearhj anssat (i)
developing nanostructured and amorphous
light-weight metallic materials for novel
applications in the energy, aerospace,
biomedical and automotive industrial sectors
(i) improving mechanical properties of
aerospace materials through microstructural
engineering, (iii) analysis, prevention and
control of environmental degradation of
structural materials and (iv) innovative
joining and forming of advanced heat
resistant superalloys.

Dr . Oj o06s r e sted dnr theh
i nternationally r
Materials Research

The laboratory is equipped with state-of-the-art materials processing and characterization

equipment including analytical scanning electron microscopes for microstructural study, high-

resolution transmission electron microscope for studying nanostructured materials, Auger

electron spectroscope for micro-chemical analysis of materials, Gleeble thermo-mechanical

simulation system for physical simulation of high-temperature material processing and forming

techniques, Servo-hydraulic Instron mechanical testing system for evaluating mechanical

properties of materials and differential scanning calorimeter for characterization of thermal

properties of materials. Sofar, 6 Ma st er 0 s, 3 p o s 6 uhdergraduate sdutlentsf e | | o w
completed their researchu n d e r D r .rvisiorn. ldeds surrently pugervising 3 PhD, 2 MSc

and 1 undergraduate students and 1 postdoctoral fellow.

01/01/2007

A $3 million High Resolution Transmisa

: _ _ Computer controlled Gleeble System for simulatir
Electron Microscope for studying the internal

thermemechanical conditions experience by



Prof essor Qiessagl interest iPiethegréas of Virtual manufacturing, Dynamic manufacturing
planning, 3D models share and reuse, Design for assembly and maintenance, Product accessibility analysis in
manufacturing, Human-centred decision-making, Reverse engineering, System modeling and simulation.

Dr. Peng has graduated 2 PhD and 7 Master students. He has also supervised 19 undergraduate theses. He
currently supervises 2 PhD and 4 MSc students.

1 Virtual Manufacturing (VM) uses 3D computer graphics and
advanced input and output devices providing users an immersive
environment to examine product design and manufacturing

processing.

{1 Using virtual manufacturing, users can make the cost-effective v”’ =\
decision in exploring, understanding, and interacting with product.

thas effectively

problems in product functionality and manufacturability before real

manufacturing occurs.

|
Lab equips a 2x3 flat wall VR syster
with immersive reality

3D scanner is an efficient tool for
reverse engineeringin objectcan
be measured to build the digital
model quickly.
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The student uses a heatunted
display (HMD) and a hangesture
interface to interact with a product
design.

Current research projects

T

Increasing models share and reuse for virtual environments by
developing product model retrieval tools using the shape distribution-
based method.

Development of dynamic planning for operation alternatives in
manufacturing using constraint-based manipulation techniques.
Developing human-centered VM systems for the efficient decision-
making by integrating agent-based and autonomous process.
Image-based reverse engineering for product modeling.

VM in mass customization manufacturing systems.

Simulation modeling for performance improvement of healthcare
systems and path planning in building navigation.

VM applications in product design and manufacturing.

ResearchFacilities

9 EON 2x3 flat wall back projected passive stereo system with
immersive reality system.

3D Laser Scanner

Polhemus 6 DOF 3 channel 10 feet long range Fastrack
tracking system

Vyvisor head mounted stereo display and Pinch Datagloves
3D modeling and CAD/CAM systems

EON VR development workstations

Coordinate measuring machine (CMM)

Reversing Engineering modeling systems
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Professor Neil Popplewels research focuses on Acoustics, Ultrasonics, Vibrations, and
Automatic Controls. The well-equipped Sound and Vibration Laboratory houses an anechoic
chamber and it is equipped with a diverse range of laboratory quality sound measuring devices as
well as vibration equipment. A recently refurbished and upgraded low-speed wind tunnel is
available that is equipped with an internationally acknowledged automated measurement and
control system. The present research team of 4 graduate students are at the international
forefront in: (i) flow induced vibrations of iced electrical transmission lines, and (ii) the
ultrasonic non-destructive evaluation and automated testing of pipes and plates.

Ultrasonic Testing of a SteBipe Testing Acoustical Materials using a Standing Wave
Tube and Frequency Analyser

Acoustical Testing ithe Anechoic Chamber The Lowspeed Wind Tunnel Test Section



Professor Norman Richardsconducts research on processing and modeling of aerospace components;
joining of aerospace materials, repair of aerospace components; high temperature properties of nickel-
based Superalloys; powder manufacturing route for aerospace high temperature alloys; superplastic
forming of aerospace alloys, built-up structures for aerospace. Dr. Richards Manufacturing Processes Lab
consists of a robotic welder; low heat input welding equipment and a superplastic forming press. Most of
the research of Dr. Richards is allied to the aerospace industry, as he was an engineering manager with
Rolls-Royce Canada before coming to the U of M. Main research areas:

(a) Joining of aerospace alloys of nickel and titanium in wrought and cast form.

Cracking in heat affected zonéweld Cracks in gas turbine stator

(b) Repair of aerospace components in wrought, and cast form, including polycrystalline, directionally
solidified and single crystal, using various manufacturing processes. Evaluation of thermo-mechanical
fatigue as per figure below on right.

TMF of STA IN738LC

0.01

10 1000 10000

y = 0.0509% %45%°
R? =0.9958

Mechanical Strain

0.001

Number of Cycles

(c) Superplastic forming of titanium and aluminum alloys, including high strain rate forming. Time
savings of up to 75% possible. Strain levels up to 1000%. »

(d) Robotic welding for rapid prototyping
Built up structures using the robot and gas tungsten
arc welding can be performed in days not months.




Research activities of Professor
Nariman Sepehri are primarily
centered in control and diagnosis of
dynamic systems and fluid power. A
wide range of applications are being
considered:  robotics  (underwater
hydraulic robots), manufacturing,
aerospace (flight control actuators),

off-highway (excavator/mining
machines), healthcare (pneumatic [ ,
prostheses, ~ remote ultrasound Human plugobotin-the-loop simulator

diagnosis) and haptic controls.

Established in 1992, t he AFl ui d Power -RolbotEixperReme@mdamadh Tl
houses essential equipment to gain in-depth understanding of the dynamics, and develop
advanced tools and supporting theories for robust control design of tele-robots and intelligent
condition monitoring of fluid power systems. The facility has so far provided an infrastructure

for 9 Doctor al student s, 25 Masterd6s student s
their degrees. It also housed more than 50 undergraduate students for their thesis projects. 5
Doctor al and 2 Masterds students are currentl

Recent Research Projects (i) Fault
diagnosis and fault tolerant controls, (ii)
Control Task of Interaction and
cooperation, (iii) Impedance control of
hydraulic and pneumatic manipulators,
(iv) Tip-over stability of heavy-duty
machines, (v) Robotic system for remote
ultrasound diagnosis, (vi) Robotics-
assisted live-line maintenance.

Hardwarein-the-loop (HIL)
simulator test facility for s
research on conditior
monitoring and fauttolerant =Ml
control design of hydraulic
actuators in aircraft




The general focus of Professor Hassan
S o | i mrasearghsactivities is on the

investigation of the fluid dynamics and

heat transfer of single- and multi-phase

energy systems. Several projects are

currently active under this general

theme. These projects include: (a) the

pressure drop and phase distribution in

branching, impacting, and combining tee

junctions used in the flow-distribution

systems in the power and process

industries, (b) the two-phase flow from

single and multiple small branches

mounted on walls of various inclinations

related to nuclear reactor safety during

loss-of-coolant accidents, (c) the thermal

performance of single-layered and

stacked micro-channel heat sinks used in

the cooling of electronic devices and

micro-chips, (d) condensation from

laminar and turbulent vapor-gas mixtures

on the exterior of surfaces and inside

ducts relating to heat transfer in the

containment building of nuclear reactor

stations during accidents, and (e) the

effective cooling of stacked heat-

generating bodies relating to the cooling - -

system in the DC/AC power converter Two-Phase Test Facility for Impacting Tee Junctions
stations. Experimental, analytical, and
numerical techniques are used in these
research projects.

Dr . Sol i mizase bresearcht Wwab
contains 4 experimental test facilities, each
consisting of a flow loop; instrumentation
for the measurement of flow rate, pressure
drop, and temperature; and a data
acquisition system. All the test sections are
made of acrylic in order to facilitate flow
visualization and a high-speed video camera
is available for this purpose. Using these,
unique to Canada, experimental rigs a total
of 30 Master 0s, 8-
Doctoral programs have been completed so
far in the above research program. The
| aboratory current|
Doctoral, and 1 Research Associate.

Test Facilty for TwePhase Flow in Mini Junctions



Professor Mar k
research interests include
experimental and numerical study of
turbulent flows and fluid flow in
porous media. Specifically, Dr.
Tachie6 sesearch focuses on topics
such as Near-wall Turbulence,
Effects of Roughness and Pressure
Gradients on Turbulent Boundary
Layers, Separated and Reattached
Turbulent Flows, Bluff-body
Hydrodynamics, Turbulent Flow and
Creeping Fluid Flows through
Porous Media, Turbulent Flow
through Trashracks. Practical
applications of these research topics
include film cooling technology in
gas turbine, boundary layer control
on wings of airplanes, efficient
disposal of waste into water bodies
and automobile defrosters.

Dr . Tachi eso research
Planar/Stereoscopic Particle Image Velocimetry (PIV) and Planar Laser Induced Fluorescence
(PLIF) system. The PIV is a sophisticated non-invasive technigue that provides an instantaneous
whole-field velocity measurement. When combined with the PIV, the integrated PIV/PLIF
system provides simultaneous whole-field measurements of scalar fields such as temperature and
concentration together with the velocity field. Recently, the lab acquired Interferometic Particle
Imaging (IPI) system to conduct research on particle characterization. Dr. Tachie has supervised
2 Ph.D. and 7 M.Sc. students. Five doctoral students are currently working

Test Section

Film cooling in gas turbine (a), boundary layer control ¢
wings of airplanes (b), disposal of waste into water bodies

and automobile defroster (d).

PIV System

, PC

o )"

| aboratory

under his supervision.

equi pg

Typical experimentai setp showing the test section of the water channel and the various
components of the PIV system.



As a Canada Research Chair in Solid Mechanics,
Professor Abraham Wang has been
characterizing the fundamental properties of
smart materials and carbon nanotubes (CNTS)
and applied those findings to structure health
monitoring and transporting atoms via CNTSs.

Prof. Wangbos research
mechanics; Smart Materials and Structures;
Vibration Control of structures by piezoelectric
materials; Design of smart materials in the repair

of damaged structures; Health monitoring of structures with wavelet techniques; Model of
piezoelectric coupled structures; Wave propagation of piezoelectric coupled structures;
Structural stability control by piezoelectric actuators; Shape control of structures with shape
memory alloy; Plate and shell structures. His researches have attracted more than 920 SCI
citations. He also serves 12 journals as either associate editor or editorial board members.

-

Top and side views of fhe (8.8) carbon nanoiube fully filled with 230
hydrogen atoms (a) with no forsional angle; (b) with a torsional angle of 30° still
sustainable for torsional instability; and (c) with the critical torsional angle of 35° for
torsional buckling.
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Damage detection with Interdigital Transducer



After receiving his Ph.D. degree from University of
Saskatchewan, and prior to joining the University of
Manitoba, Professor BingChen Wang was an NSERC
Visiting Fellow to conduct at Defence Research and
Development Canada, in Suffield, Alberta for three years
and then as a Defence Scientist with National Defence for
one year.

Dr . Wangos curr ent ompuatiomla

fluid dynamics (CFD), turbulent heat and mass transfer,
dispersion of pollutants in an urban environment, and high-
performance scientific computing (HPC) for simulating
large thermal-fluid systems using supercomputers.

Current Projects:
U Large-eddy simulation (LES) of turbulent heat and fluid flows in fluid machinery and
urban atmospheric environments;

0 Direct numerical simulation (DNS) of heat and fluid flows in a complex urban
environment;

0 Hybrid RANS/LES of turbulent dispersion in an atmospheric boundary-layer;

U Numerical simulation of bio-fluids and non-Newtonian fluids;

0 High-performance numerical algorithms for parallel computing using supercomputers.

Dr. Wang has been actively involved in training highly qualified personnel since he joined the

University of Manitoba in July 2008. His current research team includes two postdoctoral

fell ows and one M. Sc student. It i's anticipat
team will experience a significant expansion, which will consist of two postdoctoral fellows, two

Ph.D. students and two M.Sc. students.



Professor C hreseareh tisi fatused
on nonlinear dynamics, with applications on
developing legged walking robots (hoppers,
bipeds and quadrupeds etc.); biomechanics
(human locomotion), automotive engineering
(Accelerated durability testing for ground
vehicles). She also conducts applied research in
two areas (1) stress analysis and design using the
finite element method and the photo-elasticity
approach (dental, medical and rehabilitation
devices), and (2) mechanism design (Kinetic
sculptures).

Dr . Wu e s t a Hohlinear hSystems
Research and Design of Mechanisms laboratoryo
in 1998. The laboratory is equipped with state-of-
the-art equipment such as Qualysis Motion
Measurement Systems & Kistler Slimline Force
Plates, Vista Force Sensing Arrays, PhotoStress
Plus System, Special treadmill and a number of
Passive legged walkers instrumented with
accelerometers and encoders. The lab has been
instrumental in training both undergraduate and
graduate students. So far, a total of 3 post
doctoral fellows, 4 Ph.D. students, 8 M.Sc.
students, 25 summer research students and 43
undergraduate thesis students have been trained
in the lab. Currently, the lab is housing 2 post
doctoral fellows, 1 Ph.D., 3 M.Sc. and 3
undergraduate thesis students.

Failure Analysis of Post-Reinforced
Endodontically Treated Teeth
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Art Engineering or Engineering Art?
Kinetic Sculptures
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