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CENTER FOR COMPACT AND

RESEARCH PROJECTS

Thrust 1 - Efficiency

EFFICIENT FLUID POWER PROJECTS

Project Name

Pl / Department / Institution / Sponsor

1A1 - Throttle-less Control and
Regeneration for Fluid Power
Systems

Kim Stelson, Mech. Eng, University of Minnesota

Andrew Alleyne, Mech. Eng, University of lllinois @
Urbana-Champaign

1A2 - Integrated Algorithms for Optimal
Energy Use in Mobile Fluid Power
Systems, Purdue

Monika Ivantysynova, Ag. and Bio. Eng, Purdue

1t

1B - Study of EHD Effects for Adaptive
Surface Design for Pumps and
Motors,

Monika Ivantysynova, Ag. and Bio. Eng., Purdue

1D - Drag Reduction via Biomimetic
Nano-Surface Features

Eric Loth, Aerospace Eng., University of lllinois at
Urbana-Champaign

1E - On/Off Valve Concepts for Throttle
Less Energy Transformation and Contrg

- Perry Li, Mech. Eng, University of Minnesota
D

Thomas Chase, Mech. Eng., University of Minnes

pta

1E1 - High Pressure Supplement

John Lumkes, Ag. and Bio. Eng., Purdue

1G1 - Optimized Engineered Fluid

Paul Michael, Fluid Power Institute, Milveauke
School of Engineering

Matey Kalchev, Physics and Chemistry, Milwauke
School of Engineering

D

1G2 - Carbon Nano-Tube Additives to
Reduce Volumetric and Pressure Losse

Eric Loth, Aerospace Eng., University of lllinois at
dJrbana-Champaign

Efficiency of Pumps and Motors

Monika Ivantysynova, Parker Hannifen

Improvements of Pumps and Motors

Monika Ivantysynova, Sauer Danfoss

Software Enabled Variable Displaceme
Hydraulic Pumps

nPerry Li, NSF




Thrust 2 — Compactness

Project Name

PI / Department / Institution / Sponsor

2A - Chemofluidic Hydraulic Actuators

Michael Goldfarb, Mech. Eng., Vanderbilt

2B —Free-Piston Engine Compressor

Eric Barth, Mech. Eng, Vanderbilt

2C - Compact Energy Storage

Perry Li, Mech. Eng., University of Minnesota
Kim Stelson, Mech. Eng., University of Minnesot

0

2D - High Pressure, Light Weight
Components Using Engineered
Materials

Vito Gervasi, Applied Technology Ctr, Milwaukeeg
School of Engineering

Doug Cook, Applied Technology Ctr., Milwaukeeg
School of Engineering

2E - Component Integration for Compac
Fluid Power Systems

rtChris Paredis, Mech. Eng, Georgia Institute of
Technology

Andrew Alleyne, Mech. Eng., University of lllinois
at Urbana-Champaign

2F - Dynamically Scalable Fluid Power
Systems

Andrew Alleyne, Mech. Eng., University of Illinois
at Urbana-Champaign

Chris Paredis, Mech. Eng., Georgia Institute of
Technology

Architectural Models for Fluid Power

Chris Paredis, John Deere, Inc.

Systems

1]

Thrust 3 — Effectiveness

Project Name

Pl / Department / Institution / Sponsor

3A1 : Multimodal Human Machine
Interfaces

Daniel Mountjoy, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State
University

Eui Park, Industrial. and Systems Eng., North
Carolina Agricultural and Technical State
University

Perry Li, Mech. Eng., University of Minnesota

Silvanus Udoka, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State
University

Wayne Book, Mech. Eng., Georgia Institute of
Technology

Xiaochun Jiang, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State




Project Name

PI / Department / Institution / Sponsor

University

3A2 - Human/Machine Interfaces —
Passified Chemofluidic Control

Perry Li, Mech. Eng., University of Minnesota

3A3 - Human Performance Modeling an
User Centered Design

dDaniel Mountjoy, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State
University

Eui Park, Industrial. and Systems Eng., North
Carolina Agricultural and Technical State
University

Silvanus Udoka, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State
University

Wayne Book, Mech. Eng., Georgia Institute of
Technology

Xiaochun Jiang, Industrial. and Systems Eng.,
North Carolina Agricultural and Technical State
University

3B1 - Noise and Vibration Reduction in
Fluid Power Systems

Ken Cunefare, Mech. Eng, Georgia Institute of
Technology

3B2 - Active Control of Hydraulic Pump
Noise

Luc Mongeau, Mech. Eng., McGill University
Monika Ivantysynova, Ag. and Bio. Eng., Purdue

3C — CFD Simulations of Cavitation
Flows

Monika Ivantysynova, Ag. And Bio. Eng., Purdue
Steven Frankel, Mech. Eng., Purdue
Steven Werely, Mech. Eng., Purdue

3D - Leakage Reduction in Fluid Power
Systems

Richard Salant, Mech.Eng., Georgia Institute of
Technology

3D1 - Sealing and Liquid Property
Investigations Applied to
Hydraulics at High Pressure

Richard Salant, Mech. Eng., Georgia Institute of
Technology

Scott Bair, Mech. Eng., Georgia Institute of
Technology

Control Models for the INCOVA System

Wayne Book, HUSCO International

Hardware in the Loop Simulation for
Hydraulic System Development

Wayne Book, HUSCO International

Hydraulic Motor Wear Particle Analysis

Paul Michael, Fluid Poweiitlitsf Milwaukee
School of Engineering

Integrated Position Sensors for Fluid

Wayne Book, Sentrinsic, LLP




Project Name

PI / Department / Institution / Sponsor

Actuators

The Haptic Backhoe

Wayne Book, John Deere, Inc.

Test Beds

Project Name

Pl / Department / Institution / Sponsor

Test Bed 1: Excavator

Monika Ivantysnova, Ag. and Bio. Eng., Purdu

Test Bed 3: Small Urban Vehicle

Kim Stelson, Mech. Eng., University of Mataes

Perry Li, Mech. Eng., University of Minnesota

Test Bed 4: Rescue Robot

Michael Goldfarb, Mech. Eng., Vanderbilt
University

Wayne Book, Mech. Eng., Georgia Institute of
Technology

Test Bed 5: Hand Tools

William Durfee, Mech. Eng., University of
Minnesota

Test Bed 6: Orthosis

Andrew Alleyne, Mech. Eng., University of Illinoi

at Urbana-Champaign

Elizabeth Hsaio-Wecksler, Mech. Science and E
University of lllinois at Urbana-Champaign

Eric Loth, Aerospace Eng., University of lllinois a
Urbana-Champaign
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EDUCATION AND OUTREACH PROJECTS

Project Name

Project Leaders / Institution

Al — Interactive Exhibits

J. Nwelin, Science Museum of Minnesota
Forrest Price, Science Museum of Minnesota
Richard Gagnon, Science Museum of Minnesota

A2 — Fluid Power Youth Science Team

Rachel Gates, Science Museum of Minnesotd

A3 — Public Television Video

Dta

Kim Stelson, Mech. Eng., University of Minnesg




Project Name Project Leaders / Institution

Stephanie Bettermann, University of Minnesota

A4 — Web Site Information Repository Alyssa Burger, University of Minnesota

B1 — Project Lead the Way Linda Western, University of Minnesota
Will Durfee, University of Minnesota
Alyssa Burger, University of Minnesota
Michael Gust, University of Minnesota

B2- FIRST Robotics Teams Will Durfee, University of Minnesota

Chris Paredis, Georgia Institute of Technology

B3 — Fluid Power Demonstration John Lumkes, Purdue
Curriculum

B4 — Research Experiences for TeachersVill Durfee, University of Minnesota
(RET)

C1 — Research Experiences for Will Durfee, University of Minnesota
Undergraduates (REU)

C2 — Inserting Fluid Power Curriculum | Will Durfee, University of Minnesota
into Existing Undergraduate
Engineering Courses

C5 — Advanced Graduate Courses Will Durfee, University of Minnesota

D1 — Intern Program Linda Western, University of Minnesota
Alyssa Burger, University of Minnesota

D2 — Resume Bank Alyssa Burger, University of Minnesota

D3- Specialized Short Courses Michael Gust, University of Minnesota

D4- Transportable Universal Fluid PowerMedhat Khalil, Milwaukee School of Engineering

Laboratory
D5- The Fluid Power Coloring Book Roz Dolid, MTS Systems
Will Durfee, University of Minnesota
D6 — CCEFP Webcasts Alyssa Burger, University of Minnesota
El - G-Camp Alyssa Burger, University of Minnesota




Project Name Project Leaders / Institution

Holly Pellerin, Fond du Lac Community College
Diana Dallboten, University of Minnesota

E2 — LEGO Camp and FIRST Robotics| Alyssa Burger, University of Minnesota

Team

E2.1 — Native FIRST Robotics Team Alyssa Burger, University of Minnesota
Holly Pellerin, Fond du Lac Community College
Michael Gust, University of Minnesota

E5 — AISES Activity Support Alyssa Burger, University of Minnesota
Holly Pellerin, Fond du Lac Community College
Diana Dalbotten, University of Minnesota
Richard Pollard, APEXES

E6 — Minority Recruiting Alyssa Burger, University of Minnesota

F1 — Evaluation of the Education and | Linda Western, University of Minnesota

Outreach Program Will Durfee, University of Minnesota

F2 — CCEFP Alumni Society Alyssa Burger, University of Minnesota

TECHNOLOGY TRANSFER
No projects to report at this time




RESEARCH PROJECT SUMMARIES

Project 1.Al: Integrated Algorithms for Optimal Energy Use in Mobile Fluid Power Systems

1. Statement of Project Goals

The goal of this project is to develop tools and methodologies for iaptgnthe power

generation and power distribution in mobile Fluid power systems. aRrimetrics of success
will be overall reduction in system power consumption while maintgipiescribed levels of
performance.

2. Project’s Role in Support of the Strategic Plan

This project will support the efficiency thrust at a very fundamddevel. We intend to take a
system-theoretic approach to provide general algorithmic solistads. We propose to examine
classes of dynamic systems that are common among fluid poweunsensl We will then
provide algorithms to take maximal advantage of the system wgteudndependent of the
particular physical system. The results of this approach should provide benefégdaal of the
test beds being proposed, including the excavator and hydraulic hybrid vebidied.

3. Fundamental Research Barriers and Methodologies for Addressing The
Fundamental barriers to achieving optimal ene

usage are (a) the understanding of when to Eng/Accum .
available power sources and (b) mitigating t $a,
smooth transition between the different modes

operation. Fig 1 shows the transitions that nee W EMS | —z—>|Engine onij
be made and the Energy Management Sys . . .
(EMS) that does the trang?{ion. Tﬁe method); Fig 1. Managing transition between modes
achieving these include System Dynamics, Optimization, and Fdedlmdrol. The system
dynamics aspects involve the creation of sufficiently detaije@uhic models that will serve the
other two methodologies. The optimization uses dynamic programmiogdte appropriate
switching rules. The feedback control maintains the stable transition betwees mode

4. Achievements to Date

To date, we have developed a modeling/simulaf
platform compatible with the Matlab/Simulin
environment. We have chosen to focus ¢
attention on a particular test bed, the Small Url]
Vehicle. The reason for focusing is that we felt
would be able to maximize our tangible progress
we constrained ourselves to a physical platform §
did not approach the problem from too genera
standpoint.  For the SuV, we implemented
Dynamic Programming optimization algorithm
determine appropriate energy usage strategies,
engine powering the vehicle, engine charging
storage accumulator, or the accumulator driving
vehicle. This optimization approach was able to perform tradeoffseoaccumulator fill levels
that triggered activation of storage. The optimization was peddron standard federal drive
cycles for realism. Good initial strategies for enestprage/use were developed. Based on this
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approach we have evaluated different options for when to utilize pniover sources of energy
versus regeneration versus stored energy sources. An examptd @fnsanalysis is shown in
Figure 2. We have also developed Bumpless Transfer algorithnthe€osmooth transition
between different modes of operation. This is critical to enstability of the overall system
when switching back and for the between different modes with @iffetynamics. Finally, we
have begun development of a real-time hardware-in-the-loop simwitoran undergraduate
student. This will help to transition the algorithms into the actual testbed.

5. Other Relevant Work
We have spend a fair bit of time developing general purposesgheduling control tools that
will allow us to handle significant system nonlinearities in our feedback designs

6. Plans for Next Year

. Task 1: Formulation of dynamic models of SuV test beds [6 months]

. Task 2: Numerical investigation of minimum energy trajectories [6 months]

. Task 3: Development of trajectory generation controller for best with operator
interface [9 months]

. Task 4: Testing of trajectory generation controller on test bed. [12 months]

. Task 5: Development of Local Multiple Load Control Strategy w/out Regen [3 months]
. Task 6: Develop Real-Time Simulation System to complement HIL testing [6 rhonths
. Task 7: Real Time Simulation of Control Strategy w/out Regen [6 months]

. Task 8: HIL testing of Control Strategy w/out Regen [8 months]

. Task 9: Development of Local Multiple Load Control Strategy w/ Regen [6 months]

. Task 10: Real Time Simulation of Control Strategy w Regen [12 months]

. Task 11: HIL testing of Control Strategy w Regen [12 months]

7. Expected Milestones and Deliverables

Real Time Simulation Model for Representative System [month 6]
Local Control Algorithm [month 3]

Initial HIL and Real-Time Experiments done by [month 8-9]
Advanced HIL and Real-Time Experiments done by [month 12]

8. Member Company Benefits
Better understanding of advanced algorithms for optimization and control.

9. Research Team

Project Leader: Kim Stelson UMN; Andrew Alleyne UIUC
Other Faculty: Perry Li, UM; Monika Ivantysynova, Purdue
Post Doc(s): Brandon Hencey

Graduate Students: Jonathan Meyer

Undergraduate Students: Timothy Deppen

Industrial Partner(s): John Deere, Parker, Caterpillar, Eaton



Project 1A2: Machine Power Management by Displacement-Controlledctuators

1. Statement of Project Goals

The goal of this project is to develop system architectures and control methogdsrfal power
management in multi-actuator mobile hydraulic machines usingadesplent-controlled linear
and rotary actuators. These concepts will reduce overall maalehednsumption through use
of displacement controlled actuators by avoiding throttling logedsallowing energy recovery.
Additional fuel savings are expected due to end-effector contretbas path optimization and
effective machine power management.

2. Project’s Role in Support of the Strategic Plan

The project primarily addresses the efficiency barrier &yetbping new system concepts and
control strategies for multi-actuator mobile machines. The progsb addresses the
compactness barrier since displacement-controlled systemshafiber operating pressures and
a reduction of interfaces and components.

3. Fundamental Research Barriers and Methodologies for Addressing The

Actuators for hydraulic manipulators are traditionally powered Isngle hydraulic pump and
controlled by directional control valves arranged in parallel. s Tonfiguration incurs energy
losses due to metering flow through the valves and does not allogydnebe recovered from
overrunning loads. Alternative system designs that reduce losdeallaw energy recovery
promise significant fuel savings.

Another opportunity for improvement is power management. This referstively controlling
the engine, pumps, and actuators to produce and distribute the required puleeragh
component operates as close as possible to its region of higihmehe§. Power management,
while driving for vehicles with continuously variable transmissiagnsgvell known, but power
management with a manipulator arm has seen little development.

Project 1A2 focuses on improving the overall efficiency of mobile machines withptedltiear
and rotary actuators. Advances in system efficiency will be obtained by:
1. Displacement-controlled actuator systems that eliminate throttlisgdos
2. Real-time control of power generation and transmission in order to operate each
component of the powertrain as close to optimal efficiency as possible
3. Energy recovery without additional storage devices by sharing power betweatoect
4. Optimizing machine motion in order to maximize energy recovery and minioete f
consumption
5. combine the developed concepts under point 1-4 with effective engine management

4. Achievements to Date

Analysis of current state of the art load sensing system of examplen@gekcavator testbed)
- Development of a coupled hydraulic and multi-body dynamics simulation model in
Matlab/Simulink to simulate typical working cycles and predict energgwroption

- Instrumentation of excavator testbed (with load sensing hydraulic system)

- Measurement of excavator performance to validate simulation model
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- Measurement of engine performance to generate engine map
- Actuator design for one selected function

5. Other Relevant Work

Significant research has been done on power management forevdhia trains based on
hydrostatic transmissions and power-split drives. For examplgyr®$2004) presented a
control method for hydrostatic transmissions involving two real-topgmization loops: one
feedback loop for the engine based on steady-state efficien@ctdrastics and the other for the
hydrostatic transmission based on detailed steady-state tmkdshof the hydraulic pump/motor
units. However, there has been little work on engine power maw@snggor mobile hydraulic
machinery in which the primary energy consumers are workingtifunsc rather than the
propulsion drive. A Japanese industrial R&D group controlled pump flove &te engine
speed on an excavator to improve overall efficiency by about 10% (Kalketzal., 1988).
Another Asian research group showed 26% fuel savings using similhoase(Chun and Seo,
1993). A Canadian research group constructed a displacement-contwodisiiyf machine, but
did not report fuel measurements (Lawrence et al., 1995). Recerlitynd et al. have
developed control methods for optimizing the power trains of earthmovimgle® with respect
to energy consumption (Montgomery and Alleyne, 2006). No previous chs@asts on power
management for excavators or similar machines using pump-controllecbastuat

One advantage of displacement control for power management is thaactaator is powered
by an independently controllable pump. This arrangement offers mgireedeof freedom than
valve-controlled systems in which the actuators are arrangedathepand powered by a single
pump, thus allowing more opportunity for optimizing operation.

6. Plans for Next Year

- System design for a complete displacement controlled machine to allovabypsienof
regenerative brake energy

- Dynamic model of the displacement controlled actuator including Polymod los$ mode

- Development of a coupled hydraulic and multi-body dynamics simulation model in
MatLab for the combined actuator system (LS and displacement controlledeg)tuat
run simulation to predict energy consumption for typical machine working cycle

- Prototype development for one function based on available hardware

- Development of actuator control

7. Expected Milestones and Deliverables
Year 2: System design for a complete displacement controlled machine to alioal efsie of
regenerative brake energy
Dynamic model of the displacement controlled actuator including Polymod loss model
Coupled hydraulic and multi-body dynamics simulation model in MatLab for the
combined actuator system (LS and displacement controlled actuators)
Prototype Design and control concept for one function based on available hardware

Year 3: Prototype actuator installed and tested in excavator test bed inclédngusS
controller, performance demonstration, fuel consumption for test bed measured

Year 4: Demonstration of machine power management strategy and machine control
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Year 5. Second prototype actuator installed and tested, performance detioonstra

8. Member Compan

y Benefits

Design methodology and model based control concept for efficiaahime power management
based on displacement controlled multiple linear and rotary actuator structure.

9. Research Team
Project Leader:

Other Faculty:

Post Doc(s):

Graduate Students:

Undergraduate
Students:

Industrial Partner(s):

Monika lvantysynova, Agricultural and Biological Ereging,
Mechanical Engineering, Purdue University

Kim Stelson

Andrew Alleyne
Perry Li

Christopher Williamson, PhD student (Purdue)
Joshua Zimmermann, MS student (Purdue)

Bobcat, Parker Hannifin Corp.

Controller

v

adjustment

—
1 T
I

12



Project 1B: Advanced Surface Design Based on a FulCoupled Fluid —
Structure — Thermal and Multi-Body Dynamics Simulation for a New
Generation of Pumps and Motors

1. Statement of Project Goals

The goal of the project is to develop a fully coupled fluid —structure-thermal andboditi-
dynamics simulation code for advanced surface design of piston machines. Thelldoelesed
to investigate novel surface design methods for all tribological systemsbpeston machines
to minimize energy dissipation and to increase the load carrying ability afdtibg gaps. Long
term goal is to develop a new generation of variable piston pumps and motors thateare m
efficient, more compact and quieter.

2. Project’s Role in Support of the Strategic Plan

The project addresses primarily the efficiency barrier by dingi a computer model based
approach for designing and optimizing a new generation of piston pumpaaacs that will
have higher efficiency in the entire range of operating pasmePiston pumps will form the
heart of the new energy saving fluid power actuators and trangnsge be developed in the
ERC. In these systems they represent the main source es$ laisr replacing throttling valves.
The reduction of power loss of pumps and motors will also help toaisergystem pressure and
to improve compactness of fluid power systems. The low efficiemtgsing compactness and
high noise are barriers for a breakthrough of hydraulic hybrids into autometingrtissions.

3. Fundamental Research Barriers and Methodologies for Addressing The

Current positive displacement pumps and motors are designed to duigiesst efficiency for a
given operating point. Very often the losses increase withceetldisplacement volume of a
variable pump. This causes a very low efficiency when operatingmaller displacement
volumes, i.e. in case of an axial piston pump when running at smelésh plate angels. The
lubricating gaps represent the main source of these power lossiearVéppropriate gap design
energy loss can be minimized. In previous research the influencefates shape and surface
deformation on energy dissipation has been demonstrated by simulatiorexgeriment.
However fluid structure interaction and surface deformation tsffemve not been considered in
previous research. The impact of surface deformation on the pressidrearid gap flow
properties in lubricating gaps of positive displacement machiveess been demonstrated
experimentally. The challenge is to develop sophisticated modeldgamidhans allowing a fully
coupled simulation of fluid-structure- thermal and multi-body-dynanmwdels. This would
allow direct calculation of surface deformation by expanding diwent fluid grid to the
machine parts and adding another iteration loop to the existing ir leyeloped code. This
method will also contribute to a more realistic calculation oiase temperature by considering
a heat transfer model of the rotating group of a piston machine.

The project focuses on improving the overall efficiency of positivplaiement pumps and
motors by introducing computer aided design of the rotating group. Tire fowus is the
reduction of energy dissipation in the lubricating gaps by:
1. Development of fully coupled fluid-structure, thermal and multi-body dyos
simulation model including the numerical algorithms for piston-cgindylinder block -
valve plate and slipper - swash plate gap.
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2. Model validation using available experimental results obtained fraasorements on
state of the art piston pumps carried out on EHD and tribo test rig

3. Use the new model to investigate energy dissipation in state of the art pumps arsd mot

4. Develop and investigate designs which adapt the gap height to aohi@weum energy
dissipation by modification of surface shape

5. Develop and investigate designs which adapt the gap height to aohi@weum energy
dissipation by modification of local surface stiffness

6. Combine the developed concepts and apply them for all three gaps

4. Achievements to Date

- Development of a coupled fluid-structure interaction and multi-body dynanoidsim
for cylinder block- valve plate and piston — cylinder interface of swash plete ax
piston machine based on in house developed code.

- Proof of model by comparison of simulation results with friction force measaoteme
on piston-cylinder interface using tribo test rig

- Further model improvements by comparison of simulation results with measured
pressure and temperature fields obtained on EHD test rig.

- Comparison simulation results for two standard pumps with measured effectipe pum
flow rates and case flows for large range of operating parameters

5. Other Relevant Work

Due to the complex nature of physical effects takirgelin displacement machines the majority
of models recently developed focus on special design issuekdileddiction of the instantaneous
pressure in the displacement chamber, the flow ripipdegap flow or steady state characteristics.
Similar investigations and models were made for difietypes of pumps and motors. Usually
very simplified models assuming parallel surfacesraglecting hydrodynamic effects have been
used. The influence of micro motion of parts forming ¢fag@ due to oscillating forces on gap
height is usually neglected. Patir and Cheng (1978) deedla flow model based on a modified
Reynolds equation, which considers the influence dhserroughness on partial hydrodynamic
lubrication with special coefficients. Yamaguchi avidtsuoka (1992) have also considered mixed
lubrication in their gap flow model. A similar appich has been used by Fang and Shirakashi
(1995), who for the first time computed the positidrih@ piston within the cylinder of a swash
plate machine considering the equilibrium of forces (esleand fluid forces) applied on the
piston for each time step of shaft revolution. Deedet Murrenhoff (2001) presented a pump and
motor simulation model based on a coupling of two cencral software packages, the D$kds
and the multi body simulation tool ADAMS. The impaf energy dissipation in the gap on
surface temperature, fluid viscosity and thereforenghaof gap flow conditions has not been
considered in these previous works. A first elasto-hydradyc model considering surface
deformation on the gap flow condition has been presentétliagg and Ivantysynova (2003).

6. Plans for the next year
- Surface optimization study for cylinder block valve plate and piston — cylind€éiaicee
to minimize energy dissipation
- Model extension for non-isothermal flow to predict surface temperature argyener
dissipation by introducing a fully coupled fluid-structure-thermal and multbod
dynamics simulation for minimum one of the gaps
- Proof of extended model by temperature field measurements

14



7. Expected Milestones and Deliverables
Year 2: - Surface temperature prediction and comparison with measurements aml gtanga
- Demonstration of fully coupled fluid-structure-thermal and multi-body dyosmi
simulation code & test runs for selected gap
Year 3: - Methodology for piston and slipper design to reduce energy dissipation based on
surface shape optimization (consideration of pumping mode only)
- Design of prototype parts and manufacturing of prototype parts
Year 4: - Methodology for cylinder block — valve plate design to reduce energatims in
pumping mode
- Demonstration of impact of surface design on energy dissipation for motoring mode
Year 5: - proof of concept by steady state measurements on test pump using ppatdsyfoe
rotating group to determine efficiency improvements
- Framework for computer based design optimization for tribological systems
different sizes of axial piston machines

8. Member Company Benefits

Design methodology and simulation
code for development of more
efficient, compact and more reliable &
swash plate axial piston pumps and
motors. Some of the results can b
applied for the design of other types
of piston machines.

9. Research Team

Project Leader: Monika Ivantysynova, Agricultural and Biologidahgineering,
Mechanical Engineering, Purdue University

Other Faculty:

Post Doc(s):

Graduate Students: Andrew Fredrickson, MS student, Jonathan Baker MS, dtlajiena
Jouini, visiting scholar, Matteo Pelosi, visiting scholar

Undergraduate

Students:

Industrial Partner(s):  Sauer-Danfoss, Parker Hannifin Corp., Caterpillar, Eaton
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Project 1.D: Nano-Texturing for Fluid Power Efficiency

1. Statement of Project Goals

This project will investigate the concept, suitability and performance of ramar¢d surfaces in
fluid power system components for two different objectives (to bd urstwo different regions).
The first is textured surfaces which allow nano-encapsulateploakets to reduce the viscous
pressure drop along lines. The second is nano-dimpling to reduce |eaichgerease the load
carrying ability of sealing and bearing surfaces in ordeintoease efficiency of pumps and
motors. Based on previous exploratory studies in other fluid applicatians-texturing may be
capable of reducing viscous and volumetric losses by as much asn5&€tual fluid power
systems.

2. Project’s Role in Support of the Strategic Plan

The project will attack the efficiency barrier by improvitige performance capability of
hydraulic hoses and sealing and bearing surfaces from selapglieation of nano-texturing.
By minimizing frictional energy loss in hydraulic lines and e&asing volumetric efficiency in
pumps and motors, the results of this project will provide benefitsefeeral of the proposed
test-beds, particularly the excavator and the small urban vehicle.

3. Fundamental Research Barriers and Methodologies for Addressing The

4. Achievements to Date

Micro- and nano- texturing techniques were employed in order to prodiaee
hydrophobic and oleophobic surfaces for fluid droplet repellency invesiigatiAn objective of
this work was to understand the phobicity performance (both contdet amd sliding angle) of
various fabricated surfaces with different types of liquid$ushag distilled water and oil. In
particular, a variety of surface geometries were generatedibyg multiple fabrication schemes
including random nano-patrticle (titanium dioxide and zinc oxide) spoatings and regular
polydimethylsiloxane (PDMS) molded micropost surfaces. A rarfigirface chemistries were
also applied such as thin film coatings of Zonyl 8740, Cytop, andcaldro (1H,1H,2H,2H-
perfluorooctyl) silane monolayer. An important metric considered aloridation method
selection was to utilize methods that are easily scalabl®farehsonable cost for large surface
area applications. Surface performance was gauged using a goniéoneteasure droplet
contact angle and a digital inclinometer to measure droptehglangle. Fabricated surfaces
were also characterized using scanning electron microscdgiy)(Srofilometry, and optical
microscopy to obtain detailed images of the surface geometry.

The results yielded water contact angles greater thahat®Doil contact angles of 124
as well as sliding angles on the order dfdr water. However, it was found that surfaces with a
high droplet contact angle did not necessarily achieve a lomglatigle confirming the known
independent relationship of droplet contact angle and sliding angleasitalso observed that
surface geometries with a mixture of micro-scale texturmyreano-scale texturing achieved the
best performance. Micro-scale and nano-scale asperity shapgeteamined to be independent
of repellency performance from comparisons of multiple micro-pasts-sectional shapes as
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well as nano-particle shapes. Fluid-structure contact asetioin appeared to be the main
geometric performance factor while random versus regular surface ggeas unimportant.

5. Other Relevant Work
Project 1.G .2 at UIUC and Testbed at Purdue

6. Plans for Next Year

Next year, we will begin testing different hydraulic fluigs well as various surfaces for overall
drag reduction. In addition, an experimental facility will be giesd to investigate nano-texture
on piston-cylinder resistance/leakage.

7. Expected Milestones and Deliverables

1) Submit conference/journal paper to discussing oleo-phobicity by March 2008

2) Testing different hydraulic fluids and surface for drag reduction October 2008

3) Design and construct experimental facility for nano-textusingylinder/piston combinations
by April 2008.

4) Make measurements to investigate nano-texturing of cylindempisbmbination by
December 2008.

8. Member Company Benefits
The primary benefit for 2008 will be a knowledge base on oleophobinitiefms of contact

angle and sliding angle) for various surface treatments amts fluExperimental results for drag
reduction in solid and flexible lines as well as piston/cylinder combinationssarexpected.

9. Research Team

Project Leader: Prof. Eric Loth

Other Faculty: Prof. Andrew Alleyne, Prof. Monika Ivantsynova
Post Doc(s): Dr. llker Bayer (For 2008)

Graduate Students: Mr. Adam Steele

Undergraduate Mr. Stephen Moran

Students:

Industrial Partner(s):  Parker-Hannifin, Eaton, Bosch Rexro8hell, Sauer-Danfoss,
Trelleborg, John Deere, Festo, Gates, Caterpillar, DeGussa
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Project 1E: On/Off Valve Based Control

1. Statement of Project Goals The goa is to develop methodologies for high performance,
efficient control of hydraulic power using on/off valves in a throttle-less manner. This will be
demonstrated in on/off valve based virtually variable displacement pumps and motors and
example hydraulic circuits. Critica components (high speed on/off valve), system
configurations, and control devices will be investigated. The targeted figures of merit are that
system control bandwidth and precision is similar to proportional valve based control and energy
efficiency comparable to existing variable displacement machines.

2. Project Role in Support of Strategic Plan This project addresses the efficiency barrier by
providing a throttle-less control approach that

Q, replaces the use of energy inefficient throttling
inetvolume — __ Rotary 3y valve \T/Accumum valves. Pulse width modulation (PWM) of on/off
= } P valves that are either fully open or fully closed is
:' Il ] a potentially loss-less control concept, analogous

(’ N . "D UM to switched mode converters in power
v/ WP e s electronics. On/off valves can aso be used to
L‘LiiLZOWT e g achieve variable displacement machines that are
N potentially more compact and cost-effective.

Figure 1 shows the redlization of variable
Figure 1 On/off valve realization of avirtually d!splacement pump function using a fl,xed
variable displacement pump. displacement pump and a pulse width
modulated on/off valve. The configuration is a

hydro-mechanical analog of a DC-DC el ectronic switched mode converter.

3. Fundamental Research Barriersand Methodologiesfor Addressing Them

The lack of high speed on/off valves, which are the Dieste 2sss{fmone flow by targ)
counterparts to electronic transistors, is a magjor chalenge. o
These on/off valves must have large orifices (10 alOW  ousetursine biaces 3

=
- ¢

large flow to pass through at low pressure drops), have

fast transitions (to reduce the time when the valve is

partially open), and can operate at high PWM frequencies

(to reduce ripples and to achieve high control bandwidth).  rnomous ‘
A typica control vave consists of a linear trandating ™%
element such as a spool or poppet. Actuation requires .
large actuators and power input proportional to the 3~ Meuinesde
power of the PWM frequency since the element needs to

be accelerated and decel erated rapidly. Our approach is to

develop a novel self-spinning rotary PWM on/off vave

that uses the continuous rotary motion to generate on/off Increase s (more flow to application)

switchi ng (Flg 2) This rOtary valve does not need to start Figure 2: Rotary 3-way on/off valve

and to stop, thus, the only power required (proportional to

frequency squared) is that to overcome friction. Moreover, the rotary actuation power is obtained
by scavenging from the energy in the fluid stream without using an external actuator.

To Application

s=1 (100% flow to application)
=75

E s=.5 (60% flow to application)
s=.25
s=0 (Flow fully diverted)

To Tank
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4. Achievementsto Date

A detailed dynamic model of an on/off valve based virtually variable displacement pump system
has been developed for predicting performance and for system design. A self-spinning 3-way
rotary on/off valve has been designed, prototyped, and integrated with a 40 Ipm fixed
displacement vane pump to achieve avirtually variable displacement pump (Fig. 3). The system
incorporates an optical non-contact rotary and axial spool position sensing method, an event
based Kalman filtering technique for improving sensor resolution, and a compact hydrostatic
actuation method for modulating the PWM duty ratio. PWM frequency of 75-95Hz (designed to
be 261Hz), closed loop modulation of the virtual displacement with full-on and full-off time of
less than 0.1 second have been demonstrated. In addition, a configuration and control method for
using low speed, commercially available on/off valve for controlling a linear actuator has been
developed. The key contribution lies in the method for canceling the ripples that result from low
speed on/off valve to achieve precise control. Experimental testing isin progress.

5. Other Relevant Work
The associated project, 1E.2, is considering using optimized magnetic and hydraulics to achieve
a high speed on/off valve.

6. Plansfor Next Year

The current generation of rotary is being experimentally characterized. Design of the self-
spinning rotary function is currently based on simple momentum analysis without detailed
analysis of flow pattern in the turbines. In the next year, CFD analysisin the rotary valve will be
developed to improve turbine designs. A next generation of rotary on/off valve with reduced
clearance will be developed to improve leakage property. Rotary on/off valve for use with
hydraulic motor, hydraulic pump/motor (i.e. can be used in regeneration mode), and bidirectional
pump/motors will be developed, prototyped and tested.

7. Expected Milestones and Déeliverables
End of yr 2. Rotary on/off valve based pump
demonstrated and characterized. AT
End of yr 3: Rotary on/off valve based 4-quadrant |
pump/motor demonstrated and characterized. )
End of yr 5: Rotary on-off valve based displacement
control with regeneration demonstrated on TB1
(excavator) and TB3 (small Urban Vehicle).

8. Member Company Benefits " A S i3
Member company will benefits from new on/off valve e A
designs, design insights, control algorithms, and Figure3: Rotary 3-way on/off valve

knowledge of applications. integrated with a fixed displacement vane
pump.

9. Research Team

Project Leader: Prof. Perry Y Li, Mechanical Engineering

Co-leader Professor Thomas R. Chase, Mechanical Engineering

Graduate Students: Michael Rannow, Haink Tu, and Rachel Wang

Industrial Partners: Eaton Corporation + 17 other ERC member companies

19



Project 1E.1: High Pressure Supplement (On-Off Valg Based Control)

1. Statement of Project Goals
The goal of the project is to develop advanges
models and theoretical understanding of hif
speed digital hydraulic valves operating at hig '
pressures. System interactions between the fI
electromagnetic, thermal, structural, a
dynamic parameters will be characterized.

2. Project’s Role in Support of the Strategic
Plan :
An understanding of the interaction between _ : .
electrical, mechanical, and hydraulic syste e : i

will enable accurate models to be developed and later combinedanger system models for
the optimization of system efficiency, operating pressure, rétigbilynamic response, and
noise reduction. Successful completion of this project will have rmifisgnt impact on the
ability to develop and implement the control algorithms proposed ingbrbjd, the ability to
implement to the concepts described in project 1.E, and the faglbiproject 2.B. The work
done in project 3.C will enhance the results of this project by iegabtore accurate CFD
simulation of the valves. This project will support the efficieticyust and the compactness
thrust of the strategic plan. The efficiency thrust is suppohenigh the reduction of metering
losses in typical fluid power systems while the compactnassttis supported through the
development of high speed positive sealing digital valves capalipeséting at higher than
standard pressures.

3. Fundamental Research Barriers and Methodologies for Addressing The

There are four basic areas where fundamental science muppletan this project. Current
research indicates that state-of-the-art CFD code utiladymgmic meshing is not very accurate
above switching dynamics of 1000Hz. The proposed on/off valves wi# gster than this rate.
The transient flow forces and resulting cavitation or surfacacgr@e not well understood in
these ranges. Electromagnetic transients constitute aasirpiloblem. High frequency
electromagnetic effects such as eddy currents affettahsient force of the actuator. Although
eddy currents are relatively well understood in AC transformers thstid lmuch work to do for
electromagnets. Effects of eddy currents can be reduchddviving circuitry such as peak &
hold or possibly momentary reversed currents and through the mirionizat magnetic
diffusion time constants. The third area includes the mechanyoalndcs, impact forces, and
contact sealing models. The combination of high pressures couplediglitiswitching speeds
has the potential to negatively affect the reliability andpigen of high speed valves. Finally, the
behavior of the fluid is also important at the higher pressures ahdshidching speeds. This
aspect of the project will be supported by the work at partnetutistis and is necessary to
complete the system model of switching valves.
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To adequately address, study, and find solutions to these issues atisrmoiodel and the
underlying theoretical models must be developed. The “novel” featueesmprovements,
additions, and changes to the existing current simulation model might include:
* The addition of the piezoviscous properties of the fluid flow through the valve at high
pressures and switching speeds
* The addition of transient flow forces during the transition time and how they tféec
high pressure performance of the valve, especially at high switching speeds.
* The collection of experimental data to support the development of new simulation
algorithms under project 3.C.
In addition to fluid changes resulting from high pressures, the migathdoads on the digital
valve increase as well and research must be done to study hovgedeala@se, weight,
compactness, and reliability are changed due to micro and maates sof mechanical
deformation. It is necessary that high pressure components berntihgressure balanced and
achieve reliable sealing and movement at all pressures.

4. Achievements to Date

A high speed computer has been acquired to complete the anadysen pof the project.
Appropriate software packages have been integrated into the compBiésic models for
studying fluid dynamics within poppet valves have been completed. Thadels are dynamic
and study velocity fields and pressure differentials at dsapénings of the valve. Flow charts
have also been developed that document the structure of each cougifacenbetween the
different finite element analyses of the valve.

5. Other Relevant Work

There is relevant work underway within the Center through tloetefdf Perry Li, University of
Minnesota, within industry as efficiency and bandwidth improvemenrtsiesired, and at many
international universities, such as University of Edinburgh—Scotlandfutesof Fluid Power
Drives and Controls at Aachen University—Germany, Gifu Universilgpan, Tampere
University of Technology—Finland, and Johannes Kepler University of. ine number of
publications in the field of digital hydraulics has been increasing in reeart.y

6. Plans for Next Year

In the beginning stages of next year, geometry will be findlipe the fully coupled analysis.
CFD analysis will then be completed for the valve geometeyrange of operating frequencies
and working pressures. Finally, the coupling structure for thed,fl mechanical, and
electromagnetic domains will be fully developed.

7. Expected Milestones and Deliverables

January 2008: Axis Symmetric Steady State Solution (flows and forces)

June 2008: Axis Symmetric Dynamic Mesh Transient Solution (flows and forces)
October 2008: Fully Developed Structure and Method for Couple Analysis
December 2008: Axis Symmetric Fully Coupled Analysis Solution

December 2009: Experimental validation of coupled model.
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8. Member Company Benefits

This project will directly benefit member companies involved undflpower component design
by providing a methodology and improved tools to optimize and virtuallyotyymé new
components, including accounting for the interaction between various physs&abmena and
targeting high speed and high pressure applications. All reports and publicatidresaviailable
to Center members.

9. Research Team

Project Leader: Prof. John H. Lumkes Jr.
Graduate Students: John Mahrenholz
Undergraduate: John Andruch

Industrial Partners: TBD
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Project 1G.1: Optimized Engineered Fluids

1. Statement of Project Goals
The goal of this project is to develop energy-efficient hydrdidids that enhance the starting
torque and low-speed performance of hydraulic motors.

2. Project Role in Support of Strategic Plan

This project will enhance fluid power efficiency and compacti®ssproviding fluids that
improve the starting torque and low-speed performance of mottes.odtcome of this research
will be used to optimize fluids for the sUV and excavator test beds.

3. Research Barriers and Methodology

This project entails a systematic investigation the effe€taovel hydraulic fluid additives
(including carbon nanotubes) upon the low-speed and starting efficiengydi@iuhc motors.
Well characterized mineral oil and biodegradable synthetic dsise stocks containing
advanced polymer additive chemistries will be studied. Leakagesafialworque efficiency will
be evaluated under constant low-speed and constant-pressure condititing Stgue will be
evaluated using the locked-shaft method. Geroler, axial-piston arel-pe&ion motors are
included in the test matrix in order to determine if efficiegains can be extended throughout a
range of motor designs. Correlations with laboratory high-sheaosiig and boundary
lubrication tests will be investigated.

4. Achievements to Date

A dynamometer has been constructed for low-speed high-torque (Lt&bling of hydraulic
motors. Shown in figure 1, this dynamometer incorporates a pressupensated axial piston
pump, a digital torque transducer, two 200 HP Powerflex 700S variaglesfrey drives and an
18-channel data acquisition system that is capable of a 100 kHzirsgqurgté on each channel.
The twin VFD controllers share a DC bus that enables eldcteganeration of the power
absorbed by the load motor. This reduces electrical energy andgcodier consumption.
Precise pressure, speed, torque and temperature control must bEnm@dint order to assess
motor efficiency accurately. Through the use of a 1000:1 constaptetdkC motor and a high
resolution Heidenhain rotary encoder, this dynamometer was abkvaoate the LSHT
efficiency of a geroler motor. At 1 RPM the mechanicakedficy was in the range of 50 to 60
%, depending upon fluid viscosity and system pressure. Improvement seems within reac
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5. Other Relevant Work

S. Oshima at Namazu College of Technology modeled the low-speexttehnestics of a geroler
motor and R. Renvert at IFAS Aachen compared the low-speed atidgstarque of various

designs. None of these studies examined fluid additive effectderog at Rohmax evaluated
pump efficiency with a variety of fluids but motors were not ader®d. The effect of polymers
and boundary lubricant additive chemistry upon hydraulic motor efficiency is unknown.

6. Plans for the Next Year

During the next year we will benchmark the performance of geraleal-piston and radial-
piston motors with a standard antiwear hydraulic fluid. Theredfiets that incorporate a
variety of polymer additives will be tested. Synthetic fluiditgswill be carried out to the
extent funding allows. Fluid characterizations at Georgia TeclUaneersity of Illinois will be
performed concurrently.

7. Expected Milestones and Deliverables

Milestones: See Gantt chart
Deliverables:
End of Year 2: An interim report containing hydraulic motor efficienegichmarks and a
preliminary assessment of polymethacrylate additives.
End of Year 3: A report containing a detailed assessment of polymeivadaffects on
efficiency will be provided, including fluid characteristics.
End of Year 4: A report containing an assessment of friction modifier effects
End of Year 5: Final report
2007 2008 2009 2010
D Task Name Start Finish Duration
Q4 Q1|02|03|Q4 Q1|02|03|Q4 Q1|QZ|03|Q4 Q1|02|03|Q4
1 | Construct test stand 2/1/2007 10/29/2007 386w _
2 | Breakin hydraulic motors 10/30/2007 12/24/2007 8w ‘
3 Eﬁﬂ:;ﬁ‘onﬁm T ATHET 6 7D 12/25/2007 3/3/2008 10w -
4 Elc;rrzrélélate fluids and carbon nanotube 6/1/2007 3/6/2008 40w _
5 Test prototype polymer-containing 3/7/2008 3/5/2009 50w —
formulations
5 Test prototype friction moditier 3/6/2009 3/4/2010 50w _
containing formulations
7 Charactenze tribologicat properties of 6/1/2007 3/4/2010 144w —
fluids
8 g‘a’jﬁigt?;ﬁ;f;z&gor'eakage oy 3512010 33/2011 52w _

8. Member Company Benefits

Technical:  The torque required to launch a vehicle determines higdnaatior displacement
and system design pressure. Improving the starting torquewargpked efficiency of hydraulic
motors will lead to new compact system designs and signiffoahtsavings. All reports and
publications will be made available to Center members.

Educational: Students in the research team are gaining adg@aof practical experience in
fluid power system design and testing.
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9. Research Team
Industrial Partners:

Project Leader:
Other Faculty:
Graduate Students:

Undergraduate
Students:

Eaton Hydraulics, Gates, Parker, Poclain Hydraulics, RohMax USA,
Sauer-Danfoss, Shell, Sun Hydraulics

Paul Michael, Research Chemist, Fluid Power Institute, MSOE

Tom Wanke, Director, Fluid Power Institute, MSOE

Aaron Kimball, MS Engineering, MSOE

Solid works modeling, nanofluid formulation, atomic force microscopy
analysis and filterability testing

Andrew Bergesen, MS Engineering, MSOE

Test bed engineering, valve manifold design, component selection,
procurement, logistics, assembly, commissioning and test stand operation
Sarah Johnson, MS Engineering, MSOE

Electrical Project Engineer, designed and selected instrumentation.
Programming and integration of PLC controls and safety systems.
Brian Vanroy, MS Engineering, MSOE

Laboratory Manager, test cell renovation, layout, fixture and reservoir
design, welding, machining, plumbing, assembly and commissioning
Brian Blazel, Sophomore ME, MSOEIluid formulation, filterability
testing and ferrographic wear particle analysis

Dan Haegq, Junior ME, MSOH:est stand assembly and data acquisition

Chelsey Jelinski, Junior ME, MSOEtluid particle count analysis

Dan Moldenhauer, Junior EE, MSOHEectrical, instrumentation and

PLC controls wiring and installation
Ricardo Rivera-LopeZenior ME, REU, Universidad del Turabo, PR;

Nanofluid formulation and filterability testing
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Project 1.G.2:
Carbon Nano-Tube Additives to Reduce Volumetric andPressure Losses

1. Statement of Project Goals

This project will investigate the concept, suitability and peréoroe of carbon nano-tunes in
fluid power system components to reduce the viscous pressure dropiaésngt lturbulent flow
conditions, and to reduce leakage and increase the load carryiig @bsealing in order to
increase efficiency of pumps and motors.

2. Project’s Role in Support of the Strategic Plan

The project will attack the efficiency barrier by improvitige performance capability of
hydraulic hoses and sealing and bearing surfaces. By mingnfzictional energy loss in
hydraulic lines and increasing volumetric efficiency in pumps andmsothe results of this
project will provide benefits for several of the proposed test-beds;ydarly the excavator and
the small urban vehicle.

3. Fundamental Research Barriers and Methodologies for Addressing The

A critical barrier is addressing dispersion of the nano-tubeshadVe been working with MSOE
and two companies (Shell and Ashland) on this problem. Another bameaisuring the effect
on fluids which are typical of hydraulic power systems. Thiseing addressed by designing a
new system which can handle higher viscosity liquids at tranditenmé turbulent Reynolds
numbers.

4. Achievements to Date

Interfaced with MOSE and above companies and recently receivadeshydraulic oils with
and without nano-tube additives. Researched transitional Reynolds numipeedination for
water and found that about 10 ppm is an effective concentration, which srikatethe
methodology can be low-cost (important for industrial use). Wewarently designing a high
viscosity high velocity flow facility.

5. Other Relevant Work
Project 1.G at MSOE and Project 1.D at UIUC and Testbed at Purdue

6. Plans for Next Year

Next year, we will fabricate high viscosity high velocitgll facility and begin testing different
hydraulic fluids (various viscosities and various detergent addibiv@dno-tube dispersion) as
well as various carbon nano-tube concentrations and shapes. This knowlkeelgellbéoen be
used to develop overall understanding of nano-tube drag reduction mechamsadslition, an
experimental facility will be designed to investigate seplissues of hydraulic fluids with
carbon nano-tubes.
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7. Expected Milestones and Deliverables

1) Fabricate high viscosity high velocity flow facility by April 2008

2) Testing different hydraulic fluids (various viscosities andotaridetergent additive for nano-
tube dispersion) as well as various carbon nano-tube concentrationbagred ¥y September
2008

3) Submit conference/journal paper to discussing nano-tube dragioeduwtchanisms by
December 2008

4) Design experimental facility to investigate sealing issoiehydraulic fluids with carbon
nano-tubes by December 2008.

8. Member Company Benefits

The primary benefit for 2008 will be a knowledge base on drag redupgdormance of
hydraulic fluids with carbon nano-tube concentrations.

9. Research Team

Project Leader: Prof. Eric Loth

Other Faculty: Prof. Paul Micheal

Post Doc(s): Dr. llker Bayer (For 2008)
Graduate Students: Mr. Adam Steele
Undergraduate Mr. Ghoku Krishna
Students:

Industrial Partner(s):  Shell, Sauer-Danfoss, Trelleborg, John Deere, Festo, Gates,
Caterpillar, DeGussa
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Project 2A: Chemofluidic Hot Gas Vane Motor/Pump

1. Statement of Project Goals
The goal of this project is to develop, demonstrate, and character|
the performance of a monopropellant-powered vane motor for usé
high bandwidth actuation of a hydraulic pump. The first five years
will primarily involve development of the motor, which is expected
deliver a continuous power in excess of 1000 W/kg (approximatel
factor of five better than rare-Earth magnet brushless electric motis
The second five years will integrate the motor into a closed-loop- &=
controlled throttle-less hydraulic actuator to provide compact :
hydraulic power for small-scale fluid-powered systems, such as
compact robots.

2. Project’s Role in Support of the Strategic Plan

One of the stated objectives of the Center is to develop compacth(iman-scale) fluid
powered systems. Project 2A provides a means of efficientlyrpayvand controlling human-
scale fluid-powered systems. The approach is not subject to tmehijug or scavenging
problems in a small-scale IC engine, unlike an IC engine cawidar bidirectional, high-
bandwidth motion, and unlike an IC engine provides torque without speed. Wsttseienotor
can be used for throttle-less actuation, therefore bypassinduiieh&ating and inefficiency
problems that plague the systems mentioned above. Further, thepiigp&llant that powers
the proposed approach is not flammable, the motor can be easiég siad stopped, has zero
fuel consumption on idle, does not require air (i.e., can be used underwiitespace), and has
completely safe reaction products (i.e., can be used indoors). As such, the®ljeptbdject 2A
is to develop, demonstrate, and energetically characterizenplete, closed-loop controlled,
throttle-less actuation system in a human-scale robot (&@dlgifin the CRC testbed). If
successful, project 2A will enable the use of high power densig+flower actuators in human-
scale robots, and thus will contribute directly to the fulfillment of the Centesigrvi

3. Fundamental Research Barriers and Methodologies for Addressing The

Challenges in the development of the motor include friction, theexansion, and sealing
issues. These issues are being addressed by model-based desigmeatal assessment, and
design iteration. The extent to which these can issues can lgatedt will determine the
promise of this technology. With regard to throttle-less conthallenges include achieving a
competitive closed-loop bandwidth and achieving sufficient closed-loopigmaditaccuracy in

the presence of Coulomb friction and a non-collocated control struclitrese issues can be
improved via nonlinear and model-based control techniques, but at some point paovide
fundamental limitation on control performance.

4. Achievements to Date

Two prototypes have been designed, fabricated, and tested in tié&dfiystars of the ERC. The
first prototype, V1, ran on 70% peroxide and was experimentally stmwrovide 180 W/kg of
power output. Note that a good, brushless motor will provide approxini@élyVv/kg. The
second prototype, V2, was designed to be lighter, have a grepterseon ratio, have a greater
torque output, and to have adjustable geometry. The V2 prototype weasyaxperimentally
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shown to provide 650 W/kg, and is expected to provide more power with subsaqiegt
The goal for the second year is to demonstrate 1000 W/kg (moré&xhaetter than brushless
motors).

5. Other Relevant Work

Project 2B is similarly being developed as a power source foahwtale actuated systems. No
similar approaches are being developed outside the Center. ighRBxmpany named Oxford
Catalysts has developed a monopropellant fuel which appears moretiereardearguably safer
than the peroxide we are currently using. Many are exploring foel as a potential
replacement fuel.

6. Plans for Next Year

The goal for next year is to develop a motor with 1000 W/kg and deratenetr 90% peroxide.
Once that is achieved, we will simultaneously investigate aegoitnal design and begin
development of a compact hydraulic pump for valveless control.

7. Expected Milestones and Deliverables
12 month milestones:
» Device model predicting efficiency, torque, power, and motor dynamics.
* Demonstration of unidirectional motor with 70% peroxide monopropellant.
24 month milestones:
» Demonstration of unidirectional prototype with 90% propellant.
* Model validation with unidirectional prototype.
» Performance characterization of unidirectional prototype, includguéorspeed, and
efficiency characteristics.
36 month milestone:
» Design and demonstration of bidirectional prototype.
48 month milestones:
» Demonstration and performance characterization of bidirectional prototype.
60 months milestones:
» Demonstration and characterization of bidirectional motor drivingrsdéivie hydraulic

pump.

8. Member Company Benefits
If successful, this project will provide a compact power sourchydraulic machines. As such,
if successful, this work will provide whole new potential markets for the membgracoes.

9. Research Team

Project Leader: Michael Goldfarb, Ph.D. Mechanical Engineering, Vanderbilt
University.

Graduate Students:  Tyler Li, Ph.D. candidate, Vanderbilt University
Jason Mitchell, Ph.D. candidate, Vanderbilt University

Undergraduate Noah Walcutt, Vanderbilt University

Students:

Industrial Partner(s):  Enfield Technologies

29



Project 2.B: Free-Piston Engine Compressor

1. Statement of Project Goals

The goal is to develop a compact high energy density pneumatic power supplytdgplica
untethered fluid-power applications. This will be achieved by designing, buildahteating a
free-piston engine utilizing spark-ignited fuel that is specifically loatched to the task of
compressing air. Fundamental research will result regarding opigrtizé efficiency and power
density of the energetic conversion and transduction processes between Icsteneidanergy,
kinetic energy of the free-piston, compression and pumping work, and stored pneumatial potent
energy.

2. Project’s Role in Support of the Strategic Plan

This project contributes mainly to the compactness thrust. The compactnessvsddbloith due
to the high gravimetric energy density of the driving fuel, and the configuratitwe ehgine
which favors dynamic “linkages” over kinematic ones. This project will cont&itiuthe
Center’s goal of breaking the barrier of low energy density power sourcestéthered devices.
Additionally, given that an adequate level of overall efficiency is required t& breaenergy
barrier and provide an order of magnitude increase in energy density over conventiona
technology, this project also has some crossover with the efficiency thrust@érber.

3. Fundamental Research Barriers and Methodologies for Addressing The

Free-piston engines have long held the attraction of being compadbamcally simpler, and
having fewer moving parts than crank-shaft based IC engines. Alihibiggwidely recognized
that the inertial load presented by a free-piston can be used ayh@uml to influence the
thermal efficiency, previous research fails to explicitkpleit this feature through design. The
fundamental research barrier preventing this is a lack of tegkrding the design of “dynamic
engines”.

Dynamic engines (a non-standard term) replace the kinerdapendencies of traditional
engines with dynamic elements and controlled valves. Such a catitguhas the potential of
increased efficiency and compactness over current smalllsnal®atic IC engines. Efficiency
is enhanced by utilizing a combination of dynamic elements, sucted®l and spring/elastic
elements among other possible candidates, to tranduce fuel em@rgyther energy domains
with fewer losses. Compactness is enhanced given that dynlemenrgs are typically more
compact and physically “simpler” than kinematic arrangements.

To address the lack of tools present for the design of dynamicesng system dynamics and
controls perspective will be applied. Methodologies associated wgters dynamics and
controls are not typically applied to engine design, and this réspasuides an opportunity to
formulate: 1) the dynamic analysis of such engines in ligkkpfoiting the intermediate kinetic
energy storage of the free piston, and 2) a synthesis methdwefdesign of free-piston engine
devices that have a load tailored for certain applications, suguraping hydraulic fluid,
compressing air, and other outputs, while also being “shaped” to benefit the combydgdorc
efficiency, power density and/or other metrics.
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4. Achievements to Date

The main focus of this work is to exploit the fact that a fséon can present a purely inertial
load resulting in a “kinetic energy” phase of the stroke. This ikirgtergy phase can be used to
stretch, compress, scale, or phase the transduction of energgrfcdbbetween chemically stored
energy, heat energy, pneumatic potential energy, and kinetic energypport combustion,
expansion, intake, exhaust, work, breathe-in, and other functions in noretraditrays (i.e.
non-kinematic dependencies). The design aspect of the work is itte reatonfiguration that
exploits the kinetic energy of the free piston in order to obtainradds operational
characteristics such as high efficiency, low noise, and low texrtyse operation in a compact
configuration.

Ferrous Plate High-Temperature Elastomeric Diaphragms
(attached to

combustion valve) Combustion Valve
Permanent Electromagnet i
Magnet

Magnetic Gap / /)
Adjustment Screw  Separated //‘

Combustion
Chamber £y aust valve v

(solenoid actuated) Fluid Chamber ~ Compression/Pump
(Liquid Piston) Chamber

Fig 1: lllustration of the design and hardware realization of the free piston engine compressor.
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Fig 2. Experimental data showing the air/fuel injection command (red), the pressure in the combustion
chamber (blue), and the position of the combustion valve (green).

Achievements within the June 1, 2006 through November 30, 2007 timeframe irigliksign
and fabrication of an aluminum free-piston engine compressor prototyghe separated
combustion chamber and liquid free piston (see fig. 1), 2) energgHshmamic simulation of
the a) air/fuel injection dynamics, b) combustion process nalpdseat resulting in pressure
dynamics, c) combustion valve inertial dynamics, d) compressibles rflow rate dynamics
between the combustion chamber and the expansion chamber, e) inedraiayof the sprung
liquid-piston, f) pressure dynamics of compression and pumping in the pgirapamber, g)
mass flow rate dynamics of the output gas, exhaust gas, and bregthe 3) experimental
air/fuel pressure control and injection mechanism, 4) successful d@kaustion testing (see
fig. 2), 4) design and fabrication of an integrated compressor heacesgroir chamber (not
shown), 5) initial development of an event-triggered controller toeae efficient operation
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(utilizing the simulation model), 6) initial tests of the engimeler load with indications of good
diaphragm integrity and expansion characteristics.

5. Other relevant work in the Center

Within the Center, the work most similar in motivation is chemofluidic actuatiaghoadgh

different in their approaches to transduction from an energy dense source toexntroll

mechanical motion, the free-piston compressor project has two impaptaational

differences:

1) It aims to provide a centralized sourcecolid pressurized gas, whereas the chemo-fluidic
approach results in hot gas and the need for specialized valves and actuators.

2) It utilizes a conventional hydrocarbon fuel as opposed to a less readilypbevaila
monopropellant.

6. Plans for Next Year
See below.

7. Expected Milestones and Deliverables

Year two:

1) Utilize simulation model to finalize the first prototype idaesconfiguration including engine
control.

2) Combine tested design elements into finalized engine configurédiora bench-top
demonstration. Milestones include:

» experimentally characterize efficiency (including separatesthaction steps)

» evaluate the energy flow (relative percentages of useful wodkemergetic losses as
flowing down from available heat energy)

» experimentally determine maximum power output and maximum cycle rate

* implement a simple control strategy to regulate a set pressure ineéheores

Year Five:

» Completed generation two design integrated into CRC for a fulgnaatously powered
endurance demonstration

» Extensive fundamental modeling and simulation library of new componemis
configurations

Year Ten:

» A family of next generation high energy density free-pistonrasgfor fluid powered
devices. This family of engines will all share a compactr@slosophy of replacing
kinematic linkages seen in traditional engines with dynateiments designed to match
the specific load (output) being considered. These engines will lyedfeithonstrated on
the CRC, Hand Tools and sUV testbeds.

8. Member Company Benefits
Not yet identified.

9. Research Team

Project Leader: Prof. Eric J. Barth, Vanderbilt University, Mechanical Engineering
Graduate Students:  José A. Riofrio (Ph.D.), Chao Yong (Ph.D.), Andy Willhite (Ph.D.)
Undergraduate Matt Casavant, Robert (Kit) Buckley, Steven Blackmon, Jonathan
Students: Webb, Colin Roper, Robert Carter, David Harju
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2C: Compact Energy Storage - Open Accumulator Apposach

1. Statement of Project Goals The goal of this project is to develop an alternate accumulator
configuration to existing hydraulic accumulators that maximizesusiage of energy in the compressed
gas. The proposed “open accumulator” configuration will be investigahich, at current pressure level
of 35MPa, is potentially an order of magnitude more energy déwse dxisting configurations. The
approach will be considered successful if a system with pangrenergy requirements suitable for a
small passenger car is 5 times more compact than using existing approach.

2. Project Role in Support of Strategic PlarEnergy storage density in hydraulic systems are severely
limited relative to competing technologies. For example, volumetrergy storage densities of electric
batteries are of the order of 1MJ/Liters, whereas thodg/difaulic accumulator configurations are less
than 10KJ/liters (at 35MPa). Hydraulic systems however havaeder of magnitude advantage in power
densities relative to electric systems. Dramatic imprerégnin energy storage densities for hydraulic
systems can enable regeneration in many applications wh&ce, sveight, and power are critical. One
example is the hybrid passenger vehicles where space foryestergge is a premium (compared to
larger vehicles such as buses and trucks). For such appigaB-10 times improvement in energy
density is required.

3. Fundamental Research Barriers and Methodologies for Addrssing Themin current practice, an
accumulator is used to store hydraulic energy. Typically, itistngf a chamber containing a fixed mass
of inert gas whose pressure increases and whose volumesgscasahydraulic fluid is pumped into the
accumulator. Energy is stored by pumping pressurized hydraulic oil tie accumulator and is
regenerated as the compressed gas pushes the stored oil bablk inydraulic circuit. Since the gas is
always contained within the accumulator, we refer to itlesed accumulator. The energy density of a
closed accumulator is optimized when an expansion ratio of approxin2ageis employed. Since the
closed accumulator needs to accommodate the expanded gas volumdpexpinseyond the optimal
leads to increase in volume and an overall decrease in energy density.

Open accumulator energy densities
300 T T

Isothermal
— - — Adiabatic

In the proposedopen accumulator approach, the
compressed gas is exhausted to the atmosphere during,
expansion, and intake is also taken from the atmosphere
during compression. This results in a much higheg 2o
expansion ratio (350) and the available energy from th§
compressed gas with the same volume is increased by 65°
times. Furthermore, since the expanded air is exhausted,,
to the atmosphere, the system does not have to account gy =t
for its volume, nor the volume of the displaced oil sof

hydraulic. This decreases the total volume by 3.3 times. P )

A potential 20 fold increase in volumetric energy storage % i 2 s i 5

Pmmp [Pa] %107
density for the same compressed gas pressure can be aclrigure 5: Theoretical energy densities
at conventional hydraulic pressure (35MPa) (Fig. 1). The mof proposed open accumulator and
challenges in realizing the open accumulator concepts areconventional closed accumulator
safety in compressing and expanding atmospheric air; 2) maintaier gansity; 3) efficient input and
extraction of energy; 4) heat transfer / temperature vamiassociated with the large expansion ratio.
These challenges are being addressed by utilizing safe chomaedal, proposing a system architecture
that maintains constant pressure, specialized compressor/msign,dend optimizing heat transfer and
the use of thermal storage materials.

S0 Closed accumulator
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Figure 6 Nominally constant pressure open

4. Achievements to Date accumulator architecture

An architecture capable of maintaining constant ohase Crarngs
pressure during normal operation and sustaining Matert (FEM)
large transient power load has been developed "N pmm

(Fig. 2). By maintaining constant pressure, this

architecture ensures that energy can be i~
effectively extracted even as energy is depleted [ i
from the accumulator. A novel multi-stage air| " |
compressor/motor design that minimizes air] -:-_Tbgﬂm‘;
leakage using liquid pistons has been designed. A

system level thermodynamic model for the

proposed system has been developed. The model rumonor St ég,
shows that system efficiency under constant Sy

pressure operation decreases as heat transfer rate decr8ase heat transfer rate requirement is
directly related to power, a tradeoff exists between effeieand power. With the importance of heat
transfer recognized, two faculty members with heat transfeerése were recruited into the project.
Theoretical trade-off analysis between power density (asnieted by compressor/motor capability) and
energy storage density has also been conducted. The architeckige 2 operating in transient power
overload mode results in gradual decrease in energy dengitywes requirement increases. A 2-stage,
0.5MPa prototype has been designed and fabricated and currently bsémgbked to verify the open
accumulator energy storage concept. Analytical heat tramséelels of the compression/expansion
process in the compressor/motor based on simplified geometry has alsoheéected.

5. Other Relevant Work Other approaches of increasing energy density can be investigated.

6. Plans for Next YearAs the 2-stage prototype is fully assembled, it will bpeginentally tested and
characterized for energy density, power density and efficiedldyENT based numerical heat transfer
model will be developed and validated. This will be used to optirttiz heat transfer strategy and the
design of the compression/expansion chambers. Pressure conteh,sy®t included in the first
prototype will be implemented. System optimization will ats® conducted to determine optimized
tradeoff between power, energy and efficiency.

7. Expected Milestones and Deliverables

End of year 2: Experimental validation of open-accumulator concept

End of year 3: Heat transfer strategy developed

End of year 5: Optimized compressor/motor design. Experimental validatibivi&e3

8. Member Company Benefits
Order of magnitude increase in energy storage density wilabge changing for fluid power. Industry
members can exploit knowledge for rapid deployment into products.

9. Research Team

Project Leader: Prof. Perry Y Li, Mechanical Engineering

Other faculty Profs Jane Davidson, Terry Simon, Kim Stelson, Meclaiiing.
Graduate Students: David Hafvestein, Caleb Sancken

Industrial Partners: Industry champions: Bosch-Rexroth, Caterpillar, Eaton, Gates, MTS
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Project 2D: High-Pressure, Light-Weight Components
Using Engineered Materials

1. Statement of Project Goals

The primary goal of project 2D is to overcome several desigrfabrication barriers to advance Design
Optimization and Hybrid Fabrication (DOHF) to a level tbah be leveraged by ERC members for the
design and fabrication of future FP components.

Long-term efforts are targeting the use of lattice strestudesigned specifically to reduce mass and
increase functionality in FP components. Examples of theseelditticctions within a component are
sound damping, fluid storage, and encoding; while providing the relgfiretional structure. A key
long-term goal is to automate several steps of generating toesplex lattice structures, including the
generation of a stress-field-compliant mesh. A second longgeatns to advance the hybrid fabrication
procedure to a higher yield and increased working window.

Short-term goals have been to continue offering off-the-sbaltisns to CCEFP participants interested
in applying well-established optimization tools, such as AdtdHyperworks, and to connect CCEFP
fabrication needs to additive-based fabrication solutions.

2. Project’s Role in Support of the Strategic Plan
DOHF has widespread direct and indirect impact on almost all thrustrigaarid sub-barriers. Examples
follow:

Efficiency Barriers

» At the systems level DOHF is anticipated to provéficient(?) alternatives for high-pressure contpac
energy storage with a windfall of additional sturei functionality, and allows for the integratiarf
several components, thereby improving fluid flovd aaducing line losses.

« Component efficiency stands to gain from DOHF tlgtoweduced cavitation, friction losses, and inaedas
payload (via mass reduction). Smoothly transitignilow-paths with structural function and low-fitn
metal-matrix-composite (MMC) contact surfaces @mprove component efficiency.

« Improvements in fluid efficiency and fluid life alikely with high surface-to-volume fluid storageBy
keeping fluid temperatures well below temperaturat$, viscosity will be maintained and fluid oxiian
will be prevented.

» Fabrication of custom components is very feasidehybrid fabrication methods; and, parametric glesi
have the potential to be scalable (within reasorddcommodate various unique applications, poténtia
improving efficiency by providing a size-optimizegistem. Components used for flow throttling stémd
gain from a reduction in line volume and increastffiness of the system.

Compactness barriers

» Power-supply size, and overall mass, may be redtitedgh DOHF by removing “dead weight” from the
system. Combining system components will resulimumti-functional components occupying a smaller
volume and/or having reduced mass.

« High Pressure is a significant challenge. AltaiFgpology Optimization software, and perhaps DOHF,
will provide designs for structural junction-nodsasd component interfaces.

Effectiveness Barriers

» There is significant potential to create persoraihuman-machine interfaces by using scanned-matat
additive fabrication processes.

* Noise and vibration may be reduced by smart plac¢wfematerials.

» Leakage has been a problem since the earliest flowder system came online. DOHF provides some
opportunities to reduce leakage through compomgagration.
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3. Fundamental Research Barriers and Methodologies for Addressing The

Design Optimization Challenges. A major challenge is the generation of a stress-field-ciamipmesh,
i.e. a lattice whose members experience minimal shear ,spasgicularly under multiple loading
conditions. The primary barrier encountered is the lack of sdttemls available to describe this mesh
in a practical manner, i.e. non-automated and non-optimized. In adtiti@searching a plethora of
mesh-generation techniques, we are addressing this barrievddpmlag software that will generate this
lattice structure using a more fundamental approach to anadysls optimization of structural
components. This will allow for direct generation of optirdiztructures, without user interpretation,
and for the integration of multiple materials, e.g. a metal-matrix coraposit

Hybrid Fabrication Challenges: Fabrication of complex lattice structures in metalhwaédequate
mechanical characteristics is challenging using cast and\additttal processes. Simultaneous high
resolution, excellent mechanical properties, and object complexirently do not coexist in additive
direct metal processes. Furthermore, advanced casting passechallenged to produce high
resolution objects due to solidification shrinkage of miedtated well above superheat temperatures. To
address these challenges polymer-based additive procesbée wided to produce high quality, high
resolution, expendable patterns combined with an advanced castingspreces developed at MSOE.
Castings will be produced at metal injection pressureseekug typical investment casting methods
while maintaining compression in “high-risk” mold regions. Aududially, melt temperature will be
reduced to near or below liquidus temperatures during castingptein complex intricate lattice
structures. The casting process to be employed is called Gsegrélold Pressure Casting (CMP-
Hybrid).

4. Achievements to Date
e Casting of ferrous materials and super nickel alloy
(Super Invar)
» Deeper understanding of casting factors influencing - ‘€&
casting success /)
* Integration of secondary hot zone into CMP-Hybrid
Furnace leading to better casting control and improved

yields
« Improved ceramic formula for casting high temperature &
alloys <4
* Integration of induction melting into CMP-Hybrid
furnace

* Improved temperature monitoring and noise reduction
on CMP-Hybrid furnace

* Applying Altair Hyperworks software suite’s structural
optimization tools to a commercially-available Parker axialepigump, resulting in a 33%
reduction in mass

» Elimination of Altair's Hypermesh as a stress-field-compliant nregstool

» Deepened understanding of meshing challenge and proposal of a potentialighpatsiness-
field-compliant “meshing” algorithm currently under development

» Hosted an REU student during the summer of 2007
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5. Other Relevant Work

All commercial structural-optimization software solutions remta be constrained by traditional
fabrication constraints. The hybrid fabrication process in developiméess constrained, and
thus, so must the model-generating software be.

6. Plans for Next Year

Combined study of structural properties of variable-denstticéastructures, both virtual and
physical

Stress-field-compliant lattice structure algorithm and programming

Sound-damping lattice structure demonstrator

Stand-alone informational presentation describing topology optimizand its relationship to
fluid power components

7. Expected Milestones and Deliverables

Increased collaboration with CCEFP project teams and mecolbgpanies, involving the use of
existing structural-optimization techniques and hybrid-fabricatapabilities to fabricate “high-
performance” components

Advancement of the CMP-Hybrid process and improved basic undersgtaoflistructural
properties as a function of cast feature size

Basic stress field compliant lattice generation techniqueldped for validation, testing, and
partial use

8/07 7/08 12/09

Optimize Pump Housing (Altair, variable density) 2 material graded composite User-Friendly DOHF Complete

4107 Stress compllant 4109 111

CMP-| Hybrld Steel Meshing Algorithm

Pump Housing Complete 3-5 CCEFP parts processed Via DOHF

Y] ]

1/07 1/08 1/09 110 1111

8. Member Company Benefits
The member companies will have the opportunity to be the first to levB@gE for existing and new
markets.

9. Research Team

Project Leader: Vito R. Gervasi, Rapid Prototyping Research
Other Faculty: Douglas Cook — Rapid-Prototyping Research
Post Doc(s):

Graduate Students: Gunnar Vikberg

Aaron Kimball
Richard Remmers

Undergraduate Zack Fosse
Students: Matthew Woodruff

Brian Erickson

Andrew Timm

Brad Knier

Andrew Steevens (REU 2007)

Industrial Partner(s):  Parker
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Project 2E: Component Integration
for Compact Fluid Power Systems

1. Statement of Project Goals

The goal of the project is to reduce significantly the time effaft required to formulate and solve
systems engineering problems for compact and efficient fluid-peystems. To achieve this,
analysis knowledge about fluid-power components from multiple disaryl perspectives and
multiple levels of abstraction will be captured and organized imaular, object-oriented
knowledge repository using a standardized language (SysML), areesimknowledge about fluid-
power systems will be captured in the form of graph transfoomsat A systems engineering method
and software framework will be developed in which the synthewisanalysis knowledge from the
repository is used to explore efficiently and comprehensively lgpgees of system architectures
with the goal to improve the compactness and efficiency od-fdower systems while balancing
other system objectives such as effectiveness, cost, andlitglia@ihe framework is based on a
solid foundation of Multi-Attribute Utility Theory.

2. Project’s Role in Support of the Strategic Plan

The project will provide a method and software framework to suppertcomprehensive and
efficient exploration of integrated system architectureis Will enable the integration of the fluid-
power subsystem with structural subsystems (compact integration anoutistribarrier) and enable
the comparison between different system architectures foevasg desired system-level tradeoffs
(system integration inefficiency barrier). The framewodkild also enable the evaluation of the
impact of introducing new component technologies (Component efficieacsier) or higher
pressures (high pressure operation barrier) on system-level perfeimanc

3. Fundamental Research Barriers and Methodologies for Addressing Them

With the advent of electronic control, fluid-power systems hawerbe increasingly integrated and
multi-disciplinary in nature and the number of potential systeritactures has exploded. With
new demands on compactness, efficiency, and effectiveness, sysgmeers need to explore new
system architectures that provide adequate tradeoffs acresscbwflicting objectives. The barrier
that needs to be overcome is one of complexity: a very kmgaunt and variety of knowledge is
necessary to synthesize and analyze promising system anst@gect Unless this knowledge is
managed well, the cost of acquiring, validating and applying this kadgelevill limit significantly
our ability to increase the functionality and performance of fulurd-power systems. The research
question is: How should one represent, store, retrieve and use knewel#idgently and effectively
in support of the design of fluid power systems?

The goal of this project is to develop a knowledge repository andspornding systems engineering
methodology and software framework that reduces significantlytithe and effort required to
formulate and solve design problems for compact and efficient fluid-powensy.st

The proposed approach for realizing a system’s engineering frankdhat addresses the issues
listed above is based on the formal capture and reuse of knowl&jgeapturing the knowledge
once and then reusing it often, the cost can be amortized over mearses making such a
knowledge repository economically attractive. The knowledge imrapesitory will include both
synthesis and analysis knowledge. More specifically, the appreathtse the OMG SysMI
language to represent analysis models formally, including the modtdxt and uncertainty. Within
the corresponding systems engineering framework, these modethezabe used and re-used to
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predict the performance, cost or reliability of fluid power systchitectures. The approach for
capturing synthesis knowledge is based on graph transformatidres.graph transformations will
capture the knowledge for how fluid-power components can be configuredngoosed into
promising fluid power system architectures. Graph transformatdhalso be used to capture the
knowledge for model composition, a process through which system-l@dsisncan be generated
from a limited number of modular, re-usable component models.

4. Achievements to Date

To capture and store analysis models for fluid-power componentsaveedeveloped a knowledge
structure for Multi-Aspect Component Models (MACM). These MACMxtend the SysML
ontology and formally define the context of the models and how they relate to each oteneral,
these relationships allow us to maintain consistency betweemdkels that represent different
aspects of the instances within a parametrically definedyfaficomponents. So far, this has been
demonstrated for two different levels of abstraction: hightlgaredictive tradeoff models and
dynamic behavior models; a study for detailed CFD analysis Iswagleurrently under way. The
MACM knowledge structure has been implemented in SysML and demealsinathe context of a
case study for an excavator.

A second important achievement so far is the development arfithlgs for model composition in
terms of graph transformations. Both the system structur¢hancbrresponding simulation models
can be represented as graphs in which nodes represent components aegdrasent interactions
between components. For example, in a schematic of a fluid-preait, components are port-
based nodes (symbols in the circuit schematic) and the arespond to the fluid lines connecting
the components. By taking advantage of the relationships thabkawvedefined in the MACMs, a
graph representation of a composition of components can be transformadccotresponding graph
representation of the system-level behavioral models. We d@wionstrated this in the context of a
case study for an excavator. For the implementation of the &lgsritve combine SysML models
for representing the system structure and the corresponding behavior madéheWIATRA graph
transformation engine.

5. Other Relevant Work

The need for a systems engineering framework for fluid-poyaems has been recognized before
with initial work by Kruset al. at Linkdping University and Tilleyt al. at the University of Bath,
with more recent work by Pedersen at Aalborg University &cldemmeret al. at the Technical
University of Aachen. In this past work, the focus has been alexogisively on the modeling of
the fluid power aspects of the system with only a few effalftowing for seamless integration with
other disciplines (e.g., structural mechanical, thermal, redattcontrols). Even then, the models
only address the physical behavior of the system at one partiewdrof abstraction (e.g., lumped
parameter, energy-based physical behavior), without considering other ingsgetEem aspects such
as cost or reliability. The work performed and proposed inpiftiect has a broader scope in that it
aims to combine models across different aspects and aediffevels of abstraction to increase the
efficiency of the solution method.

In addition, the proposed work aims to combine synergistically teeotisnalysis (MACMs) and
synthesis knowledge (graph grammars) so that a thorough exploratidre afpéce of system
architectures can be achieved efficiently. In contrast, thevpark was either based on optimization
of the sizing parameters of a specific architecture, at agpert systems to guide the selection of an
appropriate architecture.
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6. Plans for Next Year

Task 1. Develop algorithms to support idealization and composition aiplaulevels of
abstraction. The algorithms will be encoded as graph trangiomean the VIATRA
graph transformation engine.

Task 2: Capture synthesis knowledge about fluid power systems astgraptormations —
develop a design grammar for fluid power systems. The focli®evion generating
meaningful circuits for which an analysis-based search canetffierently determine
the most promising alternatives.

Task 3: Develop abstract models for families of components. Tdieteact models capture
tradeoffs that exist between high-level attributes of componsmts as efficiency, cost,
reliability, etc. We will develop models for families ofdrgulic pumps, proportional
valves, and cylinders, and demonstrate how these models can be usdficient
selection of promising system architectures in the excavatostabe

Task 4: Validate the exploration of different system architest through case-study of an
excavator (TB-1) and a hydraulic-hybrid vehicle (TB-3).

ﬂ

. Expected Milestones and Deliverables

» Initial demonstration of the use of automated model composition — December 2007.

* Completion of a case study in the context of the design of eavator; the case study will
include design optimization under uncertainty considering models @afriaty of aspects —
February 2008.

» Demonstration of the use of models for TB-1 at different levelbsfraction, including abstract
tradeoff models — August 2008.

» Demonstrate the framework for the synthesis knowledge capture — December 2008.

8. Member Company Benefits

The proposed systems engineering framework will improve tHéyabf member companies to
explore different system architectures when integrating floiter sub-systems into large systems
engineering efforts. By formally and unambiguously capturing thermsysemantics in SysML, the
approach provides all the benefits of a model-based system-emgnegproach including
requirements management, traceability, functional decomposititiavioeal modeling at multiple
levels of abstraction, and management of testing and validatiém. addition, the model
representation and multi-aspect component model library could asree“smart,” active catalog
from which designers could select the most appropriate fluidip@emponent for a particular
application. These models will be made available on the internatl member companies to use;
the models could serve as a formal tool for member compémiesmmunicate knowledge about
fluid power components among each other.

9. Research Team

Project Leader: Prof. Chris Paredisschool of Mechanical Engineering, Georgia Tech
Other Faculty: Prof. Andrew AlleyneMechanical Engineering, UIUC

Post Doc(s): None.

Graduate Students: Jonathan Jobe, Thomas Johnson, Richard Malak
Undergraduate Alex O’Sullivan, Aleksander Kerzhner, Lina Tucker

Students:

Industrial Partner(s): Deere & Co., Sauer-Danfoss, Pioneer Solutions
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Project 2F: Dynamically Scalable Fluid Power System

1. Statement of Project Goals

The primary goal of this project is to use the underlying par@nelustering and
interdependence found in dimensionless system representations tacé&beamsariant dynamic
design constraints that can be used to form very small searcdessper CAE design
optimization algorithms.

2. Project’s Role in Support of the Strategic Plan

This project will attack the integration barriers in both the cotmgss and efficiency thrusts by
developing scalable relationships among the various components. Thkd#estelationships
will become design constraints that an optimization stratedlyseek to accommodate. This
will improve compactness and efficiency by avoiding a bulky systemprised of individually
compact components.

3. Fundamental Research Barriers and Methodologles for Addressing The
The fundamental research barrier being addres
is that it is difficult to establish good desig
criteria. for new components and systen
Computer Aided Engineering (CAE) can perfor
optimizations on system models to try al
minimize some cost function but it is not cle
what the initializations of those optimizatio
routines are. Rather than perform an exhaus
search for optimal designs, the currg
methodology being proposed seeks to ident
“good” designs by uncovering fundament
underlying design parameter relationships inher
in highly successful existing designs and then

extrapolating this to new systems. This approach is based duarith@mental premise that all
engineered systems have to perform particular functions undeidea nange of relatively

unforgiving external constraints. For engineered systems, tnar&ssures cause suboptimal
products to be eliminated. Examples of common market pressures sag I Figure 1. These
market forces cause engineered systems performing similaiciismido make similar design
tradeoffs regardless of size. Many of these tradeoffgrgkcit in the system functionality and
have to be ‘re-discovered’ for each iteration of the particulatesy design. We seek to
eliminate this ‘re-discovery’.

Legal
Liability

Manufacturability

Fig 1. General External Constraints on System
Design

Once the system’s dynamical description was reformulated dimansionless framework, a
distinct advantage emerges. The external market pressuresucé Eiforce the dimensionless
system’s parameters to lie in a very narrowly definedeasf values. The main idea here is that
the parameters one would need to consider in the dimensioned systesemggion would span
the entire range of available parameters. In the dimensiosdtssg, the parameters cluster
around much smaller subspaces. Functional relationships such as
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m=f(m...m) Oj0[m+1n], m<n

ensure that only an m-dimensional subspace of igmal n-dimensional parameter space need
be considered. This provides the engineer wittsttamts or very good initial conditions from
which to start their search for a suitable desigtneir particular system.

4. Achievements to Date

Over the past year, we have begun to model indalidiynamic components and determine
parameters sets of the dimensional systems. We $tavted with pumps, valves and motors.
We have gathered limited sets of data for valves@mmmps and are in the process of gathering
more data. We have done preliminary analysis efddta and determined sets of dimensionless
parameters that seem to indicate good scalablegrdesiA key insight resulted from
understanding how legacy manufacturing costs caim&d innovation in the design process.
Once this constraint was accounted for, the pamensdbr the valve and pump components
converged to nominal values that can be used imgmledecisions. In addition to creating
component models, we have begun to investigate thoiwterconnect component models in a
dimensionless sense so as to create dimensioytEssrsmodels.

5. Other Relevant Work
Previous work by the Pl determined significant gesinsight for the dynamics of planar
vehicles.

6. Plans for Next Year
» Task 1: Gather data on representative systemsifrdustry partners and literature.
» Task 2: Populate dimensionless system models.
» Task 3: Search for parametric inter-relationshipsge as dynamic design criteria
 Task 4: Create and analyze dimensionless repremerstaof dynamic uncertainty and
examine their relationship to system control inraahsionless framework.

7. Expected Milestones and Deliverables
* Dimensionless system model [month 3]
* Dimensionless system model populated with data {m6h
» Dynamic design criteria integrated into softwarelfitmonth 12]
» Preliminary understanding of dynamic uncertaintg idimensionless system [month 12]

8. Member Company Benefits
Member companies will get ‘first cut’ design rulédst can be used to guide their component
designs. Additionally, system design insight @ provided.

9. Research Team

Project Leader: Andrew Alleyne

Graduate Students: Scott Manwaring

Industrial Partner(s):  Eaton, Rexroth, Caterpillar
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3A1: Multimodal Human Machine Interfaces

1. Statement of Project Goals

This project will develop user interfaces for existing and gpesmherging fluid actuated devices
that take advantage of multiple sensing and display modalit@gezhnologies incorporating,
Augmented Reality (AR) to enhance device operational effectiseneSugmented reality

includes the visual, haptic and auditory senses. In conjunction with thiogleeat process,

relevant models of operator-machine interaction will be developediedesind used. Prediction
of task needs and performance for new devices will thereby be enabled.

2. Project Role in Support of Strategic Plan

Fluid power devices will be used more effectively, thereby redusiorking time and hence the
energy consumption (efficiency barrier). New and existing dewadsbe able to safely

perform their intended functions under human direction without undue wdr&loéhe operator

(safety and human machine interface barrier).

3 .Fundamental Research Barriers and Methodologies for Addressing The

Fluid power devices often involve many degrees of freedom under doetbl of a human
operator. Complex and variable human dynamics therefore interictcomplex machine
dynamics to compromise system performance and stability. uS@ef haptics (tactile or force
feedback) is at the forefront of this challenge, because ibst mtuitively by the sense of touch
that we comprehend the effect of manual control actions. An iritardobp wherein control
stick displacement commands device motion (either position or velowgitygh generates
reaction forces on the operator’s seat and hence perturbs operatoands is one loop we have
observed in our experiments. Because of the high forces hydrauvlteslenust exert, this is a
problem not experienced with other haptic interfaces such aergusg virtual reality. Other
channels of our senses will be considered as well, with augmeésted displays considered in
this and other projects. The Compact Rescue Crawler, with 1&edegf freedom, is an
excellent opportunity to study the most effective displays and controls for highudoésle

Prior work with force feedback teleoperation has used high perfoersereo valves operating
from a near constant pressure supply. This is an extremelycieeffapproach and we will
work with other projects to achieve efficiency and operator @ffwess. For example, Project
1A seeks to provide flow to each of the device degrees addneehrough individual pumps
driven by the same prime mover, for example a diesel engigraniics again form a barrier to
effective operator interfacing. All pumps rotate at a speed propaltto the engine and the
torque on the engine is the sum of the torques on the pumps. Flow febnp@ap is also
proportional to a controlled swash plate angle. The demands of mulégtees of freedom are
now combined in a different way than the traditional valve controllstésy, and new dynamics
and coupling will be exhibited. Some of these interactions are pabliicand if the power
demand can be exactly matched by the prime mover in a prediciiveem degrees of freedom
should not interfere with each other. However, the response pfithe mover will be slower
than the swash plate control. Consequently an increased demand obyawer dof will slow
the engine, leading to a reduced flow in all degrees of freeddire management of this
perturbation on the system will require a control system consglerot only the complex
machine dynamics but the reaction of the human operator and its stochastic nature.
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Barriers also result from the feedback loop between sensitive batrdlters and the motion of
their base when they are mounted on the equipment. This feedback lonjh eiiss when the
operator is removed from the equipment or if the reaction fagyersrated by the equipment are
modest. It is readily observed in our experiments with backhoesradidional throttling
control. Similar barriers will occur when throttleless control is used.

The approach used begins with simulation of the machine’s dynamicshandperator’s
environment and testing the performance at some traditional taskedwatia in the Loop
Simulation insures a realistic treatment of the most complexardics while computer
simulation creates the more predictable or less criticakctspé the environment. HIL enables
us to get a greater variety of controlled experiments contptgiekly. This work is currently
directed at Test Bed 1, the excavator with throttleless contWe will design passifying
controls that have proven useful in other applications where human opardérest with
complex dynamics, but the dynamics will first be studied befpexification of the controller
details. Collaboration with NCA&T will facilitate operator oaeling and avoid extreme
operator workloads. More extensive interface improvements suahgasented reality are also
being considered by NCA&T which can be incorporated into our simulated operation.

Test bed 4, the Compact Rescue Crawler, also incorporates haptics e initial focus of
augmented reality, since it is essential that the operaton wésual display instead of direct
viewing. Two legs have been constructed at Georgia Tecloitivefee the testing of the operator
interface in advance of the six legged device which will be built at Vanderbilt.

4. Achievements to Date

The functioning degrees of freedom of a Bobcat Mini Excavator haa \isually modeled in
Open GL. Itis controllable via a Phantom ® haptic manipulator. ifiitial version of a trench
and other surrounding features has been completed. Simple dynawecbeem programmed
for the behaviors not provided by the actual hardware in the loop. @wdes in the Loop
(HIL) facility incorporating two 60 hp Siemens electric servoen®under computer control has
been constructed. These motors drive variable displacement pumppu@pewill be placed
under the command of the operator and one will simulate the load encdumyeres excavator.
The donated pumps initially used have proven to respond too slowly and thieg veplaced in
the coming year. Control of the motors and the pumps as commandegtalytime simulation
implemented in Simulink and xPC Target ® have been achieved, althoegtomtinue to
improve this control. Display hardware for the HIL has been 8edci In related work, the
haptic backhoe experiments have been successfully conducted and foood ebagis for
extending into the application of advanced interfaces for the excavatsir bed.
Accomplishments by NCA&T are covered in a separate section.

The Compact Rescue Crawler-Operator Interface (CRC-OI)pocates haptic control of the
front legs and the initial augmented reality displays have baplemented but the cameras are
not yet on the crawler. The computers to be placed on the craelen arder and we will soon
have the operator viewing from a riding position. An undergraduatbdssstudying the “inch
worm” locomotion approach proposed for the jack that a crawler maghy ¢o lift heavy
obstacles. A simulation of its motion and a working prototype has been constructed.
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5. Other Relevant Work

An extensive survey of related work was provided in a previous straikegn and space limits
its duplication here. We are not aware of user interface statliegiable displacement controls
and hardware in the loop simulators discussed in the open literaesendbhave the ability to
simulate overrunning loads.

6. Plans for Next Year

In the next year the HIL will be operational for evaluating thetess control with human in the
loop. Experiments with the actual excavator will provide vetificaof simulation fidelity in
one degree of freedom, although that test bed will not be functiorrabWitiegrees of freedom
until later. The verified dynamics will be used to provide a méatepassifying control design
which can be deployed on the HIL simulator. Contingency plans are beingariaderporate a
structural feedback loop which shakes the operator in the process afignmtbe simulated
excavator, replicating what would be felt by an operator on tbavexor. As augmented reality
displays are conceived by NCA&T they will be implemented on the HIL for evatuat

7. Expected Milestones and Deliverables

* Dynamic model of throttleless system available [January 15, 2008]

* Hardware in the Loop interfaced to visual display [February 1, 2008]

* Multiscreen display of operator workstation [March 1, 2008]

» Alternative pumps with high bandwidth swashplate control installed [March 15, 2008]
* Passifying control designed and simulated [March 15, 2008]

» Passifying control implemented on the HIL [April 15, 2008]

* Human operator studies commence on HIL [May 1, 2008]

* CRC-Operator Interface (CRC-OI) available for remote operatidor{iaey 1, 2008]
* CRC-Ol ready for operator studies [March 1, 2008]
* CRC initial recommendations for 6 legged testbed complete [May 1, 2008]

8. Member Company Benefits
One of the major selling points for mobile equipment is the operdtxmtigeness. The studies
will enhance effectiveness and comfort for new and existing designs of fluet@dwquipment.

9. Research Team
Project Leader: Wayne Book, Georgia Tech

Other Faculty: Steven Jiang, NCAT, Mountjoy, D., ISE Department, NCA&T, Perry Li,
UM, Eui Park , ISE Department, NCA&T, S. Udoka, ISE Department,
NCA&T

Post Doc(s): Haihong Zhu

Graduate Students:Mark Elton, Brian Guerriero, Longke Wang, R. Delpish, B. Osofo-Yeboah
Undergraduate R. Vinson, D. Reeves, E. Maddox (NCAT)

Students: Lynn Sarcione, David Fernandes, Trevor Stittleburg (GT)

Industrial Partners: Caterpillar, John Deere, HUSCO International, Enfield Tech., Festo
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3A.2: Human/Machine Interfaces —
Passified Pneumatic and Chemofluidic Control

1. Statement of Project Goals Passivity is important for safety especially when the systems are
to interact with physical environment. Conventional pneumatic and chedioflite. hot gas
pneumatic) actuations are actuation methods for several ofsthieetds (TB4 — rescue crawler,
TB5 — FP assisted tools, TB6 — FP assisted orthoses). Yet, uldi&eoemechanical and
hydraulic systems, passivity concepts for these systems anehainderstood. The goal of this
project is to model pneumatic and chemo-fluidic actuations from avippdsamework and,
using this framework, to develop human force amplification and teleope@ontrol schemes
that are robustly stable and intuitive to interact with.

2. Project Role in Support of Strategic PlanThis project addresses one aspect of safety when
fluid power system interacts physically with humans and unstrucpirgsical environment. The
primary test-beds to be addressed are TB5 (FP assisted handaondlIB 3 (rescue crawler),
and possibly TB 6 (orthosis). These embody a goal of CCEFP tongpaw industries that take
advantage of new portable, powerful, efficient and intuitive to useé power. Pneumatics and
chemofluidics are likely actuation method for these test beds.eTiess beds are either in
physical contact (TB5, TB6) or haptically teleoperated by hurGBBS8). They also interact with
uncertain physical environment. It is critical that the systeamain stable when interacting with
either physical environment or human. By controlling the systerthabit interacts with the
physical environment passively, interaction stability can be miagd for a wide range of
environments, enhancing safety. Interacting with a passive (offipdssystem can also be
more intuitive for the human operator, thus enhancing operational effycas well. Algorithms
that are developed will feed directly into TB3 and TB5.

3. Fundamental Research Barriers and Methodologies for Addressing The

A characteristic of devices such as TB3, TB5 and TB6 is thgtatein physical contact with
the environment or are directly controlled by humans. For such systamssivity is a useful
property as it relates to both safety and ease of control. Rosgeéking, a passive system is
one that does not generate energy but only stores, dissipates, aseégeate The amount of
energy that a passive system can impart to the environmiemitesd by the external input and
so some safety is ensured compared to non-passive systems. Uilssinethe useful property
that coupling between a (strictly) passive system and anothsiv@as/stem remains stable.
Notice that this is not the case if the systems are m@rgdyt/output) stable individually. Since
most physical objects are passive, a passive system cay isadehct with a broad class of
environments without fear of being destabilized. Moreover, Becaeseoncept of “power” can
be used to plan and execute manipulation tasks, passive systemsatilpomore intuitive to
use.

Passivity concept has been relatively well developed for hydraygkems in the past few years
by the project leader. Passive control design methods hamelbeeloped both for teleoperation
and human power amplification. The challenges of developing this irarkdor pneumatics
and chemofluidic actuation are: 1) all pneumatic systems andic@gtly more compressible
than hydraulics; 2) in pneumatics and chemofluidic systems, signifiheating and cooling
occur during compression and expansion; so that effect of tempevaitiga&on and heat
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transfer will affect the overall dynamics, and hence pagsi@d} chemofludic systems that
involve complex reaction dynamics which not been subjected to passivity analysis.

The research approach is to consider the problem in three stgésothermal/adiabatic
pneumatic systems, b) pneumatic systems with finite heatféram$ chemofluidic actuation.
Bond graph and pseudo bond graph modeling, as well as exploitation ofrisesilavith
previously known domains (hydraulics and electromechanical) willsbengial techniques that
are being applied in the research.

4. Achievements to Date :
During the ' year, pneumatic systems under isothermal Weight (load)
\

adiabatic process has been modeled and investigs H_‘?ﬂdle
Structural similarity between these systems and previog \ :‘,X)Irce
studied hydraulic system has been identified, so that hum

power amplification control approach previously developged Sensor

| Pneumatic
= actuator

amplifier control algorithm is effective.

5. Other Relevant Work
The initial version of TB3 that uses off board pneums
power is currently being developed. It can make use of
pneumatic teleoperation algorithms to realize the ha
teleoperation mode. Similarly, various versions of TB5
being developed that the human amplification algorithms
feed into.

Figure 7 1-DOFpneu\matic human
power amplifier experimental setup

6. Plans for Next Year

In the coming year, knowledge of isothermal/adiabatic pneumatic human powérearophtrol
will be transferred to TB5 (FP assisted hand tools). Isothermal/adiabatioatic teleoperation
controller will be developed and results transferred to TB3 (res@veler). We will also begin
investigation of pneumatic systems with heat transfer.

7. Expected Milestones and Deliverables

2008
2011

2008 Tech trans £ ’ |
2008 2008 2010 xperimental
2007 Tech transfer toTB 3 > berm
PazsosoifTed Pnumatic human To T85 _ 2008 Passified Verification  Passified verification of
- power amp Pneumatic hot gas of hotgas  chemofluidic chemofluidic
pneumatic teleoperation system system system acuation,
system tech transfer
ﬁ W to TB3 and TB5
2008 2009 2010 2011
Jan 07 May 11
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8. Member Company Benefits
Knowledge of control designs for pneumatic and chemofluidic systihat can safely and
intuitively interact with humans.

9. Research Team

Project Leader: Prof. Perry Y Li, Mechanical Engineering

Co-leader Profs. Eric Barth, Wayne Book, Will Durfee, Mechanical Engirggerin
Graduate Students: Venkat Durbha

Industrial Partners: Industry champions / donations:: Enfield Technologies and Festo
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Project 3A.3: Human Performance Modeling and User €ntered Design

1. Statement of Project Goals

The goal of the project is to study human performance in fluid pdwy gystems, develop a
framework to guide the development of models of human performance domusew FP
systems, and to use user centered design approach to develop humare nmehiace for
selected fluid power systems (test beds) that are user-centered, satmaaomfortable to use.

2. Project’s Role in Support of the Strategic Plan

This project will attack the effectiveness barrier by gaina better understanding of human
capabilities, both physical and cognitive, when operators use fluigrpsystems. A human
performance model, as it applies to FP systems, will enalile take human performance into
consideration when designing/innovating FP systems. By integratimgrhyperformance and
machine performance, the overall system performance can beviedprThis project will also
attack the effectiveness barrier by using a user centgypebach to design or redesign (if
existing already) the interface for various test beds.dligisng users’ needs and observing real
users operating the machine, the new or revised interfacenedt user requirements, and will
be easy, comfortable, and safe to use, and consequently, will be more effective.

3. Fundamental Research Barriers and Methodologies for Addressing The

Many existing fluid power applications — such as an excavator, eeduigct human operation
(Frankel et al., 2004). Operators often need to operate on thosesfstenong period of time.
Most of the time, it takes a lot of skills, concentration, andreffo complete a task. For
example, an excavator operator needs to coordinate four or moreakgs lift, level, and fill
on a construction site. However, many such systems have poorbne@shuman machine
interfaces. Consequently, the operator performance is affeatethair safety is potentially in
jeopardy (Lyons, et al., 2005). Moreover, it takes a large amounaiainty and experience
before an operator can effectively use the machine. For a novice user, ityschalkenging job.
An intuitive and easy to use interface is, therefore, very impbrtUnfortunately, even today,
many design processes still tend to put far more attention atecheical performance of the
equipment than the human component (Lyons, et al., 2005). In 2005, Underground Constructi
interviewed the representatives of four tractor mounted loader-ba¢kh®) manufacturers
about their views on ergonomics in their companies and concludedintpabvement in
ergonomics can not only bring comfort, reducing fatigue and stress to operataispbntrease
productivity (Griffin, 2005).

This project aims to use human performance modeling as a tooktew bederstand human
performance in a fluid power system, and to develop a framewadrkntegrates both physical
and cognitive human performance models in such systems. This fosknew be used to guide
design and development of fluid power systems in order to achieve overall ggsfermance.

Human performance modeling can be used in both physical and cogsipigets, ranging from
digital human model to task network analysis. Although efforts have besle to develop
adequate human performance models for various systems, théfeadmsg way to go. It is
important to point out that there is no “one size fits all”. Givengtate of human performance
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modeling research and current computer technology, it is not pogseibbeeate a single
integrative model that can be applied to all applications. Furthermdeweloping such models
will require both quantitative (such as anthropometric data as applied in digitah horadictive
model for human errors, etc.) and qualitative approaches (such ahé&dgsis, guidelines, etc.),
as well as simulation tools (e.g., using Micro Saint).

In developing the framework, the following needs to be emphasikedollect and disseminate
human performance data, (2) develop procedures for using models af pgnfiarmance, (3)

develop models in focused area, and (4) support theory development andebaaich in

relevant areas. These themes cover from short term goalerdifying and collecting relevant
human performance data to long term goals of basic research in human behavior.

Given the fact it is not possible to develop one model that can apply to all, effblie focused
on selected applications. For instance, rescue robot (one of thigetest will be chosen for
model development. Specific research efforts including Task amdhai will detail the tasks,
procedures, and structures that provide the foundation for modeling humarmgerde for
those applications. Quantitative and qualitative approach as wathatation tools will be used
to build the models. In this study, the parameters of human behaweddsd within the model
framework will be based on empirical research in both basicapptied human performance.
Scenarios with high probability of human error will be identifesdwell as its precursors. The
modeled operator will be set to interact with computer-gee@napresentations of the operating
environment over a series of repeated runs in much the same mamesingshuman subjects
over repeated experimental sessions. Elements of the human perdermmodel (for example,
performance time for a particular task) can be made a stoxkasable and their values can
fluctuate across these multiple runs. Technological and procedurabsslwill be assessed
through development of computational models of scenarios and candidatensohtil be
proposed and evaluated. Since validation with full generality igpossible, it will focus and
match closely to the intended uses for each model. Simulation bapedrments will be
conducted to collect data for validation purpose. To support long term effotheory
development and basic research, areas such as decision makingnséuareness, trust, and
learning will be chosen to study future generations of models. @menon problem in many
system designs is that they focus on utility of the systethpay little attention to its usability.
As a result, many users have to operate machines in an uncomfg@adahlee/position, and in
the long run, can suffer cumulative trauma disorder (CTD). Theoeseered design (UCD) is a
method for designing ease of use into the total user experiatic@naducts. It focuses on the
requirements of a potential user from the product’s inception, andk<laceach step of the
design phase with these users to ensure satisfaction with thenferface design. The user-
centered approach puts user needs at the center of the design, invelgethrmighout the
design process, and has been proven to be very effective to enduitigyusafety, as well as
effectiveness of the interface. A typical iterative processlves a usability evaluation of the
current interface (if it is a new product, use similar oneshtifyeng customer/user needs by
interviewing them, conducting task analysis, setting up usabitiysg developing prototypes,
and conducting usability testing. Although almost all test bedshaile some interface design
issues, it is necessary to identify a few and focus on them slprihject, UCD approach will be
applied to the interface development of TB 4 (rescue robot) asaw¢lie Haptic interface for
TB1 (Excavator).
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In summary, the development of new fluid power technology will prowpeortunities and
changes in both operator and machine performance. In order to impeogfectiveness of the
system performance, it is necessary to study operator behavior and to modepevimanance.
Meanwhile, new features of machines will become feasitdse® on these new inputs, a user
centered design approach needs to be used to develop the human machine interface.

4. Achievements to Date
* Developed surveys for collecting user information
* Applied for Institutional Review Board (IRB) approval
» Conducted task analysis for rescue robot and excavator
» Developed prototype GUI interface for rescue robot
» Developed a preliminary Micro Saint based model for excavators
» Developing preliminary Jack models for excavators

5. Other Relevant Work
None

6. Plans for Next Year

Complete task network model for excavators

» Complete a digital human model for excavators

* Complete task network model for the rescue robot

» Develop a framework that integrates both cognitive and physicdehin a fluid power
system.

» Conduct usability testing on the prototype interface

» Develop trust model that can be used to investigate the operatointiuginan robotic
interaction.

7. Expected Milestones and Deliverables
* Human performance models for excavator -- End of year 2
* Human performance models for rescue robot -- End of year 2
* Framework to integrate cognitive and physical models -- End of year 2
* Trust model for human robotic interaction --- End of year 2

8. Member Company Benefits
Results of this project will be available to Center members.

9. Research Team

Project Leader: Jiang, X., ISE Department, NCA&T
Other Faculty: Park, E., Udoka, S., ISE Department, NCA&T
Post Doc(s): none

Graduate Students: Delpish, R., Boone, F., Lee, A., Benson, K., Hughes, K., Jenkins, Q.
Undergraduate StudentsJumper, F., Johns, S., Maddox, E.
Industrial Partner(s): John Deere Caterpillar
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3B-1: Passive Noise Control Opportunities in FluidPower

1. Statement of Project Goals
Develop compact, lightweight fluid power component designs with reduced noise and vibration
signatures as compared to existing technology.

2. Project’s Role in Support of the Strategic Plan

The project will attack the effectiveness barrier, by segkireans to reduce the vibration and
noise levels of fluid power systems. Noise (and associataatiin) is an identified barrier
within three of the four visions for the Center. The project wilkseovel means for passive
noise control, exploiting, for example, optimized spatially variabdgéenmal properties. Further,
lightweight, compact components such as envisioned in other projest gresent additional
challenges to traditional vibration and noise control approachemling the available material
and volume; such constraints therefore call out for novel approaches to noiseanitigati

3. Fundamental Research Barriers and Methodologies for Addressing The

The fundamental research barrier involves how to achieve signiffezisé reduction from
compact, high power density systems. Successful technologieslyakget for fluid power
noise control for the current generation of systems. But, to acliieVeRC’s goal of broadening
the application of fluid power will require performance beyond tlpalséities of these existing
technologies. Within the specifics of this project, the most sogmf challenge involves the
modeling of complex fluid-structure interactions where the &iracmay have intentional non-
linearities as well as spatially varying material prapertin this project, particular focus will be
paid to functionally graded materials, composites, and microvoided paymEne
methodologies for addressing the barriers include an incremgmuadaeh of increasing model
complexity in order to develop the lowest order model that achiameacceptable level of
prediction fidelity when compared to parallel experimental &ffoFor example, an in-line
dissipative silencer model is currently under development in whicHigisgative material also
exhibits nonlinear acoustic propagation. Nonlinear modeling technigeesuarently being
studied to address the issues both of modeling the material, andathgra proper coupling
interface between linear and nonlinear portions of the modeling domain.

4. Achievements to Date

A transmission loss model was developed for a silencer witrear dissipative material. By
assuming a high wavenumber and locally reacting materialsntduel allows the analytical
prediction of the acoustic impedance in the silencer section ofdtmMhe corresponding axial
wavenumber of the plane wave propagation mode, which are then useditb greustic losses
due to reflections and material dissipation. Extension of the modektoporate non-linear
materials (dispersive, amplitude-dependent loss factor, etc.) is a majsofoawrrent efforts.

A hydraulic test rig was designed and constructed for theesamrement of acoustic transmission
loss for two-port devices. It was designed and built accorditigetoecommendations presented
in 1ISO 15086, “Hydraulic fluid power — Determination of fluid-borne noiserattaristics of
components and systems” as well as recommendations in various lditdriature pertaining to
the method. Figure 1 presents a picture of the rig with a cooratgravailable silencer
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installed. Implementation of the rig and its associated data sitgoiand processing system
supported the activities of an REU undergraduate student who is contmtiintdpe project for
additional semesters (and for course credit).

-

=

Figure 1: Hydraulic transmission loss test rig (rotated)

5. Other Relevant Work

There is a great deal of prior art within this field, and on-gafigrts. The most extensive
program is at the University of Bath’s Centre for Power Trassion and Motion Control,
directed by Prof. Edge. Recent work there has consideregk amintrol methods for noise
suppression; the active control approach is not considered to be divithttythe scope of 3B-
1.

6. Plans for Next Year

The coming year should see the completion of Transmission Lossmpanfoe testing of both a
commercial off-the-shelf silencer and a prototype voided-polymencgr. In addition, the
design and modeling capability developed for the voided polymer silenit®e integrated into

a generic optimization tool for purposes of design refinement.

7. Expected Milestones and Deliverables

911

orthosis muffler, accumulator
9/08

Prototype microvoided muffler 91
9/09 sUV muffler, accymulator
9/07 9/08 Pump design 9/
Coupled optimization modeling Accumulator design 7 Component noige|data

—___ ) ) )

1/07 1/08 1/09 1/10 111

9/07
Test rig

Year 2:

Implementation of accumulator and muffler models within optimizer

Analysis, design, fabrication and testing of microvoided polymer muffler

Deliverable: Optimal designs for accumulator, microvoided polymmerffler design and
prototype

Project Completion: Year 5:

Deliverables:

Optimized designs and design guidelines for pump, accumulator, and mufflerfuiense
Prototype of low noise pump, accumulator, and muffler/tube segment

Performance data on pump, accumulator, and muffler/tube segment
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8. Member Company Benefits

The benefit of this project to the member companies include the potential for aleenuse
control approaches for existing applications, as well as demonstrated medris\te aoise
control in the new applications developed by the ER@ metric for successisthereduction
in the radiated sound power for an optimized component as compared to the industry norm for
such a component of the samerating (or, for a comparable prototype fabricated of
homogenous materials).

9. Research Team
Project Leader: Kenneth A. Cunefare, Mechanical Engineering, Georgia Tech

Graduate Students: Ken Marek, Nicholas Earnhart
Undergraduate Students: John Giglio

Industrial Champion: Mike Tonyan, Bosch-Rexroth
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Project 3.B.2: Active Control of Hydraulic Pump Noise

1. Statement of Project Goals

Cantrol Fluid Flow

The project goal is to reduce acoustic noise
emissions in variable displacement, axial piston el
hydraulic pumps through the use of active noise i euce
and vibration control methods. Control of swash
plate vibrations using dynamic actuation will

first be considered. The swash plate contrdl
actuator will be used for steady-state pump
conditions to actively cancel low order

harmonics of the pump’s total noise emissions.
Piezoelectric actuators will be used for the
control of high frequency harmonics. The active control of pregausations in the fluid lines
will then be investigated. The contribution of the swash plate vibratmribe total noise
emissions of a piston pump will be understood and quantified through Imotitaons and
measurements.

Moise Cancealling
Signal

CILIT

ACTIVE CONTROL
PROCESSOR

Tank

2. Project Role in Support of Strategic Plan

The project will address the issue of hydraulic, axial piston pooge emissions. The pump is
the primary noise source in most hydraulic systems. One s@gmtifcomponent of the radiated
noise is the vibration of the pump casing driven by the fluctudtinges produced by the
rotating piston group on the swash plate. Reduction of vibration transmission to thegsimgp c
will result in a quieter pump and enable implementation of the pumapa wider array of
applications. Reduction of the pressure pulsations in hydraulic iBnakso important since
sound radiation from hoses can be a significant contributor in some applications.

3. Discussion of fundamental research barriers and methodologies ustedaddress them.

The largest barrier for the success of this project is liléyafor the active noise reduction
method to achieve control over a sufficiently broad range of frequencisctive control
methods usually work best for frequencies below 1000 Hz; howevehutin@n ear is most
sensitive at around 3 kHz. Active noise control methods need to be impengghossibly
supplemented with passive methods in order to achieve significant nedisetion. Electro-
hydraulic actuation systems are not typically designed to @patdhe high frequencies at which
pumps vibrate. Fast actuation is possible at low servo valve fltag ta achieve small
displacement amplitudes of the control piston. The bandwidth of somé¢oastagailable today
is around 300 Hz. Upon verification of the concepts in a few pump testtbedstegration of
piezoelectric actuators will be considered to provide a largadviadth for greater noise
reduction at higher frequency. Many sensors and actuators (i.e. dozens) williée tzeeontrol
the higher order modes of the pump structure at high frequencies. thhdn® provide the
active control feedback signals to the actuators indirectly is needsten&ic measurements of
the transfer functions between each element in the signal elndi the actuation signals are
needed, from which a robust active control scheme can be designed. Aahdie pump
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control system including the vibration effects of the swash plaiment is needed to optimize
the number and location of the sensors and actuators needed.

4. Achievements in the Past Year

A model of an electro-hydraulic displacement control systemdesasloped which accounts for
the vibration effects on the swash plate due to the moment about thstand the flow of the

hydraulic fluid through the valve orifice needed for actuation. Therdigsaof the system were
captured for any operating condition. Active control techniques tested in simulations. A

hydraulic pump test bed was built and instrumented to measure tleeandivibration response
of a pump over a range of operating conditions. The effect of astiash plate control

actuation on pump vibration was quantified, and the authority of the swatshagtuator on the
vibration response was assessed. Correlations between commandr aottggn and swash

plate response were established over a number of operating conditions.

5. Other Relevant Work

A passive muffler system to attenuate the propagation of soundraotlisal waves in hydraulic
hoses is developed. A model for the vibrations of the hoses treasbdlsis used for design.
Periodic inclusions with varying properties were designed taterstop bands at the excitation
frequencies of interest. Experimental verification is pending.

6. Plans for Next Year

Continue to investigate active control methods and design a digitalolter which can be
implemented into the pump control system. Quantify operational esqgeirts to improve
control system operational bandwidth; design and implement a superior systentest tieel.

7. Expected milestones and deliverables

. 2007 | 2008 | 2009 | 2010 | 2011
ID Task Name Start Finish 3] a4|a1]ez]as]es]er]ez]as]a4|ar]az] as] 4| e1] e] as[as]ar]ez[as]as
. 07/03/ 12/15/
1 [State of the Art Review s o00c
Swash Plate Control Modeling and 09/15/ 09/14/
Bl simuiation 2006 ppp7 | E—
Pump Test Rig Setup, Baseline 02/01/ 11/15/
3 Measurements 2007 2007
Design and Simulation of Active 10/01/ 05/30/
4 | Controller 2007 | 2008 —
. . 05/01/ 01/01/
5 |Implementation of Active Controller 2008 2009 [ ]
Active controller optimization and 1117/ 07/31/
6 repeat measurements 2008 2009  —
7 Valve and Control Actuator Design, 09/10/ 05/25/
|
Sensor Improvements 2008 2010
Integrate active noise control solution
8 |along with passive methods into ERC ey wiliesy
2010 2012
test bed

8. Member Company Benefits
The goal of this project is to reduce pump noise emissions, a prajgem in fluid power. All
reports and publications will be made available to Center members.
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9. Research Team

Project Leader:
Other Faculty:
Graduate Student:

Industrial Participants:

Luc Mongeau, Mechanical Engineering, Purdue University

Monika Ivantysynova, Mechanical Engineering, Purdue rSityve
Jeffrey Peters

Parker Hannifin Corp., Eaton, MTS, Caterpillar.
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Project 3C: Simulation of Cavitation and Noise in Fuid Power

1. Statement of Project Goals

The goal of this project is to develop and apply new computatioak to enable the study and
control of cavitation noise in fluid power components. High-fideldygé eddy simulation
(LES) is the computational method being employed here and laser-based diagspstifically
particle imaging velocimetry (PIV), along with fiber-optizobes and piezo-electric pressure
transducers are to be used to make detailed flow, void fractiod, dynamic pressure
measurements in venturi-type flow passages.

2. Project’s Role in Support of the Strategic Plan

This project fits into the overall strategic plan of the ERGh& design and development of next
generation fluid-power components that are both compact and effigiévolve, in the case
of valves and pumps for example, higher flow rates and potentially camtation and noise
related problems. In addition, the use of commercial CFD codesoideling axial piston pumps
creates a direct link with industry and also with other projects and test beds RGhe E

3. Fundamental Research Barriers and Methodologies for Addressing The

Cavitation is a two phase phenomenon that occurs on two different. [€heldirst, sometimes
called pseudo-cavitation, is when dissolved air comes out of solutiosetimnd, sometimes
referred to as vapor cavitation, is when the pressure drops belaapbe pressure of the fluid
and it effectively boils. The two phases have significant denssfyadiy creating an extremely
stiff equation of state that necessitates a very small time step. Tibhetalibmbine both effects
and spatially and temporally differentiate between the two miakesn intricate and complex
system. As a first attempt, one of the two processedwilissumed to dominate so the other is
neglected. Furthermore modeling the intricate geometry in a psiop requires a complex and
dynamic grid.

4. Achievements to Date

Since January 2007 significant progress has been made on both the comgutatd
experimental fronts. On the computational front, an in-house commahtieroacoustics code
based on the LES technique has been converted to a computational dtwstioaccode for
cavitation noise studies. A homogeneous equilibrium based cavitationl rhadebeen
implemented and tested which involves solving an additional transportaqtatvoid fraction
with source terms for condensation and vaporization. A two-phase eqoatstate has been
added to specify the pressure-density relationship for cavitatme flinitial two-dimensional
computations showed that the code was able to capture transierdticaviévents and in
particular the influence of vapor formation on flow and vortical dynamics.
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Since April 2007, the focus has been to extend these preliminary sonsleo three-dimensions
and move closer to making quantitative comparisons to previously publishedneental data
in the open literature. Preliminary results for the 3D LESawitation in a venture were very
encouraging in that they highlighted for the first time the iehiy complex 3D vortical
structure associated with cavitating internal flows. Ithis tontrol of these vortical structures
that we hope to exploit in our future studies as a means to coatrthtoon either passively
through geometric changes or actively through flow modification. rnst recent simulations
are for a Reynolds number of 20,000 (significantly less than the mqudjias we are currently
planning to implement a near-wall model to allow us to run at higher Reynolds rsucidsar to
the experiment. We have also obtained some preliminary on active control dfi@agkteowing
how through wall transpiration (blowing and suction) we can modifydts amount of vapor
associated with the cavitation process in this flow.

Another aspect of the computational modeling work involves the use ofraeraial CFD code,

namely FLUENT, to develop and test a 3D model of flow and dawitéan a 9-piston industrial

axial piston pump. Modeling this pump represents a very challerggogetry and grid

generation process involving rotating and reciprocating meshesheAiresent time, we have
successfully developed this model and conducted a complete set aitations for this pump.

We have validated the in-cylinder pressure dynamics through taiaseti comparisons to
previous hydrostatic simulations and experimental data and showleexcafjreement. By
examining graphical output from this simulation, including animationsheyee to provide a

clear description of the main flow processes associated hgtltdomplex pump and specifically
focus on those flow features which are most likely responibledvitation. Future simulations
may involve parametric studies related to geometric changeduoereavitation and fluid-borne
noise.

Finally, we have made considerable progress on the design anditiabricf the experimental
facility for our laser-based measurements of venturi camitatirhe flow loop has been designed
and, most importantly, the test section has been completely desayfeedlitate optical access
for PIV measurements and also instrumented for local pressasgltiger measurements. The
rig was designed with versatility in mind to also allow ¥oid fraction measurements using a
fiber-optic probe and interchangeable nozzle geometries for imtraktigations into passive
and possibly active cavitation control. All custom parts are currently in thedéibri stage.
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5. Other Relevant Work

Professor Arndt at the University of Minnesota is developing an ldé® and testing it using
PIV and water flows around a hydrofoil. PIV alone however is not &bleapture dynamic
acoustic pressures or void fraction.

6. Plans for Next Year

The oil cavitation test rig will be assembled, operated and irexpdot ensure safety that
everything is working as expected. PIV and other measuring equipmilé be brought in and
installed to conduct the planned flow measurements.

7. Expected Milestones and Deliverables

= Testing/Validation of 2D LES code using water with results in open literat
FLUENT simulation of 9 piston axial piston pump using hydraulic oil
Operational oil cavitation test rig and local 2D velocity and void fraction memsunts
Preliminary results of 3D wall bounded LES simulations of cavitating water
Initial investigations into passive cavitation control

8. Member Company Benefits

The goal of this project is to generate and validate a CFD codecurately predict cavitation
and noise in hydraulic components such as valves and axial piston puraggioially
hydraulic components have been designed through trial and error. This@uded at curbing
the high costs associated with manufacturing and testing mydtipletypes by providing visual
insight to aid in design modification for improvement.

9. Research Team

Project Leader: Prof. Steven Frankel

Other Faculty: Prof. Steven Wereley

Graduate Students: Nagedra Dittakavi, Ph. D.
Dheeraj Saxena, Ph. D.
Jeffrey Dougan, M.S.

Industrial Partner(s):  Caterpillar, John Deere, MTS
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Project 3D: Leakage Reduction in Fluid Power Systas

1. Statement of Project Goals
The goal of this project is the development of realistic numeric
models of the seals used in fluid power systems, which would
capable of predicting the key seal performance characteristics
especially seal leakage and friction, and serve as design tools

2. Project Role in Support of Strategic Plan

The project will attack the effectiveness barrier by providing to
that will allow the development of seals that will eliminate or ‘_
substantially reduce leakage from fluid power components sug
actuators, valves and pumps.

3. Fundamental Research Barriers and Methodologies for Addressing The

This project will encompass the development of numerical models gssutiated computer
programs) of reciprocating seals (applicable to rod, piston and vadl® sed rotary seals
(applicable to pump seals), the validation of the models, and use ofdtlels to simulate
particular applications of interest. Previous models assumedlfalldbrication in the sealing
interface, greatly simplifying the problem but giving unreaisesults. In the present work,
realistic mixed lubrication is considered. For reciprocatindssea basic model will first be
developed. This will include analyses of the quasi steady staig mhechanics, contact
mechanics and deformation mechanics. The model will be validatedoimparison with
experimental results in the literature and obtained from industfi@aborators, and will be used
to simulate particular applications of interest. Then the bagdehwill be expanded to create an
enhanced model that takes account of transient and thermal effastenhanced model will be
validated and used in a simulation, as was done with the basic modebt&ry seals, only a
single model will be developed. This will include the same tygfeanalyses as in the basic
reciprocating seal model plus a thermal analysis.

4. Achievements to Date

Development of the basic model, including a thermal analysis, le@sdoenpleted. It has been
used to analyze several types of U-cup rod seals: double lip andnteselds have been
compared with single lip seals for an injection molding applicatianodg the results, it has
been found that the following features promote zero or reducedea&abe: small seal surface
roughness, small lubricating film thickness, a thicker film dunmsgroke than during outstroke,
cavitation during the outstroke, and no cavitation during the instroke. Rtpmiitests to
validate the model has begun.

5. Other Relevant Work

George Nikas at Imperial College has been developing modelgdoaliic seals for aircraft
brakes. But these are restricted to rectangular crossiseggometries and do not account for
mixed lubrication. The present project involves models that can besdgplia wide range of
geometries and take account of mixed lubrication.
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6. Plans for Next Year

During the next year, the basic model will be validated throughngeby an industrial partner.
The basic model will be applied to the analysis of additionalagalcations, including a step
seal. Development of the enhanced model will begin. Work on verly prgssure seal
technology will be carried out to the extent funding allows.

7. Expected Milestones and Deliverables
Milestones: see task endpoints on time line below.

Deliverables:
Report containing completed basic model of reciprocating seal ssatiated computer
program, validation of basic model and simulation of a particularagtian using the basic
model. — End of Year 2

Report containing completed enhanced model of reciprocatinguséalssociated computer
program, validation of basic model and simulation of a particularagtian using the basic
model. — End of Year 3

Interim report on the rotary seal development. — End of Year 4.
Final Report — End of Year 5

In between the above reports, publications on the work in progredsewitade available to
Center members.

year 1 year 2 year 3 year4 year5
Recip. seal basic model development XXXXXXXXXXXXXXXXX
Validation XXXXXXXXXXXKX
Simulation of application XXXXXXXXX
Recip. seal enhanced model development XXXXXXXXXXXX
Validation XXXXXXXX
Simulation of application XXXXXXXX
Rotary seal model development XXXXXXXXXXXXXXXXK
Validation XXXXXXX
Simulation of application XXXXXXX

8. Member Company Benefits
The goal of this project is to substantially reduce, if not cetepl eliminate, leakage, a major
problem in fluid power. All reports and publications will be available to Center member

9. Research Team

Project Leader: Prof. Richard F. Salant, Mechanical Engineering
Graduate Student: Bo Yang
Industrial Partners: Eaton Hydraulics, Trelleborg Sealing Solutions
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Test Bed 1: Excavator

1. Statement of Testbed Goals

Develop new system concepts based on throttle-less actuator teght@ldemonstrate fuel
savings and the improvement in performance and compactness for rg¢fee slector of
construction, agricultural and forestry machinery. The excavatbalsd be used to demonstrate
effective control strategies for complex multi actuator systand robot like machine functions.
This will include new human/machine interfaces, including those that provide Hagtitsmck,

2. Testbed’s Role in Support of Strategic Plan

This test bed supports the center first goal to achieve a drastic improvara#fidieéncy of

existing fluid power applications and to reduce petroleum consumption and pollution. The test
bed will be used demonstrating fuel savings by more efficient fluid powertactaehnology

and effective power machine management especially for large and highgmvigment. The
demonstrated new actuator technology will open new applications in both larghesajeduty
machinery and robots and in human scaled applications like surgery robots, or other portable
devices, where efficient and compact actuator technology is necessary.

3. Primary and secondary attributes to be demonstrated in testbed
The primary attributes to be demonstrated are efficiency improveméngsed by:
- different concepts of throttle less actuators
- new system architectures and energy recovery concepts
-  effective power management strategies
- advanced machine control concepts together with new effective human interfaces
- engineered fluids
- new sealing concepts for linear actuators
- drag reduction due to nano-surface texturing applied to hoses
- new generation of pumps and rotary motors based on advanced design of rotating group

Secondary attributes to be demonstrated include leak-free operation, noisemedact binary
on/off control approaches.

4. Achievements to Date

Full instrumentation of the test bed

Engine map measurement

Steady state measurements of drive pump

Steady state measurement of load sensing pump

Fuel and performance measurements on existing machine for defined operegng c
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5. Which projects are expected to deliver enabling technologies for integran in the TB?
Primary:

1A: Throttle-less Control and Regeneration for Fluid Power Systdmprovide the
actuator concepts including control, system architecture and power manageategy st
1B: Advanced surface design will provide the models and technologiefign of new
generation of pumps and motors, which will be used for displacenwritotied
actuators.

- 3A: An efficient multi-modal human interface will be developed anglé@mented into
the testbed in order to effectively interact with automatic control functions

- 1D: Hoses with modified surfaces using new developed nano-textughgidees for
drag reduction will be implemented into testbed and tested

- 1E: Fast on/off valve based actuator concepts will integrated and testedbfgoss
1G: Engineered Fluids will be tested in selected actuation systems ofthegltes

- fast responsiveness of valve controlled systems, and the efficiency of aevariabl

Secondary:

- 2D: Engineered materials will be integrated into the testbed if possible.

- 2E: An integrated design will be developed for implementation in the second phase

- 3B: Noise reduction techniques will be integrated into the testbed if possible.

- 3D: New sealing concepts will be implemented in selected compoé the excavator
and tested if possible.

6. Plans for Next Year
- Design modifications of machine structure for installation of displaceowerolled
actuators,
- Prototype installation of at least one displacement controlled actuator
- Modification of machine control
- Test and demonstration of haptic teleoperation

7. Expected Milestones and Deliverables

Year 2: - Modification of machine control, test and demonstration of haptic teldoperat
- Implementation of displacement controlled actuator for one machinéofunct

Year 3: - Test of machine with minimum one displacement controlled actwabhpieted.
-Fuel and performance measurement for modified machine

Year 4: - Design modifications to install multiple throttle-less actuatstems completed
- Sensor installation and test for power management and automatic machine control
- Test of machine using engineered fluids and nano-textured hoses

Year 5: - Displacement control of minimum two DOF
- Displacement control using on/off valve control
- Demonstration of advanced multi-modal human interface for teleoperation
- Fuel and performance measurements using defined operating cycle
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8. Anticipated Member Company Benefits

Introduce new technologies to heavy duty machines (constructiontryoaesl agriculture) and
establish new applications rescue robots, deep see robots, and surgery roluot8etcpbwer

9. Research Team

Testbed Leader: Monika Ivantysynova, Agricultural and Biological Engineering,
Mechanical Engineering, Purdue University

Other Faculty: Andrew Alleyne, UIUC
Wayne Book, ME, Georgia Tech
Perry Li, ME Minnesota
Eric Loth, AAE UIUC
Paul Michael, MSOI
Kim Stelson, ME Minnesota

Test bed manager/staff.Edat Arslan Kaya

Graduate Students: Joshua Zimmermann MS student (Purdue)

Undergraduate Najoua Jouini, Travis Brubaker, Jim Bartle
Students:

Industrial Partner(s):  Bobcat, Parker Hannifin Corp
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TB3: small Urban Vehicle (sUV)

1. Statement of Test Bed Goals

To develop a platform for demonstrating and integrating effi¢ightid fluid power power-train
technologies that are compact and lightweight enough to be suitabdenll passenger cars
setting, and that will enable major fuel savings.

2. Project Role in Support of Strategic PlanThis testbed directly supports the goal of the
center to develop and to migrate fluid power technologies to ppmsears segment so as to
enable major fuel savings and to reduce negative impact on threrenent. The passenger car
segment is targeted because of its large size. While hyaraytirid technologies have been
demonstrated for large vehicles, the stringent weight andceizgtraint of passenger cars will
require breakthrough in compact efficient fluid power concepts. TB&sdo determine and
focus research effort, and to integrate results from individual projects.

3. Fundamental Research Barriers and Methodologies for Addressing The

Major research challenges and projects that address these:

1) Determination of efficient power-train architecture — TB-3

2) Efficient hydraulic components and their controls (pump/motors and fluid) — 1B, 1E, 1G
3) Compact energy storage — 2C

4) Energy management strategy — 1A.1

5) Effective control strategy — TB 3

4. Achievements to Date

The first generation for the test bed is
to utilize the open mechanical structure
of a utility vehicle (a donated Polaris
Ranger) as a platform to implement:a
hydraulic hybrid train-train with Off- g
the-shelf components. This is @
elucidate operational and componeliga
performance requirements. A novel 4
hydro-mechanical hybrid architecture
(Fig. 2) with regeneration and
independent wheel torque control has
been chosen as the architecture for
detailed development and study.
Mechanical design is complete and a downsized diesel engine hasdia#ed. Manufacturing

and hydraulic implementation is near completion. Sensing and conttalinmentation is in

progress. In addition to implementing the hydro-mechanical aralmggctwith small

modifications, the design also allows other architectures (series anélp&odbe investigated as
well. Dynamic model for the vehicle with generic component modedsbiean developed and
control strategy identified.

66



5. Other Relevant Work
Hydraulic hybrid vehicles aimed at larger vehicle segmargdeing developed companies such
as Eaton and the EPA. University of Michigan also has a group working large hydedidies.

6. Plans for Next Year

As the construction of the vehicle platform completes, issues ofspreehicle control will be
tackled. Models of the actual components (engine and pump/motorshevidleveloped and
incorporated into vehicle model for efficiency prediction and optindmabf the operational
strategy. Experimental testing and modeling will determine hvhititical components’
performance affect overall performance, and where efforts are neeeorove them.
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Figure 8: Hydro-mechanical hybrid architecture

7. Expected Milestones and Deliverables

End of Year 2: Generation 1 vehicle drivable with power management

End of Year 3: Generation 1 vehicle modified with more efficient components

End of Year 4: On/off valve based controlled pump/motors demonstrated on Gen 1 vehicle.
Generation 2 vehicle design complete.

End of Year 5: Generation 2 vehicle with CCEFP developed efficient pump/motors

End of Year 6: Compact energy storage concepts implemented.

8. Member Company Benefits

Since hydraulic hybrid vehicles are potentially more power dests;effective and reliable
than electric hybrid vehicles, they are a competitive alterasitieey barriers are overcome. By
being involved, companies can benefits from new technologies assbowth these
breakthroughs.

9. Research Team

Project Leader: Prof. Perry Y Li, Mechanical Engineering

Other faculty Kim Stelson, Mechanical Engineering

Post-doctoral researcher Jim Van de Ven, Mechanical Engineering

Graduate Students: David Grandall, Justin Lapp, Jonathan Meyer, Michael Olson
Industrial Partners: Eaton, Gates, Sauer-Danfoss, Rohmax, Poclain
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Test Bed 4. Compact Rescue Crawler

Operator Interface Prototype (Georgia Tech) Six Legged Design (Vandeitt)

1. Statement of Project Goals

Develop and demonstrate a fluid-powered compact robot crawler with significaptigved
force, power, and energy capabilities relative to motor/battery-powersionvg and to
demonstrate intuitive, effective, and efficient human control of the multi-le ggtoked.

2. Project’s Role in Support of the Strategic Plan

The Center will both significantly improve existing fluid power applicatiang will introduce
new transformative approaches to fluid power technology. The primary role afstiied is to
concretely demonstrate the latter (the introduction of new transformativesapps to fluid
power). The testbed serves several of the Center’s “Key Strategis’ @eatated in the
strategic plan, including the development of “new to the world” transformatbamologies, the
potential jump-starting of new industries, and the goal of embracing the stewastisbciety.

3. Fundamental Research Barriers and Methodologies for Addressing The

Development includes several challenges, such as implementation-lmdard power, and
control of hot gas, which requires development of custom valves. Wibdr8es of freedom to
control in a chaotic disaster environment, effective operator inesfaith partial autonomy is
critical.

4. Achievements to Date

Generation one design has been completed, based on current chemofluidic approagygs-ront |
of generation one prototype have been fabricated and are being tested. Custom valves and
associated control electronics are currently being fabricated tsegisacan be thoroughly tested,
prior to full fabrication. Current plans are to demonstrate front legs with on-boses zaid
electronics, and complete fabrication of remaining legs. Year two onlesis the

demonstration of full generation one prototype with on-board valves. Operator irgerface
incorporating head tracking camera and helmet mounted display with audio and voice control,
and haptically controlled front legs have been implemented. For operator evalyaiootygpe

of two front legs manually controlled device with the rear legs replacadbgls has been

fielded. Refinement of the operator controls is underway. The options of the workatadi
interface design have been presented to NCAT for review and recommendations.
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5. Other Relevant Work

DARPA-funded “Big Dog” at Boston Dynamics. The compact rescaavler testbed is

expected to be considerably smaller and quieter than Big DogforAsperator interfaces,

forestry equipment currently manufactured has perhaps the largds¢nohdegrees of freedom
and is operated with high operator workload and after much operator training.

6. Plans for Next Year

» Complete fabrication and implement on-board electronics/control of aj@rerone
prototype.

» lllustrate teleoperated and semiautonomous control over the Intathdinmted sensing and
feedback modalities.

» Demonstrate self-powered operation for NSF review.

7. Expected Milestones and Deliverables
Year 1:

» Generation one prototype design completed, based on current chemofluidic approach.
* Most of generation one prototype fabricated.
» Teleoperation of multijoint function enabled over the Internet.

Year 2:

» Generation one prototype operational.

» Generation one prototype demonstration with rudimentary controller.

* Generation one user interface formulated and multiple functions apeiatver the
Internet.

» Limited sensory modalities and feedback functional with simple shared autonomy.

* Evaluation and critique of initial operator interface fielded ote@ged plus wheel
prototype

Year 5:
* Demonstration of advanced multi-modal human interface on generation one prototype.
» Generation two prototype completed, powered by centralized hot gasnaioe (2A)
and/or free piston engine (2B).

Year 10:
* Generation three prototype completed, demonstrating distributed hotagasmotor
powered throttle-less hydraulic actuation and control.
* Demonstration of advanced multi-modal human interface on generation two prototype.

8. Member Company Benefits

This testbed will introduce new technologies and industries to flovder industry. Improved
operator interfaces for existing multi degree of freedom devices witdeled.
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9. Research Team
Project Leaders:

Other Faculty:
Post Doc(s):
Graduate Students:

Undergraduate
Students:

Industrial Partner(s):

Professor Michael Goldfarb, Vanderbilt University and Professor
Wayne Book, Georgia Tech

James Huggins, (Research faculty), Georgia Tech

Haihong Zhu, Georgia Tech

Keith Wait, Ph.D. candidate, Vanderbilt University

Ryan Farris, Ph.D. candidate, Vanderbilt University

Brian Guerriero, MS Student, Georgia Tech

Reed Williams, Vanderbilt University

Trevor Stittleburg, Georgia Tech
Enfield Technologies, FESTO, Sentrinsic
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Test Bed 5: Fluid Power Hand Tools

1. Statement of Project Goals

The goal of this project is to develop a series of novel comnhamibindustrial hand tools that
enhance human capability and integrate at a systems level teghdelsgoped by the center to
prove technical feasibility. The hand tools demonstrate the advarddgempact, portable fluid

power for applications where the fluid power machine works coopenatnigh the user. The

hand tools are powered, portable and non-tethered. The specific goats @rove technical

feasibility of compact pneumatic power supplies and control of compieumatic haptic

interfaces.

2. Project’s Role in Support of the Strategic Plan

The key attributes of the hand tools are energy generation, eterggesand energy control, all
needed to implement a power tool that is small, light and eassetolrhese support the CCEFP
strategic plan to open new application solutions based on research from the cosspghoise

3. Fundamental Research Barriers and Methodologies for Addressing The

Research Barrier 1: compact pneumatic power supplies. Addresteusjoping miniature
pneumatic power supplies (Project 2.B.)

Research Barrier 2: compact energy storage. Address byodenme compact accumulators
(Project 2.C) and by integrating energy storage into the structure of t{@tojct **.)

Research Barrier 3: control of pneumatic haptic systenddress by developing stable
controllers for haptic systems that use pneumatic actuators (Project 3.A2.)

Research Barrier 4: intuitive user interfaces. Addressebgarching human factors of novel,
haptic hand tools (Project 3.A1, 3.A2.)

Research Barrier 5: system integration to prove technicalbiéty. Address through system
design, test and evaluation.

4. Achievements to Date

Development plans for the first two hand tools finalized. One towlrhenediate application, the
second is speculative. The first is a fluid power assisted tpatdfor trimming tree branches
with haptic interface. The tool shears wood with pneumatic askié the use feels a scaled
version of the cutting force through the haptic interface. @imergy required to cut through
branches of various sizes was measured through a seriepesfn@ants to determine power
supply and storage requirements for the tool. System design of thieakdlegun. The second
tool is a multi-agent tool to assist in manipulating awkwardyyeheet goods such as plate
glass and drywall. Each agent is a self-contained powered, pregtnait that can be clipped to
three corners of the load with the fourth corner handled by the Tiseragents are wirelessly
and cooperatively controlled so that the user feels a scaletitvesid rotary inertia of the actual
load. A single degree-of-freedom pneumatic haptic interfacesateefor a solo agent, has been
designed as part of project 3.A2 for the purpose of developing ahghaéng control algorithms.
An instrumented test stand for measuring parameters of pnelwseatavalves has been created
so that actual hardware and be used to parameterize mathematical simubalts m

5. Other Relevant Work
Development of mathematical models of pneumatic servovalves (see project 3.A2)
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6. Plans for Next Year

During the next year a preliminary prototype of the haptid yaol will be created. In addition,
a general approach and prototype design will be delivered for aptgrthe structural members
of a pneumatic tool where the structure carries the task loabigsalso a pressure vessel for
storing compressed air. The single agent pneumatic haptic loashgsavice will be
demonstrated and evaluated. A planar, two-agent load assist syditdra eesigned, built and
evaluated. The planar system will be designed to lift and tAilssystems will be powered by
shop air as usable results from Project 2.B are not expected until Year 3.

7. Expected Milestones and Deliverables

May 2008: Prototype, shop powered, haptic yard tool demonstration and evaluation report.
May 2008: Technical report on optimized structures that carry loads and pressure.

May 2008: Single degree-of-freedom haptic pneumatic device demonstratedramckieeport
created (same goal as 3.A2.)

August 2008: Planar, two-agent load assist system demonstrated.

December 2008: Hardware for prototype 3-agent system completed.

8. Member Company Benefits
The potential for new categories of hand tools are demonstrated@mber companies gaining
first look for prototype demonstrations and technical reports.

9. Research Team

Project Leader: Will Durfee, University of Minnesota
Other Faculty: Perry Li, University of Minnesota
Post Doc(s): N/A

Graduate Students: Peter Johnsoff tt2be named)
Undergraduate Kevin Wubben, Andrew Steevens
Students:

Industrial Partner(s): To be named
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Test Bed 6: Fluid Power Assistive Orthosis

1. Statement of Project Goals

This testbed will drive development of enabling and systems techeslrgm the thrust area
projects, and thus providetechnology pull with respect to center projects. The initial (five-year)
focus of this testbed will be the development of novel Ankle-Foot-Ceth@aFQ’s) for gait
stabilization. These orthoses assist the wearer by correctindegéations caused by weakness
or paralysis of muscle groups below the knee. The long term gaal dsvelop a series of
prototype devices that will incorporate different technologiesldped within this center. These
technologies will follow an evolutionary roadmap addressing the Highiesity aspects of the
overall testbed first and then integrating developments from otheercprajects over the
lifetime of the center.

2. Project’s Role in Support of the Strategic Plan

This testbed will severely stretch the center’'s capabiltbeprovide fluid power systems that
meet the specifications necessary for a wearable untetbygstsin. The designed systems must
be extremely compact, efficient and effective to avoid weajection of the unit. This testbed
will have high impact because of the number of people that couldfdxtea by advanced
orthoses.

3. Fundamental Research Barriers and Methodologies for Addressing The

The designed systems must be compact, efficient and effectaxim wearer rejection of the
unit. The design weight for current advanced carbon fiber AFO’s i©xippately 1 kg with a
total volume of approximately 10 émPrimary attributes to be demonstrated in this testbed are
extremely compact fluid power assistive systems for integrainto footprints of existing
orthoses. The weight and space constraints will drive technology inmovatdevelop systems
that can aid in gait stabilization using minimal power and minimal size.

To achieve these attributes, it will be essential to effelstiaddress the following four key
(PASS) design elements for each design verdRanver harvesting, generation, storage, and
application; Actuation mechanismsSensing and control; and&ructure and tightly integrated
overall system design

4. Achievements to Date

Design of our first device (V1.0) which uses a passive fluid-corttalystem to correct for a
swing phase gait impairment, i.e., toe drop, has been completed. Tlgs dess a pneumatic
power harvesting design, through a bellow embedded in the heel its@etuate a locking

mechanism which restricts ankle extension to prevent toe drop dwving. A passive artificial

leg (PAL) test fixture and treadmill were also constructed. FA& has articulating joints to
represent the knee, ankle, and toes. This test structure allolenici-top testing of preliminary
component designs. We are currently assembling components to produearablev V1.0

prototype.

We have also begun work on V2.0 and V3.0. For V2.0, we envision a device thiabtban

provide support for toe drop (locking), while controlling the descem@®fforefoot upon initial
stance and preventing foot slap (damping). We are currently igagst design requirements
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and the suitability of either pneumatic or hydraulic control. For Vi@® have accelerated our
entry on this design and are developing computer simulations ofiyealt pathological gait to
understand design requirements for providing active ankle extensor ttrgassist with
propulsion during late stance.

5. Other Relevant Work

Commercially available AFQO’s provide toe drop/foot slap assistamough solid or articulating
polypropylene, carbon-fiber composite, or traditional double upright ma¢signs. No
commercially available, untetheredlFO effectively mimics ankle extensor torque (competition
for V3.0). Currently all AFO’s with any actuation or power capts are tethered. These
devices are typically used in clinical or research rehaldlitasettings, i.e., robotic assistive
walking devices. Our designs (V1&2) will be superior to the cenoml AFO’s for toe drop and
foot slap as these will allow for greater ankle motion and tunabilitcontrol requirements. Our
plantarflexor torque assist design (V3.0) will be the only untethered powered.device

6. Plans for Next Year

» V1.0 Integrate components onto AFO frame to achieve wearable prototype.

» V2.0 Determine capability of new design. Identify functional design components.

» V3.0 Examine initial V3.0 hardware design and enhance interaction with {figand tools),
other center projects and investigators, and industry contacts.

» |dentify new and existing center projects to integrate widlstbed (areas include
miniaturization, materials, seals, compact power sources).

» Bring on post-doc to facilitate center and industrial liaisons,wai as push design
development of V3.0.

7. Expected Milestones and Deliverables

» V1.0 Deliver wearable prototype (5/30/08).

= V2.0 Determine new design requirements (12/31/07). Deliver test fixture prot@iae£Q08).

» V3.0 Determine basic power design requirements from experiments and somsilaiti
healthy/pathological gait (5/30/08). Examine and identify possible center teciasdioguse
with this design (5/30/08).

8. Member Company Benefits
Design requirements dictate the need for new technologiesthatturize current components
such as valves, cylinders, and motors. This work will spawn new market opportunities.

9. Research Team

Project Leader: Prof. Elizabeth Hsiao-Wecksler, MechSE UIUC

Other Faculty: Prof. Andrew Alleyne, MechSE UIUC; Prof. Eric Loth, AAE UIUC;
Prof. Will Durfee, ME Minnesota; Dr. Geza Kogler, Medicah8al
UI-Springfield

Graduate Students: Robin Chin, Scott Manwaring, Alex Shorter, Serena Tyson, Louis
DiBerardino

Undergrad Student: ~ Lauren Merry
Industrial Participants: Jason Thomas, Caterpillar; Jerry Zawada, Trelleborg
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EDUCATION / OUTREACH PROJECT SUMMARIES

Al: Interactive Exhibits
1. Statement of Project Goals
The purpose of this project is to create interesting exhitdtisdonvey the basic message of fluid power
as well as exhibits that highlight CCEFP research. Prototypeésxhibits developed and field-tested at
the Science Museum of Minnesota, an organization affiliateld thhid CCEFP, will serve as models for
dissemination to other science museums around the world.

2. Project’s Role in Support of the Strategic Plan

SMM will support CCEFP by developing products for public exhibitiornt thdl reach Minnesota
museum audiences and that can be replicated and/or adapted bydotaors and program leaders for
new audiences. These products will introduce public audiencés twohcepts behind fluid power and
the possibilities for future industrial and social applications of fhawer.

3. Fundamental Challenges and Solutions

Challenge: to interest museum visitors in what might seem to them &pmndaold technology.

Solution: focus on interesting and accessible new applicatiortdjghigapplications that address high-
profile physical, social, and economic problems; develop open-ended exhdditsllow visitors to
engage for longer and more deeply in investigation and experimenting.

Challenge: to get around the usual hydraulic problems of le#dtior, need for high pressures, invisible
flow. Solution: try to build exhibits that use water-based &aytic fluids and are leak-tolerant;
experiment with pneumatic systems where appropriate.

Challenge: to find off-the-shelf hardware that is the appropria¢f@izise in museum displays.

Solution: this is a hard one. CCEFP industry partners might htlpree is a convenient way to contact
them; it may be necessary to fabricate some parts intkeum machine shop (though this is expensive
and not always ideal);

4. Achievements to Date

SMM has pursued two approaches to date: working with senior undeaggamechanical engineering
classes to develop exhibit prototypes as capstone desiggttpraand building display prototypes in
SMM'’s exhibit shop.

Capstone Projects

In the spring semester, 2007, a team of six mechanical enggesitidents produced two exhibit
prototypes. One was an exhibit about a hydraulic scheme fonagiee braking in vehicles. The
second was a an exhibit that introduced two basic principlesiidf fhechanics — the use of fluids to
transmit force and the development of mechanical advantaqe

through coupling cylinders of different diameters. ; T 7] ’ l

Spring Semester, 2007

The Hydraulic Hybrid Car is a working model of how a hydra
hybrid car might work. In this exhibit, visitors turn a crawok
pump hydraulic fluid from a reservoir through hoses and valve
a hydraulic motor, which drives a car wheel.

After the wheel is going, visitors can press a button toebthk |
wheel. The brake button closes a valve, effectively turning
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wheel motor into a pump that pumps hydraulic fluid into a closesspre tank called an accumulator.
Our accumulator is pre-charged with 500 pounds/square inch of mitgage Incoming hydraulic fluid
pressurizes this gas more.

When the visitor wants to start the wheel going again, lehe@rcan press a button to reopen the brake
valve and open a valve that allows pressurized oil from ¢hanaulator to flow to the wheel motor. In
this way, energy gained from braking the wheel is reused tdeagtzethe wheel again. The hand crank
can also be used to pump hydraulic fluid into the accumulator lglireGhis could happen when the
power of a car engine isn't fully needed for accelerating the car.

The Hydraulic Lab (version 1) is an exhibit that shows twacb@eas behind fluid power. One side
shows that force can be transferred from one piston to anotheednys of a fluid — in one case air and
the other water. Both systems are used in industry. Airdsasrésistance but the transfer of motion is
spongy and is harder to control. Water (or oil) provides venjga@ontrol because it is incompressible.
As soon as one piston is moved, the other moves in response. Buthastmore inertia, SO more
starting and stopping energy is required. Also water is harder to push throrgyh todres and valves.

The second side of this exhibit shows the mechanical advahi@gesults when two pistons of different
sizes are coupled together. It consists of three pistonsrshavith a diameter of 2", the second with a
diameter of 47, and the third with a diameter of 8". A seofesne-way valves allow the smaller pistons
to be pumped up and down to raise the large piston with the stigditsven top. A valve at the side is
provided for visitors to let the big cylinder drain into the reservoir. Tharpressure relief (safety) valve
that opens when the big piston gets to the top of its cylinder and canany more.

Fall Semester, 2007
A team of seven students developed rough prototypes of twoitexh e >
The first is a pair of displays that introduces the us@ubse-width
modulation for control of electrical and fluid power loads. $heond is
an “experiment bench” that allows young visitors — especiallg girio
explore ways of controlling fluid-powered motion.

PWM Exhibits

The first of this pair of displays present. ™

two incandescent lamps. The brightness of one is controlledHsoatat
(variable resistor) while the brightness of the other isrotded by a
toothed wheel that, when spun, turns the current to the lamp on and off
rapidly. Two watt meters show the power consumed by each lamp whe
dimmed. Visitors can also feel the heat (energy) dissipbjedhe
rheostat when it is set to dim the lamp. [This exhibit need® seonk
before it will be ready to place on the museum exhibit floorvsitor

use.]

The second of these displays compares water flow from tieryeds. One is connected to a fast-acting
valve controlled by a toothed wheel that sends pulses of watarvertical water jet. The other is
connected to a throttle valve that controls the water flg&ventually, flow meters will show how much
water each jet is using.) Visitors will see that the P¥éDtrol achieves the same fluid flow rate but
provides more energy to the water, causing it to shoot higfiéhis exhibit needs considerable work
before it is ready to try on the museum exhibit floor.]

The Experiment Workbench allows visitors to pump water and @&iran accumulator and then use the
pressurized water to drive a model carousel, operate a pastdrgperate a model hydraulic elevator by
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using a three-way valve or a four-way spool valve. Quick-ahaogplings on the fluid-carrying hoses
allow visitors to experiment with fluid circuits. [Thighabit needs considerable work before it is ready
to try on the museum exhibit floor.]

SMM Project Work

SMM exhibit prototypers built several small models to showdflupwer components. One was a self-
sealing piston inside a glass cylinder. Another was ennaglator built out of a plastic coke bottle and a
balloon.

They are also working on a fluid transmission exhibit that cansikta variable displacement, hand-
cranked, pump connected to a pre-charged accumulator and a varialdeedigmt motor, which is
connected to a tire and wheel. In this exhibit, visitors mdjst the pump displacement to send
pressurized fluid to the accumulator and to the hydraulic motoper2ting on the setting of the motor
displacement, it will stay still, rotate the tire and whbackwards”, or rotate it forwards. Any fluid not
used by the motor collects in the accumulator. Once thes tginning, setting the motor displacement
to neutral will allow it to coast; or setting it to the oppedirection will brake the wheel, sending fluid
into the accumulator. This exhibit also has a transpasdimdrical reservoir’ visitors can observe the
fluid level fall in the reservoir as fluid is pumped into thecumulator. We have had some difficulty
finding a suitable off-the-shelf hydraulic motor due to the small sizéeaef®r a hand-cranked system.

5. Other Relevant Work

6. Plans for Next Year

SMM prototypers will complete prototyping work on the fluid transsion exhibit and test it with
visitors. Prototypers will develop the two rough (student-gesl) PWD exhibits until they are stable
enough to be tested with visitors and left on the museum exhibit fivar will also analyze the fluid
power lab workbench and develop a practical water-based wetdattype for testing with visitors.
SMM prototypers will develop a new fluid power centerpiece ekfait will allow visitors to feel the
mechanical advantage between two pistons of different sized &M approach Hennepin County
Technical College to see if students might be interesteduildifg a visible, working, variable-
displacement pump for display at the museum. SMM will alsoutbmsth CCEFP leaders to select a
different thrust to explore through a fall semester (2008) capslesign course. And SMM prototypers
and graphic designers will support the Fluid Power Youth Team in tredogenent and production of a
small CCEFP display.

7. Expected Milestones and Deliverable8y the end of 2008, a nucleus of four interactive exhibits plus
a panel display about CCEFP will be on the Science Museum of Minnesokit Ekbr.

8. Member Company Benefits - NA

9. Research Team

Project Leader: J. Newlin

Other Personnel: Forrest Price, Richard Gagnon

Post Doc(s):

Graduate Students:

Undergraduate Students: Spring '07: Aaron Gendler, Jeremiah Jones, Cory Miller,
John Pogatschnik, Ryan Schmuck, Ben Thompson
Fall '07: Andy Chesla, Robert Dahlstrom, Shelley Fabry,
Nathan Jones, Jack Petty, Anna Pieper, Alex Stoetz

Industrial Partner(s): Eaton
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Project A.2 Fluid Power Youth Science Team

1. Project Goals

The Fluid Power Youth Science Team is a group of 10 high school sophaandrgsiiors from
St. Paul public schools employed through the Youth Science Center 8tience Museum of
Minnesota. The Youth Science Center is both a youth employmeniy@uth development
program designed to engage underrepresented middle to high school stu8diEMiiScience
Technology Engineering and Math) learning through museum work. THe gb#he Fluid
Power Youth Science Team are to develop hands-on fluid power asttaitiest with visitors in
the museum galleries and teach K-12 groups at outreachrsikegding schools as well as after-
school centers. In addition, the Fluid Power Team will design and co-fataicatehibit display
with assistance from Science Museum of Minnesota Exhibit§ Isiglilighting the research
projects and applications in the CCEFP. The third goal is terfoslationships between youth,
Science Museum of Minnesota staff, volunteers, the University of Minnesota, andPCCEF

2. Project’s Role in Support of the Strategic Plan

The mission of the Education and Outreach Program of the NSErdentCCEFP includes
educating the general public, integrating current reseanclinfis into education, and actively
recruiting and retaining a diversity of students in fluid powseaech and industry. The Fluid
Power Team was recruited in October 2007 and is
composed of a diversity of students including girls,
economically disadvantaged youth, and youth of color.
Many of these youth are exploring the field of mechanical
engineering for the first time and already have expressed
interest in pursuing careers in this field. The hands-on fluid
power activities they are creating will be used on
outreaches and in the Science Museum of Minnesota
galleries to educate the general public about fluid power

Fluid Power Youth Science Team and its applications. Once the youth complete the exhibit

explores the concept of an | display in collaboration with Science Museum staff, the

f‘OCC“m“'ator through designing a fluid ey hjpjt will serve to disseminate the researh and
y applications of the CCEFP to the general public.

3. Fundamental Challenges and Solutions

A potential fundamental challenge for the Fluid Power Team is olewg successful

partnerships with researchers so youth can gather stories aboyidiugd research topics. To
overcome this challenge, 1-2 key contacts in the network of oksarwill be established and
with clearly communicated expectations for researcher comenttmAnother potential

challenges disseminating the fluid power activities and findingheofluid Power Team with
the CCEFP network. The solution is to update contacts within the Ca&if®erk regularly and

disseminate findings to future Youth Science Center teams to conhiaumuth team’s work

after the program ends in the summer of 2009.
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4. Achievements to Date

Four hands-on fluid power activities have been created to date. Jthachivity is an air cannon
exploring the concept of air as a fluid and how it is compressibfhe second is a fluid theater
exploring the concept of the compressibility and motion of wateraandsing syringes and
tubing. The third is taking apart and building fluid toys to exgptbe concept of an accumulator
(Figure 1). The fourth is using Lego pneumatic kits to crelmeators and dentist chairs to
explore fluid power systems and circuits.

The Fluid Power Team also collaborated with another Youth ScieanéeiCteam, Learning
Places, to do an activity critique (Figure 2). Each team membedl tbstactivities and recorded
both positive remarks and constructive criticism and discussed waygpaiving each project.
The Fluid Power Youth Team is currently reviewing and improving their prd@ctaitreaches.

5. Other Relevant Work

The Fluid Power Team connected with Exhibits staff on a touhefBxhibit Shop to begin
thinking about future fluid power activities and applications as vgetha exhibit display. The
team also worked with Learning Places to create straw tcke activity designed by a
previous Youth Science Center team called Make It using &utech a straw rocket at a target.
Since Learning Places students have worked with youth in the congrbefutre, they discussed
the positive aspects and challenges when working with visitors and kids on outreaches

6. Plans for Next Year
Outreaches in the Science Museum and community will begin in Jantiarget Kids day on
January 12 is an event at the Science Museum designed to invite 2,000dedsige 12 with an
adult to the museum. The Fluid Power Team in collaboration with ¥ihath Science Center
teams will help museum visitors make straw rockets and explore fluid porwegh the use of a
fan to make objects fly and float. Other outreaches will inclidd power activities like air
cannons and fluid toys to teach kids about fluid power at museum msagnoetls, community
centers, and Seniors and Students in Science Day with Burnsville elemehtaolgs

!‘ b &
The Fluid Power team will also begin fieldtrips to vario - :
sites. Potential sites include the University of Minnes
engineering research labs, Bonfe’s auto shop, and §
Dam (Mississippi Lock and Dam No. 1). They wi
document their trips and interview researchers to §
brainstorming content for new fluid power activities a
the exhibit display.

7. Expected Milestones and Deliverables
By January, the Fluid Power Team will have completeBuid Power Youth Science Team
four projects to use in outreaches. They will stagollaborates with Learning Places Team to

working with museum visitors and on outreaches in tHESCUSs ways to improve fluid theater

community bimonthly. Over the next 6 months, the tealty Y-
will modify their current 4 projects and create 4 more agtwit By the end of the winter 2008,
students will have started researching, planning, and developingladssplay on CCEFP by

interviewing researchers and professionals in fluid power and workthgexhibits staff. In the
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winter of 2009, students will have implemented an update to the CCEFP floor dispetaried
testing Project Lead the Way kit components with museum visitar&ids on outreaches. The
team will wrap up in the summer of 2009.

8. Member Company Benefits

The Fluid Power Team provides a youth employment and development expeioe youth in
the Youth Science Center at the Science Museum of Minnesota.dé&helpp an understanding
and appreciation for the field mechanical engineering and conmeetsearchers in the field.
Also, they gain an appreciation for engineering applications and providetwptes to share
fluid power content with community partners and visitors through developamehtesting of
fluid power activities.

Research Team

Project Leader: Rachel Gates

Other Personnel: Kristen Murray (education advisor), J. Newlin éerdieader of
Exhibit Team)

Post Doc(s):

Graduate Students:

Undergraduate

Students:

Industrial Partner(s):
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Project A.3 Public Television Video

1. Statement of Project Goals

Two videos will be produced by Twin Cities Public Television (T,Pdie introducing fluid
power to the general public, and the other showing the advantages ofeeingiareers in fluid
power.

2. Project’s Role in Support of the Strategic Plan
The project supports the goals of improving public understanding of fluigmamd increasing
the size of the fluid power engineering workforce.

3. Fundamental Challenges and Solutions
The main challenge is to create compelling videos with no naraatt a limited budget and
time.

4. Achievements to Date
Fundraising began in spring of 2007. Funding
was a shared responsibility of CCEFP, NFRA__
and other national fluid power organizationg.\
Planning was begun in the summer of 20(
Beginning in September 2007, video clips welSe—
obtained from CCEFP and NFPA members &
international sources. Filming was conducted
October 2007, and a rough cut of both vide@S™ =
was created in December 2007.

>

5. Other Relevant Work
No current videos on fluid power for the general public or engineatdgnces exist, although
the History Channel has produced a video on the history of fluid power.

6. Plans for Next Year

The video will be completed and broadcast in the Twin Cities. lItbgiimade available to other
public television stations around the country. A campaign to solicit additbroadcasts in other
cities will be launched. The videos will be available on DVD. Arilistion plan to maximize
distribution to appropriate audiences will be created and executed.

7. Expected Milestones and Deliverables

Videos completed (Feb. 2008). Broadcast in the Twin Cities (April 2@D3R shown at IFPE
(March 2008) and CCEFP Annual Meeting (May 2008). Further broadcasther cities
(summer and fall of 2008). DVD distribution plan developed (Spring 2008).

8. Member Company Benefits

The copyright for the videos is owned by the CCEFP, NFPA and othienalafluid power
organizations. This will allow broad distribution by NFPA and CCEFmiver companies to
promote fluid power understanding and development of the fluid power workforce.
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9. Research Team
Project Leader: Kim Stelson

Other Personnel: Stephanie Bettermann, Perry Li, Andrew Alleyne, Wayne Book,
Monika Ivantysynova

Post Doc(s):
Graduate Students: Serena Tyson, Caleb Sancken and others (bit parts).

Undergraduate
Students:

Industrial Partner(s):  NFPA (Eric Lanke, Tammy Molter), TPT (Tom Trow, Mark Fisher),
many companies provided video clips
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Project A.4 Information Repository

1. Statement of Project Goals

The goal of this project is for the CCEFP web site to be a leading repositafgrofation on

fluid power. Examples of information to be included are: information and archived ptesenta
on CCEFP research, REU reports, RET curriculum, K-12 classroom visit cumicliriks to

fluid power tutorials, world list of fluid power degree granting institutions, listnafergraduate
and graduate fluid power courses in the U.S., professional training courses, fluid powsy vide
and more.

2. Project’s Role in Support of the Strategic Plan

This project will collect and disseminate information pertinentht fluid power industry on
behalf of industry, academia and the public sector such as K-12tiostst and teachers to
public educators such as a science museum.

3. Fundamental Challenges and Solutions

To determine, search, collect and properly distribute informatigmines time and an on-going
attention to new information, old information, continually updating thstiegy information. A
SLC representative is appointed to assist in this effort andniataon will be collected, revised,
updated regularly by way of requests to those in the fluid power mydtts¢ CCEFP faculty and
students, and the feedback by the audience.

4. Achievements to Date
A draft of the information repository has been created ana ithe review process. This
information will be posted on the CCEFP website under the (to be determined) link ité.the s

5. Other Relevant Work
N/A

6. Plans for Next Year
To complete the information repository and post electronically.

7. Expected Milestones and Deliverables
Expected post date: June 2008

8. Member Company Benefits
Full access to information supported in the information repository.
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9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director
Other Personnel:

Post Doc(s):

Graduate Students: SLC Representative

Undergraduate
Students:

Industrial Partner(s):
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Project B.1 Project Lead The Way (PLTW)

1. Project Goals

In partnership with classroom teachers employed in schools @isidooss the country, PLTW
staff develop pre-engineering and engineering technology curridelustudents in middle- and
high schools. PLTW is an Affiliated Outreach Institution of théBEP. The National Fluid
Power Association (NFPA), also a CCEFP Affiliated Outreaastitution, has funded the
development of revised and added fluid power content in several PLT\WWesolWFPA and
PLTW, together with the CCEFP, form a three-way partnershighisrproject. Content and
curriculum developed through this partnership is leading students, teaaid counselors
engaged in PLTW to a better understanding of the basics of fluidrpewsienology and its
cutting-edge applications, guided by subject matter expertstfrerituid power industry and the
CCEFP.

2. Project’s Role in Support of the Strategic Plan

Facilitation of knowledge transfer is central to the CCEFPa&teyy. So is its focus on programs
that capitalize on existing, broadly distributed education and ottne@tworks to maximize
program impact. The PLTW program within CCEFP supports thesteg@s by bringing
together three strong partners: the CCEFP; industry as remeédsniNFPA, the leading trade
association for the fluid power industry; and Project Lead The Wiay*its established national
base of support.

3. Fundamental Challenges and Solutions

Each organization in this three-way partnership shares in goa&srich STEM-related
experiences among many students. In finding ways to work togethechieve these
goals, each partner needed to chart “new waters.” These efferts facilitated by
approaching this project on a task-by-task basis, forming smalpg to meet and/or
communicate via e-mail in order to share content, evaluate progress, and make plans.
Writing the caliber of curriculum expected by PLTW is iseif a challenge, made more
difficult in this case since fluid power technology is not broadly tstded outside of its
own industry base. A task force of industry and CCEFP represastdias and will
continue to help PLTW'’s curriculum writers to focus on key fluid powasics and
review new course material for accuracy and currency.

As programs of the CCEFP develop, it is important to find wayspfdyaCenter
resources in meeting PLTW needs and interests. Effective communicatiaruesriv be
key here as PLTW sees how other of the Center's Education arehCufProjects (e.g.,
A,3, Public Television Video; B.3, Fluid Power Demonstration Curriculamg B.4,
RET Program) can provide value and opportunities to its activities.

As noted above, understanding of fluid power technology and applications is not
widespread. Partners in this program, particularly PLTW and tG&FRP, see the
potential for facilitating knowledge transfer—from the Centeulgjsct matter experts to
the PTLW teacher base. With the potential clearly evident,Wland CCEFP are
exploring how the Center faculty can contribute to sessions at PL@&&her Training
Institutes held on college campuses during the summer and througte sadources at
the PLTW website.
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4. Achievements to Date

A strategy to engage subject matter experts from the Cantkindustry in reviewing
PLTW curricular materials, as they relate to fluid power, lbeen tested and is in place.
In response to these reviews, PLTW has/will act on task force recommendations
Immediate impact: One lesson and one project in PLTW’s Introduaidngineering
Design and one lesson and one project in its Engineering Desigav&ldpment class
are in place (the former in 1400 schools, with 2 sections per sclaui, with 25
students, and the latter in 315 schools, 1 section per school, each with 25 students).
In development this year: lessons and projects in the Introductiongiodening Design
and Principles of Engineering classes at the high school levelthen&cience and
Technology unit for middle school.

Next steps are underway in engaging CCEFP faculty in PLT&scher Training
Institutes at the Milwaukee School of Engineering, Universify Minnesota and
University of lllinois-Urbana/Champaign campuses. Sessions on fluid rpmag be
taped for viewing at other PLTW Teacher Training Instit@ed at the PLTW website.
Tapes would include presentations as well as field trips to tsevidere fluid power
research is being conducted through the Center.

PLTW will work with CCEFP in recruiting its teachers for tGenter's RET program in
summer 2008.

PLTW will share the “Meet an Engineer” student profiles postethe CCEFP website
among its many audiences. These profiles were created by studémesCCEFP in a
project led by the Center's Student Leadership Council. Whild eaanique, these
profiles offer insights into the interests, backgrounds and currentestietiearch of
Center undergraduates and graduates as well as their advidddie and high school
students concerning pursuing engineering as a field of study.

5. Other Relevant Work
PLTW is recommending other avenues (e.g., programs of other zaitjans) to the CCEFP for
maximizing the work and successes of the Center’s research, education eadmoutr

6. Plans for Next Year

Following the PLTW course review and revision schedule, additionatesware scheduled for
new and/or revised fluid power content. Assuming successful jpatimn in PLTW’s 2008
Teacher Training Institute, subject matter experts mawplde to play a larger role in these
institutes in 2009.

7. Expected Milestones and Deliverables:

New lessons and projects will be completed in the Principles ofn&smgng and
Engineering Design and Development classes in 2007-08 for broad tge RUTW in
2008-09.

PLTW will measure the impact of the new course content reldodihtid power that
was put into place beginning in the fall of 2007.

Interaction between the CCEFP, NFPA volunteers and PLTW will beimggn
reviewing and suggesting content for new classes. This intaracicludes the transfer
of knowledge gleaned from CCEFP research.
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» The CCEFP will participate in 2008 PLTW Teacher Training futi on campuses
which both host the institutes and serve as core Center schools (MABOE and
UMN).

e A minimum of four PLTW teachers will be engaged in the 2008 RET program.

8. Member Company Benefits
The fluid power industry is united in its concern about the futurat$otechnology and its

industry. Collectively and individually, the worry about who will be émgineering leaders and
technicians needed to take over the reins. The PLTW program, svi EM focus and with the
current and future inclusion of fluid power content, responds to that conceffeling a widely
regarded curriculum to a broad base of participants.

9. Research Team
CCEFP team members serve/will serve as subject matter expertS it P

Project Leader: Linda Western, Education Co-Director, CCEFP

Other Personnel: Alyssa Burger, Outreach Director; Will Durtegucation Co-
Director, CCEFP; Mike Gust, Industrial Collaboration and Transfer
Director, CCEFP

Post Doctoral Candidates: None

Graduate Students: None
Undergraduate Students: None
*Other participants: Not all PLTW participants will engagetlre units, lessons and

projects with fluid power content developed through this project.
However, the potential for impact can be estimated through
knowledge of overall PLTW program totals, as reported at their
website: states with PLTW programs = 50 plus the District
Columbia); total schools with PLTW programs = 2,200; total
teachers trained = 7,000; total counselors trained = 5,000; total
students enrolled in PLTW classes = 200,000; total number of
students who have experienced PLTW by taking at least one=class
250,000

Industrial Partners: All of industry will benefit from this SWIHocused program and
partnership.
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B.2 FIRST Robotics Teams

1. Statement of Project Goals

Create additional curricular material on pneumatics for use @ly school FIRST Robotics
teams. Two types of material are being developed: (1) web-lsedearning material for
students, and (2) workshop curriculum for delivery by mentors. Theigéal 100% of FIRST
Robotics teams to learn the basics of pneumatics and to atdeagder the use of pneumatics in
the design of their robot.

2. Project’s Role in Support of the Strategic Plan

FIRST Robotics involves over 30,000 high school students every year. Introgungnghatics
technology to FIRST teams leverages CCEFP’s ability to Htind power education to pre-
college students.

3. Fundamental Challenges and Solutions

Challenges: (1) development of audience-appropriate pneumasicsngr and workshop
materials, (2) dissemination to reach every one of the 1,500 Fi&8iis. Solutions: (1) pilot
testing of materials with FIRST teams local to CCER&ss(2) dissemination through member
companies and through FIRST web site.

4. Achievements to Date
Workshops for FIRST teams in Fall 2006 at G
and Fall 2007 at GT and UMN reaching about
students. A low-cost workshop kit was develop
with parts from McMaster-Carr and Grainge
Tutorial presentation introduced pneumatics g
CCEFP research. Students learned about pneu
components and the capability of controllg
pneumatics through hands-on activities. Feedb
from the students was generally positive
demonstrated new awareness of fluid po
possibilities for robotics.

5. Other Relevant Work

The CCEFP is sponsoring an all American Indian FIRST teanfjrthen the country. CCEFP
staff are on the planning committee for the Minnesota FIRSjioRal event, to be held at UMN
in March 2008.

6. Plans for Next Year

Revise and package the workshop curriculum and kits for workshop ddiye&2CEFP faculty
and students to local FIRST teams. Deliver workshop at all se@&fFE sites. Develop self-
learning tutorial material for posting on a web site. Developssessment plan to determine
whether the curriculum and workshops are increasing awarendsgdgidwer and increasing
the use of pneumatics in FIRST robots. Encourage CCEFP member caripaspensor a local
FIRST team.

88



7. Expected Milestones and Deliverables
Workshop materials ready for dissemination (June 2008). Workshops at GeFP sites
(December 2008). Tutorial web site (August 2008). Assessment mater@dsgatéJune 2008).

8. Member Company Benefits
Increased awareness of fluid power by high school students. Spors®iR&$T team connects
company to students and the local school system.

9. Project Team
Project Leader: W. Durfee (UMN)

Other Personnel: C. Paredis (GT)
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Project B.3 Hydraulic and Pneumatic Demonstration Kits

1. Statement of Project Goals

Hydraulic and pneumatic demonstration kits will be developed for K-42moms, with an
initial focus on middle and high schools. The kits can connect to RLHNRST Robotics,
Science Museum and other CCEFP activities.

2. Project’s Role in Support of the Strategic Plan

This project directly supports the CCEFP mission to "develop research inspihestyy practice
directed education for pre-college, university and practitioner stydentsitegrate research
findings into education; to educate the general public; and through aetveiting and
retention, to increase the diversity of students and practitiongreifluid power research and
industry"”.

Project B.3 specifically targets the fifth component of the ER@#n for education, to
"increase public and K-12 student awareness of the importance df ghwer, and the
excitement and possibilities that new technologies of the Center will bring".

3. Fundamental Challenges and Solutions

The fundamental challenges include 1) incorporating learning foecasedrch techniques to the
design of the kits and assessing the results, and 2) to designtkiteaximum usefulness while
not making them to complex and/or expensive.

The proposed solution is two-fold: one, to determine through backgroundcresedrliterature
reviews the best methodology, learning objectives, learning outcontegsaessment methods,
and two, to determine through background research and with help from 12 ag-hoc
committee, the optimal kit design to meet these objectives.

4. Achievements to Date

Since beginning this project in August, 2007, biweekly conference walle organized and
facilitated, minutes for each meeting were recorded, a suynaiaxisting pneumatic training
kits was developed, and two students from Purdue have been recruitedridependent study
from January-May, 2008, to help design the demonstration kit anttwdum. The ad-hoc
committee members included representatives from academia] FFREF, NFPA, PLTW, and
the Minnesota Science Museum.

5. Other Relevant Work

There is relevant work underway within the Center through the cotedire#forts the Education
Outreach Network of the Center, through similar educationaleacir activities at other
Engineering Research Centers in the United States, at séweéustrial partners who have
training programs, and at various Universities around the world wWegeeering education
research is underway.

6. Plans for Next Year
There will be two graduate students from Purdue taking an indepestiely class and
designing a demonstration kit and related curriculum. Although thésgtias are not part of
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this project or the ERC the results are related to the gbaifss project and will be shared with
interested members of the ERC.

7. Expected Milestones and Deliverables
* November 2007: Assessment of current hydraulic and pneumatic training kitbevail
for purchase.
* June 2008: Design of a pneumatic demonstration kit for high school students.
* August 2008: Development of a curriculum for the pneumatic demonstrator.
* September 2008: Integration of pneumatic kit and a curriculum suitable for PLTW.

8. Member Company Benefits

This project will directly benefit member companies involved lindf power by providing a
methodology and demonstration kits to capture the imagination of femgieeers, their future
workforce. All reports and publications will be available to Center members.

9. Research Team

Project Leader: Prof. John H. Lumkes Jr.
Graduate Students: Jose Garcia and John Mahrenholz
Industrial Partners: TBD
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B.4 Research Experiences for Teachers (RET)

1. Statement of Project Goals

To bring fluid power to pre-college students by immersing teacheCEFP research labs to
study and to develop research-inspired curriculum modules to briigtbatheir classroom.

Targeted teachers are those instructing PLTW program coungegaeulty in community

colleges that teach fluid power technology courses.

2. Project’s Role in Support of the Strategic Plan

The RET program brings research-inspired curriculum to high schatérgs and will increase
awareness about fluid power. PLTW teachers are targeted sedkatch-inspired ideas can be
brought to the fluid power curriculum being created by PLTW (Pr@eLt Significant training
of fluid power professionals occurs through the community collegeray$-luid power teachers
at community colleges are targeted to bring research-insgless ito traditional fluid power
technology training.

3. Fundamental Challenges and Solutions

Challenge: recruiting PLTW and community college teachers. SolutssnPLTW network and
community college contacts. Challenge: building a community among P&ticipants.
Solution: multiple teachers at selected CCEFP sites rather than ol af 8z seven sites.

4. Achievements to Date

Four teachers participated in the 2007 CCEFP RET program,réhdofi the Center. An RET
supplement was submitted but not funded and the 2007 RET program was @adgh tGenter

base funds. One teacher each was in CCEFP research labsNatRurdue, Vanderbilt and
Georgia Tech. While each project was valuable, expectations patheipants and coordination
among projects to develop a teacher community needed improving. Theeergpsifrom 2007

helped to define the RET program plan for 2008.

5. Other Relevant Work
None.

6. Plans for Next Year

A coherent, integrated plan for six RET participants in summer 2008 development.
Teachers will spend six weeks full time in the researohwigh appropriate days at the start for
orientation and at the end for developing curriculum. Expectations apdnsssilities for
participants will be clearly defined. There will be eitherethiteachers at two sites or two
teachers at three sites. Regular video conferencing sessitbnsewscheduled to link the
participants. Recruiting for summer 2008 will target PLTW teechéhile community college
teacher participation will start in summer 20009.

7. Expected Milestones and Deliverables

RET application materials on CCEFP web (January 2008). RET participant handboala{ebr
2008). Six teachers recruited (April 2008). Evaluation plan (April 2008).
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8. Member Company Benefits
High school students learn modern fluid power concepts through the aumicgveloped by

their teachers. Future employees receiving fluid power techingtaing at a community college
are exposed to cutting edge fluid power research.

9. Research Team
Project Leader: W. Durfee (UMN)

Other Personnel: CCEFP faculty hosting RET participants.

A. Burger (UMN), Program Coordinator
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C.1 Research Experiences for Undergraduates (REU)

1. Statement of Project Goals

Provide undergraduate engineering students with a significant suexperience in cutting
edge fluid power research. Students undertake a 10 week project undepé¢hdsgon of a
faculty mentor. The program includes professional development msiviRecruiting for REU
students targets a diverse audience.

2. Project’s Role in Support of the Strategic Plan

Students in engineering REU programs are far more likely tollenr graduate engineering
programs, often at the school that hosted the REU. By hosting an Rigtam, the CCEFP is
more likely to attract high quality prospective Masters and PiaDests to CCEFP research
projects who in turn go on to responsible positions in industry or to leepanfessors. Targeted
REU recruiting aimed at diverse student populations will increaseoverall diversity of
students and professionals in fluid power.

3. Fundamental Challenges and Solutions

Challenges: (1) recruiting a diverse REU cohort,
coordinating REU activities across the seven CCEFP s
Solutions: (1) recruit through LSAMP network and SLC tak
significant role in recruiting, (2) central recruiting of CCEF
REU students, common expectations for REU stude
introductory fluid power and CCEFP training at start of RE
experience.

4. Achievements to Date
Twenty-three REU students participated in summer 2007,
inaugural year for the CCEFP REU program. The distribut
was UMN: 4, UIUC: 3, Purdue: 3, Vanderbilt: 5, MSOE:
NCAT: 3, GTech: 3. None of the students were affiliated w
the CCEFP prior to their REU experience, although more t
we would have liked were students enrolled at the REU |
site. One student, hosted by UIUC, won first place in
undergraduate category of the poster competition at the C
Midwest Regional Space Grant Conference. While all stud
had significant research experiences, we were not satighéc
the students were sufficiently connected to their fellow R
students at other CCEFP sites or to the center as a w
While the students were talented academically, we were
satisfied with the diversity of the cohort.

5. Other Relevant Work
None.
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6. Plans for Next Year

The 2008 REU program will be significantly different than 2007. ArURd#te application was
submitted, but not funded so REU support will come from the core CCEFRtblrtfigrmation
on the 2008 program is posted on the CCEFP web site and brochures haveiriiedn Ar
recruiting schedule has been developed (see Project E.6) andingcactivities have been
active. The application deadline is February 15 because eadiirssaand early decision dates
are one way of getting the best students. The target size pfdgeam is 14 students, two per
CCEFP site. The center will fund additional students if requéstetde site. An REU handbook
for students and another handbook for faculty mentors will be developed sapkatations are
clear. An introductory training boot camp is under development. Revisethest mid-summer
and exit surveys, as well as long-term tracking of REU graduatesbeing developed for
formative and summative assessment. of the program. Detalt® REU program will follow
the plan described in the REU site application. A specific gdal iiscrease the diversity of the
REU pool, and particularly to increase the number women REU rdtuds the fluid power
profession is currently predominantly men.

7. Expected Milestones and Deliverables

Identify faculty advisors (March 2008). REU student and faculty advisor handbopkk (A
2008). Professional development workshops finalized (April 2008). REU acceptandendecis
(April 2008). Assessment methods and protocols (May 2008). Boot camp curriculum and
schedule (May 2008). Follow-up of 2008 participants (November 2008).

8. Member Company Benefits

Member companies can participate in projects as industry champlensber companies have
defined rights to IP generated by the project. Member compaatea first look at a bright,
diverse pool of students trained in fluid power who may become futteenior permanent
employees.

9. Research Team
Project Leader: W. Durfee (UMN)

Other Personnel: CCEFP faculty adivsing REU participants.
A. Burger (UMN), Program Coordinator
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C.2 Fluid Power Curriculum in Existing Undergraduate Courses

1. Statement of Project Goals

Insertion of fluid power into existing core mechanical engineedagiculum, specifically
targeting introductory system dynamics and introductory fluid nrecea&ourses taken by every
mechanical engineering student in the world. Methods include roget&tkt book material and
example problems tailored to the material being taught in tleecourse. The long range goal is
for every mechanical engineering student in the country to be exposed to fluid power.

2. Project’s Role in Support of the Strategic Plan

Consensus is that new departments and a four-year fluid power degrearealistic goals.
Insertion of fluid power into standard engineering courses is notamflevable but also the
most direct route towards increasing the number of enginedrtidgrds trained in the basics of
fluid power.

3. Fundamental Challenges and Solutions
Challenge: dissemination of curricular material beyond CCEFRersifies. Solution: Adoption
by CCEFP universities and a vigorous dissemination plan.

4. Achievements to Date

A fluid power section has been inserted into ME 32" ' ﬁ = TN
System Dynamics and Control, the introductg A emirget o b prs
system dynamics course at the University E s e St
Minnesota. The unit consists of several lectures ar| 'H ‘ll

problem set. It has been delivered three times| [  -seea,

chapter on fluid power, for use in system dynam B
courses, is under development. The chapter will . e
co-authored by several CCEFP controls faculty. ml : |
5. Other Relevant Work
None.

6. Plans for Next Year

Survey top mechanical engineering programs, 5( oo ahore. oo
U.S plus 10 international, to determine textbog

used in introductory system dynamics and fly -

mechanics courses. Survey textbooks to detern o _f '

most logical places to insert fluid power material g -.r: - r )

examples. Develop an information repository syst o =
for fluid power example problems, suitable for lectu
and homeworks. Collect example problems from CCEFP faculty. Conuykgfteof fluid power
text chapter for systems courses. Create an instructors guatieding solutions to examples.
Disseminate chapter to CCEFP sites.
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7. Expected Milestones and Deliverables

Survey report (April 2008). Systems course chapter (May 2008). DisseminpterdoaCCEFP
sites for use in Fall semester 2008. Fluid power example repository has a0leasties
(September 2008).

8. Member Company Benefits
Mechanical engineering graduates who understand basic fluid power.

9. Project Team
Project Leader: W. Durfee (UMN)

Other Personnel: CCEFP faculty teaching controls courses
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C.5 Advanced Graduate Courses

1. Statement of Project Goals
Develop new, semester length graduate courses in fluid power atFC@trersity sites, and to
enhance existing graduate courses with the results of CCEFP research.

2. Project’s Role in Support of the Strategic Plan
Advanced, graduate level courses in fluid power will result in a pbblghly skilled students
who will become future fluid power industry professionals and future engineagdntyyf.

3. Fundamental Challenges and Solutions

Challenge: new courses require significant development effort byyaoud must be compatible
with teaching loads and department new course policy, which are othsidsontrol of the

center. Solution: continually encourage CCEFP faculty to develop oewses and modify
existing courses based on the results of CCEFP research.

4. Achievements to Date

Course ABE 591D Design of Fluid Power Systems is a new gradimatese at Purdue
University jointly listed in Mechanical and Agricultural & Biolegl Engineering. The course
was developed and taught by Dr. lvantysynova.

5. Other Relevant Work
None

6. Plans for Next Year

Continue to encourage CCEFP faculty to create and modify grachvaiecburses based on
CCEFP research.

7. Expected Milestones and Deliverables
One new graduate level course (September 2008).

8. Member Company Benefits
Access to highly trained graduate students.

9. Project Team
Project Leader: W. Durfee (UMN)

Other Personnel: CCEFP faculty teaching new graduate courses
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Project D.1 Intern Program

1. Project Goals

The Engineering Research Center for Compact and Efficierd Plower (CCEFP) coordinates
the placement of undergraduate engineering students from U.S.-baseities in internship
positions offered by fluid power companies supporting the CCEFP. By doinimterns will
have opportunities to learn by doing, applying classroom knowledge tombekirassignments
and learning through industry practice. Companies offering iftgasisvill benefit, too, through
access to a diverse pool of talented engineers as the CGieR &1 engage students reflecting
the gender, racial and ethnic composition of this country.

2. Project’s Role in Support of the Strategic Plan

Facilitation of knowledge transfer is central to the CCEFRrategy. The intern program
supports this strategy, focusing on two key audiences—undergraduatetstadd industry.

Students will learn from practical experience shared throughititkistry mentors, and industry
will learn from the skills and questions that their student intbrimg) to their new roles. This
program also supports the CCEFP’s plan to bring diversity to thegter industry through

recruitment efforts that target underrepresented populations.

3. Fundamental Challenges and Solutions

* Introducing this program to students and to industry is a challsimgpe there are
competitors for the attention and time of both groups. In meetingcttdienge, the
Center’'s promotional campaign for this program uses multiple chameélsling print,
websites (the Center’s, job boards, the National Fluid Power Asisogiatc.), e-mail,
telephone, conference presentations and tabletops, posters, introductioagtogram
by faculty in their classrooms, and contacts with organizatiotis student outreach
including HBCU, AISES and SACNAS.

» This program is open to all of the more than 60 companies supportir@etiter, but
some of these companies have never hosted an intern before. In adeouoage these
companies to begin, the CCEFP website features the sectiontingGe&tarted:
Introducing and Launching an Internship Program.” The CCEFP staffoers are also
available to provide assistance.

* Once an internship is defined by a company’s management and emgjrEsonnel, its
human resource department is typically responsible for takinghété steps toward
filling the position. However, these staff members may be daurgtddoliing through
the many student applications, particularly if an intern programeis to them. To
facilitate placements that well suit both students and host conspahie Center's
Industrial Collaboration and Transfer Director reviews all aptioa and suggests a
field of approximately six candidates to each company. The siggesre based on the
company’s product and market focus as well as each student’s acdshrkground,
geographic location and interests. Note that companies are not lnodrait from these
lists—the entire field of candidates is open to them—and the #tedtson is, of course,
each company’s.
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4. Achievements to Date

15 companies have or have pledged to post intern positions—more than 20% of
CCEFP’s supporting companies. They represent the range of m@spathin the fluid
power industry: large and small, public and private, US and intenadly owned,
hydraulic and pneumatic, manufacturer and distributor (with engineaengces).
Additional companies have expressed interest.

22 internships are available to students.

35 students representing 8 universities have posted applications.
Promotions—selected key numbers: Distribution of more than 1000 brochures (one
written for students and the other for industry), two mass e-maitmgrofessional and
student societies, postings on six national internship websites, ektemal recruiting
efforts, engagement of the CCEFP Education Outreach Network)(EEpkesenting the
Center’s seven universities.

5. Other Relevant Work

The CCEFP’s Industrial Board, comprised of representatives of coespsupporting the Center
at Principal and Sustaining levels, provides ongoing support and geidiardeveloping and
promoting the intern program.

6. Plans for Next Year

The Intern Program for the summer of 2009 will be developed based onieexps and
evaluations of the 2008 program. Tentatively, the program may be expanded @egummer
timeframe, and may include graduate students and students from internationaltigsversi

7. Expected Milestones and Deliverables:

At least 25 students will be placed in internship positions by March, 2008.
Recruitment efforts will continue throughout the winter and spring o8 20@he hope of
exceeding the above goal—a target of an additional 10 interns.

Experiences of students and industry hosts will be measured bwamtepost surveys
during the summer of 2008.

Both audiences will be followed longer term in order to leagorhpanies continue their
internship programs and if students’ career and/or academic clasgasfluenced by
their internship experiences.

8. Member Company Benefits

The intern program provides companies with opportunities to directiycipate in
educating and training a next generation of engineers who will latmmut fluid power
technology and applications.

Short term (and practically), this program provides an excelNagtto locate motivated,
short-term engineering help.

Long-term, this program is viewed by many in industry as an uawd¢ tool for
identifying talented candidates for future full-time employment.
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9. Research Team
Internship candidates include students of the CCEFP research team.

Project Leader: Linda Western, Education Co-Director, CCEFP

Other Personnel: Alyssa Burger, Outreach Director; Will Durtegycation Co-
Director, CCEFP; Mike Gust, Industrial Collaboration and Transfer
Director, CCEFP

Post Doctoral Candidates: None

Graduate Students: None
Undergraduate Students: Student applicants (to date, 35)
Industrial Partners: Companies offering internship positions to dae#rol Fluid

Products; Eaton Corporation; Enfield Technologies; Festo
Corporation; Gates Corporation; MTS Systems Corporation; MICO
Incorporated; Moog Inc; Parker Hannifin Corporation; Poclain
Hydraulics; ROSS Controls; Sauer-Danfoss, Inc.; Schroeder
Industries, Sun Hydraulics Corp.; SunSource
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Project D.2 Resume Bank

1. Statement of Project Goals

A resume bank of all CCEFP undergraduate, graduate and post-doc sttléresdeveloped.
The resume bank will be available to CCEFP member compdmieswill include an electronic
resume database which will be in conjunction with the CCEFP Al8uooniety. Students and
companies will be invited to post resumes to seek employment opp@sunithin Industry or
Academia during or past their academic career within thERERC The resume bank will be a
private addition to the CCEFP website in which only students and igdustnbers within the
Center will be able to review. Students post their resumdls tue intention of being
approached or recruited for employment opportunities.

Industry will be invited to post similar positions on the CCEFP welsat is similar in scope to
the Industry Internship Program, however, the Center does not play ia mketch-making or
placing recommendations for the companies. Industry is welconmogb entry-level job
postings only. (Year 3)

2. Project’s Role in Support of the Strategic Plan

The use of the resume bank by the undergraduate and graduate studeitsaaghe industry
members of the CCEFP will support the strategic plan to proraséarch inspired engineers as
well as the diversity of the students entering the academic or industriabwearkf

3. Fundamental Challenges and Solutions
Creating the on-line database requires time and programmingeegmits of an Information
Technologist. Challenges to this effort are building the database.

4. Achievements to Date
Internal database is built.

5. Other Relevant Work
CCEFP Alumni Society

6. Plans for Next Year
Plan and implement entry level job postings by industry for Year 3.

7. Expected Milestones and Deliverables
Electronic database will be built by June 2008 and will be impiedeon the private side of the
CCEFP website.

8. Member Company Benefits

Industrial members will have access and the invitation to pehesstiidents who have posted
their information in the resume bank.
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9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director
Other Personnel:

Post Doc(s):

Graduate Students:

Undergraduate
Students:

Industrial Partner(s):
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Project D.3 Specialized Short Courses

1. Statement of Project Goals

The objective of this project is to develop short (1- 5 day long) adslapcefessional
development courses that highlight the research activities ofegheIiC The targeted audiences
for these courses are degreed industry design and/or manufgcangis at fluid power
companies.

2. Project’s Role in Support of the Strategic Plan

One element of our Center’'s E & O strategy is to develop and deliver high quajégtprthat
wherever possible capitalize on existing, broadly distributed education ancchutegevorks to
maximize program impact to targeted audiences. This project will do so byhndrapon
educator expertise within the center to develop course matter direatlydréb their research
work. By doing so we believe that the effort will be minimal as much of the @mladéneady
exists and will therefore be easily justified.

3. Fundamental Challenges and Solutions
The key challenge is to determine what the subject matter “me@gthin the targeted audience
and then subsequently locate a qualified provider within the Ce@tar proposed solution is to
conduct both internal and industry surveys.

4. Achievements to Date
Informal surveys conducted with both internal Center educators andrindioth parties are
receptive to the proposed approach.

5. Other Relevant Work

Other organizations such as SAE have an already demonstratedsfuiceeorking model.
Internally MSOE has a successful industry training model thaplae to compliment, not
compete, with.

6. Plans for Next Year
Finalize and conduct surveys. Work with Center educators to idemtifyubject matter for the
initial courses. Launch marketing campaign in support of course offerings.

7. Expected Milestones and Deliverables
» Clear identification of ~3 - 6 Center affiliated instructorsl dhe corresponding course
description by Q2, 2008
» Determine infrastructure requirements such as billing, marketingbgt®Q4.
» Conduct initial course in 2009.

8. Member Company Benefits

Many of the Pls operating within the Center are recognized experts ifi¢ldsrof study. Some
of these fields are quite unique and therefore it is not uncommon fordustry partners to lack
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internal expertise. Thus, having a readily available sourceaioing expertise and subsequent
short course materials should be invaluable to them.

9. Research Team

Project Leader: Michael J. Gust

Other Personnel: Thrust leaders and various PI's

Post Doc(s):

Graduate Students:

Undergraduate
Students:

Industrial Partner(s):  IAB members
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Project C.4: Transportable Universal Fluid Power
Laboratory for Professional Training Courses

1. Statement of Project Goals
The goal of this project is to develop first class univetsa power laboratory to maximize the
rewarded learning experience of the cutting edge fluid power andmodintrol technology.
The word “Universal” simply means to cover

= Hydraulic and Pneumatic Technology

» Basic and Advanced Topics

» Standard and Tailored Courses

» Industrial and Mobile Applications

= On-campus and off-campus (Portable)
2. Project Role in Support of Strategic Plan
The project satisfies the CCEFP strategic objective dfinogy transfer to the industry
professionals

3. Fundamental Challenges and Solutions

The main challenges in this project was how to generatecalums, specify a number of
exercises and find out the best equipments to perform technologyndraot manufacturer-
biased training.

The problem has been resolved by studying the whole effort previdosky by the leading
manufacturer of fluid power. In addition to the accumulated experen@SsO, we end up with
the best solution to achieve our goal. More than 20 different text boekde®n used to define
40 exercises distributed over 10 different courses for the industry professionals

4. Achievements to Date

Development of the prototype model, including the following action itexysected to finish by
June, 2008

Phase 1: July 2007- June 2008

* 100% Completed: Strategic objectives.

* 100% Completed: General features and technical specs.

* 80% Completed: Courses curriculums & experimental capabilities
* 100% Completed: BOM, specs and symbols

* 0% Completed: Cost estimate.

* 0% Completed: Order equipments

* 10% Completed: Software development.

* 0% Completed: Prototype assembling and testing.

5. Other Relevant Work
New software to interface with and control variable displacermpentp will be developed and
most probably it will be patented.
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6. Plans for Next Year
Phase 2: July 2008 — June 2009

+ 50% Completed: Course manuals.

* 50% Completed: Lab manuals.

+  50% Completed: Animated circuits.

+ 0% Completed: Duplicate the Trainer

+ 0% Completed: Training the trainers from differen }._

universities. »
8
7. Expected Milestones and Deliverables %
Milestones: E}ﬂ
— Capability of delivering new courses to the industrn

professionals e
— Ability to increase the current offerings ang
mobilizes the current courses —
Deliverables: —
— Report containing completed prototype definitio@ u

and course curriculums, June 2008

8. Member Company Benefits

— All the member universities can be benefited from the project
— In phase 2 of the project, MSOE will conduct training sessiofida powr trainers
and instructors
9. Research Team

Project Leader: Dr. Medhat Khalil

Industrial Partner(s):  Bosch Rexroth - Festo
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D.5 Fluid Power Coloring Book

1. Statement of Project Goals

The “Anatomy Coloring Book” is used world-wide by medical school sttelas part of their
formal training in anatomy. The pedagogic theory is that thefaactively coloring a drawing
anchors knowledge that is detailed and complex and that is tiechteeadimensional object.
The “Fluid Power Coloring Book” takes the same approach to cresiténg materials for
learning about complex fluid power components for an audience of industry engineers.

2. Project’s Role in Support of the Strategic Plan
Novel training materials for fluid power componen
will aid students and professionals to becor
knowledgeable about fluid power.

3. Fundamental Challenges and Solutions
Challenge: overcoming perception that coloring boc
are for children. Solution: disseminate in serio
tutorial learning workshops.

4. Achievements to Date
The first coloring book explains how a two-stage

hydraulic servo valve works. It is being developed by uwmg np_f}u

Roz Dolid, a fluid power professional at MTS in Eden mmghM |mh@4
Prairie MN. Ms. Dolid discovered that although MTS is _ Bt */

one of the worlds leaders in the design and] —— =
manufacturing of single and two-stage hydraulic servc ‘ T

valves, many MTS engineers and many MTS sales ref
did not understand how this complex component works T = I J
despite having read company training materials and or| |
line tutorials. Servo valves have complex geometries
and understanding their operation comes from

knowledge of the spatial relations between interng -
features. This is the same learning paradigm require j .,/I;;,QYYY f\,fwf\m;\\\\
for understanding how the human body works ' a EERER ‘ IRRRERER
therefore an active learning coloring book approacr | ‘ﬂ \. 'w, 7 ﬁ | 1 '\ —
successful in anatomy education, was a Ioglccﬁ\(\_'_ BOUY. AAAM/

approach. Two pilot coloring book workshops were
held for MTS engineers, one in 2006 and one in 200"
The first had over 80 attendees. The outline drawing
for the valve used in the pilot workshops were
incomplete and sometimes caused confusion. A UMI
undergraduate developed a Pro/E solid model renderir
of a complete valve from which sections can be take
and printed as drawings for the book.
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5. Other Relevant Work
None.

6. Plans for Next Year

Continue development of the servo valve coloring book with the goal afirggea bound

volume similar in style to one section of the “Anatomy Coloring Bookasks include

refinement of the Pro/E model, selection of the final drawinggssteration of accompanying
text and booklet production. A draft servo valve coloring booklet will bat péisted by CCEFP
graduate students and by engineers from CCEFP member compamgsrange plan is to
produce a series of booklets with the next covering the variable swash plate pump.

7. Expected Milestones and Deliverables
Drawing set selected (March 2008). Text completed (April 2008). Draft bookletgiiiiay
2008). Booklet piloted tested (Summer 2008). Booklet revised and disseminated (October 2008).

8. Member Company Benefits
Receive training materials for complex fluid power topics.

9. Project Team
Project Leader: Roz Dolid, MTS

Other Personnel: Will Durfee, UMN
Post Doc(s):
Graduate Students:

Undergraduate Nathan Millner
Students:

Industrial Partner(s): MTS
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Project D.6 CCEFP Webcasts

1. Statement of Project Goals

Every two weeks, the CCEFP hosts a webcast with two to three presenters seabimdeheir
research project. The webcasts are open to all CCEFP students and facultylab@Es-B
member companies. The webcasts are the primary means for internal coatimialsout
research advances. The webcasts are presentation based, with audio and vislisésagdde
audience is welcome to pose questions by way of the chat feature during the questimwand a
time following each presentation. Each webcast is recorded and archivedidvateind is
posted and available on the Center web site.

2. Project’s Role in Support of the Strategic Plan

This program aligns well with the mission, vision and stratdghe Center for Compact and
Efficient Fluid Power by creating awareness of the rekeamd education that is currently active
within the Center. This program fosters growth among the gradndteindergraduate students
in the Center as well as provides a means for information disagom and recruiting
opportunities for our industrial members.

3. Fundamental Challenges and Solutions

Serving as a multi-university research center continues toitffarany challenges. The Center
evaluated the options for software and costs associated with theasts and selected Adobe
Presentation software in which the University of Minnesota has a siteditense. There was a
steep learning curve in using this software and while the irstades of the webcasts were
cumbersome, the curve has now leveled off and the presentations run smoothly. Rgehiblie
still exists is to offer a verbal feedback option, and the Cerdatinues to evaluate those
features.

4. Achievements to Date

The Center initiated the CCEFP Web casts in June 2007 with adbifwv schedule of
presentations given by the graduate students working on theecte® project. Each web cast
represented students from different campuses and projects. bheasteschedule concluded
just before the Thanksgiving holiday and will resume mid-January 2008.Cé&nter distributed
a survey which generated many suggestions and helpful comments imgléorrthe next round
of web casts. The Center also used this as an opportunity to [sasteaf the CCEFP address
by the Center Director as well as a Intellectual Propdiggussion lead by the Industrial Liaison
Officer.

5. Other Relevant Work
N/A

6. Plans for Next Year
The Center will continue to host the webcasts which have been asacckepopular among the
Center and its Industrial Members.
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7. Expected Milestones and Deliverables

Webcasts will resume in January 2008 and will continue with intermiibreaks appropriate to
the academic year.

8. Member Company Benefits

Industrial members have the opportunity to have monthly updates on reseadcitted within
the Center. All participants are able to become familidin Wie staff, faculty, researchers and
graduate students within the Center. It is an excellent recruiting tool.

9. Research Team
Project Leader: Alyssa A. Burger, Education Outreach Director

Other Personnel:
Post Doc(s):
Graduate Students: SLC President and Vice President

Undergraduate
Students:

Industrial Partner(s):
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Project E.1 GIDAA Science Camp

1. Statement of Project Goals

Fond du Lac Tribal and Community College, together with the NatiomaleC for Earth-Surface
Dynamics, organizes camps known agsdakiimanaaniwigamig (Our Earth Lodge, in
Anishinaabe), for students in 3rd through"Ifyade. Offered during the summer as well as after
school and weekends (on a quarterly basis), these camps provide switkerdgsmix of lab
science and field science experiences. Program highligitiside an introduction to the
scientific method and a focus on Native American culture .The RPCHRill co-host a
gidakiimanaaniwigamigscience Camp in Cloquet, Minnesota four times each year.

2. Project’s Role in Support of the Strategic Plan

An essential part of the CCEFP strategic plan is to promotesdiveén science, technology,
engineering, and math (STEM) fields. We do this within threzeby recruiting undergraduate
research interns, graduate students, and researchers from dagkgeounds. We also promote
diversity in the sciences in general as part of our overallrsityemission. This program
answers that goal by working to interest and prepare Native AmericamyfoutSTEM careers.

3. Fundamental Challenges and Solutions
At this point the program is well established, with a solid coougrof teachers, curriculum
aligned to national standards, visits to the camp by reseamhtists from the University of

Minnesota and other institutions. The most critical challengefaees as we move forward are
1) to establish programs at the undergraduate level at the Unjivarsilinnesota and FDLTCC

that will meet the needs of our students as they graduate figimstinool and transition into
their undergraduate program, 2) to maintain and extend the parmevshhave with other

institutions that enrich our program, 3) to continue working with natiomélstate standards as
we develop our curriculum for the next years. We face theskempes by utilizing the

gidakiimanaaniwigamigCircle of Learning which promotes
good communication between all partners and participantSyiaim &
the program by mediating between the at times contradici@!
goals and visions of our stakeholders to find the shared g
that drive our strategic plan.

4. Achievements to Date

Four camps were held in 2007 in conjunctions with
seasons. CCEFP presented modules at the camps, leadi
students in activities on the subject of hydraulic
pneumatics and principles of physics. We have startg
Robot Team at FDLTCC with gidaa students making up #
team. Students will participate in this year's FIRST Robo
competition. We piloted our first Lego Camp with students
grades 3-6 in the summer of 2007. Although we were for
to disband early due to electrical problems at
gidakiimanaaniwigamig house,
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5. Other Relevant Work

Partners in the gidakiimanaaniwigamig program are workirgpmunction with the University
of Minnesota-led North Star Louis Stokes Alliance for Minorityrtiégation to create a
Minnesota state alliance of American Indian Science and Engige®ociety student chapters.
The Northstar LSAMP is an NSF-funded alliance of Minnesota gedleand universities which
promotes diversity in STEM fields by increasing the number of gndéuates graduating with
4-year STEM degrees.

6. Plans for Next Year
We plan to continue the program next year with 4 camps; a regmeats fair; the robot team,
and a Lego Camp.

7. Expected Milestones and Deliverables

o] 90 students per year participate in the camps and related programs.

o] Documented improvement in grades and test scores for students in program.

o] Majority of participants attend college, with substantial fraction majanrsgience,
math, engineering or technology.

8. Member Company Benefits

Several students from the gidakiimanaaniwigamig program hagenbtking classes at the
FDLTCC as part of the Minnesota Post-secondary Education Optiorh walhievs students to
take college courses without charge while still in high school. s&students will begin

transferring to 4-year programs. We also have introduced our tersieidents who are current
undergraduates at FDLTCC. These students will be encouraged -shgdbw at local

corporations as part of the Northstar Alliance for Minority Rgrétion. We expect this
program will help us match students to our member companies fonships as they begin
transferring into 4-year programs.

9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director

Other Personnel: Holly Pellerin, Camp Coordinator, Diana Dalbotten, Diversity
Director, National Center for Earth-surface Dynamics

Post Doc(s):
Graduate Students:

Undergraduate
Students:

Industrial Partner(s):
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Project E.2 LEGO Camp

1. Statement of Project Goals

Fond du Lac Tribal and Community College, located in Cloquet, MN, oHietego Camp
program intended to introduce STEM-related initiatives and post-secoogtons to middle
and high school students. Using Lego Dacta equipment, students aret@ustin small

machines, mechanical and structural engineering, and robotics. TRERCwill host a fluid

power Lego camp one weekend per month during the academic year asdpavate camps
during the summer introducing students to basic fluid power technologynrideg in the

academic year of 2008, in conjunction with the Native FIRST tehenLego Camp will be
offered during one Saturday per month for an academic year. Midti@ols students
participating in the Lego Camp will be mentored by high school students of the FESST.

2. Project’s Role in Support of the Strategic Plan

An essential part of the CCEFP strategic plan is to promotesdiveén science, technology,

engineering, and math (STEM) fields. We do this within the Cdnteecruiting undergraduate
research interns, graduate students, and researchers from daskgeounds. We also promote
diversity in the sciences in general as part of our overaltsityemission. This program answers
that goal by working to interest and prepare Native American youths for SaEdrs.

3. Fundamental Challenges and Solutions

Facilities have created a challenge for this camp as the Fonéadribal and Community
College campus is currently under renovation. To build and host a caagpafximately 40
students, it is imperative to have a space able to accommodatedbats, staff and equipment.
In summer 2007 the Lego camp started the third week of July, but hadptwstponed due to
facilities renovations. Beginning in the academic year of 2008pnjunction with the Native
FIRST team, the Lego Camp will be offered during one Satupgaymonth for an academic
year. Middle school students participating in the Lego Campbwilnentored by high school
students of the FIRST Team.

4. Achievements to Date
The equipment for the Fluid Power Lego Camp has been purchased.

5. Other Relevant Work

This project is closely aligned with several of the Centimitgatives with Fond du Lac Tribal
and Community College and the local area schools in Cloquet, MinrtBabtzontinue to foster
and mentor the K-14 students of the reservation as well as gnempeams to bridge middle
school to high school to college. The high students who belong to the NRERSd team will
serve as mentors to the GIDAA Science Camp and the Fluid Pager Camp. This is a very
important recipe in making these programs successful is tiepetielationships, trust and a
support structure within the community as well as with the Cdate€Compact and Effieient
Fluid Power, the National Center for Earth-surface Dynantios, Northstar LSAMP, the
University of Minnesota and the Fond du Lac Tribal and Community College.
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6. Plans for Next Year

To build and host a camp of approximately 40 students, it is impetativeve a space able to
accommodate the students, staff and equipment. Beginning in themacadear of 2008, in
conjunction with the Native FIRST team, the Lego Camp will be offered duringained8y per
month for an academic year. Middle school students participatingeiheégo Camp will be
mentored by high school students of the FIRST Team.

7. Expected Milestones and Deliverables

The conclusion of the FIRST Competition will kickoff the Lego Camp,rmem2008 the Center
will host two Lego Camps, according to age and number of studdrdswish to participate.

The camp will continue into the next academic year and willnbexaellent lead into the 2009
Native FIRST Team as the student mentors from the Lego Calnpeathe participants of the
FIRST Team.

8. Member Company Benefits

Several students from the gidakiimanaaniwigamig program hagenbt&king classes at the
FDLTCC as part of the Minnesota Post-secondary Education Optionh alhievs students to
take college courses without charge while still in high school. s&students will begin

transferring to 4-year programs. We also have introduced our tersierdents who are current
undergraduates at FDLTCC. These students will be encouraged -ghgdbw at local

corporations as part of the Northstar Alliance for Minority Rgrétion. We expect this
program will help us match students to our member companies fonships as they begin
transferring into 4-year programs.

9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director
Other Personnel: Holly Pellerin, Camp Coordinator

Post Doc(s):

Graduate Students:

Undergraduate

Students:

Industrial Partner(s):
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Project E.2.1 Native FIRST Robotics Team

1. Statement of Project Goals

FIRST stands for “For the Inspiration and Recognition of Seemand Technology”
(www.usfirst.org. The Center for Compact and Efficient Fluid Power and the sityeof
Minnesota with support from the Fond du Lac Tribal and Community Collegateld in
Cloquet, MN, has initiated a rookie FIRST Robotics team of 20 highrside®m the Fond du
Lac Indian Reservation community. This team will serve asrémesdirst robotics team to enter
the FIRST Robotics competition. The Center will continue to mestiztents and provide
funding opportunities that will assist in the development of the STikNatives within the
American Indian community. The goal of this team is exposure to the excitithd) @¥ robotics.
This team has received a $10,000 grant from the University of Mitem&®undation to join the
competition.

2. Project’s Role in Support of the Strategic Plan

An essential part of the CCEFP strategic plan is to promotesdiven science, technology,

engineering, and math (STEM) fields. We do this within the Cédteecruiting undergraduate
research interns, graduate students, and researchers from dagtgeounds. We also promote
diversity in the sciences in general as part of our overalfgityemission. This program answers
that goal by working to interest and prepare Native American youths for SaEdrs.

3. Fundamental Challenges and Solutions

The FIRST Robotics competition is a 6-week challenge. The FIRiSSion is to “create a
world where science and technology are celebrated ... where yaapde dream of becoming
science and technology heroes”. This Native’'s team clggteand solutions are distance and
proximity to the Twin Cities area and the mentorablility thet€eis able to provide. The team
has many commitments from local area mentors including teagsents, and the Center will
be providing resources to the Team to help them achieve their gbais.team is new to the
competition, the learning curve is steep and the challenge astnte be stimulate minds,
creativity and teamwork.

4. Achievements to Date

The TEAM has received a grant from the University of Minnesmiadation to cover the initial
costs to join the competition. Local fundraising continues as #anTneeds to support for
travel to and from the robot building site and competition events. Hme bas been formed.
Mentors and advisors have been identified. The FIRST Robotics Campeditks off on
Saturday, January 5, 2008 where all teams will receive theiuatisins and the kit. The Native
team will be with Center faculty and industry mentors followihg kickoff to brainstorm on
robot ideas, cultivate relationships and have a lesson on fluid poweheamdbitity to use the
pneumatic parts included with the FIRST Kkit.

5. Other Relevant Work

This project is closely aligned with several of the Centimitgatives with Fond du Lac Tribal
and Community College and the local area schools in Cloquet, Minrthabtzontinue to foster
and mentor the K-14 students of the reservation as well as gnespeams to bridge middle
school to high school to college. The high students who belong to the RERS& team will
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serve as mentors to the GIDAA Science Camp and the Fluid Pager Camp. This is a very
important recipe in making these programs successful is tiepetielationships, trust and a
support structure within the community as well as with the Cdate€Compact and Effieient
Fluid Power, the National Center for Earth-surface Dynantits, Northstar LSAMP, the
University of Minnesota and the Fond du Lac Tribal and Community College.

6. Plans for Next Year

Following the end of the 2008 FIRST competition, the Team will evaliigmtstrengths and
weaknesses. Fundraising efforts will begin. Recruiting eftorteeplace graduating students
and introduce new students to the Team. The Center will identify igdusimbers who may be
interested in mentoring or advising this Team. Plans for a seMatide team have been
initiated and the process to recruit will be the same as the listed, howevestttesafn will serve
as a mentor to the second team.

7. Expected Milestones and Deliverables

In 2007 the team was initiated and created, in 2008 the team wijpatenin the Regional
competition in March of 2008 at the University of Minnesota. Themnak competition occurs
in April 2008 in Atlanta, GA where the Center would be pleasechtbdirobot from the Native
team at the National competition.

8. Member Company Benefits

The Center welcomes patrticipation from Industrial members itfiotine of sponsoring, hosting
or mentoring a FIRST team. In addition to the Center's own telaenCenter has bridged
connections between industrial members and other local FIRST teams.

9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director
Other Personnel: Holly Pellerin, Camp Coordinator, Mike Gust, ILO
Post Doc(s):

Graduate Students:

Undergraduate
Students:

Industrial Partner(s):
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Project E.5 AISES Activity Support

1. Statement of Project Goals

The University of Minnesota and the Fond du Lac Tribal and Communitled@olAISES
Chapters; the Center for Compact and Efficient Fluid Power; Tdteomal Center for Earth-
surface Dynamics, and the Institute of Technology’'s AcademigrBms for Excellence in
Science and Engineering (APEXES) would like to submit this proposal to ThieskwrL SAMP
Small Grants Program for funds to hold the initial meeting of gined’anang (Northstar)
AISES Alliance.

This alliance aims to form a partnership between the AISES enisapt Minnesota and to
provide tools and resources to assist the students that participtite state of Minnesota’s
AISES chapters. The goals of the giiwed’anang (Northstarmdé is to form relationships
between Minnesota AISES chapters, provide educational opportunitiesyacgdédance, open
research doors, bridge the gap between high school, pre- and post-se@mhdzation and
industry in Science, Technology, Engineering and MathematicSNIST By networking with
Minnesota corporations and educational institutions, this allianceddstedraising capabilities
and professional support, and by doing so will increase the numbeltS&ESAchapters in
Minnesota for a larger representation of American Indians in STEM feldslisciplines.

Goals of the giiwed’anang (Northstar) AISES Alliance:
o To bring together AISES Chapters from across Minnesota
To support and strengthen the MN AISES chapters and increase enrollment
To support fledgling or new chapters at MN institutions
To allow students to network with other students interested in the sciences
To increase student interest in STEM careers
To increase student interest in pursuing school beyond the two-year degree
To increase student interest in graduate school
To increase student ability to succeed in STEM academics by reinfonaithgmatics,
physics, chemistry, and other core courses.
Help students learn more about potential STEM careers.
o To increase the number of American Indians who are active participants in thethior
LSAMP, so that American Indians are reaping the benefits of the Alliance
To provide opportunities for students to interact with scientists, both corporate and
academic, and to find mentors
To provide support for students as they transfer from a two-year to a four-yeatiorstit
To provide support for students who wish to go to graduate school

O O0OO0OO0OO0O0Oo

o

o

© O 0O

Increase the number of American Indian students in Center internships, Research
Experiences for Undergraduates, and graduate programs

To provide ideas and resources for fundraising for AISES chapters

To support outreach activities of AISES chapters

o To bridge high school, college and professional AISES chapters.

o o

Activities of the giiwed'anang (Northstar) AISES Alliance:
o0 Two retreats during the academic year, one summer retreat
o President’s Dinners at local, regional and national AISES events
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Lectures by researchers, research highlights
Talks by industry people

Support for transfer from admissions, financial aid
Corporate mentors

Internships

Research experiences

Help in identifying financial aid; fellowships
Advising, networking or mentoring on campus
Participation in LSAMP activities in allied schools
Support to attend national conferences

O 00000000 O0O0

2. Project’s Role in Support of the Strategic Plan

An essential part of the CCEFP strategic plan is to promotesdiven science, technology,
engineering, and math (STEM) fields. We do this within thereby recruiting undergraduate
research interns, graduate students, and researchers from dagkgeounds. We also promote
diversity in the sciences in general as part of our overallrgityemission. This program
answers that goal by working to interest and prepare Native AmericamyfouiSTEM careers.

3. Fundamental Challenges and Solutions

The Center is initiating this effort with formal alliancesdacollaborations from several other
National Science Foundation funded organizations and the UniversityrofeSbta as well as
the professional and national AISES Chapters. This program igeadadeavor, however the
biggest challenge is locating the students around Minnesota thatia¢ Mmerican students in
STEM fields. The Center has identified several four-yeaege#f and universities that do not
have an active AISES chapter due to lack of participation or lacthabter activity. This
program will require dedication and constant attention, but the berefitso great it is a
necessary alliance to form within the geographically opportanggite of Minnesota. The
Center acknowledges the challenges this alliances facemtiends to earn by-in from the
students of the AISES chapters and eventually turn it into a revplsatigsupporting program
due to the benefits to the students and their desire to seebtbthers and sisters to have
opportunities within academia, research and industry.

4. Achievements to Date

The Center has formed the committee of the Alliance. Tharfdé has submitted a small grants
proposal to the Northstar LSAMP seeking funding for the firseagtto be held February 1-3,
2008 at the Cloquet Forestry Center, Cloquet, MN.

5. Other Relevant Work

This project is closely aligned with several of the Centeitgatives with Fond du Lac Tribal
and Community College and the local area schools in Cloquet, Minrtbabtzontinue to foster
and mentor the K-14 students of the reservation as well as gnemeams to bridge middle
school to high school to college. The high students who belong to the RE®d team will
serve as mentors to the GIDAA Science Camp and the Fluid Pager Camp. This is a very
important recipe in making these programs successful is ttepetielationships, trust and a
support structure within the community as well as with the CdateCompact and Effieient
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Fluid Power, the National Center for Earth-surface Dynantios, Northstar LSAMP, the
University of Minnesota and the Fond du Lac Tribal and Community College.

6. Plans for Next Year

Continue to grow and strength this Alliance. Seek more funding soauwh as the AISES
Professional Society and the AISES National Society. Continuester and mentor the
students who participate in this Alliance. This Alliance Wwild a maximum of three retreats
per year.

7. Expected Milestones and Deliverables

Through this alliance we intend on increasing the number of students in AISES €lrapter
Minnesota as well as increase the number of chapters. We expect to seeage indransfer

from 2-year to 4-year institutions and see the number of students participatingMPLS

increase to a represent a great number of Native American studengstoltis this Allaince

aims to achieve is to hold two retreats in 2008, to build upon the first retreat in February 2008
and to increase the participation within one year.

8. Member Company Benefits

Several students from the gidakiimanaaniwigamig program hagenbiking classes at the
FDLTCC as part of the Minnesota Post-secondary Education Optionh alhievs students to

take college courses without charge while still in high school. s@sudents will begin

transferring to 4-year programs. We also have introduced our tersiieidents who are current
undergraduates at FDLTCC. These students will be encouraged -&hgdbw at local

corporations as part of the Northstar Alliance for Minority Rgréition. We expect this
program will help us match students to our member companies fonships as they begin
transferring into 4-year programs.

9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director

Other Personnel: Holly Pellerin, Diana Dalbotten (NCED), Richard Pollard (APEXES)
Post Doc(s):

Graduate Students:

Undergraduate AISES Participants: April Bebault (FDLTCC) Ben Kenote, Zuri
Students: Bender (U of MN)

Industrial Partner(s):
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Project E.6 Minority Recruiting

1. Statement of Project Goals

Recruiting for REU students, RET teachers, FIRST teams, prospectitetgatudents, faculty,
industry interns, industry jobs is a function of the center. To divetts#yace of fluid power it is
essential that women and underrepresented minorities be actaelyited for positions. A
particular emphasis for the center is recruiting Native Ataas. This project conducts minority
recruiting functions and coordinates minority recruiting throughoutcémer and works with
affiliated LSAMP and AGEP institutions.

2. Project’s Role in Support of the Strategic Plan

An essential part of the CCEFP strategic plan is to promotesdiveén science, technology,

engineering, and math (STEM) fields. We do this within the Cdteecruiting undergraduate
research interns, graduate students, and researchers from daskgeounds. We also promote
diversity in the sciences in general as part of our overaltsityemission. This program answers
that goal by working to interest and prepare Native American youths for SaEdrs.

3. Fundamental Challenges and Solutions

Building a network to recruit a diverse population of students. TheFRPChas been actively
building relationships, networks by attending research conferenaa aghibitor, introducing
the Center's programs to other program similar in nature cyating in committees and task
forces that aim to improving the diverse makeup of students in the STEM fields.

4. Achievements to Date

The CCEFP has been represented at the National Science FoundatiwasoEs Awardee’s
Conference, The HBCU-UP Research Conference, SACNAS, AISESnEkConference, and
will be an exhibitor at the Florida LSAMP Research Conference in Fgh20a8.

5. Other Relevant Work
The Northstar AISES Alliance (CCEFP Project E.5)

6. Plans for Next Year

To continue to drive the building of our recruiting network and form oelakiips with other
staff and faculty in similar roles at pre-determined instingi representing women and
minorities in the STEM fields.

7. Expected Milestones and Deliverables

We expect to see an increase in women and a diverse represemfitunderrepresented
minorities in our REU programs, RET programs, graduate studentstyfamd staff. We
recognize that the number of women in the Center is below avevag#hier ERC’s but is
actually greater than the national average for women in the dviesai Engineering field but we
intend to promote our programs to women to increase the number of worfleid ipower, in
particular.
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8. Member Company Benefits

Recruited students will be encouraged further their education bgipating in REU programs
or internships within our fluid power member companies as well apportunity for the seven
schools to use this as a graduate school recruiting opportunity.

9. Research Team

Project Leader: Alyssa A. Burger, Education Outreach Director
Other Personnel:

Post Doc(s):

Graduate Students:

Undergraduate
Students:

Industrial Partner(s):
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F.1 Evaluation of the Education and Outreach Program

1. Statement of Project Goals

A comprehensive and rigorous assessment of individual education and oph@acks and the
education and outreach program as a whole to determine if projecteating their goals and if
the program is true to its mission and moving towards its vision.

2. Project’s Role in Support of the Strategic Plan

The education and outreach program has a mission and vision statemeatsteategic plan to
reach the vision. Regular assessment is required to deternmpmnejatts are effective, if the
project mix is appropriate and if the program is achieving its desired impact.

3. Fundamental Challenges and Solutions

Challenge: creating a formal assessment plan and procéss éffective, informative while at
the same time is not burdensome. Solution: partner with educatiaragoalexperts to develop
formative and summative assessment methods.

4. Achievements to Date

A summary plan for evaluating projects has been created. Refittemd implementation of the
plan is behind schedule as the original center assessment teanmoivable to participate in
significant assessment activities. A new assessment teased in the UMN College of
Education and Human Development, is being formed to provide the expedtssdrfer proper
assessment. In November 2007, every education and outreach project malty fevaluated
with the same process used for reviewing research projeciscPleaders prepared a four-up
slide with project overview, milestones, progress and next stepswiebcast-conference call,
leaders presented their project to a review panel and respondedstomgielhe review panel
consisted of CCEFP leaders and members of the Education and Inddsisprx Boards.
Review panel members privately voted each project a red, yellgneen and wrote comments.
Review results were submitted to project leaders with a sedoeresponse if the project was
voted yellow or red. This review will occur three times eadur.yBrojects repeatedly voted red
will be considered for elimination by the center Executive Committee.

5. Other Relevant Work
None

6. Plans for Next Year

New assessment team works with center education and outredetrshep to develop specific
assessment strategies, tactics and protocols for every eduaatl outreach project. Assessment
plans are implemented and data analyzed to determine center impact.

7. Expected Milestones and Deliverables
Assessment team named (January 2008). Assessment protocols for evergredndatiutreach
project (April 2008). Education and outreach assessment report (October 2008).
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8. Member Company Benefits
Assessment activities ensure that education projects arengesterall goal of increasing
awareness of fluid power and of training the next generation of fluid powerdeader

9. Project Team
Project Leader: TBA (assessment expert)

Other Personnel: W. Durfee (UMN), L. Western
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Project F.2 CCEFP Alumni Society

1. Statement of Project Goals

All CCEFP patrticipants, including faculty, graduate students, post-dmclergraduate research
students, REUs, RETs and special program participants autotyatieabme members of the
CCEFP Alumni Society and receive periodic newsletters and rsdfieesnformation on current
status. Membership starts a CCEFP information packate given ity gasicipant when they
start their formal affiliation with the CCEFP. An exit toeasure experiences and to gather
follow up contact information is given when the participant compldieg formal CCEFP
affiliation. The Alumni Society database will be used for longatéollow ups when evaluating
program impact.

2. Project’s Role in Support of the Strategic Plan
An essential part of the CCEFP strategic plan is to promotesdiven science, technology,
engineering, and math (STEM) fields.

3. Fundamental Challenges and Solutions
N/A

4. Achievements to Date
The Center has built its internal database.

5. Other Relevant Work
In conjunction with the private side of the Center web site and @eF@ Resume Bank (See
Project D.2).

6. Plans for Next Year
To create the Center's welcome packet and to introduce the Alubcret{ to the Center. To
have an interactive database built by June 2008.

7. Expected Milestones and Deliverables
To have an interactive database built and launched by 2008.

8. Member Company Benefits

9. Research Team
Project Leader: Alyssa A. Burger, Education Outreach Director

Graduate Students: SLC Representative
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ASSOCIATED PROJECT ABSTRACTS

THRUST 1 —-EFFICIENCY

Efficiency of Pumps and MotorsMonika Ivanytysnova, Purdue University
Sponsor: Parker Hannifen
Abstract unavailable due to confidentiality of project

Improvements of Pumps and Mote#slonika Ivanytysnova, Purdue University
Sponsor: Sauer Danfoss
Abstract unavailable due to confidentiality of project

Integrated PTQ Sensing for Fluid Power Syste#isn Stelson, University of Minnesota

Sponsor: National Fluid Power Association

* NOTE: Funding ended in fiscal year 1.
The purpose of this project is to develop and demonstrate integrated PTQ (pressure,
temperature and flow rate) sensing for fluid power systems. The approbgbenhe latest
developments in solid state electronics to create sensors that are simpkteacagged,
compact and inexpensive. Because of their low cost, these sensors can be embedded into
high-volume commercial products to implement advanced monitoring and control
approaches. The sensors proposed here will be tailored and calibrated to the mpiwticula
situation within the component or system. The approach uses the existing productyyeometr
and does not require the introduction of loss inducing elements such as orifices to measure
flow rate.

Self Contained Underwater Power Generation and Distribution4mtrew Alleyne,

University of lllinois at Urbana-Champaign

Sponsor: Army Research Office

* NOTE: Funding ended in fiscal year 1.
The proposed research investigates the dynamic performance of a powatigead
distribution unit. This system will provide support for manned underwater tasks such as
augmenting human performance via an exoskeleton attached to a person. The kaysquesti
addressed by this research are how best to generate and distribute power, in aunrile
scaled system, such that operational objectives can be achieved while ziraxtime useful
operational range. Associated questions focus on the best methods for storingmshergy a
converting it to useful power in an underwater environment. To answer the questions put
forward, an analytical investigation is performed in conjunction with sinomatio find out
the best methods for optimally storing and converting power, then dynamicalilgwudisty it
to actively varying loads. The decision making algorithms that develop thesmbpti
methods should be able to handle varying system configurations and should provide
acceptable performance over a wide operational range.
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Software Enabled Variable Displacement Pumperry Li, University of Minnesota

Sponsor: NSF
A mechatronics approach is proposed to redesign variable displacement pumpg. Curre
variable displacement pumps are not compact and do not have high control performance.
Compact and high performance variable displacement pumps can significantdyempr
energy efficiency and address new applications. By combining a conyettfsplacement
pump and a high speed pulse width modulated (PWM) on/off valve, a highly controllable and
versatile, compact variable displacement pump, capable of achieving mangftveaves
enabled feature will be possible. For example, the pump can be used to directly control of
hydraulic actuators, without using throttling valves, thus significantly imprasificiency
and reducing the system complexity. The proposed concept is inspired by the sticcess
switched mode converters in power electronics. The feasibility of this apprdashorethe
availability of on/off valve capable of very high PWM frequency, and the ability toatontr
PWM systems. To this end, a combined hardware and control approach will be taken.
Approach includes the design of an innovative high frequency on/off valve based on
continuous rotary valve motion; as well as design of control that takes into acodtent fi
PWM frequency.

Transmission Noise and Pump and Motor Desilyjtonika Ivantysynova, Purdue
Sponsor: Borg Warner
* NOTE: Funding ended in fiscal year 1.

Abstract unavailable due to confidentiality of project

THRUST 2 - COMPACTNESS

Anthropomorphic Transhumeral Prosthesis for Revolutionizing Prosthé¥lashael Goldfarb,

Vanderbilt University

Sponsor: Defense Advanced Research Projects Agency
The objective of this work is to develop a highly anthropomorphic uppeeneiyr
prosthesis, which is to be hardwired into the human nervous systeorddnto achieve
human-like power density and output impedance in the limb, the prosthésiscaiporate
chemo-fluidic liquid-fueled actuation, as developed by the investigators.

Architectural Models for Fluid Power SystemGhris Paredis, Georgia Institute of Technology

Sponsor: John Deere, Inc.
The goal of this project is to develop the capability to represent continuousidymaadels
in the OMG SysML language, and to demonstrate this capability in a case study of a
hydraulically actuated excavator. In the context of model-based systsigs, dieis
important to be able to represent all aspects of a system in a formal, unambiguous and
computer-interpretable fashion. SysML provides a foundation for achievingHbisever,
SysML mainly supports the modeling of the system behavior at a very high levetneae
a logical architecture. To formulate design tradeoffs involving the physetelvior of the
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system, it is important that we extend these high-level logical models toplaysiss-based,
continuous system dynamics models.

Our approach for achieving this goal is to build on the formal semantics in the Modelic
modeling language and establish a formal mapping between Modelica constduSis§L
constructs. Through this mapping, Modelica's ability to represent systemidgnarerms
of hybrid discrete-event and differential algebraic equation models is cambitie
SysML's ability to represent the system in terms of information modéhie qittysical,
functional, logical and operational architectures. We will define a defaibggiage
mapping, develop translators between Modelica and SysML and illustrate thebéditias
through a case study ofa hydraulically actuated excavator.

Self Contained Underwater Power Generation and Distribution YniAndrew Alleyne,

University of lllinois at Urbana-Champaign

Sponsor: Army Research Office

* NOTE: Funding ended in fiscal year 1.
The proposed research investigates the dynamic performance@iiex generation and
distribution unit. This system will provide support for manned underwiagks such as
augmenting human performance via an exoskeleton attached to a pEnsokey questions
addressed by this research are how best to generate armutighower, in a mobile human-
scaled system, such that operational objectives can be achievednakitaizing the useful
operational range. Associated questions focus on the best méhadsring energy and
converting it to useful power in an underwater environment. To anh&eguestions put
forward, an analytical investigation is performed in conjunction wirthulations to find out
the best methods for optimally storing and converting power, then dgalndistributing it
to actively varying loads. The decision making algorithms that ldeviéhese optimal
methods should be able to handle varying system configurations and girouide
acceptable performance over a wide operational range.

THRUST 3 — EFFECTIVENESS

Control for the INCOVA Systerr Wayne Book, Georgia Institute of Technology

Sponsor: HUSCO International and GT internal (HUSCO/Ramirez endowmdtifdiPower

and Motion Control)
Modern control design is commonly accompanied by the challenge of dealing wiplkegom
systems or plants that combine nonlinear behavior, state constraints, parancriainty,
and time varying characteristics. Because of these features, suchssgsteoften difficult to
model using first principles, and as a result, the task of designing a sudabidler
becomes difficult. One simple approach to circumvent this problem is to usbratoati
map. The purpose of the map is to translate desired outputs or desired states intasgppropri
inputs for the plant. Usually, the map is obtained from the inversion of the steady state
characteristics of the plant, and is stored in a lookup table. The output of the lookup table is
then employed for feed forward compensation in open-loop or closed-loop control. However,
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when the plant is time varying, the resulting control performance is edfégtthe fact that
the calibration becomes less reliable as time progresses.

In an effort to present a new alternative, this research develops a geraneticake
framework for online auto-calibration and control of general nonlinear systeons. M
specifically, the inverse input-state mapping of the plant is learned whileratiope

(online). This is done by employing a simple neural network structure thattemata
adaptive lookup table. In this approach, the inverse mapping is learned from the current and
past states and it is refined in a composite manner by employing input edatsge errors.
The learned mapping is used simultaneously in the feed forward path to controhthe pla
along the desired state trajectory. The performance of the plant subjectrtovislis

controller is verified through simulations and experimental data. It is Baegdod state
tracking is achieved without requiring exact or detailed knowledge of the plae main
requirements for the successful operation of the novel control approach are the grafled
the order of the plant and some generic data to initialize the inverse mappini@gsT his
requirement can be fulfilled from steady-state data.

The control theory developed herein is applied to a novel Electro-Hydraulic Poppet Val
(EHPV), which is currently controlled open-loop via an inverse calibration niegp. T

EHPV.s are used in a Wheatstone bridge arrangement for motion control aflitydra
actuators. Such a configuration is preferred over the conventional use of spootualves

the energy savings potential. It is shown in this dissertation that this method imfireve
value of using these types of valves for motion control in hydraulics. This is due to the
combination of self-learning (auto-calibration) and better performancehwdsults in a

more efficient operation of hydraulic equipment. Additionally, it is shown thatutee a
calibration of the valves can be used for health monitoring of the same, which consequentl
improves their reliability, expedites maintenance downtime, and reduce&naaioé costs.

Hardware in the Loop Simulation for Hydraulic System Developmeaftayne Book, Georgia

Institute of Technology

Sponsor: Husco International
The difficulty in simulating the complex dynamics of some fluid power componesugled
with the difficulty and cost of full scale testing behooves the use of harduvtre loop
simulation. This concept can mean different things as different parts of the systen
hardware form and others are in software. For this project we provide 60 hp efexttyirs
to power pumps for both the hydraulic supply and load. Computer simulation directs the
supply motor to imitate the appropriate prime mover, (diesel engine) whileatierotor
imitates the load with possible over running behavior. The creation of this capabsity
initiated for testing control strategies for alternative meteriradesiies for arrangements of
electro-hydraulic poppet valves. It provides the basis for also testing punhgcdiment
controls and their interaction with haptic interfaces to human operators. Int¢he lat
application, a human operator will be commanding the operation of the system via an
interface with enhanced haptic and augmented reality based on a grapHiomepite
machine which is being controlled. This is needed for Project 3A1.
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Hydraulic Motor Wear Particle AnalysisPaul Michael, Milwaukee School of Engineering
Sponsor: Milwaukee School of Engineering Fluid Power Institute
Hydraulic motors convert the flow produced by a hydraulic pump into rotary motion. These
motors are frequently used to propel skid steers, excavators, loaders, fellerdanche
other heavy equipment. While hydraulic pumps operate under relatively camgtaispeed
conditions, motors frequently come to a complete stop, particularly when equipmentsengage
its payload. As a result, hydraulic motors operate under boundary lubrication conditions
which can promote wear-particle generation. In this study we exaneimeparticles
generated by hydraulic motors under low-speed, high-load conditions using hagitg)
laser particle analysis, ferrography and Atomic Force Microscopy. afdlysis of wear
particle morphology reveals nano-scale features. These results ghgyestdraulic motors
reach steady-state wear conditions in a relatively short period of time.

Integrated Position Sensors for Fluid ActuateM/ayne Book, Georgia Institute of Technology
Sponsor: Sentrinsic, LLP
Position sensing is required for many advanced controllers which use position keedbac
allow modification of the dynamic behavior. This project extends from a previous NSF
project referred to as Digital Clay for which an integrated position sensor wdspkzie A
startup company, Sentrinsic, LLC, was created by students on that projgutdbzsaon
that development. Georgia Tech is working with Sentrinsic to deploy that sensgi in hi
pressure pneumatics and ultimately hydraulics. The sensor is being deplojedaotic
rescue crawler of Test Bed 4. The sensor consists of a resistive filndagdba a layer of
the composite cylinder and capacitively coupled to the piston, giving the positionoof pist
relative to the cylinder.

Modeling Fluid Actuators interacting with Flexible RobetsWayne Book, Georgia Institute of
Technology
Sponsor: Georgia Tech’'s HUSCO/Ramirez endowment for Fluid Power and MotiomIContr
* NOTE: Funding ended in fiscal year 1.
Flexible link robots are challenging to model due to the distributed nature of éxdility.
Transfer matrices overcome many of these obstacles. When the robot isibgitiyaul
powered the actuation system must be modeled in transfer matrices ashigelproject was
completed by Dr. Ryan Kraus who completed his Ph.D. in 2006.

The Haptic Backhoe Wayne Book, Georgia Institute of Technology

Sponsor: John Deere, Inc.
The traditional backhoe hand controllers are not intuitive and lack Haptiback. This has
been addressed by a Ph.D. thesis funded primarily by giftsfobm Deere. Matthew Kontz
completed his thesis in 2007. The work has been continued by an incoudegtsHeather
Humphreys, who is looking at further improvements possible for the backiiele the
control uses fairly conventional spool valves for actuation, it does pr@xgderience in
achieving and verifying improved performance at excavation tasks, simtlattthat will be
used in Test Bed 1, the excavator. The excavator will be contatlledst partially using
displacement control, that is varying the fluid provided by the excavator’s pump.
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PUBLICATIONS

THRUST 1- EFFICIENCY

Hencey, B. and A. Alleyne, “A KYP Lemma for LMI Regions.” IEEE Trangats on
Automatic Contrgl52 (10): 1926-1930 (2007).

Hencey, B. and A. Alleyne, “A Robust Controller Interpolation Design Technique.” 2007
American Controls Conference, New York, New York, 5347-5353 (2007).

Hencey, B. and A. Alleyne, “"A Static Anti-Windup Compensator Design TechniguRdioust
Regional Pole Placement.” Proceedings of the 2006 ASME IMECE, Chicagaoisllii
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Sarasota, Florida (2006).
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Michael, P. Herzog, S. and Marougy T., "Determining Hydraulic Filisd¢osity Requirements."
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Rannow, M. and P.Y. Li, “On/Off Valve Based Control of Linear Actuators with Ripple
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Tu, H., M. Rannow, M. Wang, J. Van de Ven, P.Y. Li and T.R. Chase, “High Speed Rotary
Pulse Width Modulated On/Off Valve.” ASME-IMECE, Seattle, November, IMEQ)7-42559
(2007).
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Controlled Actuator Systems.” Proceedings of the 10th Scandinavian Internatorietgbce
on Fluid Power, (SICFP'07), Tampere, Finland (2007).
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THRUST 2 - COMPACTNESS

Gulati, N. and E. J. Barth, “Dynamic Modeling of a Monopropellant-Based Chemofluidic
Actuation System.”_ASME Journal of Dynamic Systems, Measurement, and ChRg¢#):
435-445 (2007).
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Congress and Exposition, Seattle, Washington (2007).
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Proceedings of the 2007 ASME International Mechanical Engineering Coague&xposition,
Seattle, Washington (2007).
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1. Bair, S., “Pressure-Viscosity Behavior of Lubricants to 1.4 GPaltandelation to EHD
Traction,” STLE Tribology Transactions, 43, 1, pp 91-99, 2000.

2. Bair, S. and Qureshi, F., “The Generalized Newtonian Fluid Model astiokl/drodynamic
Film Thickness,” ASME, J. Tribology, 125, 1, pp. 70-75, 2003.

3. Bair, S. and Winer, W.O., “A New High-Pressure, High ShearsSttissometer and Results for
Lubricants, “Tribology Transactions, 36, 4, pp. 721-725, 1993.

4. Bair, S., “Normal Stress Difference in Liquid Lubricants Sretddeder High Pressure,”
Rheologica Acta, 35, 13, pp 13-23, 1996.

5. Bair, S., “The High Pressure Rheology of Some Simple Mogtiiddarbons,” Proc. I. Mech. E.,
216, J, 2002, pp. 139-150.

6. Bair, S., Qureshi, F., and Khonsari, M., “Adiabatic Shear LocalizatienLiiquid Lubricant
Under Pressure,” Trans. ASME, Journal of Tribology, 116, 4, 1994.

7. Bair, S., Qureshi, F., and Winer, W. O., “Observations of Shear Lagatiza Liquid
Lubricants Under Pressure,” Trans. ASME, Journal of Tribology, 115, 3, 1993.

8. Bair, S., Green, I., and Bhushan, B., “Measurements of Asperity Teomesraf a Read/Write
Head Slider Bearing in Hard Magnetic Recording Disks,” Trans. ASMEdbaf Tribology,
113, No. 3, 1991.

9. Bair, S., McCabe, C. and Cummings, P., “Comparison of NEMD with Experimental

Measurements in the Non-Linear Shear Thinning Regimegi€dl\Review Letters, 88, 5, 8302,
2002.
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10. Bair, S., McCabe, C. and Cummings, P., “Calculation of Viscous EHitidnafor Squalane
using Molecular Simulation and Rheometry,” Tribology Letters, 13, 4, pp. 251-254, 2002.

Synerqistic Activities
Awards

Co-Recipient of the 1983 Best Paper of the Year for the Tribology Division/ASME
Co-Recipient of the 1991 Best Paper of the Year for the Tribology Division/ASME
Jacob Wallenberg Foundation, 1996

Recipient of the 2000 Alfred Hunt Award from STLE for best paper

Fellow of ASME

Fellow of STLE

US. Patents
4,349,130 Liquid Metering Pump

4,347,643 Power Assist Drive Upright Vacuum Cleaner and Power Assist Drive System

4,391,018 Vacuum Cleaner with Wheel and Nozzle Height Adjusting Mechanism [with
Vermillion and Gromek]
4,998,228 Drinking Water Filter [with Eager]

5,562,692 Fluid Jet Surgical Cutting Tool

5,643,299 Hydrojet Apparatus for Retractive Surgery

5,735,815 Method of Using Fluid Jet Surgical Cutting Tool

5,853,384 Fluid jet Surgical Tool and Aspiration Device

5,865,790 Method and Apparatus for Thermal Phaco-emulsification by Fluid Throttling
6,126,668 Microkeratome

6,527,766 Instrument and Method for Phacoemulsification by Direct Thermal Irradiation

Collaborators And Other Affiliations

Collaborators: Philippa Cann (Imperial College), Peter Gordon (ExxonMobil), Ton Lubrecht
(INSA Lyon), Peter Kottke (Georgia Tech), C.M. Roland (NRL), Clare McCabed&fdilt
Univ.), Farrukh Qureshi (Lubrizol Corp.), Richard Salant (Georgia Tech), Philipp@a&/ @gSA
de Lyon), M. Khonsari (LSU), Q.J. Wang (Northwestern Univ.).

Graduate Advisors. David Sanborn (Georgia Tech), Ward Winer (Georgia Tech).

Thesis Advisor: Aleks Bakman (Martin Marietta), Theodore Byer (Briggs&Straton), Pebétki
(Georgia Tech), Steve Obermark.
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Eric J. Barth
Department of Mechanical Engineering
Vanderbilt University

Professional Preparation

University of California Berkeley Engineering Physics B.S. 1994

Georgia Institute of Technology Mechanical Engineering M.S. 1996
Georgia Institute of Technology Mechanical Engineering Ph.D. 2000
Vanderbilt University Mechanical Engineering Postdocto2000-

Associate 2002

Appointments

2002 — present Assistant Professor of Mechanical Engineering, Vanderbilt Ugjweesihville, TN

2000 — 2002 Research Assistant Professor of Mechanical Engineering, Vanderbilt
University, Nashville, TN

Publications

1. N. Gulati, E. J. Barth. “Dynamic Modeling of a Monopropellant-Based Chemofluidic
Actuation System”ASME Journal of Dynamic Systems, Measurement, and Contral, vol.
129, no. 4, pp.435-445, July 2007.

2. J. Riofrio, E. J. Barth. “A Free Piston Compressor as a Pneumatic Mobile Robot Power
Supply: Design, Characterization and Experimental Operatint&t.national Journal of
Fluid Power, vol. 8, no. 1, pp.17-28, 2007.

3. K. B. Fite, J. E. Mitchell, E. J. Barth, M. Goldfarb. “A Unified Force Controller for a
Proportional-Injector Direct-Injection Monopropellant-Powered Actuatd®8VIE Journal of
Dynamic Systems, Measurement, and Control, vol. 128, no. 1, pp. 159-164, March 2006.

4. K. A. Al-Dakkan, E. J. Barth, M. Goldfarb. “Dynamic Constraint Based Energy Saving
Control of Pneumatic Servo System&3ME Journal of Dynamic Systems, Measurement,
and Control, vol. 128, no. 3, pp. 655-662, September 2006.

5. B. L. Shields, E. J. Barth, M. Goldfarb. “Predictive Control for Time-Delayed Swichi
Control Systems”ASME Journal of Dynamic Systems, Measurement, and Control, vol. 128,
no. 4, pp. 999-1004, December 2006.

6. Y. Zhu, E J. Barth. “Energy-Based Control of a Pneumatic Oscillator with Applictdi
Energy Efficient Hopping Robots2006 ASME International Mechanical Engineering
Congress and Exposition (IMECE), IMECE2006-15015, November 5-10, 2006, Chicago, IL.

Synergistic Activities
Program Committee Member of the 2007 IEEE/ASME International Conference on Advance
Intelligent Mechatronics (AIM 2007).
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Program Committee Member of the 2006 IEEE/RSJ International Conference agdntell
Robots and Systems (IROS), October 9-14, 2006, Beijing, China.

Program Committee Member of the 2005 IEEE/ASME International Conference on Advance
Intelligent Mechatronics (AIM 2005), July 24-28, 2005, Monterey, California, USA

Track Representative of Fluid Power Systems Technology Division (FPST) B EV2005.
US Air Force Summer Faculty Fellow, AFRL, Wright-Patterson Air ForceeBa005.
Faculty advisor to VUMotorsports student club, Vanderbilt University, 9/02 — present.

Collaborators & Other Affiliations

Collaborators.Andrew Alleyne, Ph.D., Department of Mechanical and Industrial Engineering,
UIUC, Wayne Book, Ph.D., George W. Woodruff School of Mechanical Engineering, Georgia
Institute of Technology, Michael Goldfarb, Ph.D., Department of Mechanical Engjiggeeri
Vanderbilt University, Monika Ivantysynova, Ph.D., Department of Mechanical Engigeeri
Purdue University, Suhada Jayasuriya, Ph.D., Department of Mechanical Enginesasg T
A&M University, Perry Y. Li, Ph.D., Department of Mechanical Engineering, Unityeo$
Minnesota, Nader Sadegh, Ph.D., George W. Woodruff School of Mechanical Engineering,
Georgia Insitute of Technology, Corey Schumacher, Ph.D, AFRL/VACA, WrightrBattéir
Force Base, Kim A. Stelson, Ph.D., Department of Mechanical Engineering, Urioérsit
Minnesota, Alvin Strauss, Ph.D., Department of Mechanical Engineering, Vanderbitr&ityi,
Roger Quinn, Ph.D., Dept. of Mechanical and Aerospace Engineering, Case Westera Reser
University

Advisor: Harry Bingham (deceased), Ph.D., Department of Physics, University of Californi
Berkeley, Ye-Hwa Chen, Ph.D., School of Mechanical Engineering, Georgia Institute of
Technology, Aldo Ferri, Ph.D., School of Mechanical Engineering, Georgia Institute of
Technology, Michael Goldfarb, Ph. D., Department of Mechanical Engineering, Vanderbilt
University, Bonnie Heck, Ph.D., School of Mechanical Engineering, Georgia Institute of
Technology, Nader Sadegh, Ph. D., School of Mechanical Engineering, Georgia Institute of
Technology, George Vachtsevanos, Ph.D., School of Electrical Engineering, Gedityitelo
Technology, David Nygren, Ph.D., Physics, Lawrence Berkeley National Laboratory

Thesis Advisor to:, Taib Tarig Mohamad, M.Engineering. (2007), Dept. of Mechanical
Engineering, Vanderbilt University, Yong Zhu, Ph.D. (2006), Department of Mechanical
Engineering, Vanderbilt University, Navneet Gulati, Ph.D. (2005), Department of Meahani
Engineering, Vanderbilt University, Jose Riofrio, M.S. (2005), continuing Ph.D. Student, Dept.
of Mech. Engineering, Vanderbilt University, Mark Adams, M.S. (2004), Department of
Mechanical Engineering, Vanderbilt University, Chao Yong, Ph.D. Student, Dept. of Methanic
Engineering, Vanderbilt University, Justin Armstrong, M.S. Student, Dept. of Mechanica
Engineering, Vanderbilt University, Mark Hofacker, M.S. Student, Dept. of Mechanical
Engineering, Vanderbilt University
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Wayne J. Book
George W. Woodruff School of Mechanical Engineering
Georgia Institute of Technology

Professional Preparation

Massachusetts Institute of Technology Mechanical Engineering PhD. 1974
Massachusetts Institute of Technology Mechanical Engineering S.M. 1971
University of Texas, Austin Mechanical Engineering B.S.M.E969
Appointments

2001 - present HUSCO/Ramirez Chair in Fluid Power and Motion Control, Georgia
Institute of Technology
1986 - present Professor, Georgia Institute of Technology

1980 - 1986 Associate Professor, Georgia Institute of Technology

1974 - 1980 Assistant Professor, Georgia Institute of Technology

1987 Faculty Fellowship, Oak Ridge National Laboratory
Publications

1. Gao, Dalong and Wayne J. Book, “Steerability for Planar Dissg&assive Haptic
Interfaces,” to appear in IEEE/ASME Transactions on Mechatrownick n2, April
2006.

2. Love, L.J. and W.J. Book, "Force Reflecting Teleoperation with Adaptigedance
Control," IEEE Transactions on Systems, Man, and Cybernetit8P@&ybernetics,
v34, nl, pp.159-165, Feb. 2004.

3. Book, Wayne J. and Davin K. Swanson, “Reach Out and Touch Someone:
Controlling Haptic Manipulators Near and Far,” Annual Reviews in @gntr
International Federation of Automatic Control, Elsevier Sciencdof@x UK), vol
28, pp 87-95, 2003.

4. Krauss, Ryan and Wayne Book, “Transfer Matrix Modeling of a Hydraljic
Actuated Flexible Robot I'nternational Journal of Fluid Power, v8, n1, March 2007,
pp 51-58.

5. Kontz, Matthew and Wayne Book, “Flow Control for Coordinated Motion and Elapti
Feedback’International Journal of Fluid Power v8, n3, Nov 2007.

Synergistic Activities

Editorial Activities: Associate Editor, IEEE Transactions on cdhoatic Controls.

Management Committee, Joint ASME-IEEE Transactions on Mechedrordi995-

present. Chair for 1999.

Co-Founder of CAMotion, Inc. for commercialization of advanced motion control
technology for automating manufacturing and material handling, 199asunex and
consultant 1997 - present.
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Steering and Advisory Committee service: Potomac Institut®dticy Studies NASA
Computing And Communications Technology Advisory Group, 2004.

Collaborators & Other Affiliationgother than students listed)

Collaborators.Stephen Dickerson, Nader Sadegh, William Singhose, Christopher
Paredis, Imme Ebert-Uphoff, David Rosen, Jarek Rossignac, AreGldiark Allen,
Kenneth Cunefare, Richard Salant, all from the Georgia Instifuieechnology. Kim
Stelson (U. Minnesota); Michael Goldfarb (Vanderbilt U.); Monika lyayhova
(Purdue U.); Andrew Alleyne (U. lllinois);

Ph.D. Students Supervised: Noparat Punyapas, Viboon Sangveraphunsiri, Gordon
Hastings, Thomas Alberts, Sabri Cetinkunt, Bau San Yuan, Jeh Won Lee, Dong Soo
Kwon, Soo-Han Lee, J.J. Wang, Jae Lew, Jonathan Cameron, David Magee, Lonnie
Love, John Hogan, Klaus Obergfell, Sungsoo Rhim, Saghir Munir, Lynnane George,
Davin Swanson, Haihong Zhu, Lawrence Tognetti, Dalong Gao, Ho Ching, Amir
Shenouda, Ryan Kraus, Benjamin Black, Patrick Op den Bosch.

Ph.D. and M.S. Adviosors: Ph.D.: Daniel Whitney, Dept. of Mechanical Engineering,
Massachusetts Institute of Technology, M.S.: Russel Jones, Dept. of Civil &mngipne
Massachusetts Institute of Technology.

Research visitors:

Jeha Ryu

Professor, Department of Mechatronics

GwangJu Institue of Science and Technology (GIST)
1 Oryong-dong, Buk-ku, GwangJu

500-712, Republic of Korea (South)

Re haptics

ACFR (Australian Center for Field Robotics) in Sydney Seminar, Tour about$ &mti
robotic devices

Dr. Fumitoshi Matsuno

Prof. of The University of Electro-Communications

Vice-President of NPO International Rescue System Institute

Steering Committee Chair of SICE Annual Conference.

SICE (The Society of Instrument and Control Engineers, Japan)

Rescue Robot discussion. Invitation to serve as Advisory Board Member of SICE 2008

24-25 September a researcher from the Swedish Forestry Research Institute
- Bjorn Lofgren will be at Georgia Tech. He studies trajectory plannidg an
control for forestry machines with a basis in hydraulics / fluid power

very close connections to Komatsu as he serves on their

R&D advisory board for forestry
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Thomas R. Chase
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

Rochester Institute of Technology Mechanical Engineering B.S. 1977
Rochester Institute of Technology Mechanical Engineering M.S. 1983
University of Minnesota Mechanical Engineering Ph.D. 1984
Appointments

2003-present Professor of Mechanical Engineering, Morse-Alumni Distingulgaehing

Professor of Mechanical Engineering, University of Minnesota

1991-2003  Associate Professor of Mechanical Engineering, University of Mtanes
1985-1991  Assistant Professor of Mechanical Engineering, University of Mianesot
1983-1985  Assistant Professor of Mechanical Engineering, University of RHadeé Is

Publications

1.

Rannow, M. B., Tu, Haink C., Li, Perry Y., and Chase, T. R., “Software Enabled Virtually
Variable Displacement Pumps -Theoretical and Experimental Studies”, tBubini ASME
Journal of Dyamic Systems, Measurement, and Control, submitted April 2007 (ifeacept
publication anticipated in 2008).

Tu, H. C., Rannow, M. B., Van de Ven, J. D., Wang, W., Li, P. Y., and Chase, T. R., 2007,
“High Speed Rotary Pulse Width Modulated On/Off Valve”, Proceedings of the 200EASM
IMECE, Paper No. 42559, vol. FPST.

Rannow, M. B., Tu, H. C., Li, P. Y., and Chase, T. R., 2006, “Software Enabled Variable
Displacement Pumps: Experimental Studies”, Proceedings of the 2006 ASMEEINP&aGer
No. 14973, vol. FPST.

Li, Perry; Chase, Thomas; and Li, Yanhua, 2005, “Software Enabled Variable Bisplatc
Pumps”, Proceedings of the 2005 ASME IMECE, Paper No. 81376, vol. FPST.

Michael, D. G., et al. (including T. R. Chase), 2006, “Observation of Muon Neutrino
Disappearance with the MINOS Detectors in the NuMI Neutrino Beanysi€dl Review
Letters, Vol. 97, No. 19, article #191801.

Adamson, P., et al. (including T. R. Chase), 2006, “First observations of separatguhaticos
nu and nu events in the MINOS detector”, Physical Review D (Particles ddsl)Fiéol. 73,
No. 7, article #072002.

. Chase, Thomas R., 2006, “A Note on the Waldron Construction for Transmission Angle

Rectification”, ASME Journal of Mechanical Design, Vol. 128, No. 2, pp. 509-512.

Langlais, T. E., Vogel, J. H., and Chase, T. R., 2003, “Multiaxial Cycle Counting fazaCrit
Plane Methods”, International Journal of Fatigue, Vol. 25, No. 7, pp. 641-647.
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9. Adamson, P., Alner, J., Anderson, B., Chase, T., Dervan, P. J., Durkin, T., Falk, E., Harris, P.
G., Michael, D. G., Morse, R., Nichol, R., Saakyan, R., Smith, C., Smith, P. N., Thomas, J.,
Webb, R., and White, R. F., 2002, “The MINOS Light Injection Calibration System’lehiuc
Instruments and Methods in Physics Research A, Vol. 492/3, pp. 325-343.

Synergistic Activities
Associate Editor, ASME Journal of Mechanical Design, 9/1/04-present.

Level 3 Manager for Scintillator Module Design, NuMI Off-Axis ne AppeagaiMOVA)

Experiment, responsible for the design and purchase of approximately $2 million of cormponent
for neutrino detector modules (an experiment of the Fermi National Accelkgdtoratory).
Member-at-Large, ASME Systems & Design Group, 7/1/04-6/30/07.

Level 3 Manager for Scintillator Module Design, Main Injector Neutrinoil@son Search

(MINOS) Experiment, responsible for the design and purchase of over $1 million of components
for neutrino detector modules. The MINOS Collaboration includes approximately 3@tioss
internationally.

Member, Executive Committee, Design Engineering Division of the Americeiet$ of
Mechanical Engineers, 1998-2004 (Chair, 2002-03).

Collaborators & Other Affiliations
Collaborators: A. Erdman (UMN), K. Heller (UMN), F. Kelso (UMN), P. Li (UMN), M. Marshak
(UMN), E. Peterson (UMN), R. Poling (UMN), K. Ruddick (UMN).

Graduate advisors: Ph.D. Advisor: Professor Arthur G. Erdman, University of Minnesota
M.S.M.E. Advisor: Professor Richard Budynas, Rochester Institute of Technology

Graduate Advisees, 2002-2007: Ph.D. graduates: (None since 1999), MSME graduates: J. Brandts,
2007 (Hutchinson Technology, Hutchinson, MN) M. Meyer, 2006.

Current graduate advisees: A. Durand, K. McLennan, B. Nitti, M. Rannow, J. Robelia, H. Tu, R.
Wang.

Total number of Ph.D. graduates: 5

Total number of MS graduates: 23
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Douglas L. Cook
Applied Technology Center
Milwaukee School of Engineering

Professional Preparation

Milwaukee School of Engineering Mechanical Engineering B.S. 1998

Milwaukee School of Engineering Electrical Engineering B.S. 1998

Fachhochschule Luebeck Dipl.-Ing. Elektrotechnik 1998

Milwaukee School of Engineering Engineering M.S. 2007

Appointments

2006 — Present Research Engineer, MSOE, RP Research

2005 —2006 Principal Investigator, MSOE, ATC

1998 —2003 Graduate Rsch. Asst., MSOE, RPC

1996 —1998 Undrgrd. Rsch. Asst., MSOE, RPC

Publications

1. John R. Brauer, Douglas L. Cook, Thomas E. Bray “Finite-Element Computation of
Magnetic Force Densities on Permeable Particles in Magngiar&ers” IEEE

Transactions on Magneticgol. 43, No. 8, August 2007 Ppg. 3483-3487
http://ieeexplore.ieee.org

2. Software — PlatyScawil.0 — 4.2
Douglas L. Cook, Nicole Gregor
Developed for:

Platypus Technologies, LLC
Madison, WI
http://www.platypustech.com

Synergistic Activities
Research and design of small, low-power, high-density end effector fortexgraiomagnetic
particles from suspension, for an undisclosed, world-wide corporation

Research and design of high-accuracy absolute-position encoder for use in uecontrol
environments, for an undisclosed, world-wide corporation

Liguid-crystal transmissivity studies for Platypus Technologies’ new ptatkvelopments, and
software development for image analysis of such samples

Organized the last two, annual, workshops on campus for the FEA multi-physics software,
COMSOL

Collaborators and Other Affiliations
Collaborators and Co-Editors: Vincent Anewenter MSOE, RPC, John Brauer, Ph.D. — Retired,
Thomas Bray, MSOE, ATC, John Choren, MSOE, RPC, Vito Gervasi, MSOE, RPRsch., Sheku
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Kamara, MSOE, RPC, James Mallmann, Ph.D. - MSOE, Physics and Chemistry, alipial P
Ph.D. MSOE, Physics and Chemistry, Thomas Wanke MSOE, FPI

Graduate Advisors: Thomas Bray, MSOE, ATC, James Mallmann, Ph.D. MSOE, Physics and
Chemistry, Steven Reyer, Ph.D., MSOE, EE and CS

Thesis Advisor and Postgraduate-Scholar Sponsor: N.A.
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Kenneth A. Cunefare
George W. Woodruff School of Mechanical Engineering
The Georgia Institute of Technology

Professional Preparation

The University of lllinois at Urbana- Mechanical Engineering Bachelor of Science 1982
Champaign

The University of Houston Acoustical Engineering Master of Science 1987
The Pennsylvania State University Mechanical Engineering Doctor of Philosod$00

The Technical University of Berlin Structural Acoustics 1990-1991
Appointments

2006-present  Professor, Georgia Institute of Technology

1997-2006 Associate Professor, Georgia Institute of Technology

1990-1997 Assistant Professor, Georgia Institute of Technology

1990-1991 F.V. Hunt Postdoctoral Fellow, The Technical University of Berlin
1988-1990 NASA GSRP Fellow, The Pennsylvania State University
1987-1988 NASA GSRP Fellow, The University of Houston

1986-1987 Senior Engineer, Exxon Company U.S.A., Houston, Texas
1984-1986 Senior Project Engineer, Exxon Company U.S.A., Midland, Texas

1982-1984 Project Engineer, Exxon Gas Systems, Inc., Houston, Texas
1981 Intern, McDonnell Douglas Aircraft Corporation
Publications

1. Kenneth A. Cunefare, “Negative capacitance shunts for vibration suppression: wale base
tuning and reactive input power,” paper AO6_110, CD Proceedings, Active 2006, Adelaide,
Australia, September 2006.

2. Jeff Badertscher, Kenneth A. Cunefare and Aldo Ferri, “Braking impact of normal dithe
signals,” accepted for publication, ASME Journal of Vibration and Acousfiag, 2006.

3. Mark Holdhusen and Kenneth A. Cunefare, "Damping Effects on the State-Switched
Absorber Used for Vibration Suppression,” Journal of Intelligent Material Sgsaach
Structures114(9), pp. 551-561 2003.

4. Kenneth A. Cunefare, “State-switched absorber for vibration control of point-forced Beam
Adaptive Structures and Materials Symposium special issue of the Journallmfentel
Material Systems and Structuy&8(2), pp. 97-106, 2002.

5. Wayne M. Johnson and Kenneth A. Cunefare, “Structural Acoustic Optimization of a
Composite Cylindrical Shell Using FEM/BEM,” ASME Journal of Vibration and Adosist
124 (July), pp. 410-413, 2002.

6. Kenneth A. Cunefare, “Feature variation and its impact on structural acoustic Bespons
predictions,” ASME Journal of Vibration and Acoustit&5(January), pp. 31-38, 2003.
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Synergistic Activities
Member, National Committee on Education in Acoustics, Acoustical Society ofieen£998-
2006.

Member, National Committee on Noise, Acoustical Society of America, 1999-2006.

Integration of NSF funded (ARI grant) laboratory into ME4055, Senior Experimentabiiet
class.

Active recruitment of women and minorities into my research program. Seven arrfermher
students are women or under-represented minorities (Noelle Curry, Janeen Jarfésahis,
Anne Marie Albanese, Wayne Johnson, Mawuli Dzirasa, and Tina Famighetti).

Collaborators and other Affiliations

Collaborators and Co-Editors: Dr. Krishan Ahuja (Georgia Tech), Dr. Mark Allen (Georgia
Tech), Dr. Yves Berthelot (Georgia Tech), Scott Crane (General Ele&riah Dater
(Northrup-Grumman), Sergio DeRosa (University of Naples), Dr. Stephen BBWR(
Southampton, U.K.), Steve Engelstad (Lockheed Martin), Dr. Francesco Franco (Post Doc,
University of Naples), Dr. Jerry Ginsberg (Georgia Tech), Dr. Ari Glggeo(gia Tech), Dr.
Marty Johnson (VPI), Dr. Greg Larson (Geogia Tech), Dr. Chris Lynch (Georgng, Faaith
Oglesby (Ford Motor Co.), Dr. Huang Pham (Newport News Shipyard), Eugene Powell
(Lockheed Martin), Dr. Nader Sadegh (Georgia Tech), Dr. Manuel Collet (CNRSIhén Il
Park (Kangnung National University)

Graduate and Post-Doctoral Advisors. Dr. Ashok Belegundu (Penn State), Dr. Courtney
Burroughs (Penn State), Dr. Prof. Manfred Heckl (Post-Doctoral Sponsor, Technioaildiipi
of Berlin, deceased), Dr. Gary Koopmann (Penn State), Dr. Alan Pierce (UniwaéiBigton).

Thesis Advisor and Postgraduate-Scholar Sponsor: Anne Marie Albanese (current MS/PhD
student, NSF Fellowship recipient), Scott Crane (General Electric), DieNGairey (Currey
Acoustics), Brian Dater (Northrup-Grumman), Sergio DeRosa (Post-Doc, Utywdrslaples),
Muwali Dzirasa (Johns Hopkins), Jesse Ehnert (Arpeggio Acoustic Consultind) Rdater

(SY Technology), Dr.Francesco Franco (Post-Doc, University of Naples), Aarb(Gerzeral
Motors), Dr. Mark Holdhusen (University of Wisconsin Marathon County), Dr. Wayne Johnson
(Armstrong State University), Janeen Jones (NEETRAC), Dr. Heungsoeb Kind@aost
Hangyang University, Korea), Dr. Nila Montbrun (Post-doc, Universidad Simon Bolivav)d D
Moon (Ford Motor Company), Keith Oglesby (Ford Motor Company), Dr. Victor Rastelli-(Pos
doc, Universidad Simon Bolivar), Ryan Rye (Motorala), Dr. William Steven Shepard, Jr.
(University of Alabama), Dr. Michael Michaux, Dr. Manuel Collet (post-doc, CNRE)Chan

Il Park (post-doc, Kangnung National University), Tina Famighetti (Bose), detiéBscher
(current PhD student), Alex Michaud (current MS student), Ken Marek (current MS/PhD
student), Mark Michener (current MS student).

Summary: 7 Ph.D., 20 M.S., 7 Post-Doc
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Jane H. Davidson
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

University of Tennessee Engineering Science and Mechanics M.S. 1975
University of Tennessee Engineering Science and Mechanics B.S. 1976
Duke University Mechanical Engineering Ph.D. 1984
Appointments

1999 — Present Professor of Mechanical Engineering, University of Minnesota

2004-2005, Fall 2007 Visiting Professor, Mechanical and Process Engineering Department
Swiss Federal Institute of Technology, ETH Zurich

1993 — 1999 Associate Professor of Mechanical Engineering, University of
Minnesota

1986 — 1993 Assistant & Associate Professor of Mechanical and Civil Engineering,
Colorado State University

1984 — 1985 Assistant Professor of Mechanical and Aerospace Engineering,
University of Delaware

1976 — 1982 Research Engineer, Oak Ridge National Laboratory and Research

Triangle Institute

Publications
1. Kingsley, M.L., and Davidson, J.H., “Adsorption of Toluene onto Activated Carbons
Exposed to Low-Concentration Ozone,” Carpé, 560-564, 2006.

2. Li, Z., Davidson, J.H., and Mantell, S.C., “Numerical Simulation of Flow and Heat Transfer
of Streamlined Cylinders in Crossflow,” ASME J. of Heat Transk2s, 564-570, 2006.

3. Su, Yan and Davidson, J.H., “Transient Natural Convection Heat Transfer Correlations for
Tube Bundles Immersed in a Thermal Storage,” ASME J. of Solar Energy Enginééng
210-214, 2007.

4. Su, Y., and Davidson, J.H., “Multi-Zone Porous Medium Model of the Thermal and Fluid
Processes during Discharge of an Inclined Rectangular Storage Vesselmmemsdd Tube
Bundle,” ASME J. of Solar Energy Engineeriig9, 449-457, 2007.

5. Mittleman, G., Davidson, J.H., Mantell, S.C, and Su, Y., in press, “Prediction of Polymer
Tube Life for Solar Hot Water Systems: A Model of Antioxidant Loss,” Solar Bnerg
doi:10.1016/j.solener.2007.10.002.

Synergistic Activities

Honors and Awards: Fellow American Society of Mechanical Engineering, AsneBialar

Energy Society, 2007 ASES Charles Greeley Abbot Award, 2005 Distinguished Women Scholar
Award in Science and Engineering, University of Minnesota, 2004 ASME John I. YellottdAwar
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for achievement in research, education and service in solar energy, 2003 ASME Dedicate
Service Award, 2001 Outstanding Service Award, Solar Rating and Certificatiod, 2680
John Tate Award for Excellence in Undergraduate Advising, University of Minnd 888,
Young Faculty Research Award, Colorado State University, ASME Solar EnerigyoDij Best
Paper Awards, 1990, 1992, 1994, 1996, 1999, 2001

Teaching and Advising: Undergraduate Academic Advisor, 1995-2000, Faculty Advisor to
student organizations SWE, ASHRAE., Presidential Minority Mentor 1999-2001., Responsible
for laboratory development and teaching of the required undergraduate laboratory courses i
Mechanical Engineering, 1994-present.

Outreach Activities: ME REU Co-director, 2005-Present, ASME Board of Women and
Minorities, 2000-2003., Implemented “Explore Engineering” an outreach activity far iGirl
Grades 2-9, 1994-1996, Funded by Northern States Power and Medtronic Star Foundation.,
University partner for middle school teacher in the Research Explorations fireéfeal 995.
Initiated the Colorado State University College of Engineering’s High SchooléWam
Engineering Program 1991., Teacher Engineering Camp for Denver Area Junior Highsstudent
1990 and 1991.

Selected Service Activities: National Research Council Committee omableeElectricity

ASME Climate Change Task Force, Editor in Chiefjrnal of Solar Energy Engineering, 2000-

2005, Board of American Solar Energy Society, 1998 — 2001., ASME Energy Committee, 2006-
2010, Vice-Chair ASME Energy Resources Board, 1999-2000, Member-at-Large 1998-2001.,
ASME Distinguished Lecturer Program Committee, 1995-1998

Collaborators & Other Affiliations

Collaborators. Profs. Susan Mantell, Lorraine Francis, Francis Kulacki, and John Carmody
University of Minnesota. Post-Doctoral Associates: Dr. T. Abu Hamed, Dr. G.liitte Dr. D.
Huang, Dr. M. Stolzerburg, University of Minnesota.

Graduate Advisors: E. J. Shaughnessy, Duke University; C.J. Remenyik, M.S. University of
Tennessee

Thesis Advisor: Ph.D. Graduatedn the past 5 years - Junhong Chen, Asst. Prof. University of
Wisconsin-Madison; Wei Liu, TSI; Mike Kingsley, SAIC, Syracuse, N.Y.; Zhihudntg|

Corp., AZ; Chunhui Wu, Abbot Spinal Research, Minneapolis; Yan Su, Asst. Prof.,Hong Kong
University Sci. and Tech.: In Progress: Zhen Wu; Julia Haltiwager, CasssoBriM.S.

Graduates Z. Li, Intel: Troy Pongratz, Science Museum of MN; Yana Wang, MIT Ph.D.
candidate; Megan Kearney, 3M; Andy Freeman, University of MN researchgr SR@att, Fuller
Co.; Daniel Thomas, AIL Princeton NJ; Kakie McGill, Lozier, Omaha; Vishardb&agnan,
Ph.D.candidate ME at UMN.; Mike Eggen, Ph.D. candidate Biomedical Engr., UMN; In
progress: Ben Schoenbauer, Vinayak Kathare, Matt Royer, Derek Savela
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William K. Durfee
Department of Mechanical Engineering
University of Minnesota

Professiona Preparation

Harvard University Eng. & Applied Physics A.B., 1976
M.L.T. Mechanica Engineering M.S., 1981
M.I.T. Mechanical Engineering Ph.D., 1985
Appointments

2001-present Professor and Director of Design Education, Dept. of Mechanical

Eng., University of Minnesota

1993-2001 Associate Professor and Director of Design Education, Dept. of
Mechanica Eng., University of Minnesota

1991-1993 Associate Prof. of Engineering Design, Dept. of Mech. Eng., MIT

1990-1991 Associate Professor, Department of Mechanical Engineering, MIT

1986-1988 Assistant Professor of Biomedical Eng., Dept. of Mech. Eng., MIT

1985-1990 Assistant Professor, Department of Mechanical Engineering, MIT

1978-1985 Research Assistant, Department of Mechanical Engineering, MIT

1976-1978 Project Engineer, Harvard-MIT Rehabilitation Engineering Center

1976 Laboratory Supervisor, Harvard University

Publications

1. Krebs, H., Hogan, N., Durfee, W., Herr, H., Rehabilitation robotics, orthotics, and

prosthetics. In Textbook of Neural Repair and Rehabilitation, Vol. |1, Medical
Rehabilitation. Chap. 12, Selzer, Clarke, Cohen, Duncan, Gage, eds., Cambridge
University Press, 2006.

Durfee WK, Savard L and Weinstein S, Technical feasibility of remote assessments
for rehabilitation. IEEE Trans. Neural Systems and Rehabilitation Engineering,
15(1):23-29, 2007.

Durfee, W.K. and P.A. laizzo. Rehabilitation and muscle testing. In: Encyclopedia of
Medical Devices and Instrumentation, 2nd ed. J.G. Webster, ed., Vol 6, pp 62-71,
Hoboken, John Wiley & Sons, 2006.

Mallick DN, Adams C, Durfee WK, Erdman A, laizzo PA: An experiential approach
to preparing students for leadership in managing technology. Decision Line, pp. 4-22 ,
July 2005.

Durfee W, Rivard A, Design and simulation of a pneumatic, stored-energy, hybrid
orthosis for gait restoration. J Biomechanical Eng, 127(6):1014-1019, 2005.

Svnerqistic Activities

Work on passive and active exoskel etons for rehabilitation.
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Collaborate with companies on product development, projects with: 3M, Micro-Medical,
Devices, Toro, Aetrium, Augustine Medical, Donaldson, Spinal Designs, Honeywell,
Select, Comfort, Sulzer Medica, Enhanced Mobility Technologies, Medtronics,
EnduraTEC, Machine Magic, Scimed, Sulzer Spine Tech, Andersen Windows, Hormel,
Introspective, Geodigm, VivaCare, Comedicus, Hearing Components, Newco, Cornelius.

Collaborators & Other Affiliations

Collaborators and Co-Editors: C. Adams, E. Bye, R. Cardozo, M. DeLong, A. Erdman,
P. laizzo, A. Johnson, K. Johnson, D. Kittleson , K. LaBat , P. Li , D. Mdllick , E. Stern,
M. Wade, M. Zachariah (UMN); K. Dooley (ASU); E. Davis (Sister Kenny); T.
Rosenthal (Systems Technology); J. Wachtel (Veridian Group); N. Huizenga (Courage
Center); F. Pin (ORNL); R. Merletti (Politecnico di Torino); M. Rosen (Nationa
Rehabilitation Hospital); R. Beachy (Axiom).

Graduate and Postdoctoral Advisors: M.J. Rosen (National Rehabilitation Hospital).

Thesis Advisor and Postgraduate-Scholar Sponsor: B. Avula, D. Baker, J. Balik, P.M.
Cheng, D. Chiu, T. Corrigan, R. Daga, B. Harrold, S. Hayden, C. Hendrix, R. Kim, K.
Korkowski, K. MacLean, K. Merz, K. Oberjohn, J. Pavlovic, P. Ponde, J. Shakula, G.
Varughese, R. Weathers.
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Steven H. Frankel, Ph.D.
Mechanical Engineering
Purdue University

Professional Preparation

State University of New York at Buffalo  Mechanical/Aerospaceiigeging B.S. 1988

North Carolina State University Mechanical/Aerospace Engineering M.S. 1990
State University of New York at Buffalo = Mechanical/Aerospacerigegzing Ph.D. 1993

Appointments
2004-present  Professor, Purdue University, School of Mechanical Engineering, West

Lafayette, IN

1999-2004 Associate Professor, Purdue University, School of Mechanical Engineering
West Lafayette, IN

1993-1999 Assistant Professor, Purdue University, School of Mechanical Engineering
West Lafayette, IN

Publications
1. Varghese, S. S. and Frankel, S. H., “Numerical Modeling of Pulsatile Turbulent Flow
in Stenotic Vessels”, Journal of Biomechanical E&g5, (4), pp. 445-460, 2003.

2. Xing, T., Li. Z., and Frankel, S. H., “Numerical Simulation of Vortex Cavitation in a
Three Dimensional Submerged Transitional Jet”, Journal of Fluids EngineE2ing,
(4), pp. 714-725, 2005.

3. Varghese, S., Frankel, S. H., and Fischer, P., “Modeling Transition to Turbulence in
Eccentric Stenotic Flows”, Journal of Biomechanical Engineenmgress, 2007.

4. Varghese, S. S., Frankel, S. H., and Fischer, P., “Direct Numerical Simulation of
Stenotic Flows, Part I: Steady Flow”, Journal of Fluid Mechar%igg, 253-280, 2007.

5. Varghese, S. S., Frankel, S. H., and Fischer, P., “Direct Numerical Simulation of
Stenotic Flows, Part Il: Pulsatile Flow”, Journal of Fluid Mecharbé2, 281-318,
2007.

6. Suh, J., Frankel, S. H., Mongeau, L., and Plesniak, M. W., “Compressible Large Eddy
Simulation of Wall-Bounded Turbulent Flows Using a Semi-Implicit Numerical
Scheme for Low Mach Number Aeroacoustics”, Journal of Computational Physics,
215, pp. 526-551, 2006.

7. Chandy, A., Glaze, D. J., and Frankel, S. H., “Parallelizing the Discrete Oslinate
Method (DOM) for Three-Dimensional Radiative Heat Transfer Calaunatusing a
Priority Queuing Technique”, Numerical Heat Transfer, Part B: Fundaieeb?a 33-
49, 2007.

8. Suh, J. and Frankel, S. H., “Numerical Simulation of Turbulence Transition and Sound
Radiation of Flow through a Rigid Glottal Model”, Journal of Acoustical Society of
Americg 121(6), 3728-3739, 2007.
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9. Singh, K. P., Mongeau, L., Frankel, S. H., and Gore, J., “Effect of Co- and Counter-
Swirl on Noise Emission from Swirling Non-reacting Flows and Flames&AAl
Journa) accepted for publication, 2007.

10.Thomson, S. L., Mongeau, L., and Frankel, S. H., “Flow over a Membrane-Covered,
Fluid-Filled Cavity”, Computers and Structuy&pecial Issue, accepted for
publication, 2007.

Synergistic Activities
Collaborating with colleagues in Department of Mathematics — examininguiekid-scale
turbulence models and also new fluid-structure interaction computational approaches

Collaborators and Affiliations
Collaborators. Steve Wereley, Jie Shen, Steve Dong, Monika Ivanstoynova, (Purdue
University); Chenning Tong (Clemson University

Graduate Advisors and Postdoctoral Sponsor:Hassan Hassan, North Carolina State
University (M.S. advisor); Peyman Givi, State University of New YorRutalo (Ph.D.
advisor)

Thesis Advisor and Postgraduate-Scholar Sponsor: Paul E. DesJardin, Kaimei Sun, Mitchell

J. Zimberg, Greg S. Hertle, David M. Costura, David J. Glaze, Gang Li, Cheng,Z@nu

Sam Varghese, Nagendra Dittakavi, Sachin Khosla, Stephen Mattick, StepharoeP@agb

Smith, John Roach, Somesh Khandelwahl, (M.S.); Paul E. DesJardin, Ravi O. S. Prasad, Wei
Zhao, Zhaoyan Zhang, Xing Tao, Scott Thomson, David Glaze, Sonu Varghese, Jungsoo Suh,
Abhilash Chandy, Cheng Zhang, (Ph.D.)
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Vito R. Gervasi
Applied Technology Center
Milwaukee School of Engineering

Professional Preparation

Milwaukee School of Eng Manufacturing Eng Technology B.S, 1996
Milwaukee School of Eng Mechanical Engineering M.S., 2003
Appointments

1993-present Manager, Research & Development, Milwaukee School of Engineering
1985-1990 United States Air Force, honorable discharge

Publications

1. V.R. Gervasi, A. Schneider and J. Rocholl, “Geometry and ProceduremchBiarking SFF
and Hybrid Fabrication Process Resolutidrgpid Prototyping J., 11(1), 2005.

2. V.R. Gervasi and D.C. Stahl, “Design and Fabrication of Components @pthmized
Lattice Microstructures,”Solid Freeform Fabrication Symposium Proceedings, Austin,
Texas, August 2004.

3. V.R. Gervasi, “Metrology Evaluation and Calibration Tool Kit for Rapabling Processes,”
Masters Thesis, Milwaukee School of Engineering, April 2003.

4. D.C. Stahl, V. Gervasi and A. Schneider “Design and Fabrication ofpGoemts with
Optimized Lattice Microstructures, 3ME Rapid Conference Proceedings, Chicago, May
2003.

5. L.M. Milkowski, V.R. Gervasi, S. Kumaresan and R.S. Crockett, “Developnoéna
Mechanically Similar Composite Bone Replic®foceedings of the Annual Conference on
Engineering in Medicine & Biology, 1, p. 495, 1999.

Synergistic Activities

Contributes to several sections of Wohler's Annual Rapid Prototypirapling, and
Manufacturing State of the Industry Worldwide Progress ReporttioGsanclude RP academic
program overview and Prototype Hard and Soft Tooling update.
http://www.wohlersassociates.com/

Promotes the activities and education of the Rapid Prototyping ConsqffEn@) industrial
membership in areas of Rapid Prototyping and Rapid Tooling. 1) Haateduand trained
industrial members and MSOE community on RP related topics atrtansoneetings as well
as at member locations. 2) Has suggested and arranged numerougu&RGpeakers for
monthly meetings. 3) Conducted applied research with consortium nsmgben numerous
RP related projects http://www.rpc.msoe.edu/

Co-developed an algorithm to produce 3D models of complex protein moléanespdb files.
The method combined with recent tooling developments is being used to g@itbduiirst low-
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cost, highly complex protein model. Also, worked with the same $msihess to introduce the
magnet enhanced WaterKit. http://www.rpc.msoe.edu/3dmd/waterl.php

Participated in evolving SME’s Rapid Prototyping Association (RBAXhe current Rapid
Technologies and Additive Manufacturing (RTAM) Community, a sigaift progression for
the education and integration of additive technologies toward the ‘fJactfothe future.”
Currently Chairing one of eight sub-groups formed under RTAM. /Migw.sme.org/cgi-
bin/communities.pl?/communities/rpa/rpahome.htm&&&SME& Also, asdistéth planning
and coordination of SME Technical Forum, “Direct Metal SystemRdpid Manufacturing,”
Dearborn, Michigan, August 2003

Advisor for students in Research Experiences for Undergradud&d))( advising
manufacturing, rapid tooling, aerospace and mechanical engineeojegtpr 1997-present
http://www.msoe.edu/reu/

Collaborators & Other Affiliations

Collaborators and Co-Editors: M. Batdorff, A. Bloor, T. Bray, D. Cook, S. John, S. Kamara , S.
Kumpaty, J. Mallmann, J. Rocholl, A. Schneider, D. Stahl, T. Wanke, T. Labus (MSOE); G.
Hillebrand, M. Mitchell (P&G); T. Herman (3DMD); J. Wellington (SME); Brdsl (Platypus
Technologies, LLC).

Graduate and Postdoctoral Advisors: G. Hoffmann (MSOE)

Thesis Advisor and Postgraduate-Scholar Sponsor: None.
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Michael Goldfarb
Department of Mechanical Engineering
Vanderbilt University

Professional Preparation
Massachusetts Institute of Technology Mechanical Engineering Ph.D. of PhilosdpBy

Massachusetts Institute of Technology = Mechanical Engineering M.S. 1992
University of Arizona Mechanical Engineering B.S. 1988
Appointments

2005 Professor of Mechanical Engineering, Vanderbilt University

present

2000-2005 Associate Professor of Mechanical Engineering, Vanderbilt University
1994-2000 Assistant Professor of Mechanical Engineering, Vanderbilt University

Publications

1. Shen, X. and Goldfarb, M. Simultaneous Force and Stiffness Controlrefuanatic
Actuator. ASME Journal of Dynamic Systems, Measurement, and Control, vol. 129,
no. 4, pp. 425-434, 2007.

2. Shen, X. and Goldfarb, M. Energy Saving in Pneumatic Servo Controkikili
Inter-Chamber Cross-FIowASME Journal of Dynamic Systems, Measurement, and
Control, vol. 129, no. 3, pp. 303-311, 2007.

3. Shen, X. and Goldfarb, M. On the Enhanced Passivity of Pneumaticailgtad
Impedance-Type Haptic Interface$EEE Transactions on Robotics, vol. 22, no. 3,
pp. 470-480, 2006.

4. Shields, B.L., Fite, K., and Goldfarb, M. Design, Control, and Energetic
Characterization of a Solenoid Injected Monopropellant Powered Actuator,
|EEE/ASME Transactions on Mechatronics, vol. 11, no. 4, pp. 477-487, 2006.

5. Al Dakkan, K.A., Barth. E.J., and Goldfarb, M. Dynamic Constraint Basedgine
Saving Control of Pneumatic Servo SystemSME Journal of Dynamic Systems,
Measurement, and Control, vol. 128, no. 3, pp. 655-662, 2006.

6. Shen, X., Zhang, J., Barth E.J., and Goldfarb, M. Nonlinear Model Based Gafntrol
Pulse Width Modulated Pneumatic Servo System&SME Journal of Dynamic
Systems, Measurement and Control, vol. 128, no. 3, pp. 663-669, 2006.

7. Fite, K.B., Goldfarb, M., and Rubio, A. Loop Shaping for Transparency andiftabil

Robustness in Time-Delayed Bilateral Telemanipulati®BME Journal of Dynamic
Systems, Measurement, and Control, vol. 126, no. 3, 2004.
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8. Wu, J., Goldfarb, M., and Barth, E.J. On the Observability of Pressimeeimmatic
Servo SystemsASME Journal of Dynamic Systems, Measurement, and Control, vol.
126, no. 4, 2004.

Synergistic Activities
Associate Editor, ASME Journal of Dynamic Systems, Measurement, and Control, 2001-
2004.

Chair, ASME DSC Robotics Technical Panel, 1998-2000.
ASME Robotics Technical Committee, 2005-present.

ASME Mechatronics Technical Committee, 2006-present.

IEEE Technical Committee on Service Robotics, 1996-present

Faculty member volunteer for the Vanderbilt University Research Explootusde
series, 1999-present.

Faculty member volunteer for Vanderbilt University/Cumberland Science Museum
Science Frontiers NSF pilot study.

Collaborators and Other Affiliations

Collaborators and Co-Editors: Eric Barth, Ph.D., Department of Mechanical
Engineering, Vanderbilt University. Hamayoon Kazerooni, Ph.D.Department of
Mechanical Engineering, UC Berkeley. Alvin Strauss, Ph.D .Department of Mechanical
Engineering, Vanderbilt University. Robert Labadie, M.D., Department of
Otolaryngology, Vanderbilt University. Peter Konrad, M.D., Ph.D.Department of
Neurosurgery, Vanderbilt University. Paul Pasquina, M.D.Department of Physical
Medicine and Rehabilitation, Walter Reed Army Medical Center.

Graduate Advisors: William Durfee, Ph.D.,Department of Mechanical Engineering,
University of Minnesota. Woodie Flowers, Ph.D.,Department of Mechanical
Engineering, M.I.T. Robert Mann, Ph.D. (sadly deceasddgpartment of Mechanical
Engineering, M.I.T. Thomas McMahon, Ph.D. (sadly deceasddiyision of Applied
Sciences, Harvard University.

Post-doctoral advisor: Xiangrong Shen 2006-present. Thomas Withrow, 2005-present.
Kevin Fite, 2002-2006. Eric Barth, 2000-2002. Nicolae Lobontiu, 1999-2000.

Doctoral advisor: Farris, Ryan, Expected May 2011. Dalley, Skyler, Expect May 2011.
Wait, Keith, Expected May 2009. Sup, Frank, Expected May 2009. Braun, David,
Expected May 2009. Varol, Atakan, Expected May 2009. Li, Bo, Expected May 2008.
Shen, Xiangrong, May 2006. Shields, Bobby, December 2004. Cox, Adam, August 2003.
Al Dakkan, Khalid, August 2003. Fite, Kevin, B., December 2002. Siripanipipet,
Taweedej, May 2002. Kilchenman, Marcia, August 2001. Speich, John E., August 2001.
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Elizabeth T. Hsiao-Wecksler
Center for Autonomous Engineering Systems and Robotics
University of lllinois at Urbana-Champaign

Professional Preparation

Cornell University Mechanical Engineering BS 1987
Rochester Institute of Technology Mechanical Engineering MS 1994
University of California-Berkeley Mechanical Engineering PhD 2000
Harvard Medical School & Boston University Rehabilitation Engineering Post-do2000-2002
Appointments
2006 Affiliate, Center for Autonomous Engineering Systems and Robotics (CAESAR),
University of lllinois at Urbana-Champaign
2005 Affiliate, Department of General Engineering, University of lllinois rdalda-
Champaign
2002 Affiliate, Department of Bioengineering, University of lllinois at Urb@mampaign

2002-2003 Assistant Professor, Department of Mechanical Science and Engineexiagsityrof
lllinois at Urbana-Champaign

2000-2002 Post-doctoral Fellow, Integrated Rehabilitation Engineering Programn Bost
University and Harvard Medical School

1987-1994 Senior Project Engineer, Low Volume Printers and Copiers Division, Xerox
Corporation, Rochester, New York

Publications
1. Riemer, R., Hsiao-Wecksler, E.T. and Zhang, X. “Uncertainties in inverse dynaiterss: a
comprehensive analysis and an application to gadit and Posture, accepted.

2. Hsiao-Wecksler, E.T. “Biomechanical and age-related differences in basmesryusing the
tether-release methodldurnal of Electromyography and Kinesiology, in presslnvited Paper.

3. Ramachandran, A.K., Yang, Y., Rosengren, K.S., and Hsiao-Wecksler, E.T. “Effect of Tai Chi
on gait and obstacle crossing behaviors in middle-aged adbéid.and Posture, 26(2): 248-
255, 2007.

4. Hsiao-Wecksler, E.T., and Robinovitch, S.N. “The effect of step length on young and elderly
women'’s ability to recover balanceClinical Biomechanics, 22(5): 574-580, 2007.

5. Doyle, R.D., Hsiao-Wecksler, E.T., Ragan, B.G., Rosengren, K.S. “Generalizabildgtef of
pressure measures of quiet standi@alt and Posture, 25(2): p. 166-171, 2007.

Synergistic Activities

Course development: Modeling of Musculoskeletal Biomechanid&his course is an elective senior
[first-year grad student lecture course for engineering and advanced kinesiotEyts It explores
various models of the human musculoskeletal system, ranging from the tissue (e.g., bdeg tonus
the whole body level (e.g., movement and balance). It is taught every fall semeste&0£3.
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Human and Robotic Locomotion SeminAn interdisciplinary graduate seminar course with faculty
and labs from Mechanical Engineering, Electrical Engineering, Kinesiologghélsgy, and
Anthropology. Students in this course discuss issues and conduct interdisciplinarg petgeet! to
human locomotion and motor control using experimental and modeling techniques from
biomechanics and robotics. It is taught every semester since 2003.

Development of research tools: Currently conducting projects to develop techniques for (a)
guantitatively assessing patterns of motion in dynamic systems with spetefest in analyzing
asymmetric gait behaviors, the focus of the current proposal, and (b) assessindjiesgimmnaes to
impulse perturbations.

Women & minoritiesin engineering: Research advisor to two undergraduate students who were
2004-2005 recipients of the Intel Undergraduate Research Program for Women and Minority
Students. Course (ENG199W — Mentoring for Women Engineers): provide mentoring and advice to
female undergraduate engineering students about career, course, and research @gsportunit
Academic advisor to eleven female and three minority (Hispanic) male MeahBngineering
undergraduate students.

Undergraduate research advising: Since fall 2002, | have advised twenty-six undergraduate RAs in
my lab (including eight women and two minority males). Thirteen have conducted independgnt st
projects for course credit. One was an exchange student from Nagoya Univepaity,| Jeas
recognized in 2005 for this involvement of undergraduate researchers by receiving an ldonorabl
Mention in the UIUC Campus Award for Excellence in Guiding Undergraduate Riesearc

Service: Session co-chair and reviewer American Society of Biomechanics confergd@asZ004,
2006, 2007) and International Society of Electromyography and Kinesiology Conference (2004).
Reviewer for twelve journals. Ad-hoc reviewer for NIH — Musculoskeletal Retetlnh Sciences
study section, and NSF Graduate Research Fellowship Program — Bioengineering panel

Collaborators and Other Affiliations

Collaborators. Andrew Alleyne, UIUC, Armand Beaudoin, UIUC, Sungjin Hong, UIUC, Gavin
Horn, UIUC, IL Fire Service Inst, Peter Kurath, UIUC, Eric Loth, UIUC, John D. PolkQJIU

Brian G. Ragan, U Northern lowa, Karl S. Rosengren, UIUC, Jacob J. Sosnoff, UIUC, Yang Yang
UIUC, Xudong Zhang, UIUC

Graduate and Postdoctoral Advisors. Stephen N. Robinovitch, Simon Frasier Univ, Lewis A.
Lipsitz, Harvard Medical School, James J. Collins, Boston University, D. Casagdfer
University of Virginia

Thesis Advisor and Postgraduate-Scholar Sponsor: Total number of graduate students advised: 14
UIUC: Arun K. Ramachandran (MS), Matthew J. Major (MS), Kelly M. McHugh (MSgttBA.
Duiser (MS), K. Alex Shorter (MS/PhD), John Jang (MS), Raziel Riemer (PrddhiKeyan
Rajendran (MS), Richard J. Doyle (PhD), Andrew Bosiljevac (MS), Louis DiBea(tilS),

Pilwon Hur (PhD), Kiwon Park (PhD), Robin Chin (MS)
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Monika Ivantysynova, Ph.D
School of Mechanical Engineering & Agricultural and Biological Engiimge
Purdue University
Professional Preparation
Slovak Technical University of Bratislava, CZ Mechanical Engineering M.S.E. 1979
Slovak Technical University of Bratislava, CZ Mechanical Engineering Ph.D. 1983

Appointments
2004-present MAHA Professor Fluid Power Systems, School of Mechanicaldénigig and

Agricultural and Biological Engineering, Purdue University
1999-2004 Professor Mechatronic Systems, Institute for Aircraft Systegisdering, Tech-
nical University of Hamburg-Harburg, Germany
1996-1999 Professor Fluid Power and Control, Department of Mechanical Engineering, Duis
burg University, Germany
1992-1996 Senior Researcher and Manager of the Institute for Aircraft SyStegimeering at
Technical University of Hamburg-Harburg, Germany
1990-1992 Project Leader at the Institute for Machine Design at Technicarklty of Ham-
burg-Harburg, Germany
Publications
1. Ivantysynova, M., Huang, Ch. and Behr, R. 2005. Measurements of elastohydrodynamic
pressure field in the gap between piston and cylinder. Bath Workshop on Power
Transmission and Motion Control PTMC 2005, Bath, UK, pp. 451 — 465 — Best paper
award.

2. lvantysynova, M., Huang, Ch. and Japing, A. 2006. Determination of gap surface
temperature distribution in axial piston machines. ASME International Meeatanic
Engineering Congress, Chicago, USA, IMECE2006-15249.- Best paper Award.

3. Grabbel, J. and Ivantysynova, M. 2005. An investigation of swash plate control concepts for
displacement controlled actuators. International Journal of Fluid Power, Vol. 6 (2005), No.2
August 2005. pp. 19- 36.

4. Eggers, B.; Rahmfeld, R. and Ivantysynova, M. 2005. An energetic comparison between
valveless and valve controlled active vibration damping for off-road vehicles. 6ghlgFP
ternational Symposium on Fluid Power. Tsukuba, Japan. pp. 275-283.

5. Hilaire, A. St., Ossyra J.C. and Ivantysynova, M. 2006. Pump controlled active roll stabi-
lizer. International Journal of Fluid Power, Vol. 7 (2006), No.1 March 2006. pp. 27- 40.

Synergqistic Activities

One of the world’s leading expert in Hydrostatic Systems; Theaster ERC for compact and effi-
cient fluid power; Founder and Editor-in-Chief of the International Jush Fluid Power since
2000

Three new WebCT courses about “Theoretical Principles of DisplmePumps” developed and
taught for Maha Distance Education Centre at Purdue Universig/.ofher new courses related to
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fluid power education developed and taught at University of Duisburg eclthical University of
Hamburg-Harburg.

Member of scientific board of first virtual network in fluid power, the Fluid oet International

(http://fluid.power.net) and Member of European Fluid Power ResearehtreC FPCE,

http://www.fpce.net and member of many scientific boards and d (ulesary) lecturer at many
conferences and work shops

Research proposal review for Natural Sciences and EngineBesgarch Council of Canada
(NSERC), Academy of Finland, Research Council for Natural Segeand Engineering, German
Basic Research Foundation DFG and Academy of Italy; ExtB®aewer for Norwegian Univer-
sity of Science and Technology NTNU, Tampere University ohmfelogy, Aalborg University of
Denmark and Expert of the Centre of Excellence in Research IHA by themAgadéinland

Collaborators and Other Affiliations

Collaborators: All PI's of the ERC for compact and efficient fluid Power (Riglson, Perry Li
and Will Durfee, University of Minnesota, Wayne Book and Richard Salant, Geordia Nlde®
Goldfarb and Eric Barth, University of Vanderbilt, Andrew Alleyne and Eoih, University of
lllinois, John Lumkes, Purdue University) a large number of people at Purdue Ugiversit
Outside of Purdue University: P. Aachten (INNAS), Mike Betz (Sauer_Dantdsd). Boni (Me-
calac), Wayne John Book (Georgia Institute of Technology), Richard Burton (UtyvarSas-
katchewan), Esteve Codina (Technical University of Catalonia), Finn Conrad (Gaddniversity
of Denmark), Peter John Chapple (NTNU Norwegian University of Science and Tegynd).
Czarkowski (Actia), P. Drews (APS), Germano Franzoni (University of Patddey Grabbel
(Blohm & Voss), Changchun Huang, Jonathan Liscouet (INSA Touluse), Lewis K&spker-
Hannifin), William R. Kelley (BorgWarner Inc.), Richard Kimbel (Parlidannifin), Joe Kovach
(Parker-Hannifin), Petr Konarik (Technical University Ostrava), Noah Magrfiniversity of Mis-
souri), Jean-Charles Mare (INSA Toulouse), Nicola Nervegna (Politednicarino), Takao Ni-
shiumi (National Defense Academy, Japan), Petr Noskievic (Technicalrsityvaf Ostrava), Ha-
kan Olsson ( Mid Sweden University, Sweden), E. Orlando (Mecalac), P. Nentwigr{Banfoss),
Jean Claude Ossyra (Parker-Hannifin), Roberto Paoluzzi (IMAMOTER - C.Rd®ert Rahmfeld
(Sauer-Danfoss), Jari Rinkinen (Tampere University of Technology), RudolidE@beiversity of
Linz), Scott Schuh (Bobcat), E. Skirde (Sauer-Danfoss), Jacek S. Stecki (Monastsitypj\dmhn
Watton (Cardiff University), J. Weber (O&K), Franz Weingarten ( Paraamifin), Andrzej
Sobzyk (Krakow University), Matti Vilenius (Tampere University of Teclgg), Howard Zhang
(Parker-Hannifin).

Thesis and Dissertation Advisor: Prof. Paciga (TU Bratislava)

Thesis or Dissertation Advisor in last five years: Florian Ahlers, Peter Altermann, , Dorothee Bau-
er, Andreas Berns, Robert Behr, Blake Adam Carl, Gang Chen, S.Carsten ColioKetarea
Christiansen, Nicolas Ducat, Bastian Eggers, Henning Evert, Stefan Erfstyi@, Tobias Gotz,
Jorg Grabbel, Susan Hanke, Rene Herrmann, Anderson St. Hilaire, Salomon Ige, kkerd Ki
Richard Klop, Kyle Williams, Christopher Wiliamson, Alexander Krauss, Ra$fdar, Christian
Latinovic, J. Andrew Layer, Sebastian Lienkamp, Lars Olems, Jean Clauga,déatteo Pelosi,
Marian Preisner, Robert Rahmfeld, Michael Oppermann, Volker Schlabs, Jan geeinharava-
nan Subramanian, Uwe Wieczorek, ElImar Wulf, J. A. Yamah
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Xiaochun Jiang, Ph.D.
Department of Industrial and Systems Engineering
North Carolina A&T State University

Professional Preparation

East China Institute of Technology, Nanjing, Mechanical Engineering B.S. 1992

China

Nanjing University of Science & Technology, Manufacturing Engineering M.S. 1998

Nanjing, China

Clemson University Industrial Engineering (with a MinoPh.D. 2001

in Experimental Statistics)

Appointments

2002-present Assistant Professor, Industrial and Systems EngineephgNIC A&T State

2002 Human Factors Engineer & FAA contractor, Titan Systems /SRC Divisays M
Landing, NJ

Publications

1. Jiang, X., Gramopadhye, A. K., Melloy, B. “Theoretical IssuehenDesign of Visual Inspection
Systems” Theoretical Issuesin Ergonomics Science, 5(3), 232 — 247, 2004.

2. Jiang, X., Master, R., Gramopadhye, A. K., and Melloy, B.J., Grime2003], Evaluation of Best
System Performance: Human, Automated, and Hybrid Inspectionn®ysteernational Journal of
Human Factorsin Manufacturing, 13(2), 137-152.

3. Jiang, X., Khasawneh, M. TMaster, R., Bowling, S. R., Gramopadhye, A. K., Melloy, B. J., and
Grimes, L., “Measurement of Human Trust in a Hybrid Inspectiosteédy Based on Signal
Detection Theory Measures,” International Journal of Industrial ErgonpB8#¢S), 407-419, 2004.

4. Master, R.Jiang, X., Khasawneh, M. TBowling, S. R., Grimes, L., Gramopadhye, A. K., and
Melloy, B. “Measurement of Trust over Time in Hybrid Inspectigist&ms”International Journal
of Human Factors in Manufacturing , 15(2), 177-196, 2005.

5. Gripper, M., McBride, M., Osafo-Yeboah, B., and Jiang, X., “Using thési@al Acquisition Test
(CAT) to Compare the Speech Intelligibility of Air versus Born@uction”, International Journal
of Industrial Ergonomics, in Press.

6. Nuschke, P., andiang, X.,“A framework for inter-organizational collaboration and sensemaking
integrating communication and knowledge management tools,” Proceedingj@ttofICCRTS,
Newport, RI, 2007.

7. Jiang, X., Master, R., Kelkar, K. and Gramopadhye, A. K., “Task ArmsabfsShift Change Activity
in Aviation Maintenance Environment: Methods and Finding#iman Factors and Aerospace
Safety, 2(1), 45-69, 2002.

8. Jiang, X., Bingham, J., Master R. Gramopadhye, A. K and Melloy B.Visual inspection

simulator for hybrid environmentsinternational Journal of Industrial Engineering: Theory,
Applications and Practice, 9(2), pg. 123-132, June 2002.
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9. Jiang, X., Srinivasan, Gramopadhye, A. K., Ferrell, W. J. “Modeling &tro6ampling Inspection:
Effect of Degraded Performanc&)uality Engineering, 151), 67-74, 2002.

Synergistic Activities
Co-chair of Human Factors and Ergonomics Track, 2007 Industrial EngineeringdReSeaference
(IERC)

Co-chair of Human Factors and Ergonomics Track, 2008 Industrial EngineeringdReSeaference
(IERC)

Editorial Board, International Journal of Industrial Ergonomics

Statistical Analyst, Assess the effectiveness of the NC-LSAMRgrajhich aims to attract more
underrepresented minority students to pursue advanced degrees in STEM re¢sted ar

Collaborators and Other Affiliations

Collaborators. Dr. Anand K. Gramopadhye, Dr. Brian J. Melloy, Dr. Byung Rae Cho, Dr. Michael S.
Leonard — Clemson University, Dr. Celestine Ntuen, Dr. Eui Park, Dr. Younho Seong, [l Dani
Mountjoy, Dr. Udoka, Dr. Bala Ram, Dr. Sanjiv Sarin, Dr. Salil Desai— North CaraiaState
University, Dr. Mohammad T. Khasawneh -- State University of New York gjtaimton, Dr. Sittichai
Kaewkuekool, -- King Mongkut's University of Technology Thonburi, Thailand, Dr. Kins&tel
university of Minnesota, Dr. Wayne Book — Georgia Institution of Technology

Graduate and Postdoctoral Advisor: Dr. Anand K. Gramopadhye — Clemson University

Thesis Advisor and Postgraduate: Gilena Monroe (MS, 2004) NASA AMES Research Center, Mountain
View, California, Edem Tetteh (MS, 2005) Continuing Lecturer, Purdue thiiyedRichmond Campus,
James Davis (MS, 2004) Nescafe, Angela Smith (MS, 2006) Catermt, Paul Nuschke (MS, 2007)
Electronic Ink, Porsche Williamson (MS, 2007) GE, Asha Clinkscale (MS, 2007)
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Matey G. Kaltchev
Department of Physics and Chemistry
Milwaukee School of Engineering

Professional Preparation

University of Sofia, Bulgaria Engineering Physics M.S., 1983
University of Wisconsin — Milwaukee Phys Chemistry/ Surface Sci  Ph.D., 1999
University of Wisconsin — Milwaukee Surface Science—Tribology Postdoc 2000-2002

Appointments
2002 — Present Assistant Professor, Department of Physics and ChemistayKkde
School of Engineering
2000 — 2002 Research Associate in Surface Science, UW Milwaukee
1993 — 1999 Research Assistant, Department of Chemistry and Lab for Surfacs, Studie
UW-Milwaukee
1984 — 1993 Research Fellow, Institute of Catalysis, Bulgarian Academy ot&gie
Sofia, Bulgaria
1983 — 1984 Research Scientist, Institute of Microelectronics, Sofia, Bulgaria
Publications

1. Kaltchev, M., Gao, F, Tysoe, WT “Study of the friction coefficient dependence of hailide t
films and monolayers on applied load using atomic force microscopy (AFM)”, iai@&on
for publication inTribology Letters (2004).

2. Gao F, Wu G, Stacchiola D, Kaltchev M, Kotvis PV, Tysoe WT “The tribological pregerti
of monolayer KC1 films on iron in ultrahigh vacuum: Modeling the extreme pressure
lubricating interface”Tribology Letters 14 (2), 99-104 (2003).

3. Wu G, Gao F, Kaltchev M, Gutow J, Mowlem JK, Schramm WC, Kotvis PV, Tysoe WT
“An investigation of the tribological properties of thin KCI films on iron in ultr&hig
vacuum: modeling the extreme-pressure lubricating interfadeAR 252 (7-8), 595-606
(2002).

4. Kaltchev M, Kotvis PV, Blunt TJ, Lara J, Tysoe WT, “A molecular beam study of the
tribological chemistry of dialkyl disulfidesTribology Letters 10 (1-2), 45-50 (2001).

5. Kaltchev M, Celichowski G, Lara J, Tysoe WT, “A molecular-beam studigeofrtbological
chemistry of carbon tetrachloride on oxygen-covered irérihology Letters 9 (3-4), 161-
165 (2000).

Svynerqgistic Activities
Reviewer, 2004 Hawaii International Conference on Sciences, 2003.

Consultant, Lucas — Milhaupt Co., Milwaukee, 2004.
Open House at Milwaukee School of Engineering, Physics and Chemistry negtigse Winter
2002, Winter 2003.
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Consultant, Advanced Analytical Facility, UW Milwaukee.
1% Annual Poster Session in Chemistry, judge, MSOE, Milwaukee 2003.

Collaborators & Other Affiliations

Collaborators and Co-Editors:

V. Boiadjiev (University of Tennessee Knoxville); F. Gao, D. Stacchiola, A. Thompson, W.T
Tysoe, Y. Wang (University of Wisconsin Milwaukee); J. Gutow (University afddhsin-
Oshkosh); P. Kotvis (Benz Oil, Milwaukee); G. Wu (Valvoline Labs, Lexington, KY).

Graduate and Postdoctoral Advisors:
Wilfred T. Tysoe (University of Wisconsin Milwaukee).

Thesis Advisor and Postgraduate-Scholar Sponsor:

E. Manova, M.S. graduate student supervised at the Institute of Catalysis, Bulyeaidemy of
Sciences, 1988-1989.
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Medhat Khalil
MSOE Applied Technology Center
Milwaukee School of Engineering

Professional Preparation

Military Technical College, Cairo, Egypt Mechanical Engineering B.S., 1983
Cairo University, Cairo, Egypt Mechanical Engineering M.S., 1989
Concordia University, Montreal, Canada Mechanical Engineering Ph.D., 2003
Appointments
July 2005 Distinguished Lecturer and Scientist in Fluid Power and Motion Control

Applied Technology Center, Milwaukee School of Engineering

2003 - present Hydraulic System Simulation Software Developer, Power SyStarttrol
and Simulation Department, CAE Inc., Montreal.

2003 - present  Adjunct Assistant Professor, Dept. of Mechanical and Industriaé &gy,
Concordia University, Montreal.

2000-2003 Research Assistant, Center of Industrial Control, Department of Mathani
and Industrial Engineering, Concordia University, Montreal.

1996-2000 Technical Office and Training Manager, YFHE Co.

1996-2000 Egyptian Agent, Mannesmann Rexroth, Cairo, Egypt.

1986-1996 Lecturer, Mechanical Power & Energy Department, Militariaiieal
College, Cairo, Egypt.

1983-1986 Maintenance Engineer, Army Vehicles Workshop, Cairo, Egypt

Publications

1. M.K. Bahr Khalil and Shajan John, “IESHYDO010V01l - Hydraulic Componentsn&izi
Calculator”, International Journal of Fluid Power, Vol. 8 #3, pp. 65-67, November 2007
Germany.

2.M. K. Bahr Khalil, J. Svoboda and R.B. Bhat, “Modeling of Swash PlatalAXiston Pumps
with Conical Cylinder Blocks”, Journal of Mechanical Design, ASMfarnEaction, Vol.126,
pp 196-200, January 2004, USA.

3.M.K. Bahr Khalil, “Estimated versus Calculated Viscous Frictiarefficient in Spool Valve
Modeling” Proceedings of the 8MNational Conference on Fluid Power, International Fluid
Power Exhibition, IFPE 2008 Technical Conference, March 2008, Las Vegas, NV., USA.

4 M.K. Bahr Khalil, “Innovative Tool for Custom Course Building and Delivve8ubmitted for
publication at the 11th Annual World Conference on Continuing Engineering kdydday
2008, Atlanta, USA. Abstract.

5.Khalil, M.K., Deping Li and Bhat, R.B. “Controlling of Rolling Mills Oping Conditions
Using Variable Displacement Pump and Electro-Hydraulic Pres€ampensator”. 12
International Conference on Applied Mechanics and Mechanical EngineBNHJE-12,
May 16-18, 2006, Military Technical College, Cairo, Egypt.
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Synergistic Activities
Member of the “Continuing Education Committee,” Canadian Society of Mechanical
Engineering (CSME).

Member of the Professional Engineering Organization PEO, Ontario, Canada Riockss.

Collaborators & Other Affiliations
Collaborators and Co-Editors. None

Graduate and Postdoctoral Advisors:
M.Sc.: S. Kassem (Cairo University)
Ph.D.: R. Bhat (Concordia University)

Thesis Advisor and Postgraduate-Scholar Sponsor: None
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Perry Y. Li
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

Cambridge University, England Electrical & Information Sci. B.A(i4.), 1987
Boston University, Boston Biomedical Engineering M.S., 1990
University of California, Berkeley Mechanical Engineering Ph.D., 1995
Appointments
2003-present Associate Prof., Dept. Mechanical Engineering, Univ. of Minnesota

1999-present Graduate Faculty in Control and Dynamic Systems (CBy&)ram,
University of Minnesota

1997-2003 Nelson Assistant Prof., Dept. Mech. Engineering, Univ. of Minnesota

1995-1997 Member of the Research Staff, Xerox Wilson Center foraRésend
Technology

1990-1990 Research Engineer, Anesthesia Bioengineering Unit, dlasséts General

Hospital, Boston, Massachusetts
Biomechanics Consultant, Reebok Corporation, Stoughton, MA

Publications
1. Q.Y.Yuan and P.Y. Li, “Using Steady Flow Force for Unstable Valesign: Modeling and
Experiments,” To appear in ti&ME J. Dynamic Systems, Measurement & Control.

2. P.Y. Li and K. Krishnaswamy, “Passive Bilateral Teleoperatbnan Electrohydraulic
Actuator Using an Electrohydraulic Passive ValMetérnational J. Fluid Power, Issue 13,
pp. 43-59, 2004.

3. K. Krishnaswamy and P.Y. Li, “On the Use of Unstable Electrohyudravalves for
Control,” ASME J. Dynamic Systems, Measurements & Control, 124(1), pp.183-190, 2002.

4. P.Y. Li, “Dynamic Redesign of a Flow Control ServovalvA3VIE J. Dynamic Systems,
Measurement and Control, 124(3), pp. 428-434, 2002.

5. P.Y. Li, “Toward Safe and Human Friendly Hydraulics: The PasMake,” ASVE J.
Dynamic Systems, Measurements & Control, 122(3), pp. 402-409, 1999.

Synerqistic Activities
Director of the industry supported “University of Minnesota Fluid PoB@ntrol Education and
Research Initiative.”

Developed a new U/G course “Fluid Power Controls Laboratory” egrate systems dynamics,
modeling and control concepts, with practical aspects of fluid power and controls.

Chair, Fluid Control Panel, in the ASME Dynamic Systems and Control Division.
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P1 of current NSF project: “Software Enabled Variable Displacement Ru@kS-0409832.
Team Leader of a NFPA funded U/G project to build a hydraulic exoskeleton.

Co-Pl on a NSF project to develop “Distributed Laboratory” for UA&arning systems
dynamics. DUE/CCLI-0231121.

Associate EditorASME Journal of Dynamic Systems, Measurement and Control. 2003-present.

Collaborators & Other Affiliations

Collaborators and Co-Editors. W. Durfee, A. Erdman, S. Ramaswamy, K. Stelson (Univ. of
Minnesota); E. Gross, E. Hamby (Xerox); G. Chiu (Purdue); S. Di@RE); R. Horowitz
(Berkeley); R. Ngwompo (Bath).

Graduate and Postdoctoral Advisors:
R. Horowitz (PhD, Berkeley); Z. Ladin (MS, Boston)

Thesis Advisor and Postgraduate-Scholar Sponsor: (all Univ. of Minnesota)

Graduates: C. Chen (MS); C. Zhong (MS); A. Shrivastava (MS); \M8&); P. Bjegovic (MS);
D. Rajala (MS); S. Saimek (PhD); D.J. Lee (PhD); K. Krishnaswamy (MS).PhD

Current PhD students: Q. Yuan, Z. Liu, T. Sim, J. Longstregth, C.Y. Li.

Current MS students: R. Anderson, M. Stoner.
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Eric Loth
Aerospace Engineering
University of Illinois at Urbana-Champaign

Professional Preparation

West Virginia University Aerospace Engineering B.S., 1983

Pennsylvania State University Aerospace Engineering M.S., 1985

University of Michigan Aerospace Engineering Ph.D., 1988

Appointments

2002-present Willett Faculty Scholar, Univ. of lllinois College of Engimegri

2002-present Professor of Aerospace Engineering, Univ. of lllinois

1995-2002 Associate Prof. of Aeronatuical & Astronautical Eng., Univ. of lllinois

1990-1995 Assisitant Prof. of Aeronatuical & Astronautical Eng., Univ. of Illinois

1989-1990 Aerospace Engineer, Lab for Comp. Physics & Fluid Dynamies) Ras.
Lab

1988-1989 Staff Scientist, Berekely Research Asssociates, Springfeld V

Publications

1. Dorgan and E. Loth, “Simulation of Particles Released NearWlad in a Turbulent
Boundary Layer,’Intl. J. Multiphase Flow(to appear).

2. Y. Lee, E. Hafenricheter, J.C. Dutton and E. Loth, “Skin Friction Mesmsents for
Recirculating Normal Shock/Boundary-Layer Interaction Cont®lAA J.(to appear).

3. E. Loth, W. Sherman, A. Aumann and C. Navarro, “A Virtual Technique fortiphase
Flows,” Int’l. J. Computational Fluids Dynamic8(3), pp. 265-275, 2004.

4. E. Loth, “Smart Materials for Mesoflap Bleed and Injection,” (legli Talk) ASME Summer
Fluids Engineering Meetind-FEDSM2001-18277, New Orleans, May-June 2001.

5. T. Bocksell and E. Loth, “Random Walk Models for Particle Diffusiofree-Shear Flows,”
AIAA Journal,39(6), pp. 1086-1096, 2001.

Synergistic Activities
Cambridge University (England), Engineering Department NMgitScholar (fall 2004
sabbatical)

National Energy Technology Lab, ORISE Summer Faculty, Morgantown, WV (2002)

Brown University and University of California San Diego, Visiti Associate Professor (fall
1997 sabbatical)

Molten Metal Technology, Senior Research Engineer, Waltham, MA (summer 1996, 1997)

Naval Research Lab, Senior Fellow & ASEE Summer Faculty, Washington,19%95)(
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Arnold Engineering and Development CenfdfFOSR Summer Faculty, TN (1993)

Science Applications Intl. CorpSenior Research Engineer, VA (summers 1990, 1991)

Collaborators & Other Affiliations

Collaborators and Co-Editors:A. Alleyne, M. Bragg, J.C. Dutton, P.Guebelle, P. Hrnjak, J.
Molner, D. Tortorelli, S. White (UIUC); D. Davis, M. Potapczuk (NA&lenn); D. Lankford
(AEDC); S. Mcllwain (StarCD); F. Roos (Boeing); W. Sherman (NCSA).

Thesis Advisor or Postgraduate-Scholar Sponsor:

Graduate students (total 24).ast 5 years includes P. Bhattacharjee, B. Field, R. Jaiman
(UIUC); T. Bocksell (Pratt & Whitney); C. Bhargava (Madisoys&ms); A. Dorgan, D. Gefroh
(Boeing); E. Hafenrichter (Sandia); S. Lee (Boston); J. Pan (lllinote $fater Survey).
Post-doctoral (total 27)S. Dug KIM (UIUC), S. Mcllwain (Star-CD)
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John H. Lumkes Jr. P.H.D., PE
Agricultural and Biological Engineering
Purdue University

Professional Preparation

Calvin College Engineering B.S.E, 1990
University of Michigan—Ann Arbor Mechanical Engineering M.S.E., 1992
University of Wisconsin—Madison Mechanical Engineering Ph.D., 1997
Appointments

2004-present Assistant Professor, Agricultural and Biological EngineeringtBepa
Purdue University, West Lafayette, Indiana

2001-2004 Associate Professor, Mechanical Engineering Department
Milwaukee School of Engineering, Milwaukee, Wisconsin.

1997-2001 Assistant Professor, Mechanical Engineering Department
Milwaukee School of Engineering, Milwaukee, Wisconsin.

Publications
1. Lumkes, J., Control Strategies for Dynamic Systems, Design and Impétioentiarcel-
Dekker Inc., 616 pages, 2002, ISBN: 0—8247—0661—7.

2. Hanks, T., and Lumkes, J. “Adaptive Control System for Electrohydraulic Canmigise E
Gas Valve Actuator”, Proceedings of the 24th American Control Conference (AQt®) 8 to
10, 2005, Portland, Oregon.

3. Brauer, J., and Lumkes, J., “Coupled model of a magnetically-actuated valve iognéroll
hydraulic cylinder and load”, IEEE Transactions on Magnetics, March 2002, VaEsG38 2,
po17.

4. Ficken, J., Labus, T., and Lumkes, J., “Electrohydraulics in the Undergraduate Cuftticulum
Proceedings of the American Control Conference, Chicago, IL, June, 2000.

5. Van Doorn, W. and Lumkes, J., “Directional Stability Enhancement Of A Dual Path Front
Hydrostatic Drive By Wire Off-Road Vehicle”, 2006 ASME InternationadWanical
Engineering Congress & Exposition, November 5-10, 2006, Chicago, IL USA.

7. Hadj-Kacem, N., and Lumkes, J., “Fuel Consumption Simulation on the Federal Unboan Dri
Cycle of a Hydrostatic Transmission Vehicle Modeled with Bond Graphs”, &toags of the
50th National Conference on Fluid Power (NCFP), March, 2005.

8. Lumkes, J., van Doorn, W., and Donaldson, J., “The Design and Simulation of a High Force
Low Power Actuation System for Camless Engines”, Proceedings of 2005 ASME
International Mechanical Engineering Congress and Exposition, November 5-11, 2005,
Orlando, FL USA.
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9. Batdorff, M., and Lumkes, J., “Virtually Variable Displacement Hydraulic [ tmaluding
Compressibility And Switching Losses”, 2006 ASME International MechanicahEagng
Congress & Exposition, November 5-10, 2006, Chicago, IL USA.

10. Holland, M., Harmeyer, K., and Lumkes, J., “Electrically Controlled Fixed-[Zispiant
Pump, Variable-Displacement Motor Hydrostatic Transmission”, 2006 SAE Canaine
Vehicle Engineering Congress & Exhibition, October 31- November 2, 2006, Chicago, IL
USA.

Synerqistic Activities
Faculty Advisor, Purdue ASABE Chapter, American Society of Agriculamdl Biological
Engineers. Advisor for the ¥ Scale Student Design team. (2004-present)

SAE International Professional Society Activities: SAE Fluid Power Cibieen(2006-present),
SAE Aerospace Program Office (APO) Committee (2003-present), SAkDesign
Competition Rules Committee (2003-present), Board of Directors, Position of Waedd
Student Activities, Milwaukee Section of SAE (2003-2004), SAE Aero Design and Formul
Design faculty advisor (1998-2004), SAE Chapter Faculty Advisor (1998-2004)

Musto, J., Lumkes, J., and Carnell, W., A Freshmen Programming Course for Mechanical
Engineers Using Mechatronics Applications, Proceeding of the 2004 AmericatySocie
Engineering Education Annual Conference and Exposition, Salt Lake City, UT, June, 2004.

Lumkes, J., “The Integration of Student Design Competitions and Academic Curricula”
accepted for presentation and publication at the 2006 ASME International Methanica
Engineering Congress & Exposition, November 5-10, 2006, Chicago, IL USA.

Lumkes, J., and Cesareo, V., The Use of Composites in Radio-Controlled Cargo Airplanes
Designed for Student SAE Aero Design Competitions, 17th Technical Conferencecamer
Society for Composites, October, 2002.

Collaborators & Other Affiliations

Collaborators. Tom Bray (Dean of Research, MSOE), John Brauer (Retired, formerly an
employee of Ansoft and MSOE), Gary Krutz (Professor, ABE Dept. Purdue Utyyekdonika
Ilvantysynova (Professor, ABE and ME Dept, Purdue University), Tom Wanke {@icdche
Fluid Power Institute, MSOE)

Graduate Advisor: Ph.D. Advisor, Frank Fronczak, University of Wisconsin—Madison

Thesis Advisor: Tom Hanks (MSE), Josh Donaldson (MSE), Nabil Hadj-Kaceem (MSE),
Howard Haugstad (MSE), Mark Batdorf (MSE), Bill VanDoorn (MSE)

Current Graduate Students. Mark Batdorff (Ph.D.), Jose Garcia (Ph.D.), Prashant Desai (MSE),
John Mahrenholz (MSE), Cody McKinley (MSE), Greg Long (MSE)
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Susan C. Mantell
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

Stanford University Mechanical Engineering B.S., 1977
Northeastern University Mechanical Engineering M.S., 1987
Stanford University Mechanical Engineering Ph.D., 1991

Appointments
2006-present Professor and Design and Manufacturing Division Diréxpartment

of Mechanical Engineering, University of Minnesota

2003-2006 Professor, Department of Mechanical Engineering, University

Minnesota

1998-2003 Associate Professor, University of Minnesota
1991-1998 Assistant Professor, University of Minnesota
1996-1997 Visiting Assistant Professor, Department of Mechanical Emging,

Massachusetts Institute of Technology

1982-1987 Design Engineer, CTI Cryogenics, Waltham, MA
1981-1982 Mechanical Engineer, GTE Sylvania, Westboro, MA
1979-1981 Internship (summers) for General Motors, Packard Electricidiyi

Youngstown, OH

Publications

1.

2.

Wu, C., Mantell, S.C., and J. Davidson, “Macroscopic Failure of Myéiried Viscoelastic
Polymers,” to appear in Polymer Engineering and Science, (in press 2007).

Thomas, D., Mantell, S., Davidson, J., Goldberg, L., and Carmody, J., “Analysis of Sandwich
Structures for a Self-supporting Residential Roof,” ASME J. @&iSEnergy Engineering

128, 338-348, 2006.

Li, Z., Mantell, S., and Davidson, J. (2005). "Mechanical Analysis of Streamlined Tuithe
Nonuniform Wall Thickness for Heat Exchangerslburnal of Strain Analysis for
Engineering Design, 40(3), pp. 275-285.

Freeman, A., Mantell, S. C., and Davidson, J. (2005). "Mechanical Perfamainc
Polysulfone, Polybutylene, and Polyamide 6,6 in Hot Chlorinated Weeldf Energy
Journal, 79, pp. 624-637. also appeared in Proceedings Solar World Congress, Orlando, FL.
Parthasarathy, S., Mantell, S.C., and Stelson, K., (2004), "EstimationroCantd
Optimization of Curing in Thick-Sectioned Composite ParlsSME Journal of Dynamic
Systems, Measurement and Control, 126 (December), pp. 1-10.

Synerqistic Activities

Outreach/Design Education
STEPs summer camp for high school girls summer camp sponsoretiebgociety of

Manufacturing Engineers, curriculum development and instructor for (2000-2002)

Design camp for high school students sponsored by the Universitinaebbta Design Institute

and College of Human Ecology, curriculum development and instructor (2000)
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Young Scientists Round Table, Presentation on Composite Structuredifa and Plymouth
School Districts

Enquiring Minds, University of Minnesota, Poster session sponsored by the Gradusaike Sch

SWE Panel for high school girls considering the Institute of Technology, ga2ei®-2002)

Girl Scout Saturday sponsored by the Institute of Technology, clumic development and
instructor

Undergraduate advising activities

lowa State University, Mechanical Engineering Department Advisoryp€lbumember since
2001

Undergraduate advisor, upper division, Mechanical Engineering (2001-present)
Pi Tau Sigma: Mechanical Engineering Honor Society, faculty advisoMNostudent
chapter (2002-2004)

Editor

Associate Editodournal of Composite Materials (since December 2000)

Associate EditorJournal of Materials Processing and Manufacturing Science (August 1998
March 2003)

Collaborators & Other Affiliations
Graduate and Postdoctoral Advisors: Stanford University, George Springer (Ph.D.).

Thesis Advisor and Postgraduate-Scholar Sponsor:

Visiting Scholars: Joy Zhou

Post Graduates: Anand Rau, Dongsheng Wang, Gur Mittelman

Ph.D.: Li Cao, Robert Duh, Charles Hautamaki, Elizabeth Linstrom, Sanjay $2ettingy,
WeiChing Sun, Chunhui Wu, Tikeswar Naik, Liyong Sun, Zhihua Li

Collaborators: Jane Davidson (UMN), Ellen Longmire (UMN), Terry Simon (UMNIm
Stelson (UMN), Beth Lanier (Chevron Phillips), Jay Burch (DOE), John CarnuddiX)
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Ashlie Martini
School of Mechanical Engineering
Purdue University

Education
Northwestern University Mechanical Engineering B.S. 1998
Northwestern University Mechanical Engineering Ph.D. 2007
Appointments
8/08 — Assistant Professor, Mechanical Engineering, Purdue

8/07 —5/08  Visiting Assistant Professor, Mechanical Engineering, Purdue
8/07 —5/08  Visiting Postdoctoral Fellow, Mechanical Engineering, Northwestern

Selected Publications

Martini, A., Roxin, A., Wang, Q., Snurr, R.Q., and Lichter, S. “Molecular Mechanisms of
Liquid Slip”, Journal of Fluid Mechanics, Accepted.

Martini, A., Zhu, D., and Wang, Q., 2007, “Friction Reduction in Mixed Lubrication”,
Tribology Letters, 28, 109-222.

Martini, A., Velter, G., Keer, L.M., and Wang, Q., 2007, “Enhancement of a Simplified
Model for Maximum Stress Prediction,” Tribology Letters, 23, 61-67.

Lichter, S., Martini, A., Snurr, R.Q., and Wang, Q., 2007, "Liquid Slip as a Rate Process,"
Physical Review Letters, 98, 226001.

Zhu, D., Matrtini, A., Wang, W., Hu, Y.H., Lisowski, B., and Wang, Q., 2007, “Simulation of
Sliding Wear in Mixed Lubrication,” ASME Journal of Tribology, 129, 544-552.

Martini, A., Liu, Y.C., Snurr, R.Q., and Wang, Q., 2006, “Molecular Dynamics
Characterization of Thin Film Viscosity for EHL Simulation,” Tribology tees, 21, 217-
225.

Synergistic Activities
Invited Participant, Atomic-scale Friction Research and Education SyhieitgyAFRESH)
project kick-off workshop (2007).

President, Northwestern University Mechanical Engineering Graduater§$u Society
(2006-2007).

Chairperson and Organizer, Northwestern University NSF-IGERT Annual Sympaosi
Virtual Tribology (2006).

Track Organizer, World Tribology Conference Ill, Student Poster Session (2005).
Coordinator, Preparing Future Engineering Faculty (2003-2004).

Graduate Student Representative and Scribe, NSF/ASME Workshop on the Future of
Tribology (2004)
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Graduate Advisors

Professor Q. Jane Wang, Northwestern University, Department of Mechangiakering,
Evanston, IL

Professor Randall Q. Snurr, Northwestern University, Department of Chanital
Biological Engineering, Evanston, IL
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Stephen L. McCary-Henderson
Curriculum and Instruction
North Carolina A&T State University

Professional Preparation

North Carolina A&T State University Mathematics Education B.S., 1983

North Carolina A&T State University Professional Mathematics ,B.$83

University of Southern Mississippi Mathematics Education M. Ed., 1992

Union Institute and University Team and Org. Devel. Ph.D., 2001

Appointments

2003-present Assistant Professor, North Carolina A&T State University

2002-2003 Adjunct Assistant Professor, North Carolina A&T State University

1988-2002 Mathematics Instructor/Freshman Academic Advisor, NorthiGard&T
State University

1987-1988 Mathematics and Science Teacher, Charlotte-Mecklenburg System,

Charlotte, NC
Summers: 1987, Mathematics/Physics/Computer Science, Accessing Matsem
1989, 1990, Based Careers (Intensive Summer Science Program), Bennett College
1993-1995

Publications

1. D. Massey, A. Graham, S. McCary-Henderson and E. Williar@sedting Community
Among African American Online Learners: A Case for Instru€ollaboration,” Society for
Information Technology and Teacher Educatioll Iffernational Conference (Atlanta, GA;
March 1-6, 2003) p. 112.

2. K. Smith-Gratto, D. Leflore, S. McCary-Henderson and T. Olds, “Evialgidhe Infusion of
Technology into Teacher Education Curriculum,” Society for Inforomaiiechnology and
Teacher Education Y9nternational Conference (Atlanta, GA; March, 1-6, 2003) p. 164.

3. “Tip for selecting a college major in a STEM discipline,” $&eted at the First Annual OPT-
ED Alliance Day (Raleigh, NC; September 2002).

4. “Transitioning into STEM Disciplines: Tips on Selecting a Colldgggor,” Presented at the
Sixth Annual Undergraduate Research Conference — North Carolina Stmkes Alliance
for Minority Participation (Raleigh, NC; April 2002).

Synergistic Activities
National Council of Teachers of Mathematics

North Carolina Council of Teachers of Mathematics
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Collaborators & Other Affiliations

Collaborators and Co-Editors: C. Caple (Virginia Tech); L. Edwards (Fayetteville State
University); A. Graham, D. Leflore, S. Ricks T. Smith K. Smith-Gratto, (N@arolina A & T
State University); D. Massey (University of Washington at Tacoma).

Graduate and Postdoctoral Advisors. Masters: H. Petticord (University of Southern
Mississippi), Doctorate: E. Wingard (Union Institute and University)

Thesis Advisor and Postgraduate-Scholar Sponsor: None
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Paul Michael
Fluid Power Institute
Milwaukee School of Engineering

Professional Preparation

University of Wisconsin, Milwaukee Chemistry B.S. 1987
DeVry University, Keller Graduate School Business M.B.A. 2001
Appointments

2005-present Research Chemist, MSOE Fluid Power Institute, Milwaukee, WI
1987-present Part-time Faculty, MSOE Fluid Power Institute, Milwaukee, WI

1993-2005 Technical Director, Benz Oil, Milwaukee, WI
1987-1993 Applications Chemist, Benz Oil, Milwaukee, WI
1978-1987 Laboratory Manager, Filmite Oil, Milwaukee, WI
Publications

1. P. Michael, “Lubrication in the Timber and Paper Industries,” Handbook of Lubncatd
Tribology, Vol.1, G.E. Totten Ed., Taylor & Francis, Boca Raton, 2006.

2. P. Michael, “In The Flow — How Viscosity Affects Grinding Oil PerformghCaitting
Tool Engineering56(7) pp. 23-27, 2004.

3. W.A Givens, P.W. Michael, “Hydraulic Fluids,” ASTM Fuels & Lubricantsttaook,
G.E. Totten Ed., ASTM International, West Conshohoken, PA, 2003.

4. P. Michael, “Standards For Hydraulic Fluid Testing,” Handbook of Hydraulic Fluid
Technology, G.E. Totten Ed., Marcel Dekker, NY, 2000.

5. S.N. Herzog, T.E. Marougy, P.W. Michael, “Fluid Viscosity Selection For dlyutr
Pumps and Motors,” Proceedings of th& A&itional Conference on Fluid Power —
National Fluid Power Association, 2000.

Svynerqgistic Activities

Society of Tribologists and Lubrication Engineers
Certified Lubrication Specialist, 1997

Massachusetts Institute of Technology
Summer Program in Tribology, 1992

American Society for Quality
Certified Quality Engineer, 1992

Society of Tribologists and Lubrication Engineers
Bearing Failure Analysis Course, 1988
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Collaborators & Other Affiliations

National Fluid Power Association
Secretary, Fluids Committee
Project Chair / Co-Chair in authorship of:

NFPA T2.13.14 — 2006:
Recommended practice — Hydraulic fluid power — Use of environmentally alosefiteds

NFPA T2.13.13 — 2002:
Recommended practice — Hydraulic fluid power — Fluids — Viscosity selecttenafor
hydraulic motors and pumps

NFPA T2.13.1 — 1997:
Recommended Practice — Hydraulic fluid power — Use of fire resistantuiigditaids

American Society of Testing and Materials
Chairman of Hydraulic Fluid Industrial Applications Section D02.N02
Project Chair in authorship of:

ASTM D 5534
Test Method for Vapor-Phase Rust-Preventing Characterisitcs of Hydréuwilis

ASTM D 6547
Test Method for Corrosiveness of Lubricating fluid to a Bimettalic Couple

Saint V’'s Pantry
Food Pantry Director & Conference President, St.Vincent de Paul Society
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Luc Mongeau
Department of Mechanical Engineering
Purdue University

Professional Preparation

University of Montreal Mechanical Engineering B.Sc. 1984

University of Montreal Mechanical Engineering M.Sc. 1986

The Pennsylvania State University ~ Graduate Program in Acoustics Ph.D. 1991

Appointments

2006 — present Professor, Mechanical Engineering, McGill University, MontreaC&@da

Adjunct Professor, Purdue University, West Lafayette, IN, U.S.A.

2003 - 2004  Visiting Professor, Ecole Centrale de Lyon, Ecully, France.

2003 - 2006 Professor, School of Mechanical Engineering, Purdue University,
West Lafayette, Indiana, U.S.A.

1998 - 2003  Associate Professor, School of Mechanical Engineering, Purdue University,
West Lafayette, Indiana, U.S.A.

1998 Summer Intern, Boeing Commercial Airplane Group, Seattle, Washington,
U.S.A.

1993- 1998 Assistant Professor, School of Mechanical Engineering, Purdue University, Wes
Lafayette, Indiana, U.S.A.

1991-1992 Postdoctoral member of technical staff, AT&T Bell Laboratories, 600 Mountain
Avenue, Murray Hill, New Jersey, U.S.A.

1987-1991 Research Assistant, Applied Research Laboratory, State College, Penasylvani
U.S.A.

1986-1987 Instructor, Ecole Polytechnique, University of Montreal, Montreal, Canada.

1985-1986 Research Assistant, Ecole Polytechnique, University of Montreal, Montreal,
Canada.

Publications

1. Park, J., Mongeau, L., and Siegmund, T., “An investigation of the flow-induced aodnd

vibration of viscoelastically supported rectangular plates: expetsn and model
verification,” Journal of Sound and Vibration, Vol. 275, No. 1, pp. 249-265, 2004.

Li, Y., Chiu, G.T.C., and Mongeau, L.G., “Dual-Driver Standing Wave Tube: Amoust
Impedance Matching With Robust Repetitive Control,” paper 2002-2EEE
Transactions on Control Systems Technology, Vol. 12, No. 6, pp. 869-880, 2004.

Li, Y., Rotea, M.A., Chiu, G.T.-C., Mongeau, L.G., and Paek, |.S., “Extremum rggeki
Control of a Tunable Thermoacoustic CooldZEE Transactions on Control Systems
Technology, Vol. 13, No. 4, pp. 527-536, 2005.
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4. Zanartu, M., Mongeau, L. and Wodicka, G. R., "Influence of acoustic loading on an
effective single mass model of the human larydxAcoust. Soc. Am., Vol. 121, No. 2, pp.
1119-1129, 2007.

5. Cook, D.D., and Mongeau, L., “Sensitivity of a continuum vocal fold model to geicme
parameters, constraints, and boundary conditiah#toust. Soc. Am., Vol. 121, No. 4, pp.
2247-2253, 2007.

6. Paek, I, Braun, J.E., and Mongeau, L., “Evaluation of standing-wave thermoacoustc cycl
for cooling applications,Int. J. Refrigeration, Vol. 30, No. 6, pp. 1059-1071, 2007.

7. Thomson, S.L., Mongeau, L., and Frankel, S.H., “Flow over a membrane-covered, fluid
filled cavity,” Computers and Sructures, Vol. 85, No. 11, pp. 1012-1019, 2007.

8. Singh, K.K., Mongeau, L., Frankel, S.H., and Gore, J.P., “Effect of Co- and Cawinter
on Noise from Swirling Flows and Flame#lAA Journal, Vol. 45, No. 3, pp. 651-661,
2007.

Synergistic Activities

Prof. Mongeau holds a Tier 1 Canada Research Chair in Flow-Induced Sound and Vibrations.
He serves as Associate Dean for Academic Affairs for the Faculty of Enigigat McGill
University. He is an active member of the Acoustical Society of Americanstisute for Noise
Control Engineering, as well as the ASME, AIAA, and SAE.

Collaborators and Other Affiliations
At Purdue: S. Frankel, J. Braun, S. Bolton, R. Bernhard, T. Siegmund, M. Plesniak, G. Chiu, M.
Franchek, A. Lyrintzis, C. Krousgrill, and P. Davies.

Outside Purdue: P. Blanc-Benon (E. Centrale Lyon, France), R. Scherer (Bowling Green State),
R. Chan (Texas Southwestern), C. Duncan (Bowling Green State), David Freed (Exa
Corporation).

Recent Ph.D. graduate students: P.T. Lew (Exa), I.S. Paek (Kangwon, Korea), J.B. Park

(McGill), K. Singh (GE research), S. Thomson (BYU), Z. Zhang (UCLA), Y. Li (WistBns
Milwaukee), J. Park (Hanyang, Korea), F. Han (GE research), J. Kook (Hankook, Korea), S. Suh
(Cummins).

Total number of students advised: 28 (and 5 postdoctoral scholars).
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Daniel N. Mountjoy
Department of Industrial and Systems Engineering
North Carolina A& T State University

Professiona Preparation

Wright State University Systems Engineering/Human Factors B.S., 1989
Wright State University Systems Engineering/Human Factors M.S. 1991
North Carolina State University Industrial Engineering (Ergonomics) Ph.D. 2001
Appointments

2000-2007 Assistant Professor, Industrial and Systems Engineering Dept., North

Carolina A& T State University

1993-2000 Human Factors Engineer, Sytronics, Inc.

1991-1993 Research Associate, Anthropology Research Project, Inc.

Publications

1. Mountjoy, D. N., Russdll, J., Ram, B. & Yu, X. Exploring the use of intelligent agents for

manufacturing team training. Accepted for publication in International Journal of Industrial
Engineering.

Mountjoy, D. N. (2005). Towards an understanding of risk taking in teleoperation. In
Proceedings of the 11 E 2005 Annual Conference. Norcross, GA: Institute of Industria
Engineers. CD ROM.

Seong, Y., Mountjoy, D. & Park, Y. (2005). Defining the decision zone considering a
multitude of environmental factors. In Proceedings of the I1E 2005 Annual Conference.
Norcross, GA: Institute of Industrial Engineers. CD ROM.

Mountjoy, D. N. (2004). Interface design and risk-taking in teleoperation. Accepted for
publication in Proceedings of the I1E 2004 Annual Conference. Norcross, GA: Institute of
Industrial Engineers.

Russdll, J. D., Mountjoy, D. N., Yu, X., and Ram, B. (2003). Training teams through an
agent-based simulation. In Proceedings of the I1E 2003 Annual Conference. Norcross, GA:
Institute of Industrial Engineers.

Synerqgistic Activities

Currently advising undergraduate student in driving decision zone research for NC-LSAMP
program

Collaborators & Other Affiliations

Collaborators and Co-Editors: M. Bikdash, A. Esterline, X. Jiang, C.A. Ntuen, A. Perry, B.
Ram, Y. Seong (North Carolina A& T State University); S.A. Converse (NC State University); R.
Koubek (Penn State University); W.P. Marshak (Sytronics, Incorporated); T. Smith-Jackson
(Virginia Polytechnic Institute and State University).
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Graduate and Postdoctoral Advisors: S.A. Converse, North Carolina State University, J. Wilson,
North Carolina State University, C.A. Ntuen, North Carolina A& T State University
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Christiaan J.J. Paredis
School of Mechanical Engineering
Georgia Institute of Technology

Professional Preparation
Katholieke Universiteit Leuven, Belgium Mechanical Engineering B.S/M1®83/1988

Université de Liege, Belgium Business Administration B.S. 1989/1991

Carnegie Mellon University Electrical & Computer Eng M.S./Ph.D., 1990/1996

Appointments

2002-present Assistant Professor, School of Mechanical Engine&eéuggia Institute of
Technology

1998-2002 Research Scientist, Institute for Complex Engineered SysGamsegie
Mellon University

1996-1998 Visiting Research Engineer, Institute for Complex Engithe8sestems,

Carnegie Mellon University

Publications

1. R.J. Malak Jr and C.J.J. Paredis, “Validating Behavioral ModelsREuse,’Research in
Engineering  Design, accepted for publication, to appear in 2007.
(http://www.srl.gatech.edu/Members/rmalak/REDO7_MalakParedjs.pdf

2. S.J. Rekuc, J.M. Aughenbaugh, M. Bruns, and C.J.J. Paredis, “EliminB@sign
Alternatives Based on Imprecise Informatio8AE 2006 Transactions, Journal of Materials
and Manufacturing, paper no. 2006-01-0272, March 2007.

3. J.M. Aughenbaugh, and C.J.J. Paredis, “The Value of Using Imprécidaabilities in
Engineering Design,Journal of Mechanical Design. Vol. 128, No. 4, pp. 969-979, 2006.

4. [2] J.M. Ling, J.M. Aughenbaugh, C.J.J. Paredis, “Managing the Caltecti Information
under Uncertainty Using Information Economicdgurnal of Mechanical Design. Vol. 128,
No. 4, pp. 980-990, 2006.

5. [3] J. Schlosser, and C.J.J. Paredis, “Managing Multiple Sourdegistemic Uncertainty in
Engineering Decision Making,Proceedings of the SAE 2007 World Congress, paper no.
2007-01-1481, Detroit, Michigan, April 16—19, 2007.

6. J.H. Panchal, C.J.J. Paredis, J.K. Allen, and F. Mistree, “Simulbtadel Refinement for
Decision Making via a Value-of-Information Based Metri®foceedings of IDETC/CIE
2006, paper no. DETC2006-99433, Philadelphia, PA, 2006.

Synergistic Activities

Co-advisor (with Prof. Wayne Book) of the RoboJackets, the Georgia Tech robotiahelub;
club mentors local high schools in the FIRST Robotics Competition (FRC), and pagdipat
national and international robot competitions such as the Intelligent Ground Vehicles
Competition and RoboCup. The club has about 40 active members and a $35K/year budget.
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Education and Outreach Liaison at Georgia Tech for the NSF funded ERC for Contpact a
Efficient Fluid Power; organized “technology enrichment” sessions on fluid paw&ydal high
schools participating in robotics competition; mentored a teacher (NSF RETQuaraf her
students from Stone Mountain High School (89% African American) to develop an eigjneer
design module related to fluid power.

Chair, ASME Computer and Information in Engineering Division, July 2007—June 2008;
Executive Committee Member since 2002; Chair of the 2007 CIE Conference; Programmf Cha
the 2006 CIE Conference.

Associate director of the Product and Systems Lifecycle Managemetr @efteorgia Tech.
Consortium for developing the next generation PLM methods and infrastructure, withitime vi
for “Georgia Tech-inspired PLM methods and tools to be used for managing product ass proc
lifecycles in global supply chains to optimize profitability, customerise, and sustainability.”

Developed undergraduate and graduate courses on Model-Based Design; reee2@8{ t
CETL/BP Junior Faculty Teaching Excellence Award and the Society of Automotive Engineer’s
2007 Ralph R. Teetor Educational Award for excellence and innovation in teaching.

Collaborators & Other Affiliations

Collaborators and Co-Editors: J. Allen (GaTech), A. Alleyne (UIUC), E. Barth (Vanderbilt),
W. Book (GaTech), B. Bras (GaTech), T. Bray (MSOE), R. Burkhart (Deer&hdse (UMN),
K. Cunefare (GaTech), W. Durfee (UMN), S. Ferson (Applied BiomathemaBc&rankel
(UMN), S. Friedenthal (Lockheed Matrtin), P. Fritzson (Linkdping U), V. GervaSQ®H), L.
Ginzburg (Applied Biomathematics), M. Goldfarb (Vanderbilt), A. Griffin {®ah), E. Hsiao-
Wecksler (UIUC), M. Ivantysynova (Purdue), X. Jiang (NCAT), S. John (MSOEKalichev
(MSOE), M. Khalil (MSOE), D. Kittelson (UMN), P. Krus (Linkdping U), P. Li (W, E. Loth
(UMN), J. Lumkes (Purdue), S. Mantell (UMN), S. McCary- Henderson (NCATM&Dowell
(GaTech), L. McGinnis (GaTech), P. Michael (MSOE), F. Mistree(GaTé&cihjongeau
(McGill), D. Mountjoy (NCAT), Z. Mourelatos (Oakland U), E. Park (NCAT), R.lPea
(GaTech), D. Rosen (GaTech), M. Ruzzene (GaTech), R. Salant (GaTech), M. Shofner
(GaTech), K. Stelson (UMN), S. Udoka (NCAT), J. Van De Ven (UMN), S. Wer&lasd(e),
H. Zhu (GaTech).

Graduate and Postdoctoral Advisors. Pradeep Khosla (Carnegie Mellon University)

Thesis Advisor and Postgraduate-Scholar Sponsor: Khaled Al-Ajmi (Riyad Bank, Saudi
Arabia), Jason Aughenbaugh (UT, Austin), Morgan Bruns (UT, Austin), Michael Collins
(Software Engineering Institute), Antonio Diaz-Calderon (Jet Prapulsaboratory), Soshi Iba
(Honda R&D, Wako Research Center), Vei-chung Liang (NIST), Jay Nebraska Dept. of
Transp.), Jitesh Panchal (Georgia Tech Savannah), Tarun Rathnam (Texasemisy, Steven
Rekuc (Royalox), Rajarishi Sinha (IC Mechanics).
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Eui H. Park, Ph.D.
Department of Industrial and Systems Engineering
North Carolina A&T State University

Professional Preparation

Yonsei University
Mississippi State

City University

Mississippi State

Appointments
1983 — present

1990 — 2005
1978 — 1982

1985
1983 — present

Publications

Korea Physics B.S. 1972
University Industrial Engineering M.S. 1978

Business Administration M.B.A. 1980
University Industrial Engineering Ph.D. 1983

Assistant/Associate/Full Professor, Department of Inidaistri&ystems
Engineering, North Carolina A&T State University

Chairperson, Department of Industrial and Systems EngineerimgCliatina
A&T State University

Senior Engineer, Division of EngimggComputing Systems, Boeing Commercial
Airplane Company, Seattle, Washington

Summer Faculty, Information Productions DavisIBM - Charlotte, NC

Consulted with ConVatec, Kaplan, Panel Concepts, Brayton International,
Longwood, Guilford County Public Health, Korean Institute of Metals and
Machinery, Hyundai, and Korean Management Association.

1. E. Park, P. deMattos, and J. Park, “Forecasting Resource Requirements at Hosgidggncy
Department,” 2007 IIE Lean and Quality, Atlanta, GA, September 2007.

2. E. Park, E. Idoya, and P. deMattos, “Improvement of Inventory Tracking System alite Stream
approach,” Proceedings of the 2007 International Conference on Industry, Emginaed

Management System€ocoa Beach, FL, March 2007.

3. Y. Seong, E. Park and Hwa-Ki Lee, “Sensemaking and Human Judgment Under Dynamic
Environment,” Journal of the Ergonomics Society of Kokéal. 25, No.3, pp. 1-12, August 2006.

4. Park, E. & C. Ntuen,” A Model for Predicting Human Reliability under Workload anidl Ski
Performance,” 2006 INFORMS International Conference, Hong Kong, China, June 2006.

5. Ntuen, C. & E. Park, “Human Performance in Monitoring Linear Auttmna Behavior,”

Proceedings of 15Triennial Congress of the International Ergonomics AssociaSeoul, Korea,
August 2003.

. Ntuen, C. & E. H. Park “Supporting Courses of Action Planning with Igeit Management of
Battle Assets,” Proceedings of Command & Control SymposhNational Defense University, July
2003.

. Ntuen, C, S. Eastman & E. Park, “CAAD: The Commander’s Battle Plansfeswxe, Handbook of
Human-Computer Interface for Military ApplicatioM. Vassillious & T. Huang), Computer
Society Press, Chapter 21, pp.237-257, 2001.
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8. Okoye, C., A. Ntuen, E. Park & C. PlaisafiA Functionalist Approach to Usability Evaluation of
Adaptive Learning Environment,”_Proceedings Bfiternational Conference on Human-Computer
InteractionNew Orleans, Louisiana, August 2001.

9. Ntuen, C., C. Chi and E. Park, “An Interactive DégpDecision Support System for Visualization of
Battle Events,” Proceedings of th® 8nnual Industrial Engineering Research Conferet®enix,
Arizona, May 1999.

10.Park, E. and S. J. Udoka, “Traversing The Real-Virtuahtuum: A Comparison of Augmented
Reality Vs. Virtual Reality For Adaptations To ManufacturiAgplications, Research Trends in
Design and Manufacturing (Chapter 1Bprean Science & Engineering Foundation, Nov. 1998, pp.
10-1 - 10-32.

11.Ntuen, C. and E. Park, “Collaborative Planning Agefor Supervisory Control of Advanced
Manufacturing Systems,” Proceedings of the Internati@@iference on Hybrid Automation and
Ergonomics Hong Kong, July 1998, IEA Press, pp.391-395.

12.Ntuen, C., E. Park and D. Speller, “An Open Shope8aling Simulation Using Expert Database,”
Proceedings of thé"1E Research Conference, IIE PreBanff, Canada, May 1998,

13.Park, E., Y. Park and K. Han, "Environmentally Gomoss Manufacturing Using Concurrent
Engineering," Proceedings of thB [E Research Conferendganff, Canada, May 1998.

Synerqistic Activities
Fellow, Institute of Industrial Engineers, since 2000

Board of Directors, Member, Piedmont Triad Center for Advanced Manufacturing, 1997 — 2005
Director, Manufacturing Initiatives, North Carolina A&T State Univigrsi989 — 1995

Co-Program Chair, Symposium on Human Interactions with Complex Systemsyfagedince 1991.
Principle Investigator in 19 awarded funded researckegtojotaling over $5 million in the past ten years

Collaborators & Other Affiliations

Collaborators: Dr. Richard Sisson — Mechanical Engineering, Worcester Polytechnic keasbiut
Albert George — Mechanical Engineering, Cornell University, Dr. Caeledltuen, Dr. Bala Ram, Dr.
Sanjiv Sarin and Dr. Jung Kim — Industrial & Systems Engineering, North Gal&T State
University, Dr. Earl Barnes and Dr. Don Ratliff — School of Industrial & SystEngineering, Georgia
Institute of Technology, Dr. Wayne Book — School of Mechanical Engineering, @dacdh, Dr. Gary
Rubloff — Institute of Systems Research, University of Maryland

Graduate Advisors:
Drs. Larry Brown and Fazli Rabbi (Mississippi State University); Dr.Thrgchoco (Purdue University)
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Richard F. Salant
Department of Mechanical Engineering
Georgia Institute of Technology

Professional Preparation

Massachusetts Institute of Technology Mechanical Engineering BS 1963
Massachusetts Institute of Technology Mechanical Engineering MS 1963
Massachusetts Institute of Technology Mechanical Engineering ScD 1967
Appointments

2001- Present Georgia Power Georgia Institute of Technology Distinguisbfedger

1987 — 2001 Professor Georgia Institute of Technology

1972 — 1987 Manager - Fluid Mechanics Borg Warner Research Center & Heé rTDes.
1972 Associate Professor, M.I.T.

1968 — 1972  Assistant Professor, M.L.T.

1966 — 1968  Assistant Professor, University of California/Berkeley

Publications

1. Salant, R. F. and Rocke, A., “Hydrodynamic Analysis of the FlosvRotary Lip Seal Using
Flow Factors, Journal of Tribologyol. 126, pp. 156-161, 2004 and STLE/ASME Tribology
Conferencepp. 2003-Trib-118, 2003.

2. Rocke, A. H. and Salant, R. F., “Elastohydrodynamic Analylses Rotary Lip Seal Using
Flow Factors, Tribology Transactigngol. 48, pp. 308-316, 2005 and"6@&nnual Meeting,
STLE, 2005.

3. Shen, D. and Salant, R. F., “An Unsteady Mixed Soft EHL Model, Aplication to a
Rotary Lip Seal,” Tribology Internationalol. 40, pp. 646-651, 2007.

4. Shen, D. and Salant, R. F., “A Transient Mixed Lubrication Model ajtariRLip Seal with a
Rough Shaft,” Tribology Transactionsol. 49, pp. 621-634, 2006 and*6Annual Meeting,
STLE, 2006.

5. Salant, R. F., Maser, N. and Yang, B., “Numerical Model of a Rexating Hydraulic Rod
Seal,” Journal of Tribology Vol. 129, pp. 91-97, 2007 and STLE/ASME Tribology
ConferenceSan Antonio, pp. Trib-06-1052, 2006.

6. Shi, F. and Salant, R. F., “Numerical Study of a Rotary Lip Seal with si-Qaadom Sealing
Surface,” Journal of Tribologyol. 123, pp. 517-524, 2001.

7. Harp, S. R. and Salant, R. F., “An Average Flow Model of Rough Surfstmécation with
Inter-Asperity Cavitation, Journal of Tribologyol. 123, pp. 134-143, 2001.

8. Harp, S. R. and Salant, R. F., “Inter-Asperity Cavitation and Glohwgitation in Seals: An
Average Flow Analysis,” Tribology Internationafol. 35, pp. 113-121, 2002.
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9. Salant, R. F. and Shen, D., “Hydrodynamic Effects of Shaft Guifanish on Lip Seal
Operation,” Tribology Transactiongol. 45, pp. 404-410, 2002.

10. Shen, D. and Salant, R. F., “Elastohydrodynamic Analysis of tleetEdf Shaft Surface
Finish on Rotary Lip Seal Behavior,” Tribology Transactiord. 46, pp. 391-396, 2003.

Synergistic Activities
Associate Editor, Journal of Fluids Engineering (1984-1987)

Associate Editor, Journal of Tribology (1993-1999)
Member of the Editorial Board, Sealing Technology, Elsevier (1993-present)

ASME - Fellow (1990), Henry R. Worthington Medal (1996), Machine Design Award
(2003).

STLE — Fellow (1997), Edmond E. Bisson Award (2000), Frank P. Bussick Award
(2002, 2005, 2007)

Collaborators & Other Affiliations

Collaborators: Alajbegovic, V. (Freudenberg-NOK); Bair, S.; Cao, B.; Cowan, R.; Danyluk, S.;
Dong, J. (Rockwell Automation); Flitney, R. (BHR Group); Gomez, S. (Schlumbergegnc

l.; Poll, G. (U. Hannover); Rocke, A.; Shen, D.(Maxxis); Streator, J.; Sullivan, Eh@sug
Christensen); Wilkinson, C. (Schlumberger); Winer, W.

Graduate Advisor: Tau-Yi Toong, MIT (retired)

Thesis Advisees: Shen, D. (Maxxis); Ramirez, A. (Sandia); Alajbegovic, V. (Freudenberg-NOK);
Rocke, A (McKim & Cree); Maser, N. (Pratt and Whitney); Wang, L.; YangTBatte, A.

* If no affiliation is given, the affiliation is Georgia Tech.
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Kim A. Stelson
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

Stanford University Mechanical Engineering B.S., 1974

Massachusetts Institute of Technology Mechanical Engineering S.M., 1977

Massachusetts Institute of Technology Mechanical Engineering Sc.D., 1982

Appointments

2006-present Director, NSF Engineering Research Center for CoammadEfficient Fluid
Power

1994-2006 Director, Design and Manufacturing Division, Department of afecal
Engineering, Univ. of Minnesota

1994-present Professor, Dept. of Mechanical Engineering, Univ. of Minnesota

2001-2002 Visiting Professor, Univ. of Bath, United Kingdom

1996 Visiting Associate Professor, Univ. of Auckland, New Zealand

1987-1994 Associate Professor, Dept. of Mechanical Engineering, Univ. of Minnesota

1992-1993 Visiting Senior Lecturer, Hong Kong Univ. of Science and Technology

1981-1987 Assistant Professor, Department of Mechanical Engineddniy, of
Minnesota

Publications

1. Yu, X., R. Rajamani, K. A. Stelson, and T. Cui, “Carbon Nanotube Based Transparent Thin
Film Acoustic Actuators and SensorSghsors and Actuators A: Physical, Vol. A132, pp. 626-
631, Nov. 2006

2. Groepper, C., T. Cui, P. Y. Liand K. A. Stelson, “Design of Integrated Pressureafitiow
Temperature Sensor for Hydraulic Systenath Symposium on Power Transmission & Motion
Control, PTMC 2006, 13-15 September 2006, pp. 321-334.

3. S. Parthasarathy, S.C. Mantell and K.A. Stelson, “Estimation r@arid Optimization of
Curing in Thick-Sectioned Composite Part§fansactions of ASME, Journal of Dynamic
Systems, Measurement and Control, 126(4), 2004.

4. H. Zhu, R. Rajamani and K.A. Stelson, “Development of Thin Panels toreAControl of
Acoustic Reflection, Absorption and Transmissiodgurnal of the Acoustical Society of
America, 113(2), pp. 852-870, 2003.

5. D.R. Youtt, R. Rajamani and K.A. Stelson, “Passive and Active MVdordsolation for a
Variable Displacement Axial Piston Pum@dwer Transmission and Motion Control, pp. 307-
318, 2002.

Synergistic Activities

Director, NSF ERC for Compact and Efficient Fluid Power, 2006-present

Director of Graduate Studies, M.S. in Manufacturing Systems, 1997-2Q0haster's degree
program for full-time employees in industry.
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Director, STEPS Summer Camp for Girls, 2000-2002. A program for $ugbol girls that
motivates an interest in engineering by building and launching a rocket.

Associate Technical EditoASME Journal of Manufacturing Science and Engineering, 1995-
2001; SME Journal of Manufacturing Processes, 1999-present; andSME Journal of Dynamic
Systems, Measurement and Control, 2003-present.

Editorial Board,Transaction on Control, Automation and Systems Engineering, 2000-present;
and IMechE Journal of Engineering Manufacture, 2000-present. Scientific Committee,
Transactions of the North American Manufacturing Research Institute of SVIE, 1999-present.

Collaborators & Other Affiliations
Graduate and Postdoctoral Advisors. Massachusetts Institute of Technology S.M. thesis advisor,
Shawn Buckley; Massachusetts Institute of Technology Sc.D. thesis advisml GRessard.

Thesis Advisor and Postgraduate-Scholar Sponsor: M. Bhattacharya (U. of Minn.); X. Cheng
(U. of Missouri-Rolla); J. Dudney (St. Jude Medical); K.A. EdgedfBath); D. Fronimidis (U.
of Bath); S. Kidane (U. of Minn.); A. Kramer (U. of Braunschwei);Liu (Guidant); H. Lou
(Seagate); Y.P. Mei (Seagate); A.R. Mileham (U. of Bath)Sen (U. of Minn.); M.A. Sokola
(U. of Bath); N. Sun (U. of Minn.); W.C. Sun (Formosa Plastics); W.&ler (U. of Minn.); D.
R. Youtt (Eaton).
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Zongxuan Sun
Department of Mechanical Engineering
University of Minnesota

Professional Preparation

University of lllinois at Urbana-Champaign Mechanical Engineering Ph.D. 2000
University of lllinois at Urbana-Champaign Mechanical Engineering M.S. 1998
Southeast University, China Automatic Control B.S. 1995
Appointments

2007 — present Assistant Professor, Department of Mechanical Engineering, itynbfers

2006 — 2007 Staff Researcher, Research and development Center, General Motors Corp.
2000 — 2006 Senior Researcher, Research and Development Center, General Motors Corp.
1999 - 2000 Senior Engineer, Western Digital Corp.

1996 — 2000 Research Assistant, University of lllinois at Urbana-Champaign

Publications

1. Sun, Z. and Kuo, T., “Electro-Hydraulic Fully Flexible Valve ActuatiSgstem for Advanced
Combustion Development”, Proceedings of the 2006 FISITA World Congress, Yoapldapan,
F2006P287, Oct., 2006.

2. Sun, Z. and Miao, H., “Hydraulic Assist Power System”, Proceedingheo2006 International
Mechanical Engineering Congress and Exposition, Chicago, IL, IMECE2006-13704, Nov., 2006.

3. Sun, Z., “Self-Regulating Electro-Hydraulic Valve Actuator Assembly”, Ugnie6,928,966, 2005.

4. Sun, Z., “Engine Valve Actuator Assembly with Dual Automatic Reguid, US patent 6,959,673,
2005.

5. Sun, Z. and Tsao, T.-C., “Adaptive Control with Asymptotic Tracking Pedoce and Its
Application to an Electrohydraulic Servo System”, ASME TransactmmsJournal of Dynamic
Systems, Measurement and Control, Vol.122, pp. 188-195, 2000.

Synergistic Activities
Guest editor, “Active Automotive Safety Systems”, IEEE Control Systenmakiag.

Invited session organizer, “Dynamics and Control of Flexible EngiakéVActuation”, The 2003
American Control Conference, Denver, CO.

Invited session organizer, “Advance in Modeling and Control of Powerrainlts Subsystems”, The
2003 American Control Conference, Denver, CO.

Invited session co-organizer, “Alternative Automotive Propulsion and #Actudechnologies”, The
2003 American Control Conference, Denver, CO.

Invited session co-organizer, “Automated Highway Systems”, The 200&igam Control Conference,
Denver, CO.
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Invited session co-organizer, “Modeling and Control of Transportatiorei@gst The 2003 American
Control Conference, Denver, CO.

Collaborators & Other Affiliations
Collaborators and Co-Editors. Hsu-Chiang Miao, Burak Gecim, Shih-Ken Chen (GM), T.-C. Tsao

(UCLA), G. Zhu (MSU)

Thesis Advisor or Postgraduate-Scholar Sponsor: J. Dixon, Y. Wang, X. Song, A. Zulkefli (U of Minn)
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Silvanus Johnson Udoka, Ph. D.
Department of Industrial and Systems Engineenmh@epartment of Business Administration
North Carolina A&T State University

Professional Preparation

Weber State University Manufacturing Engineeringhifelogy B.S., 1982

Oklahoma State University Industrial Engineering/l@nagement M.S., 1984
Oklahoma State University Industrial Engineering/l@nagement Ph.D., 1989
Appointments

1997 - Present Associate Professor (Tenured),afrapnt of Industrial & Systems

Engineering and Department of Business Administati (Joint
Appointment), NC A&T State University.

2000 Summer Faculty Intern, Consilium, An Applied Materials Company,
Mountain View, CA.

1999 Summer Faculty Research Fellow, GE Corporatesed®eh and
Development, Niskayuna, NY

1992 - 1997 Assistant Professor, Department df@dtrial & Systems Engineering and
Department of Business Administration (Joint AppointtedC A&T State
University.

1989 - 1992 Assistant Professor, Department dtidtrial Engineering, University of
Wisconsin-Platteville, Platteville, WI.

1985 - 1989 Instructor of Industrial Engineeridg Management Oklahoma State
University, Stillwater, OK

1984 - 1985 Distribution Manager, Sunmark In@agrGlton, TX

Publications

1. Sanders, J. H. and S. J. Udoka “A Step-Wise Search for Statistical Signifitance
Establishing a Manufacturing Process Window. “ To be Presented at the FAIM 2007
Conference, Philadelphia, PA, June 17-20, 2006.

2. Huff, Jimmy and S. J. Udoka “Analysis of Peak Picked Detections of Sonar Sigmaied
From Simulations of Sonar Beam Intensities.” To be presented at the 2007 Ihdustria
Engineering Conference, Nashville, TN, May 19-23, 2007.

3. Udoka, S. J. “Lean Six Sigma: A Roadmap to Systematic Process Improvement.”
Proceedings of thé"7Africa-USA International Conference on Manufacturing Technology”
Port Harcourt, Nigeria, July 12-14, 2004.

4. Udoka, S. J. “A Framework for a Confluence Of Six-Sigma, Lean StratgieSCOR.”
Proceedings of the 2004 Industrial Engineering Conference (IERC), Houston,ayXLM
19, 2004.

5. McGee, A. A. and S. J. Udoka, “A Process Model for Interdisciplinary Virtueahse

Proceedings of the 2003 Industrial Engineering Research Conference ,(FdRiHnd,
Oregon, May 17-21, 2003.
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6. Sanders, J. and S. J. Udoka, “Development of the “Science” of Micro Lithogragés Gl
Grinding & Polishing Using Virtual Manufacturing.” Proceedings of th8 thernational
Conference one Flexible Automation & Intelligent Manufacturing (FAIM) 2008eP-11,
2003, Tampa Florida.

7. Franceschini, Ricardo J., Silvanus J. Udoka, and Frederick Ferguson, “A Ratiodar&ta
for Design of Living and Experimental Modules for Sustained Space Habitation.”
Proceedings of the 2001 Industrial Engineering Research Conference ([ERIG$, TX,
May 20-22, 2001.

8. Udoka, S. J., E. H. Park and C. A. Ntuen “Adaptations of Virtual Reality and Augmented
Reality to Manufacturing Applications: Implications for Developing Ecomsmii
Proceedings of the'5Africa-USA Conference on Manufacturing Technology, Abuija,
Nigeria, July 10-14, 2000., pp. 38-45.

Synergistic Activities
“A Framework for Optimizing Manufacturing Task Performance Utilizing a Virtual
Environment.”Doctoral Dissertation under my supervision (Janet H. Sanders, Ph.D. Candidate)

“Mixed Reality Development in a Scalable Visualization Environmekroject funded under
Title 11l Grant for Ph. D. student development.

Interdisciplinary Learning, Discovery and Engagement of Students through Integrated Virtual
Team ProjectsThe Interdisciplinary Virtual Team (IVT) Project was initiated anglemented
starting in the 2002-2005 academic year and is ongoing in my courses in theri2epait
Industrial and Systems Engineering in cooperation with Dr. Chi Anyansi{#onbiin courses

in the Department of Business Administration.

Collaborators and Other Affiliations
Collaborators:Dr. Marc Goetschalckx — Georgia Institute of Technology, Dr. Paul Starfiel
North Carolina A&T State University

Graduate AdvisorsDr. John W. Nazemetz — Oklahoma State University, Dr. Allen C.
Schuermann — Oklahoma State University, Dr. David E. Mandeville — Oklahoma State
University

Graduate Students Supervised (As Chair) For Thesis Or Prdjatd:Bwamba — Masters Project
(Completed May 1997), Charles Ehule — Masters Br¢gompleted April 1998), Ricardo
Franceschini — Masters Thesis (Completed July 2000), Aquaris Moore - Masésis T

(Completed June 2000), Kristin E. Bell - Masters Thesis (CompletedJune 2001),Alecia

McGee — Masters Project (Completed - May 2003), Nicole Champion — Masterg Projec
(Completed July 2004), Janet Sanders — Ph. D. Dissertation (Completed July 2007), Jifnmy Huf
- Ph. D. Dissertation (In Progress)
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Steven T. Wereley,HD.
Department of Mechanical Engineering
Purdue University

Professional Preparation

Lawrence University Physics B.A. 1990
Washington University Mechanical Engineering B.S. 1990
Northwestern University Mechanical Engineering M.S. 1992
Northwestern University Mechanical Engineering Ph.D. 1997
University of California, Santa  Post Doctoral Scholar Experimental 1997-
Barbara Microfluidics 1999
Appointments

2005-Present Associate Professor, Purdue University, School of Mechanicsdfiny,
West Lafayette, IN
1999-2005 Assistant Professor

Publications
1. M. Raffel, C. Willert, S. Wereley, J. Kompenhaparticle Image Velocimetry: A Practical
Guide, Springer, New York (2007).

2. N.T. Nguyen and S.T. Wereldjyndamentals and Applications of Microfluidics (2™
edition), Artech House, Boston, 2006.

3. S.T. Wereley and C.D. Meinhart, “Electrokinetics in Microdevices” in Confpystems
Science in BioMedicineeds. Deisboeck, Kresh and Kepler, Kluwer, Boston (2006).

4. A.R. De Carlo, M. Rokkam, A. ul Haque, S.T. Wereley, P.P. Irazoqui, H.W. Wells, W.T.
McLamb, S.J. Roux, D.M. Porterfield, “Development of a Microfluidic lon SensaayAr
(MISA) to Monitor Gravity-Dependent Calcium Fluxes in Ceratopteris &poGravit. and
Space Biol. Bull., Vol 19, pp. 123-124 (2006).

5. R. Gomez, R. Bashir, A. Sarakaya, M.R. Ladisch, J. Sturgis, J.P. Robinson, T. Geng, A.K.
Bhunia, H.L. Apple, and S.T. Wereley, “Microfluidic Biochip for Impedance Spexims
of Biological Species,” J. Biomedical Microdevi¢c&®l. 3, No. 3, 201-209 (2001).

6. A.ul Haque, A. R. De Carlo, M. Rokkam, S.T. Wereley, H.W. Wells, W.T. McLamb, S.J.
Roux, D.M. Porterfield, “Design, fabrication and characterization of arico sell
physiology lab for measuring cellular responses to microgravity,” J. Bloyd: Ser.Vol.
34, pp. 740-746, (2006).

7. H. Sagi, Y. Zhao, and S.T. Wereley, “Wide Range Flow Sensor—Vacuum through Viscous
Flow Conditions,” J. Vac. Sci. and Tech, ¥ol. 22, No. 5, pp. 1992-1999 (2004).

8. S. Devasenathipathy, J.G. Santiago, S.T. Wereley, C.D. Meinhart, and K. Takehtcde “Pa
imaging techniques for microfabricated fluidic systems,” Exp. FluidsietsVol. 34, pp 504-
514 (2003).
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9. C.D. Meinhart, S.T. Wereley, and J.G. Santiago, “Micron-Resolution Velocimetry
Techniques, Developments in Laser Techniques and Applications to Fluid Mechanics, R. J.
Adrian et al. (Eds.), Springer-Verlag, Berlin, pp. 57-70, (2000).

10. S.T. Wereley and R.M. Lueptow, “Inertial particle motion in a Taylor Couetating
filter,” Phys. Fluids Vol. 11, No. 2, 325-333, (1999).

Synerqistic Activities
Member of Purdue Engineering-wide group reforming the first yeaicalum to include nano
science and nanotech topics.

Collaborated with an electrical engineering professor at Nanyastgnital University in
Singapore to write a microfluidics textbook currently being used at severalsitiegto
instruct micro systems/fluidics classes.

Developed a micro-Particle Image VelocimetryRlV) software package that is currently used
in several universities and industrial settings.

Collaborators and Affiliations

Collaborators: Purdue University: Heather Apple, Rashid Bashir, A.K. Bhunia, Stuart Bolton,
George Chiu, T. Geng, Lichuan Gui, Steve Frankel, Rafael Gomez, Mike Ladisch, Mike
Plesniak, J.P. Robinson, A. Sarakaya, Paul Sojka, J. Sturgis; UC Santa Barle€hiRidMike
Gray, Carl Meinhart, Shannon Stone; Stanford: Shankar Devasenathipathy, JisgoSant
Northwestern University: Rich Lueptow; University of lllinois: Ron Adri&niversity of
Wisconsin: Dave Beebe

Graduate Advisors and Postdoctoral Sponsors: M.S. and Ph.D. advisor: Rich Lueptow,
Northwestern University. Postdoctoral Sponsor: Carl Meinhart, UC SarttarBar

Thesis Advisor and Postgraduate-Scholar Sponsor: Professor Wereley has or is currently

advising 9 Ph.D. and 8 Masters Students: M.S. Jinhua Cao, Pramod Chamarthy, Andrgw Ewi
Venu Gorti, Choongbae Park, Aeraj ul Haque, Ira Whitacre, Yabin Zhao Ph.D. Jinhua Cao,
Pramod Chamarthy, Oswald Chuang, Jaesung Jang, Aloke Kumar, Sang-Youp Lee, Radha
Muddu, Craig Snoeyink, Stuart Williams
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