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Vision \vizh’ gn\ n 2a: the act or power of imagination b (1): mode of seeing or conceiving
(2): unusual discernment or foresight.
Webster’s New Collegiate Dictionary

Message from the Director

Over the last decade, the development of mission/vision statements and core values
have resulted in the genesis of a completely new consulting industry. Companies have spent
significant resources to craft one perfect statement that will capture the “power of imagina-
tion” in their customers, their employees, and their shareholders. These companies take pride
in the simplicity of the vision and admire its “unusual discernment” of future states. How-
ever, even the most eloquent vision is not a guarantee of success. Indeed, some rather promi-
nent companies with excellent vision statements have failed to meet profit requirements. As
the first-century Stoic philosopher Epictetus so plainly declared, “First say to yourself what
you would be; and then do what you have to do.” Vision is important, but it is not the end,
just the beginning.

The Center for Manufacturing Research (CMR) has just concluded a strategic plan-
ning process that was kicked-off by a reexamination of our mission in an activity we referred
to as “Recasting the Mission.” For the first time, we established a vision of success, a set of
core values or beliefs, and a modification of our mission statement. After some lengthy
discussions with faculty and staff (no consultants) and concurrence by our advisory board
members, we settled on the following vision of success for the CMR:

The Center for Manufacturing Research will be preferred by industry for
delivering excellence in research projects and service activities and nation-
ally acknowledged as a leader in manufacturing science and research.

Having described what we would like to be, now we are faced with “doing what we have to
do.” This last year has been filled with remarkable successes including a 38 percent improve-
ment in external funding which is a CMR single year record.

However, there are four, long-term, overarching principles that

the CMR must cultivate in the years to come if we are to con-

tinue to see the vision become reality.

Quality — Quality must be a prime consideration in
everything the Center undertakes. It must be at the core
of our planning, our publications, our services, our
proposals, and our research. Within the next five years
the CMR will pursue Levels 3 & 4 of the Tennessee
Quality Award. Currently a Level 2 (Quality Commit-
ment) award winner, the CMR is participating in a
Malcolm Baldridge Study Group sponsored by Belmont
University and the Tennessee Quality Award in order to
learn best practices for improving quality attainment \ |
among business processes. As we work toward attaining

Dr. Ken Currie
Interim Director
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these high levels of quality, the benefits will translate directly into a realization of
our vision of success.

Value Creation — Although our survey instruments indicate that service and project
results are exceeding customer expectations, the Center for Manufacturing Research
needs to improve documentation of value added for its stakeholders. The CMR is
reminded on a regular basis that industry-based research, testing, training, and
membership programs revolve around the perceived “value proposition” (i.e. Does the
perceived value to the customer exceed, and in many instances greatly exceed, the
cost to the customer?). The CMR has a number of valuable assets, both physical
(equipment) and intellectual (faculty and staff), that can be leveraged to create
customer value. Yet due to inadequate marketing and/or a misunderstanding of the
value creation possibilities, we often lose opportunities to advance our prospectus. In a
first step toward this goal, the CMR is in the process of restructuring the affiliateship
program to provide customer options for defining their own value proposition. In
support of this effort the CMR must explore new avenues to increasingly add value
to its stakeholders.

Partnerships/Collaboration — Virtually all federal agencies require some type of
collaboration with industry partners before awarding grant money. Indeed, an
increasingly competitive market environment is mandating more and more commer-
cial collaborations. The recent award of $570,000 over three years by NSF to
Tennessee Technological University and its partner organizations entitled, “Expand-
ing Innovation Opportunities in Tennessee” is a prime example of the power of
partnerships. The CMR must constantly seek out opportunities for collaboration that
will provide synergy and complement our existing competencies by offering a wider
range of services. Within the next five years the CMR plans to position itself to
collaborate with a number of other universities as part of a “virtual” Engineering
Research Center focusing on Integrated Product/Process Realization. This effort will
require collaboration from a number of diverse university researchers, industrial and
government sponsors, and non-profit agencies. There is power in this diversity that
can be focused upon solving a unifying problem statement and the CMR will continu-
ally look for ways to form partnerships/collaborations that are structured to do so.

Infrastructure Renewal — Infrastructure renewal refers to the replacement of
obsolete equipment, acquisition of new equipment, renovation of laboratory spaces,
addition of support staff, and development opportunities for both faculty and staff.
This is by far our most pressing issue. This past year we saw some major gains made
in the materials deposition and characterization areas and also in high performance
computing for finite element and computational fluid flow modeling. In the next five
years we expect to see dramatic improvements in the material science laboratories
and in materialography. In this coming year, the CMR hopes to establish a rapid
prototyping laboratory in support of reverse engineering activities and renovate
approximately 800 sq. ft. for use in material science. This will require that research
and testing projects adequately reimburse the CMR for personnel, equipment usage,
and materials used.
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The CMR has achieved a level of success in the past, but we now have a plan in place that
VK, 15 aEHgH 56 I RBTRIC ARG 385 PEABFRYLIMYih iscinhinsrimstaviiie Gase. Gndeseimg Hrk
(YBSe&MaN dRGIGES,Ofn B d GRUL PARTPA THADRITYRLY FBEIRDIONRCART REHEH ThenvAHY AL
Catal FAS OESNMERGIRHIRIE: Mr. Renfro attended was the Atlanta Linux Showcase, Technical
Conference, Computer Operating Systems & Applications, & Networking. With his work to
setup and support renovations to the CAE Lab, Mike’s attendance at the Linux Showcase was
valuable from a networking standpoint. But Mike is also using a Linux server to help develop
an Electronic Collaborative Notebook for the NSF project entitled, “Expanding Innovation
Opportunities in Tennessee.”

Mike also spent a week in Minneapolis, MN to attend an MTS training workshop on their
automated controller for mechanical testing. Unfortunately for Mike, Minneapolis in Decem-
ber can be difficult to navigate, and weather actually forced him to spend a good bit of time
in Chicago waiting for blizzards to pass by. The training helped Mike “get up to speed”
quickly on the control systems that run our mechanical testing units.

Finally, a group consisting of faculty, staff, and graduate students attended the Rapid
Prototyping and Manufacturing 2001 Conference & Exposition sponsored by the Society of
Manufacturing Engineers in Cincinnati, OH, May 14-16, 2001. Attendees from TTU in-
cluded Mike Renfro, Center faculty Dr. Ting, visiting scholar Dr. Li, Manufacturing and
Industrial Technology faculty associate Dr. Fidan, and Ph.D. graduate student Mr. Lu. The
TTU group was asked to bring back ideas for the development of a Reverse Engineering/
Rapid Prototyping Laboratory. Within a month of the conference, Dr. Fidan and Dr. Ting
collaborated to submit an NSF proposal to support a Rapid Prototyping Laboratory.

Goal A5: Continue to partner with the TTU College of Business Administration in
operating a Small Business Development Center (SBDC), with emphasis on incubation
and growth of manufacturing enterprises related to Center strengths.

After the retirement of the Tennessee Small Business Development Center’s (TSBDC) Direc-
tor, Dorothy Vaden in February 2001, Ms. Marcia Reel was appointed the Interim Director.
Ms. Reel has been serving as interim director since March 2001. She received her M.B.A.
from Tennessee Technological University and has served as senior management member for a
regional hospital with over 1100 employees and has run her
own small business. She believes in a teamwork approach
to management, allowing employees to use their talents and
to be a part of the solution. Also joining the TSBDC in
fiscal year 2000 was part-time secretary Elayne Montgom-

ery.

Tennessee Technological University’s Business Media
Center (BMC) has won this years “Academic Excellence and
Quality Award” from the Tennessee Board of Regents. The
BMC's focus this year included: 1) the Regents On-line
Degree CD-ROM project, 2) the Community Technology
Internship, 3) Our Incubator’s impact in Rural Tennessee,

Kevin Liska, Director
Business Media Center
(BMC)
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and 4) the Energy Education work with the State of Tennessee. The BMC contributed to the
University in areas such as: technology leadership, student involvement, community partner-
ships, innovative education and economic development impact. The BMC's success today,
securing $1.6 million for TTU’s technology infrastructure, impacting rural communities, and
achieving national recognition, can be traced to key contributions from outstanding graduate
students funded by the CMR.

B. Facilities and Equipment

Goal B1: Continue to reinvent, renovate
and upgrade Center laboratories and
equipment for research and instructional
activities, thereby encouraging faculty and
others to take leadership roles in our
programmatic activities.

Research Equipment:

Due to the tentative nature of the State’s
budget situation in FY 2000-2001, the
Center restricted major research equipment
purchases till the very end of the year. This
not only benefited the Center by allowing for
accumulation of unspent funds to be used for
large equipment expenditures, but the timing
also proved to be serendipitous. Several
faculty members, in the materials processing
and characterization area who are active at
ORNL’s High Temperature Material Labora-
tory (HTML) User Facility, discovered two months prior to the close of the fiscal year that
ORNL was preparing to surplus an electron microprobe. Normally, these instruments would
sell for hundreds of thousands of dollars used, and can be over a million dollars new. The
Center reached agreement with the vendor to purchase the used instrument for $50,000.
Currently, there is a six-month backlog for characterization tests on this microprobe at the
HTML facility. The addition of this equipment to the Center’s materialography laboratory
will allow us to perform spectroscopy for determining three unique chemical concentrations
in a material sample. The JEOL 733 Electron Microprobe is equipped with three wavelength
spectrometers, energy dispersive spectrometer and all digital data formats. Not only will this
be a great advantage to our faculty conducting research, but also our ability to service
Tennessee industries.

The electron probe produces highly

element-specific signals that can be

used for quantitative measurements
of high accuracy.

There were several other equipment purchases in the materials area that will help the CMR
enhance its research capabilities to produce novel materials. A material deposition furnace
was purchased in support of research for faculty associate, Dr. John Zhu, and later in the
year enhancements were ordered to retrofit the furnace as a Pressure-Chemical Vapor Deposi-
tion (PCVD) system. Center faculty Dr. Ying Zhang purchased an electroplating system in
support of her research funded by ORNL to explore the utility of novel coatings for corro-
sion resistance. In the material preparation area, faculty associate Joe Biernacki purchased a
vacuum



system for applying epoxy to material samples that are otherwise difficult to handle by
conventional means. Altogether, these purchases totaled approximately $25,000.

In academia it's widely accepted that good research will lead to better instruction. In an effort
to build a better research computing infrastructure, the argument can be made that it is also
an investment in better instruction. That was exactly the argument that succeeded in win-
ning $80,000 of Technology Access Fees (TAF) to update the Computer Aided Engineering
Laboratory (CAE). At the core of the renovation was the addition of two Sun Ultra 80
workstations with four processors and four GB RAM each. In addition to this powerhouse of
computing capability are a number of networked dual-processor Xenon workstations that
can access the Sun workstations via an X-window emulation. The CMR supplemented the
TAF funds with $10,000 to add a file server and another Xenon workstation. Faculty and
graduate usage has increased each semester as the
laboratory’s capability is spread by word-of- ] W
mouth. Software installed in the lab includes

ANSYS, I-DEAS, CFX, TECHPLOT, Mechanical
Desktop, MATLAB, and other programming
compilers such as Fortran and C++.

The Center was also the beneficiary of some
donated equipment from ORNL valued at ap-
proximately $18,000 (Skutt Furnaces with
Temperature Control Rack & Creep Frame; Lepel,
Heater, Nonportable, S.N 7546T; Aging Furnace,
S/N 800129).

Goal B2: Continue to acquire, use and maintain
state-of-the-art, specialized equipment that will
improve the capabilities of our support func-
tions.

The Center also had the opportunity to renovate
some equipment to enhance the work environment
for our support staff. All of the office and com-
puter support staff received computer upgrades to
enhance their responsiveness to CMR faculty and
faculty associates. Although officially not equipment (each item was less than $5,000), the
total cost of the upgrades came to approximately $12,000. The CMR has also been removing
excess and obsolete equipment and furniture in a number of its labs. To accommodate
removal of heavy equipment within buildings with a high occupancy density, it was becom-
ing increasingly difficult to operate our propane forklift truck without creating noxious
fumes. In November 2000 the CMR was able to purchase a used electric forklift truck that
will provide for more flexibility when navigating within tight spaces inside of buildings.

Electrical and Computer Engineering
students working on an undergradu-
ate project to design and test a ro-
botic control system.

Goal B3: Develop and implement a laboratory needs and utilization plan that will pro-
vide a resource road map for meeting strategic Center goals.

Center for Manufacturing Research Annual Report 2000-2001



May 2001 marked the first ever meeting of faculty that identify themselves within the strategic
focus area of “Next Generation Materials and Manufacturing Processes.” The purpose of the

meeting was to develop a prioritized list of equipment needs that would enhance research and
service activities at the Center. Some items were identified for immediate purchase, while others
were scheduled for purchase next fiscal year, and still others required a heavy investment and
were best purchased through equipment proposals to NSF or DoD. That preliminary meeting
also precipitated discussions concerning laboratory planning and the need for laboratory cleanup.
Our goal next year is to have three laboratory spaces renovated and research equipment installed
and actively being used.

C. Major Activities

Goal C1: Continue to expand mutually beneficial interactions with Tennessee manufac-
turers through major research contracts, the affiliate program, testing projects, the
design internship program, and joint activities, as appropriate, with other organizations.

CMR fulfilled its mission to both in-state and out-of-state industries by advancing technol-
ogy transfer activities in specific areas such as ergonomics, materials testing and manufactur-
ing design/processing. The five programs discussed below enabled faculty and students, at
both graduate and undergraduate levels, to interact with numerous industries and assist
those industries with solutions to real manufacturing problems.

A work-study program with a local industry provided 38 undergraduate students
the opportunity to obtain hands-on experience while being employed part-time in a
manufacturing environment. The work-study program also allows the industry
participant to supplement its engineering workforce with needed temporary, part-
time engineering support while allowing the industry to preview prospective new-
hires. This program has secured $323,078 in external funding during this fiscal year,
primarily in the form of student hourly payroll.
Funding of the Tennessee Small Business Development Center (TSBDC), which
serves a ten-county region, comes from the U.S. Small Business Administration, the
Tennessee Board of Regents, the Tennessee Department of Economic and Community
Development, the College of Business Administration, and the Center for Manufac-
turing Research. TSBDC's primary goal is to assist small business owners across the
State helping them grow and develop by providing one-on-one counseling for man-
agement and technical issues. This program was funded at a total of $69,136 for the
2001 calendar year. During the TSBDC's third year of operation in 2000, the
Director and staff worked diligently to assist 154 entrepreneurs in 17 counties to
achieve their goals.
The Center continues to provide assistance to industries through its Testing Services
Program, using a combination of CMR facilities and access to personnel from both
the Center and other departments/colleges. The following two examples of testing
projects were recently completed.
» Nashville Wire Products, Springfield, Tennessee requested the analysis of an
industrial welded wire container. Dr. Christopher Wilson and graduate
student, Philip Allen developed a simplified Finite Element Model (FEM) for

the wire container in guestion that would simulate base frame behavior and
sought recommendations for improvements that would satisfy current testing

procedures.
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>

Stress analysis of the APPLE Monitor Stand and G4 Cube Case was per-
formed for the Apple Computer Company at the request of Exponent Con-
sultants, Menlo Park, California. This testing performed by Dr. Darrell Hoy
revealed unforeseen residual tensile stresses in the cracking region of the
stand’s front rib. This led to redesign of the rib and injection molding
process.

The Tennessee Manufacturing Extension Program (TMEP) led by Dr. S. “Deivy”
Deivanayagam provided ergonomic studies for the following six Tennessee industries
during 2000-2001.

YVVVVYYVYVY

Marvin Windows (Ripley)
Hutchinson (Byrdstown)
B&P Lamps (McMinnville)
Frito-Lay (Pulaski)
Federal-Mogul (Gordonsville)
Cebal America (Shelbyville)

These studies were used to identify ergonomic hazards, needs for workstation rede-
sign, and injury related causative factors that resulted in recommendations for
workplace safety and management personnel seminars.

The University of Tennessee Center for Industrial Services Program (UT-CIS)
continues to be an avenue by which the CMR serves industrial clients across the
State of Tennessee. Faculty investigators are identified based on each company’s
request and the expertise necessary to provide consulting in the manufacturing arena.

>

Brown Manufacturing Company, Old Hickory, Tennessee, requested a struc-
tural load measurement analysis on a mezzanine in their warehouse. Dr.
Sharon Huo of Civil/Environmental Engineering performed the measure-
ment analysis and supplied the data.

Dr. David Elizandro, Industrial and Manufacturing Engineering Department,
evaluated a simulation model developed by Industrial Design Fabrication,
McEwen, Tennessee. Dr. Elizandro submitted recommendations for imple-
mentation and troubleshooting queuing problems for the simulation.
Perfection Moulders, Goodlettsville, Tennessee, operates a non-ferrous foundry
making custom castings. Dr. Meenakshi Sundaram, Industrial and Manufac-
turing Engineering Department, performed a plant layout analysis to im-
prove plant flow and performance. He then made recommendations based on
restricted space and budget constraints, and presented conclusions that
included relocating the plant to a larger site.

Goal C2: Enhance the economic development of Tennessee through research, develop-
ment, demonstration, and technology transfer activities in the subject areas identified by
the Center’s Year 2000-2010 Technology Forecast and subsequent planning activities:

1) Next Generation Materials and Manufacturing Processes, 2) Control of Processes and
Equipment, 3) Integrated Product/Process Realization, and 4) Pervasive Simulation and
Modeling.

There were several major research initiatives that contributed to the Center’s success this
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year, but none as important as our
efforts to nurture a stronger
relationship with NASA. After
years of close interaction with
Marshall Space Flight Center
(MSFC), faculty associates Sam
Han and Steve Canfield have
succeeded in attracting NASA
funding for four (4) projects
totaling $164,813 for the first year.
Han’s two projects with NASA
focus on advancements in space
propulsion systems and Canfield’s
two projects will affect the way
space structures are designed for
flexibility and utility. A fifth NASA
funded project ($22,000) supports

|
This is a prototype of a new actuator using concen-
trated radiant heat to actuate Shape Memory

Ph.D. student Phillip Allen under Alloys (SMA). It is designed for use in the space
the guidance of faculty associate environment. This work is based on an innovative
Chris Wilson. Together, Wilson active control system proposed for the NASA Space

and Allen are researching failure Solar Power (SSP) ISC concept structure.

mechanisms, such as fatigue, on critical space system components.

In a separate NASA collaboration, TTU and the CMR were invited to participate in a univer-
sity/NASA partnership with four other universities to research the affordability and reliabil-
ity of manufacturing large space structures, specifically focusing on composite materials.
Director Dan Goldin stated that the vision for the alliance is, “To establish a partnership
involving NASA, states, universities, and industries to strengthen the competitiveness of the
United States in aerospace and other commercial markets that require large structure manu-
facturing.” In December 2000, the University of New Orleans (UNO) was funded by MSFC
to establish a national center to “...develop innovative advanced composite manufacturing
technologies utilizing the National Center for Advanced Manufacturing - Louisiana Partner-
ship.” The partnership includes MSFC, UNO, Mississippi State University, TTU, Texas
A&M, and Virginia Tech. The focus of the partnership is to create a world-class center
devoted to education and research in advanced manufacturing with the initial concentration
on composite technologies. In response to the first call for proposals, the CMR submitted four
proposals and three were selected for first-year funding totaling $363,000. Faculty associate
Chris Wilson is leading the first project entitled, “Understanding Service Life of Composites”
($127,300). Wilson is planning to compare differences in the “as-manufactured” and the “as-
analyzed” composite structure to better understand service life predictions especially when
considering initial material quality. The second project, led by Ken Currie, is entitled, “Mini-
mizing Life Cycle Costs of Composites Through Design” ($145,700). Currie plans to link
design parameters to manufacturing and life cycle costs to build parametric cost models and
cost drivers for improving composite design. To better balance staff support for these
projects, the third NCAM project dealing with simulation and modeling of friction stir
welding by faculty associates George Buchanan and John Peddieson ($90,000), is being
managed by the Center for Electric Power.
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Expanding Innovation Opportunities in Tennessee

Finally, a three-year grant
for $579,000 was awarded
from the National Science
Foundation to Glen
Johnson and Ken Currie to
work with partner organi-
zations across the state to
systematically connect the
knowledge-discovery
process that occurs at
universities and federally

managed laboratories with the development and license of new products and services that
will enhance economic development, provide jobs, and create new wealth. Partner organiza-
tions include several TBR universities, Oak Ridge National Laboratories, Tennessee Biotech-
nology Association, Tennessee Technology Development Corporation, Scytech Inc., and
Cumberland Emerging Technologies. Entitled, “Expanding Innovation Opportunities in
Tennessee,” this project will provide technical expertise and marketing strategies in an
integrated framework to define a new “Innovative and Focused” approach to managing
inventions as they progress from knowledge discovery to marketable products and/or
processes. An entrepreneurial training course developed at East Tennessee State University
entitled, “Innovative Entrepreneurship,” will act as the instruction to develop and nurture

persons who will become champions for innovative projects and enterprises. The goal will be
to enable gifted students to study and experience all aspects of starting a technology busi-
ness through becoming an actual owner/operator. The one-year study program will act as a
catalyst for forming management teams to operate businesses for converting intellectual
property into commercial companies. Unique to this proposal is the incorporation of technical
and entrepreneurial mentors to assist the project teams in the first year of study to navigate
the difficult path of merging technical strategies with marketing strategies. These mentors
will act as resources for the students as they simultaneously develop the project idea in both
the marketing and technological domains.

As part of the strategic planning process, the CMR has restructured its research into four
strategic foci based in part on national manufacturing strategies and faculty expertise. Listed
below are the four areas and representative projects:

1. Control of Processes and Equipment — Year 3 of a DOE funded project entitled,
“Integrated Industrial Process Sensing and Control System Applied to and Demon-
strated on Cupola Furnaces” ($158,036) - Mohamed Abdelrahman.

2. Next Generation Materials and Manufacturing Processes - “Interconnect Material
{8Bd000CelUdtawenied. Vehicles: Innovative Fabrication of Conductive Coatings”

3. Integrated Product/Process Realization — “Minimizing Life Cycle Costs of Com-
posites Through Design” ($145,700) — Ken Currie.

4. Pervasive Simulation and Modeling - “Thermodynamic Modeling of Polymeric
Foam Systems” (Internally funded) — Don Visco.
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CMR is planning additional programs to further build synergy of CMR faculty and faculty
associates around each of these strategic foci. As that synergy develops it will hopefully lead
to larger contracts and enhanced recognition for the Center.

Goal C3: Obtain approximately $1,000,000 in extramural funding and continue to
exceed the State’s matching requirement of $.50 per dollar of state-appropriated funds
for the Center.

External Funding:

CMR not only bettered its goal of $1 million in external funding but set all-time records for
both external and matching funding. The total for external funding in FY 2000-01 was
$1,497,787. This represented a significant increase (38%) over last year’s level and ap-
proached a 1:1 match with State appropriated funds. This increase in external funding is
primarily due to an increased emphasis on federal funding resulting in an average project
funding increase of more than 40% over last year.

Matching Funding:

The Tennessee Board of Regents also requires that matching funds (external funding plus
equipment and supplies gifts) brought in by the CMR total more than half of the State
appropriated funds. This past year the Center was required to show matching funds of
$763,630. The CMR has never had difficulty in meeting this level, and this year was no
exception. The Center posted a record matching amount exceeding $2,577,000 or a little over
$1.69 for every dollar appropriated from the State.

$2,500,000

$2,000,000+

$1,500,000+
O State Appropriation

$1,000,000+ W Matching Funding
OExternal Funding

$500,000+
$0+ L

91-93 92-94 93-95 94-96 95-97 96-98 97-99 98-00 99-01
Year

Funding: Three-Year Moving Average

Goal C4: Emphasize manufacturing-related subject matter in appropriate undergraduate
and graduate courses, and work with instructional departments to submit successful
laboratory and equipment grants that have dual use with Center activities.
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For the second year in a row the CMR supported two courses that bring state-of-the-art
research into the undergraduate and graduate curricula. The first, is entitled,
“Interdisciplinary Studies in Advanced Materials Engineering” and it is lead by Dr. Chris
Wilson of Mechanical Engineering and Dr. Joe Biernacki of Chemical Engineering. The
course brings engineering, mathematics, and science students of different disciplines together
to discover how to design processes for the production of materials. The focus of the course is
a guided independent study on the achievement of a thematic goal: the production of a
product material with specified performance targets. The second course, taught by Dr. Glenn
Cunningham (Mechanical Engineering), Dr. Jeff Frolik (Electrical and Computer
Engineering), and Dr. Joe Biernacki (Chemical Engineering), focused on the design,
fabrication, and performance of Micro-Electro-Mechanical Systems (MEMS). This
interdisciplinary graduate course was enhanced in its second offering by the lessons learned
from the initial class. MEMS devices were designed and built at a semiconductor foundry and
are currently in the process of characterization and testing. These devices include steerable
mirrors, ultrasound devices, and pressure

transducers among others.

Both of these courses incorporate “vision
principles” — principles that serve as a
foundation for building towards success.
They both involve an interdisciplinary
approach to teaching very complex
subject matter and both emphasize the
formation of student teams to produce
objectives unattainable by individuals. =
Both classes are directed towards subject
matter that falls directly within a
strategic focus area of the Center — Next
Generation Materials and Manufacturing
Processes.

A magnified image of a MEMS pop-up,
micromachined mirror using floating and
fixed hinges with a rack and pinion
actuating mechanism.

The CMR also submitted three proposals for equipment grants. We have received
encouraging signals that a $360,000 proposal for a Scanning Electron Microscope (SEM)
has been accepted for funding from the National Science Foundation. This proposal had
broad support from the Water Center (Biology), Chemical Engineering, Mechanical
Engineering, and Earth Sciences. Details about the proposal and equipment will be reported
in next year’s annual report since the funding (not officially approved at this time) will not be
available until FY 2001-2002. A second proposal is still pending with NSF for a rapid
prototyping laboratory. This proposal is an interdisciplinary request between Ismail Fidan
(Manufacturing & Industrial Technology) and Kwun-Lon Ting (Manufacturing Center/
Mechanical Engineering). The third proposal was denied funding, but John Zhu (Mechanical
Engineering) gained valuable insight on how to improve the request for sputtering
equipment for use in the CMR’s expanding materials research.

Goal C5: Sponsor seminars; workshops; short courses and regional, national and
international conferences, emphasizing manufacturing topics.
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Looking to the future of manufacturing in the year 2020, the Center for Manufacturing
Research initiated the first in a seminar series entitled, “Manufacturing 2020.” The focus of
each seminar will be to address current state-of-the-art manufacturing issues and forecast
future research hurdles. The first seminar was held March 29, 2001 with Dr. Lynne Parker
delivering a discussion of “Multi-Robot Teams.” Dr. Parker is the Group Leader for the
Computational Intelligence Group, which is in the Intelligent and Emerging Computational
Systems Section of the Computer Science and Mathematics Division at Oak Ridge National
Laboratory. The focus of Dr. Parker’s talk dealt with cooperating autonomous robots —
intelligent robotic systems that integrate perception, reasoning, and action to perform
cooperative tasks under circumstances that are
insufficiently known in advance, and dynamically
changing during task execution. The CMR plans
to continue the “Manufacturing 2020” seminar
series hosting a different speaker each semester.

The CMR also assisted the Water Center in
hosting the 2001 Stonecipher Symposium on
Technology, Communication and Culture with
“Driving America” as the theme of the two-day
event. The Manufacturing Center helped support
author and sociologist, Dr. David Gartman as he
delivered an address entitled, “Pretty Boys and
Tough Guys: The Cultural Antagonisms of
Aesthetics and Engineering in the Auto Industry.”
Dr. Gartman'’s talk focused on the aesthetic
differences in automobiles as a symbolic display
of power among different classes in America.

Dr. Lynne Parker, Group Leader
Computational Intelligence Group
Oak Ridge National Laboratory

Goal C6: Encourage and assist in arranging part-time assignments for undergraduate and
graduate students with manufacturing companies and manufacturing-related research
and development organizations.

From undergraduates assisting local industry in the Work-Study program, to Ph.D. students
developing state-of-the-art research methodologies, students serve a vital function within the
Center. In many cases, alumni who received prior support from the Center have directed their
employer’s testing or research projects back to the Center. The popularity of the Center’s
Work-Study program is an example of how students are impacting local industry. In the past
year the program has nearly doubled in value from the previous year and the number of
students involved has seen a steady increase. However, the work-study program is just one
instance of how TTU students are making an impact.

Undergraduate students have also contributed to research being conducted through the
Software Automation & Intelligence Laboratory (SAIL) in the Computer Science Department
under the direction of Dr. Srini Ramaswamy. Several undergraduate students (3) have been
involved in designing intelligent behaviors for vehicles that may one day operate on an
automated highway system. Much of the research in intelligent highway systems is focused
on rigid control systems of a single vehicle; however, Dr. Ramaswamy’s research allows
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exhibit limited intelligence and cooperative behaviors to improve the overall efficiency of the
highway as a system. Besides applications in transportation systems, this project also
benefits the material handling industry and control of automated guided vehicles. SAIL has
also had undergraduate students busy working on local industry programming solutions.
Two undergraduate students successfully completed a customized online shopping cart
utility for Cumberland Watersports and two other students developed a human interface
module for the Quality Control and packaging station at Nielsen Bainbridge to help eliminate
errors in shipping products.

Dr. Sally Pardue (Mechanical Engineering) has been extremely active in securing external
support from local industries for graduate student research resulting in three funded
graduate research assistantships. Two of the assistantships are funded by Fleetguard-Nelson.
The first project involves graduate student Mike Ellis and a division of Fleetguard-Nelson
that manufactures muffler systems for the over-the-road trucking industry. The research
entails development of a finite element model to simulate vibration effects for a complete
muffler system. The vibration data is analyzed to produce operating deflection shapes for the
system, which will in turn be compared to that of the muffler system as installed on the
truck. The objective of the research is to test the sensitivity of the computer model and the
assumptions used about joints and connections to better predict actual vibration.

A second assistantship funded by Fleetguard-Nelson and under Dr. Pardue’s direction, is
examining the effects of cavitation on oil filters. Graduate student Krishna Tavvala is
working on a project to produce a laboratory test rig for measuring material loss due to
cavitation at low frequencies. The project was motivated by observed damage of wet cylinder
liners in diesel engines, which was suspected to be caused by material loss as a result of
cavitation in the fluid environment. Current ASTM testing procedures utilize a 20,000 Hz
test rig in the lab to study the effects of coolant additives to inhibit cavitation. These test
methods have not produced results corroborated by actual field test data on running engines.
It is speculated that the frequency rate may need to be much lower to accurately simulate
running conditions. Krishna has been working to produce a test rig that runs at frequencies
(500-2000 Hz) closer to those seen in the engine environment. His testing to date has shown
that cavitation can be obtained at this lower frequency range and work is progressing to
strengthen the testing apparatus to run for longer duration tests.

The Center for Manufacturing Research also has several graduate students working on
NASA or defense related projects. Dr. Sam Han (Mechanical Engineering) has involved two
graduate students on NASA contracts that have lead to follow-on projects and technical
publications. Mr. David Gregory is currently working on his MS degree in Mechanical
Engineering and is supported by a project from the Advanced Space Transportation
Program at MSFC to study the ejector-ram-rocket as a means for an advanced reusable
launch vehicle. David is a contributor on a paper, “Effects of Primary Flow Molecular Weight
on Ejector Performance in a Ejector-Ram-Rocket Engine,” by Han, Peddieson and Gregory,
which is under review for publication in Journal of Propulsion and Power. He has also
drafted a paper based on his research, “Effects of Multiple Primary Flows on Ejector
Performance in an Ejector-Ram-Rocket Engine,” which will be submitted to the Journal of
Propulsion and Power as a sequel to the first paper before his graduation. Mr. Wensheng
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Shen is a doctoral student, also under Dr. Han’s supervision, working on a numerical analysis
of hyperbolic heat conduction. This is an emerging area of research in heat transfer related
to laser processing and nanotechnology applications. He has submitted three journal papers
within the last 5 months:

e “An Explicit TVD Scheme for Hyperbolic Heat Conduction in Complex Geometry,” by
Shen and Han, submitted to Journal of Numerical Heat Transfer.

* “A Numerical Solution of Two-Dimensional Hyperbolic Heat Conduction with
Nonlinear Boundary Conditions,” by Shen and Han, submitted to Heat and Mass
Transfer Journal.

e “Numerical Solution of Two-Dimensional, Axisymmetric Hyperbolic Heat
Conduction,” by Shen and Han, Submitted to Journal of Computational Mechanics.

Dr. Chris Wilson (Mechanical Engineering) also has two students that are working on
NASA-related research. Mr. Phillip Allen, a Ph.D. student in Mechanical Engineering, is
working with engineers from the George C. Marshall Space Flight Center to better
understand hydrostatic pressure efforts on static yielding and very low cycle fatigue. The
goal of this work is to enhance prediction capabilities for strength and fatigue calculations in
high performance metals. Phillip’s work will be useful for both current shuttle programs and
future space transportation vehicles. Mr. David Johnson is involved in dynamic modeling and
analysis of momentum exchange tethers, working with faculty at the Marshall Space Flight
Center. Momentum-exchange/electrodynamic reboost (MXER) tether systems may enable
high-energy missions to the Moon, Mars and beyond by serving as an “upper stage in space”.
An MXER tether station would boost spacecraft from lower Earth orbit to a high-energy
orbit quickly, similar to a high-thrust rocket through the exchange of momentum between a
rotating tether and an orbiting payload. David spent the summer of 2001 conducting his
research onsite at Marshall Space Flight Center, and continues to correspond with NASA
personnel as part of the Graduate Student Research Program.

Novel research into the development of robotic
manipulators and actuators has Dr. Steve Canfield
(Mechanical Engineering) busy with both NASA
and private industry. Mr. Patrick Hull is developing
a novel prototype actuator for NASA that uses
concentrated radiant heat to actuate a Shape
Memory Alloy (SMA) element. The SMA has the
significant advantage that it can recover from 5 to

; i 8% of its strain through a phase-change induced by
wm h ' e temperature and, through the design of an
appropriate solar concentrator, can provide a light-
weight, actively controlled thermomechanical motor
for space applications. This work is based on an
innovative active control system proposed for the
NASA Space Solar Power (SSP) ISC concept
structure. Patrick spent the summers of 2000 and 2001 performing his research onsite at
Marshall Space Flight Center, and continues to correspond with NASA personnel as part of a
continuing research project. Robert Parsons

Shape Memory Alloy behavior
under varying temperature
and stress
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performed research in miniature and micro compliant manipulators. His work, sponsored by
DSM of Franklin, TN and BMDO, resulted in a series of inexpensive manipulators with
output resolution on a micro or even nanoscale. This research was initially funded as part of
a Small Business Innovation Research grant, and has potential applications in high precision
manufacturing, fiber optic cable alignment, or disposable surgical tools. Somer Walls’
research is investigating the design of new topologies for compliant manipulators
synthesized using genetic algorithm optimization techniques. Compliant manipulators
provide mobility through structural flexure and can be made inexpensively as molded or cast
devices. One application Somer is currently investigating is the design of disposable surgical
tools or miniature manipulators.

Goal C7: To assist the university in meeting its current performance funding goals
related to Ph.D. graduate student enrollment. The Center will support 30% of all Ph.D.
students and 20% of all MS students enrolled in the College of Engineering. At least
30% of Center supported Ph.D. graduate students will be funded by external projects.

In FY 2000-01, CMR worked closely with a number of students through financial
assistance, faculty advisors, and mentoring support. In fact, 139 total undergraduate and
graduate students benefited from Center financial support. Of these, 56 were MS students, 11
were Ph.D. candidates, and the remainder were pursuing undergraduate degrees. Additionally,
29 MS degrees and 2 Ph.D. degrees were earned by Center funded students bringing the
total over the past 16 years to 300 MS and 54 Ph.D. students. These levels of graduate
student support represent 39% of the College’s total MS students and 34% of all Ph.D.
students surpassing both benchmarks in this goal. The CMR fell short in reaching the goal
for externally funded Ph.D. students with only 27% of CMR students receiving their support
from external sources.

Goal C8: Increase local, state, national and international recognition for the Center
through faculty and faculty associate representation at conferences, membership in
professional organizations, performing editorial responsibilities, submitting publications,
and assisting with Center marketing efforts.

The Center for Manufacturing Research is expanding its marketing efforts and several new
initiatives in FY 2000-01 have provided media recognition and some have resulted in
research contracts. The NSF funded project, “Expanding Innovation Opportunities in
Tennessee” was promoted through TTU'’s office of public affairs and was ultimately picked
up by the Associated Press out of Nashville. In addition, Dean Glen Johnson (Pl), Center
faculty Ken Currie, and industrial partner James Green (Cumberland Emerging
Technologies), attended a June 2001 workshop in Washington D.C. to report on the progress
of the project. TTU was also invited to attend a proposal writing workshop for the National
Center for Advanced Manufacturing — Louisiana Partnership. Dean Glen Johnson and Ken
Currie represented the College of Engineering and within the three day workshop submitted
five draft proposals that TTU faculty in turn submitted as full proposals within a week’s
time.

The CMR was asked to participate in presentations or exhibitions that illustrate the Center’s
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strengths and focus areas. The American Society of Materials (ASM), Oak Ridge Chapter
invited the Center to participate in industry night where local industries were introduced to
resource agencies, such as the CMR, for conducting materials research and testing. CMR also
participated in the Inaugural Education and
Employment for Technological Excellence in
Aviation, Missiles, and Space (E2TEAMS)
Conference in Huntsville, AL in May 2001. This
conference included government, industry and
academic institutions from Alabama, Mississippi,
Tennessee, and Georgia. Several units from the
College of Engineering (including the CMR) were
invited to present research capabilities to NASA
officials in Washington D.C. including Director Dan
Goldin and the Honorable Bart Gordon from the 6™
Congressional District of the State of Tennessee.

National Center for Advanced
Manufacturing - Louisiana

S | facult ted the Center at technical -
everal faculty represented the Center at technica Partnership (NCAM-LP) Logo

conferences both in the U.S. and abroad. Dr. Ying
Zhang (Manufacturing Center) attended the
International Conference on Metallurgical Coatings and Thin Films (ICMCTF 2001) in San
Diego, CA where she presented a paper on her research into aluminide coatings. Dr. Ali
Alouani (Electrical and Computer Engineering) presented a paper on intelligent control
systems to the International Conference on Modeling, Identification and Control in
Innsbruck, Austria. Dr. Ken Currie also made two presentations in Charlotte, NC and Las
Vegas, NV to the Conveyor Product Section of the Material Handling Industry of America
on a project to create an educational CD-ROM of Control Systems for Material Handling
Applications. R& D engineer Mike Renfro also presented a paper with Dr. Sally Pardue on
recent research into vibration characterization at the International Mechanical Engineering
Congress and Exposition in Orlando, FL.

The CMR has also been represented in a service capacity to professional and research
organizations. Dr. Ken Currie has been participating in a Malcolm Baldridge Quality Study
Group sponsored by Belmont University and the Tennessee Quality Award. The study
group, consisting of local institutions pursuing higher quality attainment levels, meets bi-
monthly to address best practices for pursuing the Malcolm Baldridge Quality Award. Currie
has also served as Vice President for Student Development for the Institute of Industrial
Engineers. In that capacity, Dr. Currie has traveled to Morelia, Mexico to deliver a
presentation to the Mexican Il1E student conference and also serve as coordinator for the
International Student Technical Paper Competition in Dallas, TX. The CMR still plays a role
in serving on review panels for NSF as Dr. Kwun-Lon Ting (Manufacturing Center) spent
several days serving as a reviewer of proposals in the Design, Manufacturing, Integration &
Innovation Division.
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External Advisory Board
2000-2001

Mr. Harold Brewer
The Aerostructures Corporation

Mr. Jack Cook
Knoxville Area Chamber Partnership

Mr. Steve Duncan
Eastman Chemical Company

Dr.R.G. (Gil) Gilliland
Oak Ridge National Laboratory

Mr. Richard (Rick) R. Larsen
Flexial Corporation

Dr. Steve R. LeClair
Wright Patterson AFB

Dr. M. Eugene Merchant
The Manufacturing Solutions Center

Dr. Andy Pardue
Fleetguard, Inc.

Mr. Max H. Sharpe
Retired, NASA

Mr. Guy Wilson
Nissan Motor Manufacturing Corp.

Greg Nelson, Chief Technology Officer and
Vice President of Polymers Technology (top
photo) welcomed EAB members and TTU
representatives to Eastman Chemical.
Eastman hosted the Spring 2001 EAB Meet-
ing in May. Interim Director, Ken Currie
(second from top) presented a summary of
Center accomplishments. Jack Cook (third
from top), EAB member from Knoxville and
Steve Duncan of Eastman Chemical share a
private exchange of ideas. In the bottom
photo the meeting draws to an end with
discussion and committee reports. Pictured
left to right: Harold Brewer, Jack Cook and Gil
Gilliland.
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Supporting Materials

2000-2001 Presentations and Publications

Mohamed A. Abdelrahman

“Integration of Industrial Process Sensing and Control for Cupola Iron Melting Fur-
naces,” Proceedings of the 7" Mechatronics Forum International Conference, Atlanta, Geor-
gia, September 6-8, 2000 (with P. Kandasamy).

“A Methodology for Development of Configurable Remote Access Measurement Sys-
tems,” Transaction of Instrumentation Society of America, Vol. 39, 441-458, December 2000.

Integrated Industrial Process Sensing and Control System Applied to and Demonstrated
on Cupola Furnaces, Annual Technical Report, Year 2, United States Department of Energy,
#DE-FC02-9CH10975, 2000 (with W. Mahmoud, J. Frolik, R. Haggard, P. Kandasamy,
V. Vijaykumar, S. Sankaran, S. Vadlaman, K. Moore, S. Anderson, D. Clark and E. Larsen).

“Fusion of Sensors with Multisampling Rates using Wavelet Transforms,” presentation
at the 2001 American Control Conference, Washington, DC, June 25-27, 2001 (with M. Luo
and J. Frolik).

George Buchanan

“A Simple Unified Age Forming Model,” Mechanics Research Communications, 27, pp.
631-636, 2000 (with S. Narimetla, J. Peddieson, Jr., and S. Foroudastan).

“A Finite Element Analysis of Anisotropic Midlin Plates,” SECTAM Preprint XX-SM13,
2000 (with J. Peddieson, Jr.).

“Testing and Simulation of Perforated Plate Deformations,” Technical Report, Eastman
Chemical Company, 2000 (with S. Idem, J. Peddieson, Jr. and S. Munukutla).

“Vibration of Truncated Conical Cylinders of Crystal Class 6/mmm,” Journal of
Vibration and Control, Vol. 7, No. 7, pp. 985-998, 2000.

Kenneth R. Currie

CMR at the Crossroads, 1999-2000 Annual Report, Center for Manufacturing Research,
August 2000 (with D. Loy and D. Wiegand).

“Center for Manufacturing Research: Past, Present, and Future,” invited presentation,
Automation Robotics Research Institute, Fort Worth, Texas, October 2000.

“Lean Manufacturing: On the Factory Floor and Above the Factory Floor,” invited
presentation, APICS Knoxville Chapter Meeting, Knoxville, Tennessee, November 2000 (with
J. Burnham).

“Lean Manufacturing: On the Factory Floor and Above the Factory Floor,” invited
presentation, 2" Annual Region 13 Student IIE Conference, Morelia, Mexico, March 2001.

“Industrial Engineering: A Benefit/Cost Analysis of Professional Participation,” invited
presentation, 2™ Annual Region 13 Student IIE Conference, Morelia, Mexico, March 2001.

Ahmed H. ElSawy
“The Power of Software Tools in Design,” Fluid Power Journal, pp. 10-11, November/
December 2000 (with 1. Fidan).
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“Characterization of Color Sorting Performance of a Computer Vision-Guided Robotic
System using Different Illuminance,” Proceedings of the 28" ICC&IE Conference, Cocoa
Beach, Florida, March 19, 2001 (with JT. Li and W. Mahmoud).

Ismail Fidan

“Online Bearing Selection Catalog,” Computers in Education Journal, v. 10, n. 3, pp. 37-46,
2000 (with S. Tumkor).

“Inline Troubleshooting for Electronics Manufacturing Systems,” Proceedings of the 2000
IEEE/CPMT International Electronics Manufacturing Technology Symposium, pp. 338-343,
October 2-3, 2000 (with R.P. Kraft).

“The Power of Software Tools in Design,” Fluid Power Journal, pp. 10-11, November/
December 2000 (with A. ElSawy).

“Knowledge-Based Part and Process Design for Metal Forging,” SAE Transactions-
Journal of Materials and Manufacturing, v. 109, n. 5 pp. 92-99, 2000 (with S.K. Esche, C.
Chassapis, S. Manoochehri).

Jeffrey L. Frolik

“Fusion of Sensors with Multisampling Rates using Wavelet Transforms,” presenta-

tion at the 2001 American Control Conference, Washington, DC, June 25-27, 2001 (with
M. Luo and M. Abdelrahman).

“An Internet-based Approach to Multi-disciplinary Course Offerings,” presented at the
2001 ASEE-Southeastern Section Meeting, Charleston, North Carolina, April 1-3, 2001
(with T.M. Weller).

Integrated Industrial Process Sensing and Control System Applied to and Demonstrated on
Cupola Furnaces, Annual Technical Report, Year 2, United States Department of Energy,
#DE-FC02-9CH10975, 2000 (with M. Abdelrahman, W. Mahmoud, R. Haggard, P.
Kandasamy,

V. Vijaykumar, S. Sankaran, S. Vadlamani, K. Moore, S. Anderson, D. Clark and E. Larsen).

Roger L. Haggard
Integrated Industrial Process Sensing and Control System Applied to and Demonstrated on
Cupola Furnaces, Annual Technical Report, Year 2, United States Department of Energy,
#DE-FC02-9CH10975, 2000 (with M. Abdelrahman, W. Mahmoud, J. Frolik, P.
Kandasamy, V. Vijaykumar, S. Sankaran, S. Vadlamani, K. Moore, S. Anderson, D. Clark and
E. Larsen).

Darrell E.P. Hoy
“Stress Analysis of Front Rib Center Section Monitor Stand GE Virgin 7/18/00,”
Technical Report, Exponent, Inc., July 24, 2000 (with C. Wilson).

Stephen Idem
“Testing and Simulation of Perforated Plate Deformations,” Technical Report, Eastman
Chemical Company, 2000 (with G. Buchanan, J. Peddieson, Jr. and S. Munukutla).

Kevin R. Liska
“Creating a Virtual Rural University Incubator: Implications for Innovative Programs
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and Future Research in Entrepreneurship,” presented at UIC Symposia on Marketing and
Entrepreneurship, August 4-5, 2000, Chicago, Illinois (with D.Weinrauch).

“A Federally Funded Case Study of Entrepreneurship Programs: Implications for Public
Policy,” presented to Allied Academies, Nashville, Tennessee, April 5, 2001.

“A Federally Funded Case Study of Entrepreneurship Programs: Implications for Public
Policy,” Journal of Entrepreneurship Education, Summer 2001 (with D. Weinrauch).

Wagdy H. Mahmoud
Integrated Industrial Process Sensing and Control System Applied to and Demon-
strated on Cupola Furnaces, Annual Technical Report, Year 2, United States Department
of Energy, #DE-FC02-9CH10975, 2000 (with M. Abdelrahman, J. Frolik, R. Haggard, P.
Kandasamy, V. Vijaykumar, S. Sankaran, S. Vadlaman, K. Moore, S. Anderson, D. Clark
and E. Larsen).
“Characterization of Color Sorting Performance of a Computer Vision-Guided Robotic
System using Different Illuminance,” Proceedings of the 28" ICC&IE Conference, Cocoa Beach,
Florida, March 19, 2001 (with JT. Li and A. ElSawy).

Sastry Munukutla
“Testing and Simulation of Perforated Plate Deformations,” Technical Report, Eastman
Chemical Company, 2000 (with G. Buchanan, J. Peddieson, Jr. and S. Idem).

Sally Pardue

“Quarterly Report #5: Field Verification of In-situ Pile Length Measurement using

Force Random Vibration,” Technical Report MCTR-04-01-01, April 30, 2001.

“Damage Detection using Auto Correlation,” Proceedings of the 19* International Model
Analysis Conference, Kissimmee, Florida, February 5-8, 2001 (with P. Ramsagar).

“Joint Characterization for Muffler System-Fleetguard Graduate Student Sponsorship:
Activity Report for June 15 to December 20, 2000,” Technical Report MCTR-01-01-01,
January 5, 2001.

“Cepstral Analysis Applied to Identification of Longitudinal Vibration in Timber
Piles,” Noise Control and Acoustics Division, ASME IMECE 2000, Orlando, Florida, November
5-10, 2000 (with M. Renfro and P. Ramsagar).

“Quarterly Report #4: Field Verification of In-Situ Pile Length Measurement using
Force Random Vibration,” MCT-10-00-02, October 23, 2000.

“Quarterly Report #3: Field Verification of In-Situ Pile Length Measurement using
Force Random Vibration,” MCT-10-00-02, July 21, 2000.

John Peddieson, Jr.

“A Simple Unified Age Forming Model,” Mechanics Research Communications, 27, pp. 631-
636, 2000 (with S. Narimetla, G. Buchanan and S. Foroudastan).

“Unified Simulation of Age and Cold Forming,” SECTAM Preprint XX-MF80, 2000
(with K. Ramsey-ldem).

“A Finite Element Analysis of Anisotropic Midlin Plates,” SECTAM Preprint XX-SM13,
2000 (with G. Buchanan).

“Testing and Simulation of Perforated Plate Deformations,” Technical Report, Eastman

Chemical Company, 2000 (with S. Idem, G. Buchanan and S. Munukutla).
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Srini Ramaswamy

“A Petri Net Based Approach for Establishing Necessary Software Design and Testing
Requirements,” Special Track on Petri Nets in Systems Design, presented at 2000 IEEE Interna-
tional Conference on Systems, Man and Cybernetics, Nashville, Tennessee October 2000.

“Implementation and Evaluation of a Distributed Interactive Simulation Architecture
for Group Interaction and Coordination: A Case Study in Interference Detection and Resolu-
tion in Naval Radar Units,” presented at the 2000 Summer Computer Simulation Conference,
Vancouver, Canada, July 2000 (with K. Srinivasan).

“Conflict Detection during Plan-Integration for Multi-Agent Systems,” IEEE Transactions
on Systems, Man and Cybernetics, June 2001 (with K.S. Barber and T.H. Liu).

“A Distributed Agent-based Simulation Environment for Interference Detection and
Resolution,” Special Issue on Software Agents and Simulation, June 2001 (with K. Srinivasan,
PK. Rajan, S. Krishnamurthy).

P. Kari Rajan
“Delta Operator Based 2-D Filter Design using Symmetry Constraints,” presented at the
IEEE International Symposium on Circuits and Systems, Sydney, Australia, May 6-9, 2001
(with 1-H. Khao and H.C. Reddy).
“A Distributed Agent-based Simulation Environment for Interference Detection and
Resolution,” Special Issue on Software Agents and Simulation, June 2001 (with K. Srinivasan,
S. Ramaswamy, S. Krishnamurthy).

Michael Renfro
“Cepstral Analysis Applied to Identification of Longitudinal Vibration in Timber Piles,”
Noise Control and Acoustics Division, ASME IMECE 2000, Orlando, Florida, November 5-10,
2000 (with S. Pardue and P. Ramsagar).

Fyodor Shutov

“Simultaneous Recycling of Plastics and Wood Waste for Production of Porous Artificial
Wood Materials,” Proceedings of the ISWA-International Solid Waste Association International
Congress and Exhibition, July 3-7, 2000, Paris, France (with F. Pacheco).

“Recycling of Plastics Waste: Industrial Metabolism Paradigm and Life Cycle Analysis
Concept,” Proceedings of the First International Conference on Polymer Modification Degradation
and Stabilization—MoDest 2000, September 3-7, 2000, Palermo, Italy (with F Pacheco).

“Foam-in-Foam Polyurethane Composites,” Journal of Cellular Plastic Polyurethanes
Conference 2000, October 8-11, 2000 (with Y. Yuan).

“Morphology and Mechanical Properties of a Novel Family of Porous Polymer Based on
UHMW Polyethylene for Biomedical Applications,” Journal of 2000 ASME International
Mechanical Engineering Congress and Exposition, Porous, Cellular and Microcellular Materials—
2000, November 5-10, 2000, Orlando, Florida (with V. Ananthanarayan).

“Double ‘Foam-in-Foam’ Polymer Materials,” Proceedings of ANTEC 2001, Society of
Plastics Engineers, May 6-10, 2001, Dallas, Texas (with Y. Yuan).

“Porous Implants Based on UHMW Polyethylene,” Journal of Biomedical Applications,
June 2001 (with V. Ananthanarayan).
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“Blowing Agents for Polymer Foams,” Second Edition of the Hand Book of Polymeric
Foams and Foam Technology, Carl Hanser Verlag Publisher, 2001 (with D. Visco).

“Cellular Polymers Produced by Non-Foaming Technique,” Journal of Cellular Plastics,
2001 (with V. Ananthanarayan).

“Foamed Polymer Sandwich Composites Reinforced with Three-Dimensional Filler,”
Journal of Reinforced Plastics and Composites, 2001 (with Y. Yuan).

Kwun-Lon Ting

“Uncertainty Analysis of Planar and Spatial Robots with Joint Clearances,” Journal of
Mechanisms and Machine Theory, 35 (9), pp.1239-1256, 2000.

“Joint Rotation Space, Workspace, and Singularity-Free Workspace of Parallel Five-Bar
Manipulators,” Proceedings of ASME 26" Biennial Mechanisms Conference, September 2000.

“Singularities Analysis of Basic Kinematic Chains and Complex Multiloop Planar
Linkages,” DETC 2000/MECH-1419, Proceedings of ASME 2000 Design Engineering Techni-
cal Conferences, Baltimore, Maryland, September 10-13, 2000.

“Smoothness of C-Bezier Curves,” Proceedings of ASME 2000 Computer and Information in
Engineering, Baltimore, Maryland, September 10-13, 2000.

“G! Continuity of C-Bezier Rectangular Surfaces,” Proceedings of ASME 2000 Computer
and Information in Engineering, Baltimore, Maryland, September 10-13, 2000.

“Smoothness of C-Bezier Curves and Surfaces,” Proceedings of 2001 NSF Design, Service
and Manufacturing Grantees and Research Conference, Tampa, Florida, January 2001.

Christopher D. Wilson
“Stress Analysis of Front Rib Center Section Monitor Stand GE Virgin 7/18/00,”
Technical Report, Exponent, Inc., July 24, 2000 (with D.E.P. Hoy).

Ying Zhang

“Evaluation of Pt Incorporation on the Isothermal Oxidation Behavior of CVD
Aluminide Coatings,” Metallurgical and Materials Transactions A, 2001 (with JA. Haynes, W.Y.
Lee, I.G. Wright, B.A. Pint, and PK. Liaw).

“Evaluation of lron-Aluminide CVD Coatings for High Temperature Corrosion Protec-
tion,” Fifteenth Annual Conference on Fossil Energy Materials, Knoxville, Tennessee, April 30-
May 2, 2001 (with B.A. Pint, P.F Tortorelli, JA. Hynes, and 1.G. Wright).

“Evaluation of Iron-Aluminide CVD Coatings for High Temperature Corrosion
Protection,” presented at the International Conference on Metallurgical Coatings and Thin
Film, San Diego, California, April 2001.

Jiahong (John) Zhu
“Physical Metallurgy and Mechanical Properties of Transition-Metal Laves Phase
Alloys,” Intermetallics, Vol. 8, pp. 1119, 2000 (with M.P. Brady, C.T. Liu, C.G. McCamey, and
L.M. Pike).
“Oxidation Resistance and Mechanical Properties of Laves Phase Reinforced Cr In-Situ
Composites,” Intermetallics, Vol. 8, p. 1111, 2000 (with M.P. Brady, C.T. Liu, P.E Tortorelli, and
L.R. Walker).
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Number of Students Supported by Year

150+

100+

50+

1996-97 1998-99 1999-00 2000-01

E Graduate Students M Hourly/Undergraduate [OTotal

, Nashville, TN

m = 20 research sponsors
o =10 research sponsors
a= 5 research sponsors
o =1 research sponsor

Tennessee Research Sponsors (1984-2001)
This graphic representation displays the number of organizations served by CMR since
1984, not the number of projects performed for each organization. The Center has per-
formed multiple projects for numerous Tennessee organizations.
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Future Plans

Therearefoundational statementsthe Center usesto provideinspiration and focusto our planning
processes; our vision of successwhich describeswhat the Center will ook likeif

weonly executeour plans, our mission statement which describesafocusof what our plansar eto accom-
plish, and our corevalueswhich describesthemotivation of our behavior sboth asindividualsand asan
organization. Thesecreedal statementsarelisted below along with the specific goalsfor the next Fiscal
Year.

CMR Vision of Success

The Center for Manufacturing Research will be preferred by industry for
delivering excellence in research projects and service activities and nationally
acknowledged as a leader in manufacturing science and research.

CMR Mission Statement

To advance and support scientific and engineering knowledge in areas
related to manufacturing through fundamental research and technology
transfer activities, and to impact the instructional program in those areas.

CMR Core Values

Commitment to Personal and Scholarly Integrity
Teamwork

Commitment to Excellence

Commitment to Personal/Professional Development
Valuing Partnerships, Cooperation, and Collaboration
Commitment to Continuous Improvement

SU~wWNE
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Goals for 2001-2002

A. Personnel

Goal Al: Maintain, primarily through the use of state funds, excellent personnel, includ-
ing permanent Center faculty and support staff, and continue to recruit outstanding
undergraduate and graduate students with manufacturing interests as career goals.

Goal A2: Maintain and expand total Center efforts through the use of faculty associates
from the Colleges of Engineering, Arts and Sciences, Business Administration, Educa-
tion, and others, as appropriate, primarily through the use of external funding sources.
Goal A3: Promote improved overall capabilities through the use of visiting professionals
— research faculty, research scholars and manufacturing industry assignees — with their
financial support coming primarily from external sources.

Goal A4: Provide development opportunities for Center faculty, faculty associates, and
staff to enhance their job satisfaction and improve the Center’s ability to reach its vision
for success.

Goal A5: Continue to partner with the TTU College of Business Administration in
operating a Small Business Development Center (SBDC), with emphasis on incubation
and growth of manufacturing enterprises related to Center strengths.

B. Facilities and Equipment

Goal B1: Continue to reinvent, renovate and upgrade Center laboratories and equipment
for research and instructional activities, thereby encouraging faculty and others to take
leadership roles in our programmatic activities

Goal B2: Continue to acquire, use and maintain state-of-the-art, specialized equipment
that will improve the capabilities of our support functions.

C. Major Activities

Goal C1: Obtain approximately $1.2 to $1.6 million in extramural funding and continue
to exceed the state’s matching requirement of $0.50 per dollar of state-appropriated
funds for the Center.

Goal C2: Enhance the economic development of Tennessee through research, develop-
ment, demonstration and technology transfer activities in the subject areas identified by
the Center’s Year 2000-2010 Technology Forecast in the following four strategic focus
areas: 1) Next Generation Materials and Manufacturing Processes, 2) Control of Pro-
cesses and Equipment, 3) Integrated Product/Process Realization, and 4) Pervasive Simu-
lation and Modeling.
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Goal C3: Continue to expand mutually beneficial interactions with Tennessee manufac-
turers through major research contracts, the affiliate program, testing projects, the
design internship program, and joint activities, as appropriate, with other organizations.
Goal C4: Emphasize manufacturing-related subject matter in appropriate undergraduate
and graduate courses, and work with instructional departments to submit successful
laboratory and equipment grants that have dual use with Center activities.

Goal C5: Sponsor seminars; workshops; short courses and regional, national and interna-
tional conferences, emphasizing manufacturing topics.

Goal C6: Encourage and assist in arranging part-time assignments for undergraduate
and graduate students with manufacturing companies and manufacturing-related re-
search and development organizations.

Goal C7: To assist the university in meeting its current performance funding goals
related to Ph.D. graduate student enrollment. The Center will support 30% of all Ph.D.
students and 20% of all MS students enrolled in the College of Engineering. At least
30% of Center supported Ph.D. graduate students will be funded by external projects.
Goal C8: Increase local, state, national and international recognition for the Center
through faculty and faculty associate representation at conferences, membership in
professional organizations, performing editorial responsibilities, submitting publications,
and assisting with Center marketing efforts.
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