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In 1910, Felix Pawlowski, a young sci-
entist from Poland, arrived in
America with a dream. Earlier at the
University of Paris, he had taken the
first course in aeronautical engineer-
ing ever given and was now deter-
mined to become America’s first aero-
nautical engineer. When he sent let-
ters to engineering colleges around
the country requesting the chance to start an aeronautics
program, he received mostly negative replies. The field
was too new, and there was no assurance that it would ever
amount to anything,

Finally. Pawlowski made contact with a leader as forward
thinking as himself. That person was Mortimer Cooley, the
first chairman of the Deparunent of Mechanical
Engineering at the University of Michigan. Cooley hired
Pawlowski onto the faculty of Mechanical Engineering and
encouraged him to create a course of study. Thus,
Pawlowski became the first aeronautical engineering
instructor in the country, and the program he developed.
which granted its first degree in 1917, became the first
program in aeronautics.

‘awlowski’s story is important because it reminds us that
both determination and risk-taking are important qualities
in reaching for excellence—qualities just as important to
our Department today as they were at the turn of the century,

Indeed, history has much to teach us and that is why we
have devoted this book to looking at the achievements of
our students and faculty over the last 125 years.

We hope vou will take the time to look it over.

Panos Y. Papalambros

Chair,

Department of Mechanical Engineering
and Applied Mechanics
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Laying the Foundation

University Catalogue, 1887
Mechanical Engineering:

“Praminence is given lo the study of steam engineering, and in this branch, a large
amouni of practical waerk is done. The instruction 15 arvanged lo accommodale those
who wish to devote their time principally to mechanical engineering prrofier, o sleam

engineeving, or o marine engineering and naval architecture.”

he story of the Department of Mechanical Engineering

and Applied Mechanics at the University of Michigan
begins 125 vears ago when the engineering discipline at the
University was still in its infancy. Engineering professors and
students could be numbered in the dozens, and the only cur-
riculum offered was in Civil Engineering. Seeing the need
for a broader program, Professors DeVolson Wood and
Stillman Robinson requested that the University offer a sepa-
rate specialized course to focus on the newly developing
fields of machine, power, and marine engineering. In 1868,
the Regents voted to create the Mechanical Engineering pro-
gram. Unfortunately, the University did not have the
resources to maintain its new creation, and two years later
the Mechanical Engineering program was reabsorbed into
Civil Engineering, where it remained for eleven vears.

C During this time, students continued to receive strong

DEGREES

+.;&5uutdpﬂryaar. and often innovative instruction in mechanical engineering.
A total of 141 undergraduate Professor DeVolson Wood described a challenging teaching
-degrees were conferred by technique he used in a course in 1872. “I assigned to them a
the Department during this problem, the character of which I was certain they were not
32-yearperiod. ° familiar with, and asked them to solve it, make a drawing to




represent their idea, accompany it with a specification, and
report it to me. (Example) After describing the construction
and operation of the ordinary D valve (in a steam engine),
and showing particularly that in order to open a port ...the
valve...is moving in the opposite direction from the piston, |
asked the class to invent such an arrangement of parts as
that the valve would open the port correctly if it moved the
same way as the piston... In a class of thirty there would
often be fifteen or twenty different solutions...” (An Encyclo-
pedic Survey, p.1257.)

In 1881, the Department finally gained an independent
identity thanks to an energetic young Naval officer,
Mortimer E. Cooley, an 1878 graduate of the U.S, Naval
Academy. He was one of a number of naval officers appoint-
ed by Congress to university faculties. His assignment at
Michigan was to establish a Mechanical Engineering pro-
gram, and over the next two decades, his dynamic leader-
ship laid the foundation for a thriving department.

The Original ME Curriculum

Cooley quickly set to work developing the Department’s cur-
riculum, which emphasized machines powered by steam and
water. Students received a smattering of liberal arts courses
and a solid base in math and basic science before taking the
ME courses in their junior and senior years. There was no
separate naval engineering department so these courses
were also included. The original curriculum consisted of:
Workshop Appliances and Processes, Pattern Making,
Moulding and Founding; Mechanical Laboratory Work
(Shop Practice in Forging); Machinery, Machine
Construction, and Drawing; Mechanism and Machine
Drawing; Machinery and Prime Movers (Water Wheels and
Steam Engines); Machine Design; Thermodynamics,
Original Design, Estimates, Specifications, and Contracts;
and Naval Architecture.

Built for £2,500 in 1882, the first Mechanical Laboratory
housed a foundry, forge room, brass furnace, engine
room, machine room and pattern shop.

The First Mechanical Laboratory
At the time of Cooley's appointment, all engineering classes
were held in the South Wing of the University Hall with no
laboratory space available. To remedy that situation, Cooley
used an appropriation of $2500 from the State legislature to
construct and equip a two-story laboratory building.

Plans for the building were prepared by faculty member

J-B. Davis. “It was a two-story structure of frame construction

(24' x 36') with bricks placed edgewise between the stud-
ding. The ground floor was divided into two rooms, the
foundry on the east end and the forge shop, brass furnace,
and engine room on the west. The foundry also included
two flasks, other necessary foundry tools, and molding sand.
The shop contained the first steam equipment in the
Mechanical Engineering Laboratory, a forge, anvil, tools, a



As the Engineering curriculum grew, the
building that formerly housed the
Unnersity's Dental College provided
needed classroom space. Originally a pro-
fessors' dormitory, this building stood on
the site of the current William L.
Clements Library,

brass furnace, and a four-horsepower vertical fire-box boiler and steam engine.
The second floor was also divided into two rooms, one of which was occupied by
the pattern shop and the other by the machine shop. The equipment in these
rooms consisted of a wood-turning lathe built by Cooley and members of his class,
and an iron lathe, salvaged from the basement of University Hall and repaired by
the students. The building was heated by an old-fashioned stove on the second
floor. In cold weather, ice was melted in a pail of water on top of the stove in
order to increase the humidity.” (An Enayelopedic Survey, pp.1259-60.)

In his first report to the Regents Cooley described the original course taught
in the new laboratory, “Six students were permitted to take the first laboratory
course held in the building. They were engaged for a large share of the time in
overhauling and erecting machinery in the shop. The remainder of the time was
devoted to grinding and putting in order the cutting tools, in performing some of
the simpler operations at the workbench, in preparing work for the iron lathe, in
wood-turning, forging, brazing, and soldering, and in running the engine.” (An
Encyelopedic Survey, p.1259.,)

Cooley reminisced about this first class in his autobiography, The Scientific
Blacksmith, published in 1947 after his retirement as Dean of the College of
Engineering. “How well | remember my first class in this little shop. Six engineers
were taking the course. The first lesson was at the forge. I taught them how to
build a fire. Then I wanted a piece of iron to heat. At the back door there was a
wagon load of scrap of different kinds of metal, and I sent the members of the
class to bring me back a piece of wrought iron. Much to my surprise not one of
the six could identify wrought iron, cast iron, steel, or anything else in the pile. |
asked the differences between the various kinds of metal, and every last one of
them knew the chemical differences and the process of manufacture, but not one
of them could identify one piece of metal from another. That incident thoroughly
convinced me of the need for practical work to acquaint engineers with the char-
acteristics of the materials they would be using after graduation” (p.106).

Cooley did not remain long satisfied with the small four-room laboratory. In
1883 he convinced the University to donate to the Department the carpenter
shop that had been used in the construction of the University library. It was dis-
mantled and attached to the Mechanical Laboratory. In 1885, construction of a
new laboratory building was authorized by the Regents, and the original lab, just
four years old, was torn down to make room for it. Additional space was acquired



for the Department in 1891 when the former dental building was given to the
engineering program for classroom space.

Inspection Visits
To supplement the learning experience of the laboratories, Cooley and other fac-
ulty arranged for students to undertake inspection visits to neighboring business-
es. An entry in the University catalogue of 1890 describes this program. “As often
as may be practicable, visits will be paid to the neighboring manufacturing estab-
lishments for the purpose of acquiring a knowledge of the methods emploved in
building, and in the construction of bridges, machinery, and ships. In the spring
of 1886, members of the classes in civil and mechanical engineering spent a week,
under the guidance of Professor M.E. Cooley, in visiting industrial works at
Detroit, Cleveland, and Pittsburgh.”

During the twenty-three years of the Cooley era, the Department had acquired
a strong curriculum, had launched its first successful building program, and had
formed a strong relationship with business and industry. In 1904, Cooley was
rewarded for his achievements when he was named Dean of the College of
Engineering, a post he held for the next twenty-four years.

Sources:

O.W. Boston and Edward T. Vincent, “The Department of Mechanical and Industrial
Engineering,” in The University of Michigan, An Encyclopedic Survey, (Walter A
Donnelly, Editor), University of Michigan Press, Ann Arbor, 1953.

Mortimer Cooley, The Scientific Blacksmith, University of Michigan Press, Ann Arbor, 1947,

Announcement, College of Engineering, University of Michigan, 1895-1940.

“...every last one of them knew the chemical differences and the
process of manufacture, but not ane of them could identify one piece of
metal from another. That incident thoroughly convinced me of the need
far practical work to acquaint enginears with the characteristics of the
materials they would be using after graduation, ™

Martimer Cooley, The Scientific Blacksmith
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In 1885, at the urging of Mortimer Cooley, the University built the Engineering Laboratory
Building. Various shops in the bullding and yard were used for education and research until
that building ifirst referred to as “The Shops ™ and later “The Annex ") was razed 1o make way

for the Undsrgraduate Librany in 1856, The forge and foundry (right] were converted into the
University's first automotive lab in 1813



Over the years, the courtyard batwaen the
"The Shops " and the foundry was used for
experiments as wall This 800 Ib. Liberty air-
craft engine was used in an engine cylinder
pressure study (ca. 1923),

This machine shop, located in the second floor, was used for student work in black-
smithing and mechine tool wark. The building included its own power plant, and line
shafts powered the belt-driven machines.

The facilities ar the shops offered
sludenis exceptional cpportunities
in engimesring training, alwavs
under the guidance of a highly
respectad professicnal staff,

11
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Building
National Prominence

University Catalogue, 1910
Mechanical Engineering:

“...that branch of engineering which, broadly
speaking, covers the fields of heat, power,
design of machinery, industrial management,

and manufacturing frroblems. "

Decrees Convennco I

...about 70 per year.

A total of 2780 undergraduate
degrees were confarred by
the Department during this
40-year period. -

\/\T ith a foundation well laid in the Cooley era , the

8 Mechanical Engineering Department, as well as the
entire engineering program at Michigan, was primed to step
into a leading role in engineering education in the decades
following the turn of the century. Drawing students from
across the country and throughout the world, the engineer-
ing student body grew tenfold over the next forty years;
graduate degrees were offered for the first time; laboratories
were updated and equipped with modern instrumentaton;
and independent research projects became important acad-
emic endeavors along with the education of students. The
university established stronger contacts with industry and




with other schools. Interdisciplinary programs leading o
joint degrees with either law or business schools were creat-
ed. The Department grew from a fledgling organization to
one of the most prominent educational institutions in the
country.

Curriculum

Perhaps the most important changes came in the curricu-
lum. In the previous century, the ME program had empha-
sized steam power and manufacturing machinery almost
exclusively, but the world of science and industry was chang-
ing and the Department changed as well. By 1940, the cur-

riculum for the bachelor’s degree had grown to include fifty-
four courses with seventy-four semester hours of preparatory
work, fifty hours of secondary and technical work and six-
teen hours of electives. Semesters at this time were sixteen
weeks long. Courses were grouped under these headings:

Steam Power Engineering

Internal Combustion
Hydro-Mechanical

Heating, Ventilation, and Refrigeration
Industrial

Automotive
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Students conducting & teston a
Fairbanks-Morse ol engine in “The
Shops ™ in 1936

These last two focus areas provide examples of how the Department adjusted its
programs to the changing needs of industrial America.

Facilities

An advanced educational program requires advanced facilities, and the
Department’s growth in this area kept pace. The building that would be the sym-
bol of Michigan engineering over the next seventy years was constructed in
1904—the West Engineering Building. Its laboratories were some of the most
sophisticated in the country for that time, and five of those labs were part of the
Mechanical Engineering program.

General Mechanical Engineering Laboratory: The equipment consisted of steam
power machinery and apparatus; internal combustion engines; air compressors;
refrigeration machinery; and heating and ventilating apparatus; as well as the
auxiliary apparatus for use in testing the various machines.

Hydraulic Laboratory: This laboratory occupied a space of forty by sixty feet on
two floors. A canal four feet wide and fourteen feet, six inches deep conveyed
water from the naval tank to a well which furnished the suction supply for the
pumps. A fifteen-inch centrifugal pump geared to a 150 hp variable speed motor
returned the water through two weighing tanks, each holding 600 cubic feet to
the naval towing tank. Nearby, the canal was provided with bulkheads, screens,
weirs, and nozzles arranged with bulkheads dividing it into basins each 100 feet
long, and by means of a sluice in the bottom connecting the canal with pumping
systems.

Automotive Laboratory: Consisted of a large dynamometer room for engine test-
ing, and a section for demonstration of automaobiles, motor trucks, and their
component parts. The lab was equipped with some twenty automobile, truck,
tractor, and aeroplane engines of two, four, six, eight or twelve cylinders, com-
plete operating and cutaway chassis, a chassis dynamometer, transmissions, rear
axles, differentials, clutches, carburetors, ignition, starting and lighting systems,
and other automobile equipment.



Physical Testing Laboratory: Materials were tested for strength in this laboratory.

Highway Lab: Tests were made on all materials used in road or pavement con-
struction. {Announcement, 19-201)

Automotive Engineering

The automotive engineering program was an example of how the Department
responded to an entirely new industrial direction. The Department’s program in
automotive studies began in concert with the beginnings of the auto industry in
nearby Detroit. In 1913, the Department offered its first automotive course—
Gasoline Automaobiles. In 1916, Walter Lay joined the faculty with a mandate 1o
create a laboratory and an entire automotive slate of courses. The first automotive
laboratory course that he designed featured a full day’s road test of a motor vehi-
cle—either a single-cylinder Oldsmobile engine, a 1910 Krit, a 1907 aircooled
Franklin, or a 1911 Franklin engine. By 1914, at the beginning of World War I,
the Mechanical Engineering Department had gained a strong reputation in auto-
motive engineering and was called upon by the government to help in the war
effort. Over the next few years, faculty trained 1081 Army personnel in automo-
tive engine repair. Following the war, Professor Lay carried out pioneering
research in cooperation with the nearby automotive manufacturers. The laborato-
ry was one of the first to present comprehensive experimental data showing the
advantages of streamlining. Another important project was a cooperative study
with the State Highway Department to determine optimal highway grades, balanc-
ing cost of construction against operation cost of cars and trucks climbing the
grades. Other studies were on engine heat balance, testing and improving of auto-
motive parts, car safety, car noise, and riding comfort. By 1937, equipment in the
Department’s automotive laboratories consisted of motor vehicles, engines, trans-
missions, axles, superchargers, carburetors, mufflers, all the major units used on
aircraft, motor vehicles, tractors and some marine applications of internal com-
bustion engine power, electric dynamometers, water brakes, air meters, fuel
meters, tachometers, and potentiometers.

In the 18205 and 305 researchers invest-
gated the uses of manufactured gas. Three
specific projects were issues of heat real-
ment, decarburization of steel, and core
baking.

15
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The continuing expansion of the Engineering
Dapartment called for the addition of another
engineering classroom building across the
street from West Engineering Building. The
East Engineering Building, erected in 1922
provided classroom and lab space.

Industrial and Production Engineering

During this same forty-year period, industrial practices and processes in all
branches of manufacturing changed dramatically, and in response, the
Department created a program on the leading edge of the discipline. The
changes began in 1915 when a course inspired by the Gilbreths’s “scientific man-
agement” was introduced called Scientific Shop Management. It featured the
study of the applications of scientific management in manufacturing plants.
During World War 1, this course was expanded to include two courses in the pre-
liminary training of officers of the Ordnance Department of the Army—the first
such courses offered by an American university. (The program was eventually
expanded to 173 hours of study, and the first degree was awarded in 1926 to
William Alden Capen who later became superintendent of the Keeler Brass
Company in Grand Rapids.)

In 1921, Orlan W, Boston joined the faculty and was given the task by Dean
Cooley of developing courses that would coordinate the disciplines of design,
metallurgy, and production. Under Boston’s leadership, the emphasis in the plan
of instruction moved from that of manual training to the teaching of principles
related to modern industrial practice.

In addition to curriculum development, Boston also initiated research projects
including pioneering investigations on the fundamenial principles involved in
the machinability of metals. In 1934, Boston was made the chair of the
Department of Metal Processing within ME and in 1936 was named Custodian of
the Gaging and Measuring Laboratory of the Detroit Ordnance District. By 1935-
1936 enrollment in Metal Processing courses was so large that crowded sections
were taught every half-day during the week.

By the end of this era in 1940, the Department was well established as one of
the leading mechanical engineering programs in the country.

Sources:

O.W. Boston and Edward T. Vincent, “The Department of Mechanical and
Industrial Engineering,” The University of Michigan, An Encyclopedic Survey,
(Walter A. Donnelly, Editor), University of Michigan Press, Ann Arbor, 1953,

Announcement, College of Engineering, University of Michigan, 1895-1940.
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S[cphen P. Timoshenko carried out research on the elastic
method of stress analysis in the above laboratory as a pro-
fessor in the Engineering Mechanics Department from
1927-1936. (Engineering Mechanics was later renamed
Applied Mechanics and merged with Mechanical
Engineering in 1979.) Timoshenko was a world recognized
expert in the field of mechanics because of his original
research, his teaching, and his textbooks.

The investigations he carried out while at the University
of Michigan formed the foundation of the theory of the
elastic behavior of solid matter. Among his other research
contributions were: use of the energy method in problems
of structural stability and buckling, and the formulation of
the differential equation for lateral vibrations of beams,
including the effects of shear and rotatonal inertia. He was
also the first to formulate the basic differential equation for
the problem of torsion of structural sections and was the
first to obtain the shear center of a beam.

Stephen P.

Timoshenko
Pioneering Researcher
and Teacher

Timoshenko introduced scientific and mathematical
approaches to the teaching of mechanics. and during his
tenure at Michigan, the first bachelor’s degree program in
engineering mechanics in the country was established and
the first doctorate degree in the field was awarded. During
the course of his career, Timoshenko wrote eighteen text-
books that were translated into thirty-six languages.

Timoshenko was the recipient of numerous honorary
degrees and medals in both the U.S. and Europe, and in
1948 the ASME named a medal after him to honor his con-
tributions to the field.

Source:
The National Cocyclopedia of American Biography, volume 57, pp
365-366, New York: James T. White and Co., 1977.

17



Orlan W. Boston

During his 35 years in the Mechanical Engineering Department,
Boston conducted research in many areas, including the
machinability of metals. He developed an exceptional curricu-
lum in concurrent engineering that united design, metallurgy
and production engineering into the modern concepl of indus-
iry. This pholo of Boston as an undergraduate {at left, above)
was laken in 1908 in the West Engineering Building.




This drilling dynamometer sat-up
{left) and lathe set-up for tool life
tests (right) were designed and built
by O.W. Boston (ca. 1923-30) in
“The Shops.”
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Boston was given the task of redesigning the
foundry of the Engineering Laboratory. These
photos (taken the spring of 1924) show the
foundry as layed out by Bosion assisted by
H.L. Campbell and John Grennan.

19
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Walter E. Lay

Automotive Engineering

utomotive engineering has
always plaved a central

role in the research and teach-
ing activities of the Department
of Mechanical Engineering.
The University's proximity 1o
the heart of the nation’s auto
industry in Detroit has made
Automotive Engineering a nat-
ural focus for the Department. Facilities grew from
a wooden shed attached to the engineering labora-
tory in the early 19005, to the spacious, modern
automotive lab constructed on North Campus in
1956. Research interests have included most areas of
automotive engineering, from early studies on
streamlining and engine heat balance in the twen-
ties and thirties to pivotal investigations on fuel effi-
ciency and emissions in the seventies. The broad
range of topics more recently has included compui-
erized control, measurements of engine perfor-
mance, and reduction in variation in vehicle assem-
bly. In 1978 the Office for the Study of Automotive
Transportation was established in the Department,
the only one of its kind in the nation, now one of the
most influental voices in setting government trans-
portation policy.

The Department has provided a steady flow of
highly trained automotive engineers to industry
throughout its history. One current measure of the
excellence of our students is their performance in
the two national solar car races 1991 and 1993.
Undergraduate engineering students many from the
Department beat out competition from dozens of
other engineering programs to win both solar car
races (see pg. 68).

A tireless researchar, Walter £ Lay (center, right! stands st the
dynamometer controls during an analysis of the performance of
automotive mufflers fca; 1830).

During World War I, over one
thousand U.S. Army ordnance
officers were trained.in the new
figld of automotive engine
mechanics by the Department.
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Mounted on a Chevrolet chassis, the "Blue Bird” served as one of the umiversity’s first
test vehicles. Its exotic design helped to determine air resistance to motion in land vehi-
cles, and to explore the effect of changes in vehicle shape. In the days bafora strain
gauges, Lay suspendad the shell of the “Blue Bird” on an assembly of scales (o mea-
sure wind rasistarce while driving.

21



In spite of its appearance the lab was a very usaful facility.
The equipment and instrumentation were wall designed and
state-of-the-art. The tar paper annex provided much neaded
laboratory space and kept unavodfable fumes and nowse from
the rest of the engineering building.

An annex to the first Autormotive Laboratory at the University was
added in 1928, when no other space was available for the growing pro-
gram. As Prof. Jay Bolt recounts, conditions in this annex were bad.
“...when it rained, water would drip through the roof for days after-
ward, and in the winter, snow melt would come through. Expeaniments
often had fo be coverad o pratect equipment and instruments,

This farge dynamometer was mounied on a turntable to provide access
to several engines and profects. Dynamomelers were rare and valuable
ressarch tools, always in high demand at this facility. Other "dynos™
ware sar on rails and rofled from ene test stand to another (o ease the
assembling of experiments and to allow for more test engines.
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This mabite laboratory. was donated 1o

the-automotive research laboratory in
1953 by the International
Nickel! Corporation.

This aarly version of a chassis
dynamaometar permitted operation
of a complete automobile at vari-
ous loads and speeds, The exper-
iment shawn was an investigation
af autamobile noises produced
during operation.

Automotive research continued at the Enginesring Annex
until 1956 when it was moved to North Campus o make
rogm far 8 new undergraduate fibrary. The new facility, the
\Walter E. Lay Automaotive Laboratory, was so named by Lay's
former students and assistants fo honor their meritor and
friend.

The W.E. Lay Automotive Labaratory provides
20 engine test cells, & 5-hay vehicle laboratory,
maching shops, instructional and computer labs,
and offices. Student vehicle projects built hers
have taken high honors in competition

g
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University Catalogue, 1952
Mechanical Engineering:

“eall aspects of the mechanics of equip-
ment and processes used in the rapidly
develaping technical eva in which we live.
Mech. engineers play a major vole in the
national space program, in the design of
both conventional and nuclear power
Mants, in the automotive field, in heating

and air conditioning, refrigeration and

production and processing machinery and

cOnsumer gfmn'i and appliances.”

..about 118 peryear.
A total of 3538 undergraduate:
degrees were conferred by
the Department during this
g

eryogenies ... awlomation, fluid machinery,

Entering the Modern Era

he three decades following World War II brought some
remarkable changes to the Department reflecting

changes in the worlds of science and industry. During this
era, the space race began, new technologies were developing
in industry, and the Cold War demanded advanced military
systems. Both government and business turned to universi-
ties for expertise in meeting these challenges. For the first
time, funded research projects sponsored by the National
Aeronautics and Space Association (NASA), the National
Science Foundation (NSF), the Department of Defense, and
industry became an important focus of Department activity.
The graduate program expanded dramatically as a result
and undergraduate education began to incorporate new
technologies and methodologies. The Department took a
lead within the College in responding to these changes, cre-
ating a modern curriculum and building a research-oriented
faculty.

Restructuring

Although the Department had split and merged with various
engineering programs over the years, in 1956 it experienced
one of its most important changes. Industrial engineering
was becoming too large and prominent an area to remain as
a subset within Mechanical Engineering. The first solution
was to elevate it to department status within Mechanical, and
the Department was renamed Industrial and Mechanical
Engineering. Two vears later, however, the industrial engi-
neering component split off to become a separate entity.
The faculty within that group was split, some going to the
new department, called Industrial and Operations Engin-
eering, and some staying in Mechanical as the Production
Engineering group.



investigations of the dynarmic
siresses that aircraft landing
gear are subyected to were
conducted for the growing
aircraft industry in 1952, A
significant increase in spon-
sored research characterized
this period of the
Department’s history.

Another change during this time was the establishment
of the U-M Dearborn Campus in the late fifties. ME faculty,
including Raymond Pearson, Axel Marin, Howard Colby
and Gordon Van Wylen, were instrumental in the creation
of the ME program at the new school.

Another program that came to life with the help of ME
faculty was the Bioengineering Program in the College of
Engineering. ME Professor Glenn Edmonson was its found-
ing father, establishing the group and arranging for the
original funding. The Bioengineering Program continues
today as one of the strongest multidisciplinary programs in
the College.

Research

The new emphasis on research during this era was feltin
both traditional areas of mechanical engineering such as
automotive and production engineering and newly emerg-
ing technologies such as space, nuclear, and automation
engineering. Along traditional lines, one of the first ME fac-
ulty to be heavily involved with basic research was Prolessor
Edward Vincent who investigated heat transfer in gas tur-

bine rotor disks and wrote Gas Turbines—a first-of-its-kind
book that brought Vincent international distinction. The
production engineering group carried out major world-rec-
ognized research on surface roughness measurement and
the machinability of exotic materials as requested by the
War Production Board during World War I1. In this group
were Orlan W. Boston, Robert Caddell, Lester Colwell,
Joseph Datsko, William Gilbert, and Kenneth Ludema.

Other important research included the Orthetics
Research Project in the School of Medicine to develop assis-
tive devices for the upper limbs of disabled persons. ME
researchers on this project included Raymond Pearson,
Robert Juvinall, Rune Evaldson, and Robert Hess. The pro-
ject was sponsored by the Department of Vocational
Rehabilitation and NSF at $§100,000 per year. One of the
first environmental impact studies having to do with control
of exhaust emissions of power plants was carried out by
Professor Clay Porter in cooperation with civil engineering
faculty.

Research exploring newly emerging technologies started
receiving strong support in the Department during Gordon
Van Wylen'’s tenure as chair. He was the first to pursue
money for basic research from government when he went to
the Army Ballistic Missile Center (a precursor to NASA) in
Huntsville, Alabama, and obtained funding for the project
“Discharge of Cryogenic Liquids from Tanks.” Throughout
the sixties, faculty members Wen-Jei Yang, Herman Merte,
Vedat Arpaci, and John A. Clark worked on it and other
space projects that had impact on the design of the Saturn
launch vehicle in the U.S. space program. Nuclear power
related research was carried out in the sixties on projects
funded by the government. Two examples were Frederick G.
Hammitt's work on cavitation in liquid metal used in breed-
er reactors and Edward Lady's doctoral research on boiling
at low heat flux. In another newly emerging technology,
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The Willow Run Laboratories provided
research opportunities for studies in
agrodynamics, engine research, and
aviation electronics. This supersonic
wind tunnal, capable of generating
strearns of up to 3,000 mph., was
used to study fluid flow and heat
transfer behavior of sudden pressure
shock waves and the flow of gases
behind them, Such studies enabled
researchers to explore the effects that
breaking the “"sound barrier” would
have on vehicle design,

Professor Lester Colwell did pioneering work on numerical control of machines.
The total contract research conducted in ME labs throughout the sixties was esti-
mated at $1,100,000. The publications of the faculty from their research and
teaching in these laboratories numbered about eighty, including three textbooks.

Curriculum

As research activities expanded, so did the graduate program. In the first seven
decades of the Department’s existence, it had conferred only twenty-one Ph.D.
degrees. From 1940-1970 that number soared to 151, In line with these changes,
the Department began to actively recruit faculty members with doctorate degrees.

In 1958, graduates and undergraduates in the Department received a first
taste of a technology that would one day revolutionize engineering education and
research. Several faculty members were released from teaching duties to partici-
pate in the Ford Foundation sponsored "Project on the Use of Computers in
Engineering Education.” They learned about the University's mainframe comput-
er and how it could be used in teaching and research. Faculty began to assign key
punch computer problems in classes.

In 1961 to keep pace with all of these changes, the undergraduate program
was completely revamped. Chairman Gordon Van Wylen described the reorga-
nized curriculum in the 1961 departmental annual report. “A complete reorgani-
zation of the undergraduate laboratories has been effected. Each of the under-
graduate laboratories will be made an integral part of one of the classroom cours-
es and both will be handled by the same faculty member. It is anticipated that this
will make the lab work a more significant educational experience for the student
and that the theoretical and experimental aspects of engineering will be more
effectively related to each other. (The six courses with labs are fluid mechanics,
dynamics, engineering materials, manufacturing processes, thermodynamics, and
heat transfer).” This new educational approach was copied in the following years
by many universities across the country.

Facilities

By the early fifties it was apparent that the old engineering buildings were no
longer adequate for the level of research activity and the growth in the education-
al programs. ME chairmen complained that their classrooms and laboratory
space in the East and West Engineering Buildings were woefully inadequate.



Some relief was provided by a partial move to new buildings on the North
Campus. In 1956 the automotive laboratory was completed and occupied. The
State had provided the construction costs of $1,850,000, and Michigan industries
added $500,000 for equipment (including facilities for testing fifteen engines ata
time). Steelcase had donated the furniture, and International Nickel Company
donated a mobile laboratory. In 1958-1959, researchers in thermodynamics, heat
transfer, and fluid mechanics moved to new laboratory facilities in the G.G.
Brown Building on North Campus.

Researchers and students in ME also began to have access to extensive on-cam-
pus computing facilities. In 1953, the Michigan Digital Automatic Computer
(MIDAC)was designed and built at the Willow Run Research Center. It was one of
only twenty high-speed electronic digital computers in the country—the second
in the Midwest It was said to be “some 20,000 times faster than a professional
mathematician using a desk calculator,™ and in 1959, the Board of Regents
authorized establishment of the U-M Computing Center on North Campus with
powerful mainframe computers and a terminal system known as the MTS or
Michigan Terminal System.

Centennial Year

In October of 1968 the Department hosted a two-day Centennial celebration. A
report on the activities was published in 1973 in both soft and hard covered ver-
sions edited by Assistant Professor Charles M. Vest. The report documented the
Department’s position as a leader in modern engineering education and
research.

#*(TechniUM + No. 18, June 1980)

Time-sharing computer terminals
were introduced during this era,
Although they were relatively slow
and difficult to use, they were an
improvement aver previous com-
puting methods. These stations
were used until the Computer
Aided Engineering Network
brought personal computers direct-
Iy to offices and laboratories in the
1980s.

The Mechanical Engineering Department provided significant support for the
nation's defense efforts during the Cold War. From biomechanical studies for cock-
pit design to detonation combustion, researchers worked on a variety of military con-
tracts at the Ann Arbor and Willow Run faboratories. This M47 tank was used to
study tracked vehicle drive assemblies and suspension systems. Work was also
done on servomechanisms and exotic propulsion systems.



The MICHIGAN Experience

ichigan was the first university west of the Alleghenies to offer a

degree in engineering, and from the very beginning, Michigan
engineers developed a reputation for a hard-nosed, no-nonsense
approach to their work. Many students came long distances to study
here, bringing little more than cxceptional @lent and the ferce determi-
nation to succeed. Then, as now, students expected the best education
they could get, and MICHIGAN has always lived up to their expectations.
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l Undergraduate Brochure 1920
Mechanical Engineering:

"Mechanical Engineers arve involved in
research and developnnent, design, testing,
manufacturing, plant eperations, market-

ing an d sales, consu a’.f:'ng and ma nage-

ment. Their knowledge and skills are essen-

tial to nearly every industry, including
mantifacturing, fransportation, energy,
and aerospace. They use computers to
model physical systems and work an prob-
lems as diverse as automating a frarts
assembly prrocess, determining fuel proper-
ties for spacecraft engines, and specifying

the load characteristics of a frrothesis.”

Dechees Conrerrco R

...about 168 per year.

A total uf a-saa unﬂeraradum
degrees were conferred by
the Dapartment during this

23~mr period -

Leadership in High-Technology

\/\T hen the Mechanical Engineering Department first
began 125 years ago, an engineer needed to prepare

for a career in railroading, surveying, shipbuilding, or manu-
facturing. In every era since then, the role of the mechanical
engineer has evolved and expanded to include new indus-
tries and fields including automotive engineering,
hydraulics, cryogenics, space technology, and nuclear power.
The last twenty-five years have been no exception as the field
has expanded into new areas of high technology including
lasers, solar energy, automated control, acoustic emission,
composite materials, and flexible manufacturing. In addi-
tion, many of the activities of the mechanical engineer have
been transformed by easy access to one of the most influen-
tial developments of any era—the computer, which over the
last ten years has come to permeate the everyday world of
business and industry. Computers have also made it possible
to explore many problems in traditional research areas that
were previously inaccessible.

In response to these developments, the Department has
also undergone significant change: sponsored research and
graduate programs have grown rapidly; researchers have
expanded beyond the university to create high-tech business-
es arising from their studies; the long-awaited move to North
Campus has been completed; the entire College of
Engineering has been computerized; and the Department
has gained strength through its merger in 1979 with the
Applied Mechanics Department, acquiring the new name
Mechanical Engineering and Applied Mechanics (MEAM).



Research

The research focus that began in the previous thirty years
came into its own in this era as total research expenditures
climbed from about $500,000 a year in the early 1970s to
nearly $7 million a year in 1993. This emphasis not only
increased engineering knowledge but also enriched the edu-
cational experience of MEAM students. Researchers pur-
sued interests in many areas of high-technology as well as in
traditional areas.

Professor John A. Clark’s work in the area of solar ener-
gy, which included two senior/graduate level courses, is an
example of research in a new technological field. The ener-
gv crisis of the mid-seventies sparked a search for alternative
energy sources, and solar energy was considered one of the
most promising. Professor Clark established the Depart-
ment’s Solar Energyv Laboratory in 1973. It was the chief
source of technical advice and research for all the solar com-
panies in Michigan from 1973-1985. The lab carried out

Frofessor John Clark’s investigation of
solar energy is an example of an ongoing
commitment to new fields of scientific
inguiry that characterizes research in the
Departmeant of Mechanical Engineering and
Applied Mechanics. Pictured here is one of
twio large solar arrays used in Clark's
research that were mounted on the roof of
the G.G. Brown Building. These panels
absorbed heat directly and used a circufar-
ing higuid as a transport medium

research on solar collection and storage devices including
concentrating collectors, wind-energy systems, photo-voltaic
conversion devices, thermal recovery devices on furnaces
tied into solar devices (heat grabber), and the boiling collec-
tor with refrigerant instead of water or air—the most effi-
cient type of solar collector. Clark carried his activities into
the private sector as the technical director of Star Pak
Energy Systems Company, which developed and marketed
the devices conceptualized in the UM solar lab. Star Pak
devices were in turn described and analyzed by students in
the lab using sophisticated computer modeling. This close
relationship continued until the early 1980s when interest in
solar energy declined and with it the solar industry in
Michigan. Clark continued his interest in the field with pro-
jects in the areas of modeling the terrestrial solar flux on
arbitrarily oriented surfaces, the technical and economic
modeling of complete solar thermal, and energy conserva-
tion systems.

3
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Over 2000 workstations are linked in
one of the largest integrated, multi-
vandor netwarks in the academic
world, the Computer-Aided
Engineering Network (CAEN). In
addition to those in offices and

rasearch faboralories, seventeen
CAEN labs are available to
Mechanical Engineering students
and faculty, twenty-four hours a day,

Automotive research is an example of a traditional area. In the decade of the
seventies, important research was carried out by the group consisting of
Professors Donald Patterson, William Mirsky, Jay Bolt, and David Cole. One exam-
ple is a project supported by a three-year grant from a consortium of industrial
firms. The purpose was to see if thermal reactors could control emissions as well
as catalytic converters. Industry was interested because thermal reactors would
have allowed the continued use of leaded fuel. Their research revealed the limita-
tions of thermal reactors, paving the way for the universal use of catalytic convert-
ers. Another important development was the establishment in 1978 of the Office
for the Study of Automotive Transportation (OSAT) by Professor David Cole.
OSAT is the only on-going university-based group in the country that has focused
on a study of the automotive industry. The hfteen-member staff has examined the
auto industry from every angle, researching a range of topics from industry com-
petitiveness and labor relations to forecasts of technical and market trends.

Automotive faculty were some of the first to carry their technology bevond the
university in establishing private companies. Professors Cole, Mirsky, Patterson,
and Weber (Civil) founded MI Automotive Research company for testing automo-
tive engines and products. This firm spawned another small company, Engine
Test Instrumentation, Inc., and later the group founded QED Environmental
Systems to manufacture a pump design they invented for obtaining water samples
around dump sites. These three firms combine to employ 150 people in the Ann
Arbor area.

Other important research of the last 25 years includes work by professors
James Barber (thermoelastic effects in contact mechanics and tribology), Samuel
Clark (adhesion and reliability of flexible composites), Maria Comninou(crack
closure and contact at interfaces), Elijah Kannatey-Asibu, Jr.(acoustic emissions),
Kenneth Ludema (rheology and tribology), Christophe Pierre(the phenomena of
vibration and wave localization in spatally repetitive structures with imperfec-
tions), Albert Schultz and James Ashton-Miller (biomechanics of mobility impair-
ments in the elderly), Richard Scott (optimization of layered composite media,
vibration and wave propagation in rotating elastic structures), George Springer
(structure of rarelied rocket plasma), Alan Wineman {mechanical response of
rubber and polymers under conditions of large deformations), S.M. Wu (dimen-
sional measurement in manufacturing), and Wen-Jei Yang (thermal fluid phe-
nomena in biological, anatomical and physical systems).
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Detailed reports on other significant Departmental research from the last 25
years can be found on pages 50-67.

Facilities

In 1984, the ME department left the East and West Engineering Buildings on Main
Campus, its home of eighty years, to take up residence in new laboratories, offices,
and classrooms on the North Campus, completing the move begun in the fifties.
For the first time in thirty years the Department was consolidated at one location.

Laboratory facilities within the North Campus buildings were upgraded to an
unprecedented degree during this era thanks 1o increased research funding. The
Department now supports advanced laboratories with state-of-the art computing
and experimental equipment for research in the areas of automotive/combustion;
biomechanics; computational mechanics; computational design; design prototyp-
ing; dynamics; computational fluid mechanics; cavitation and multiphase flow;
transport, reaction and phase change in porous media; variable gravity heat trans-
fer; optical and mechanical coordinate measuring machines in manufacturing;
precision machining; tribology; welding; machine tool sensing and control; mobile
robotics; and ceramic composites.

Time-sharing was the principal method of computing employed by both faculty
and students until the eighties with the advent of the personal computer (PC) rev-
olution. That revolution was brought to the College of Engineering in 1983 with
the establishment of the Computer-Aided Engineering Network (CAEN). Today,
CAEN operates one of the largest integrated, multivendor workstation networks in
the academic world. Over 2000 workstations and microcomputers are distributed
in faculty and graduate offices and in research and teaching laboratories through-
out the College. Several distributed file systems provide over 150 gigabytes of cen-
trally administered file storage that can be reached by any computer on the net-
work. The system is recognized as a model distributed computing environment for
engineering and computer science instruction and research.

Curriculum

An undergraduate curriculum review committee was appointed in the spring of
1992 by the new Department Chair, Panos Papalambros. The committee was
charged with making a thorough review of the current curriculum and proposing
necessary changes.

Issues related 1o electric-powered cars as
well as automotive electronics, engineg per-
formanece, and thermodynamics were
investigated by Prof. Gene Smith.

33



34

Investigations into the improvement
of power engineering have been
carred out in the Department of
Mechanical Engineering and Applied
Mechanics since 1868. This study
by Prof, Herman Merte Jr. investi-
gated bailing behavior at a
plateftube interface. This behavior is
a regular source of stress fracture
of tubing inside nuclear steam gen-
gralor vessals.

The review committee gathered informal input from the faculty and students,
examined the curriculum at other engineering schools, and conducted wo for-
mal surveys of the alumni from the classes of ‘87, *82, and *72. Both surveys
showed that generally the Department does well in preparing students in the
engineering sciences, but less well in the nontechnical aspects of engineering.
The alumni, in particular, stressed the need for a stronger communication com-
IJ{ menit.

In the spring of 1993, the Committee presented to the faculty a preliminary
proposal for curriculum revisions, which was given general approval. It main-
tained the curriculum’s strong core in engineering science but also put much
more emphasis on hands-on experience, creative problem solving, and communi-
cations and teamwork. Although a number of details still had to be worked out,
two major changes were in progress by the fall of that year.

The first was a major reorganization of the required laboratories. Instead of
single credit laboratory modules attached to a number of introductory courses,
these laboratories were consolidated into two courses—a thermal /fluid laborato-
ry already developed and a mechanical sciences laboratory course under devel-
opment. In these labs, students will learn how to design, conduct, and interpret
experiments, Eventually these courses will be merged into junior and senior labo-
ratory classes, which will include a strong technical communications requirement
focusing on presentations and technical report writing.

The second change was the establishment of a sophomore level class in design
and manufacturing to include computer-aided design and actual hands-on expe-
rience in a machine shop. This early introduction to actually making things will
allow the subsequent junior and senior design courses to put more emphasis on
the completion of working prototypes. The junior and senior courses will also
include lifecycle issues, such as environmental impact and disposal after useful life.

To support the work in these courses, plans have been made for a major reno-
vation of the student machine shop. Floor space and staffing will be at least dou-
bled, hours of operation will be expanded to evenings and weekends, and the
inventory of machines will be increased by eighty percent.



1968-1993

Selected Research

R:se:srrh has come to play an ever
increasing role in the Depart-

ment's activities over the last twenty-five

years. A selection of some of the most
influential studies from that era is fea-
tured in this section.

Photo Gallary

Collecting Data 36
Dynamic Systems Simulation 3s
Composite Materials 40
Holographic Interferometry 42
C.5. Yih's Fluid Mechanics 44
Ultrasonic Imaging 46

Photo Gallary

Looking to the Future 48
Fluid Mechanics 50
Heat Transfer 54
Manufacturing b7
Design 61
Robotics 65
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Onf: of the most interesting
changes that has taken

place in the Department over
the years is in the apparatus
used for collecting data. Fora
long time, researchers had o
rely on their ability to directly
observe phenomena, measure
- l them with simple meters and
L p .
scales, and quickly log their
findings in journals. The dedication of scientists
working under these conditions is legendary.

As technology advanced the opportunity for cre-
ating more sophisticated data-gathering equipment
presented itself. With that opportunity came a
myriad of challenges including overcoming the
weight and bulkiness of equipment and increasing
the sensitivity of apparatus. Over the years, scientists S . —
at the University of Michigan and the Department e Senpomiseocce s d slg’fﬁﬂam NPREONAMBNY I SCqiing [esahity} Ot

in'the fale 1940s. lis analogue frace, on heat sensitive paper, permitted contin-

of [""h“"-l‘“‘-“f“*ll Engineering have come up with uous monitoring of ralatively high-frequency strain gsuge outputs in this
some creative approaches to data gathering and machine research project.

analysis.

Video technology was difficult 1o
apply to vibrational dynamics
researchin 1953, bur offered
greal promisea,

Strange looking university research viahicles, like this mobile
microwave laboratory of 1980, have been a common sight
an the roads around Ann Arbor for over 60 years. From
Waiter Lay’s "Blue Bird"” [p. 21) to. “Mawe-n-Blua ™ (p. 68).
Mechanical Engineering has always pursued innovative
aporoaches o education and scientific inguiry,




Before miniaturization, electronic data-
- gathering compansnts could be a
i logistical challenge in thernselves, as
‘. 1 suggested by this cart assembled by
. il : r',;“' electrical engineers in 1958.
A e = |
. l i3 2 - !
Y e =5 - - [~ h e .li
-y 1 Stroboscopic photography revolutionized
the study of motion and process. In this
1951 study, 4 researcher is.using
strobe light to analyze the machining
characteristics of woodcutting.

From slide rules 1o supercomputers,
devices for scientific calculation have
gane though amazing changas in the
last 125 years. This researcheris
using a Monroe Calcuwlator in his
examination of heat exchanger coils,

This aptical pyrometer (ca. 1954)
enabled a production enginesring
researcher (o measure lemperature
in this induction fumaes,. The
device utilized the human eyve to
compare a heating element fo visi-
ble, radiating color. Before the
advances in electronic imaging
technology of the 18805, many
devices tried to assist natural wision
in rmaking measurable obhservartions,
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Computer-Aided
Engineering

and the Technology
of

Mechanical Dynamic
System Analysis

s a graduate student and then a professor in the

Mechanical Engineering Department in the sixties, sev-
enties, and early eighties Milton Chace carried out pioneer-
ing research in the area of computer-aided engineering and
the technology of mechanical dynamic system analysis (MSA
technology). In 1977 Chace and his colleagues Mike
Korybalski and John Angell formed a company in Ann Arbor
called Mechanical Dynamics, Incorporated (MDI) to provide
MSA software to Fortune 500 companies designing new
mechanical products. Chace left the University in 1983 1o
pursue his business interests full time. MDI has been a highly
successful example of technology transfer. The company has
grown steadily, has several thousand clients worldwide, and
has won awards for product excellence and export success.

Mechanical dynamic system analysis permits a
wide range of mechanical simulations to be
performed using a computerized model, This
enables engineers to explore many types of
mechamsms without expensive prototypes




The ideas that led to MDI were first formulated by Chace
as a graduate student in the 1960s. Chace saw that problems
in mechanism design could be reduced to a clearer level of
simplicity, using classical vector calculus. He found that the
prediction, and simulation, of motion of planar mechanisms
could be based on the solution of simple vector loop equa-
tions. He found also that there was a wonderful extension
to three-dimensional mechanisms, most of which could be
represented by a limited set of foursided spatial vector
loops, which he termed “vector tetrahedrons.” Chace’s cate-
gorization of these equations was amenable to being struc-
tured for solution by digital computer.

After receiving his Ph.D., Chace worked for IBM for two
vears and then returned to the Mechanical Engineering
Department as a faculty member in 1967 to continue his
research. Chace’s work at IBM had shown him that compar-
atively few applications were ideally kinematic: most were
multifreedom-dynamic invelving practical effects such as
impact, motor torque-speed characteristics, elasticity, etc.
Different solution procedures than those used for kinemat-
ics would therefore be required.

Problems in multifreedom, large displacement, rigid-
body dynamics are, in general, represented mathematically
by simultaneous, nonlinear, ordinary differential equations.
Applied mathematicians had long before shown that these
could be solved by a stepwise process termed numerical inte-
gration, Also, by a technique of Lagrange multipliers, the
constraint vector loops characteristic of kinematics could be
included in the same formulation required for the dynamics
conditions,

Using these methods, Chace’s initial research team,
which included Don Smith, Mike Korybalski, Allan Rubens,
and John Angell, first developed a two-dimensional program
named DRAM (Dynamic Response of Articulated
Machinery), completed in 1969. It included a computer lan-

guage that provided automated development of the correct
differential equation set for whatever problem was modeled
by the user, thus increasing practical utility and eliminating
the number of errors per problem that occur with user-
developed equations. Later, Ph.D. student Nicholae
Orlandea succeeded in creating a prototype three-dimen-
sional computer simulation program, which he named
ADAMS (Automated Dynamic Analysis of Mechanical
Systems).

MDI was launched in 1977 and proceeded to develop suc-
cessively more advanced versions of DRAM and ADAMS. By
1981 ADAMS was able to simulate fully detailed highway
vehicles in dynamic maneuvers. The company also devel-
oped a means of computer graphic output of a schematic
representation of whatever system was being simulated.
Engineers could now reasonably determine most of the per-
formance of a contemplated mechanical system design with-
out having to devote the time and expense to physically
build and test it. They could also investigate design alterna-
tives much more thoroughly than with testing alone. This
significantly enabled industry efforts toward concurrent and
simultaneous design, especially in the highly competitive
automotive industry. MDI is now the world’s largest devel-
oper and supplier of mechanical systems simulation software
with clients in over 30 countries.

ag



High-Toughness /
High-Performance
Composite Materials

After five years, the Long-Duratian
Exposure Facility (LDEF) was retrieved from
orbit. The specimens aboard the facility,
including Prof. Felbeck’s, were exposed to
the rigors of spaceflight longer than any
other terrestrial material.

In the late 1960s and early 1970s Anthony G. Atkins, then a
visiting Associate Professor and David K. Felbeck,
Professor, conducted a research and development program
that led 1o graphite-epoxy compaosite materials of improved
properties. Prior to that time, very high strength had been
achieved in these materials, but at the price of very low
toughness. Such brittle materials therefore had somewhat
restricted applications as engineering materials. Under
NASA sponsorship, Felbeck and Atkins applied basic knowl-
edge regarding the origins of toughness in materials to this
class of potentially very useful composites. With very high
strength and stiffness (elastic modulus), such materials
would be highly desirable for applications to space vehicles if
their toughness could be improved.

Early research by Atkins and Felbeck, on boron-epoxy
composites, demonstrated that by applving a coating of low-
strength resin to a fraction of the surface of boron fibers, the
resultant composite would have increased toughness. When
applied to pre-preg layers of commercial graphite-epoxy, the
procedure consists of adding very thin layers of Mylar
between the layers of pre-preg. The Mylar lavers contain a
matrix of fine punched holes, so that when cured, adjacent
pre-preg layers of composite would bond over a fraction of
the total interfacial area. Using these procedures, Felbeck
and Atkins demonstrated that high-performance composites
could be produced with about six times the fracture tough-
ness of ordinary composites, while experiencing reductions
of strength and elasticity of less than about 10%.

Working with Atkins and Felbeck during this period were
Ph.D. students Roger Heimbuch (who later received the first
Departmental Distinguished Alumnus Award), Theodore U.
Marston, and Li-Chung Jea.

When NASA first proposed in the early 1980s a one-year
recoverable orbiting satellite for scientific experiments,
Felbeck submitted a proposal, subsequently funded, to fly



selected samples of toughened graphite-epoxy composite
materials in order to learn whether detrimental changes
would occur as a consequence of space exposure in near-
earth orbit.

Felbeck's experiment consisted of one set of tensile spec-
imens of toughened graphite-epoxy compaosite material with
a range of cross-ply angles and a fraction of interlaminar
contact, as well as a set of toughness specimens with the
same set of variables. To isolate the effect of time after man-
ufacture of the specimens, two identical ground control sets
of specimens were produced in addition to the flight speci-
mens, one sel to be tested at the approximate time of
launch and one set to be tested following recovery. The
experimental frame was designed and fabricated by William
H. Durrant; specimens were manufactured by Stephen B.
Culp; and both men participated in the specimen test pro-
gram.

The samples were prepared to be contained aboard the
Long Duration Exposure Facility (LDEF), an eleven-ton
cvlindrical frame 10 m long, containing on its outer surface
fifty-seven experiments prepared by researchers in govern-
ment, private industry, universities, and eight foreign coun-
tries.

LDEF was launched in April 1984 on board the space
shuttle Challenger. The inital deployment was at an altitude
of 481 km in an orbital plane approximately five degrees
from the ecliptic. All experiments were intended for subse-
quent recovery so no data were transmitted during the orbit-
ing period.

Recovery was originally planned for a year later but was
first delayed by scheduling and launching problems. Then,
before recovery could take place, the Challenger shutte
blew up during launch, halting all shuttle launches lor sever-
al vears. Recovery of LDEF was for some time considered a
low priority h*. NASA until unanticipated large solar activity

during 1989, which caused expansion of the atmosphere
with consequent rapidly increasing loss of altitude by LDEF.
With a fiery re-entry estimated to occur in February or
March 1990, LDEF was recovered by the space shuttle
Columbia in January 1990 at an altitude of 33 km.

Although only a limited number of specimens was feasi-
hle, the results of this 5.8 year orbiting experiment show that
the toughened graphite-epoxy composite, if properly coated
for protection from atomic-oxygen erosion, is sufficiently
durable for use during near-earth space missions of the
order of at least five years.

Frof. Felbeck's graphife-epoxy composile spec-
imens (abova, at upper right! were only sup-
posad to be in orbit for a year. When the LDEF
was finally retrieved, the specimens proved
that the materal is sufficiently durable to han-
dle near-earth missions for relatively lang per-
ads of time. (At nght is a clase-up view of ane
of the tensile specimens.)
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Holographic Interferometry
and
Computed Tomography

by David Wan

The pattern of light and dark fringes in this digi-
tally processed interfarogram aflows research-
ars to examine flow characteristics of a trans-
parent fiuid jet. The lighter areas represent the
highest wavelength distortion due to maximum
density. Holographic Interferometry provides a
nomntrusive tool for measuring density, and
even chemical gradients. within transparent
media,

In the 1970s, Professor Charles Vest was carrying out
research in the area of experimental and theoretical convec-
tion heat transfer, and although he continued to direct
research in this area, his best known work concerned the use
of holographic interferometry and computed tomography.
This work followed closely on the development of the laser
and the discovery of laser holography.

Holographic interferometry is based on the interference
between two holographic images of an object. When the
object has been altered, for instance by the presence of a
crack, the resulting image is overlain with a striking pattern
of bright and dark fringes. These fringes can be interpreted
to identify qualitatively the nature of the modification of the
abject, or they may be used to obtain quantitative measure-
ments. The advantages of holographic techniques over con-
ventional methods are that they do not require contact with
the object and that measurements at a large number of
points on the object can be obtained from a single image.

Vest's group did a great deal of work on both the develop-
ment of this technique (especially on the interpretation of
interferograms and the application of digital and electronic
augmentation techniques) and the practical applications of
it, studying fields as varied as microcrack formation, flow in
stratified media, natural convection heat transfer, non-
destructive testing, and the formation of spots on animal
coats. In 1979, Vest published a well-known book on the field
of holographic interferometry and its applications.

The work on holographic measurement of temperature
fields in natural convection heat transfer led directly to
Professor Vest's work on computed tomography. In heat con-
vection studies, an expanded beam of laser light is passed
through a transparent fluid, and an interference [ringe pat-
tern is generated that contains information concerning the
fluid’s density. In the early 1970s, Vest and his students
began to consider the experimental information available



from multiple beams traversing the fluid in a variety of
directions. They quickly realized that given an adequate
number of viewing directions, three-dimensional measure-
ments of the density could be obtained mathematically from
interferometric measurements. The mathematical proce-
dure for obtaining these measurements is called tomograph-
ic inversion and is similar to the procedure used to obtain
medical images from CAT and MRI scanners.

The implications of this work were to provide a powerful
imaging method that could be used to validate important
predictions in combustion, aerodynamics, and heat transfer.
Between 1970 and 1987, Vest and his students worked on
the computational and experimental aspects of this prob-
lem. Experimental studies in convection heat transfer, tran-
sonic aerodynamics, and turbulent shear flows and a num-

ber of algorithmic studies were also carried out. The work of

Vest, his students, and some of his contemporaries laid the
groundwork for a number of studies currently being carried
out using tomographic methods in combustion and hyper-
sonic flow.

Using the set-up above, an interferogram (far left) is first obtained on a
holographic plate. The gradient boundaries are too indistinct for direct
measurement so the image is digitally processed inte a more sharply
defined image (preceding page). Processed images from several view-
points give a measurable three-dimensional map of the transparent jet.
A realistic visualization of the transparent turbulent fet (near left) can be
achieved by further processing the gradient into an absolute phase
image.
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Chia-Shun Yih's
Fluid Mechanics

This photo shows the interfacial surge and almost horizontal
free-surface between two fluids from Yih's work on hydrauiic
jump with C.R. Guha.

Professor Chia-Shun Yih was the Stephen P. Timoshenko
Distinguished University Professor in the Mechanical
Engineering and Applied Mechanics Department from 1968
until his retirement in 1988, He is one of the most honored
professors in the Department’s history, a member of the
LS. National Academy of Engineering and of the
Academica Sinica in China. His contributions form a signifi-
cant segment of the literature on the mechanics of fluid
flows. The following summary of his contributions was
taken from the introduction to Yih's most recent book
Selected Papers. The introduction was written by Yih's long-
time friend and colleague C.C. Lin.

Chia-Shun Yih's contributions to the literature of fluid
mechanics have been important and extensive. With his
bountiful love for nature, it is not surprising that some of his
most significant contributions deal with fluid flows that are
ubiquitous in our environment. The field of stratified flows
itself is rich in physical phenomena. This richness owes its
origin to the interplay of the heterogeneity of the fluid
medium and the gravitational field. This fact was noted by
Yih in the preface to his book Stratified Flows, 1980, which
first appeared in 1965 under the title Dynamics of Nonhomo-
geneous Fluids. This book, which is primarily based on Yih's
original contributions to the field, has since become a classic
reference for all serious students and researchers.

While much of Yih's success owes to his physical insight,
it is perhaps equally true that he is always able to use precise-
ly the right mathematical tool. For example, in the paper
“Gravity waves in a stratified fluid,” Yih made use of Sturm's
second comparison theorem to obtain the result that the
phase speed decreases as the wave number increases, in
small-amplitude wave motion of a heterogeneous liquid with
a free surface. He has also been very successful in introduc-
ing ingenious mathematical transformation of variables to



enable certain general classes of difficult problems of wavy
motions with finite amplitudes to be solved with relative sim-
plicity.

For example, in his paper “A class of solutions for steady
stratified flows,” the use of a more general form of transfor-
mation of variables led Yih to an elegant theorem in three-
dimensional shallow-water theory. The theorem states that
“s0 long as the shallow water theory is valid, a class of steady
stratified flow with a free surface originated from rest can be
found corresponding to each irrotational steady free-surface
flow of a homogeneous fluid originated from rest.”

The subject of internal hydraulic jumps of great impor-
tance to environmental and hydraulic problems was first
treated by Yih and Guha in 1955, That paper has been
referred to in nearly every paper written on that subject
since.

In the field of hydrodynamic stability, his investigations
include results that are applicable generally and examina-
tions of how specific fluid properties may affect the instabili-
ty of the flows. His solutions to many stability problems
involved the utilization of new techniques or adapting those
in other contexts.

Yih has also worked on surface waves in fluids of homo-
geneous density. His papers on patterns of ship waves give
two formulae in closed form from which the patterns can be
determined simply, be they of gravity waves, gravity-capillary
waves, or internal waves. From Yih's formulae, all the
known results of Kelvin, Havelock, and others for all sorts of
waves can be oblained readily, without the rather obscure
reasoning initiated by Lord Kelvin. These formulae have
brought the theory of ship waves within the reach of fourth-
year undergraduates,

Yih's work on jets, plumes, and diffusion stems from his
early work on convective plumes caused by a point source of
heat. The similarity solutions for straight turbulent jets were

well-known in the nineteen thirties. Guided by a dimension-
al analysis, Yih worked with Hunter Rouse in 194748 on the
experimental determination of the velocity and temperature
distributions in a round turbulent plume caused by a point
source of heat, But it was not until 1977 that Yih was able to
give the eddy viscosity an expression on dimensional argu-
ments and thus to give analytical solutions for both round
and plane turbulent plumes for certain turbulent Prandd
numbers. The eddy viscosity was assumed constant in any
plane normal to the plume axis. Yih was able to apply that
same sort of analysis to jets and plumes in a transverse wind.
One interesting analytical result is the double-helix structure
of jets and plumes in a transverse wind, which one can
observe in a chimney plume on a windy day.

These two photos show the effect of accelera-
tion an an unstable free-surface. The instability
at top shows the free-surface at near g” and
then a few milliseconds later. This study with
S.P. Lin first appeared in 15964.
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Ultrasonic Imaging
and Acoustic Emission

by Professor Kenneth Ludema
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The photegraph at top (courtesy of C.J.H. Vanden Broek,
1980} shows & scanning apparatus for detecting acoustic
emissions across a fluid-metal interface using narrow beam
insanification. The graph shows the minimum slip region for
a 2024 slurminum allow. The heavy solid line shows the leva!
at which deftectable emissions occurred,

ﬁﬁ student of physics and later as a Professor of
Mechanical Engineering at the University of Michigan,

Julian Frederick was instrumental in the development of two

of the most important technologies of our age: ultrasonic
imaging and acoustic emission. He wrote a widely used text
on these subject entitled Ultrasonic Engineering, and he was a
founding member of the American Acoustic Society.

Frederick began his work in ultrasonics as a research
associate in the Physics Department under the tutelage of
Professor F. Firestone. Firestone's research team discovered
the phenomenon of magnetostriction, which was the foun-
dation for ultrasonic detection technology. During his
tenure in Firestone’s lab, Frederick helped to develop mate-
rials for magnetostriction and worked on high frequency
electronic circuits for creating electromagnetic fields. He
was also part of the team that developed the use of sound
waves to detect cracks in metal, a technology that has
expanded from those early beginnings to have widespread
application in industry.

In 1957, Frederick left Firestone's laboratory to join the
faculty of Mechanical Engineering. Over the next twenty-five
years, he carried out research to develop and refine funda-
mental knowledge and applications in the field of ultrason-
ics. Some of his early studies were in the areas of manufac-
turing and medicine. For example, Frederick worked in col-
laboration with researchers in the University of Michigan
Medical School to detect hard regions in heart muscle using
ultrasonics. This was one of the first studies on ultrasonic
detection in medical applications, a technology that has now
become widespread.

In the early 1960s, Frederick began to investigate the fun-
damental causes of noise emission, turning his research
toward the passive detection of sounds generated in solids.
This activity has become known as acoustic emission,



Frederick, together with Professor D.K. Felbeck, was able to
demonstrate that noise emitted from lightly stressed alu-
minum alloys was caused by the creation and sudden growth
of dislocation systems from Frank-Read sources. Working
with graduate students A.B.L. Agarwal, N.G. Sankar, and
R.C. Bill, Frederick and Felbeck developed very sensitive dis-
placement sensors that could detect displacement of approx-
imately 2 fm, which is 105 times smaller than the diameter of
the aluminum atom. They constructed their apparatus
inside a very heavy, very thick, insulated suspended cubical
chamber, about 4 mm on a side, which was installed in the
basement of the East Engineering Building on the main
campus. Their best work was done late at night, when the
outside truck and automobile traffic was at a minimum.
Using these sensors, they were able to detect sudden bursts
of dislocation motion over areas as small as 10 mm in diame-
ter. This was the first known independent proof that disloca-
tion generation by bursts actually occurred. Nowadays, any
noise produced by a metal, even the very loud emissions
from growth of a crack, are referred to as acoustic emission,
but the early use of this term implied extreme sensitivity.
Professors Frederick and Felbeck and their students pub-
lished four papers on several aspects of this important dis-
COVETY.

In the 1960s and 1970s, Frederick turned his attention to
work on crack detection in metals with principal applica-
tions in the detection of cracks in the steel enclosures and
pipes in nuclear reactors. One requirement of this applica-
tion was to find a way for nuclear-power plant technicians
with relatively little training to obtain good data about possi-
ble cracks. The most difficult part of the operation was to
hold the ultrasonic transducer tightly and flat against the
metal surface that was being examined. It was useful to place
a “spot” of petroleum jelly in the contact region, but even

this had limitations. Frederick developed ways to use water
as the bridge between the transducer and the metal surface,
which turned out to relax the requirements for flat and tight
contact.

Once the transducer could be easily moved, the idea
arose to obtain data from several transducer locations and,
thereby, get images of a crack from different angles of view.
Further, several transducers could be aimed at the same
location on the metal from some distance. This technigue is
known as the Synthetic Aperture Method. This led to a pro-

ject sponsored by the U.S. Nuclear Regulatory Commission,

Division of Reactor Safety Research to develop new and
improved methods for visualizing cracks and other disconti-
nuities in structures and materials. Images of the cracks cre-
ated by ultrasonic waves were displayed by using computer
graphic techniques in pseudo three-dimensional types of dis-
plays. A key objective of the research was to develop tech-
niques for obtaining greater accuracy in characterizing the
cracks being evaluated. The work was carried out with the
use of an Interdata 7/32 computer having 256k bytes of core
memory and 20 megabytes of storage. Data were acquired
and processed by the computer and the results displayed on
a vector graphic display. As better computers were devel-
oped, the images improved. In 1978, Frederick reported
gray-scale indicating the strength of signals from the crack.
The strength in turn indicated the separation of the erack
walls. Further work continued on color representation in
image reconstruction up to the time of Frederick’s retire-
ment in 1982, As an emeritus, Frederick remained active
and was working on a second book, this one on Acoustic
Emission in Non-Destructive Testing, when he died in 1983,
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Looking to the Future

Mechnnicai Engineering at the University of Michigan
continues to chart new territories in engineering sci-
ence. This section highlights a few of the scientific and tech-
nological challenges MEAM researchers are currently
exploring.

This prototype of a mult-arm milling machine. designed by Frofs. Alfen
Ward and Jeffrey Stein, s the first of & new genaration of “novel”
machining centers. It allows greater maobility for machining complex
geometrias guickly and accurataly.

Frof. Herman Merte’s expenment i pool boiling
in microgravity was one of a group of NASA
“getaway specials” (G.A 5. flown on shuitle
flight STS5-47 in April, 1993, This "G.A.5. Can"
package permitted nine 1ests (o be conducted in
& prototype poal boiling vessel
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Investigators in the MEAM biomechanics
lab examine many characteristics of
hurnan posture, muscular control, and
structural stability. Areas of study include
genatric mobifity impairments, obstacle
avoidance strategies, and human scoliosis.

Praf. Noboru Kikuchi has hypothe-
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sized that his hamagenization
method of design may lead fo
advanced matenials composed of
microstructures similar to human
trabecufar bone and other natural
materials. For exampls; the
microstructures of a car's skin
could be designed to carry fluids
Just as veins circulate blood, provid-
ing a maore uniferm heat to the infe-
rior and providing a means for self-
repair of rust spols or damage dus
o accidents.

Prof. Noel Parkins has developed techniques
for studying the dynamic behavior of slack
cables in active use. This apparaius developed
with the help of graduate assistant Chris Lee
will be used for examining cables underwater,
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This numerical simulation shows a
carangiform fish moving from an at-
rest position to 34/250 sec. Initially
the tail moves laterally without sig-
nificant forward movermnent. The
solid line traces show experimertal
profiles, and the dotted lines are the
numerical simulation.

Fluid Mechanics

Over the last two decades, powerful new computers and algorithms have made it
possible for researchers to increase their knowledge of the fundamental physics
of fluids. The MEAM fluid mechanics group is at the forefront of this important
area of research, making significant contributions to the understanding of funda-
mental structures and processes of fluid flows using direct numerical simulations
and experimental studies. Professors Rayhaneh Akhavan, William Schultz, and
Grétar Tryggvason have developed theoretical models that provide a better
understanding of fluid behavior in applications as diverse as flows around cars,
ships and fish; combusting flows in turbomachinery; and dispersion of atmos-
pheric pollutants. Professor Steven Ceccio carries out highly innovative experi-
mental studies of basic fluid processes (particularly cavitation) with applications
in hydromachinery, such as hydroelectric turbines, high-speed pumps, and ship
propulsion systems. The group carries out sponsored projects totalling approxi-
mately $850,000 for agencies including the Office of Naval Research, the Gas
Research Institute, Kimberly-Clark, National Aeronautics and Space
Administration, the National Science Foundation, the Naval Research
Laboratories, and the Air Force Office of Scientific Research. The selected pro-
Jects described below are illustrative of the group's work.

A Numerical Study of Fish Swimming
Associate Professor William Schultz

Until this study, understanding of fish locomotion has been driven by hydrome-
chanical models based on thrust and resistance. This theory, however, is inappro-
priate for a wide range of swimming modes and for questions of stability. This
study introduces a more general numerical model for fish swimming in an
unbounded fluid. The swimming of neutrally-buoyant fish is simulated assuming
it is surrounded by an infinite two-dimensional inviscid flow with the wake repre-
sented by discrete point vortices. For a fish shape that is a preseribed function of
time, we predict the motion of the center of mass and the orientation angle from
conservation of linear and angular momentum. Our fully-computational, two-
dimensional inviscid model requires no slender-body assumptions nor
“adjustable” parameters required in slender-body theory. The numerical model
compares well to an observed fast-start (acceleration from rest) of a rainbow trout
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and to a turning maneuver of a rudd (Weihs 1972). We study the effects ol body
shape and deformation on swimming speed and power for carangiform motions.
Steady swimming results show that the predicted maximum speed occurs when
the swimming wavelength is equal to the fish length—the velocities are appropri-
ate for observed stride lengths. The simulated swimming power with a simple vis-
cous force model compares favorably to expectations based on measured meta-
bolic rates. Simulations with varying viscous forces suggest that the inviscid wake-
induced drag may be more important than viscous drag since power predicuons
are reasonable. The trends of swimming power with tail-beat amplitude show
excellent agreement with wends from the slender-body theory of Lighthill (1975)
in the range where the slender-body theory is valid. The effects of the body thick-
ness agree qualitatively with the conclusions of Newman & Wu (1973) and
Newman (1973 ab).

Modeling of Bubbles and Drops

Associate Professor Grétar Tryggvason

The dynamics of flows containing two fluids separated by a sharp interface, such
as a bubble or drop, are of the utmost importance for both natural and techno-
logical processes, such as boiling heat transfer, air entrainment in casting (porosi-
ty), spray combustion, spray painting, and rain. Professor Tryggvason is carrying
out research to simulate multi-phase flows fully and thereby lead to a better
understanding of phenomena that take place at the smallest scales within these
flows. To examine the small scale processes in multiphase flows is extremely diffi-
cult. The small time and spatial scale makes measurement difficult, and the
change in phase usually eliminates visual access to the interior of the flow. Full
numerical simulations of the flow can in principle give all the necessary informa-
tion, since the governing equations are (for the most part) well known. In prac-
tice, however, this is one of the difficult areas of computational fluid dynamics.
Progress has been slow, and almost all current studies make a number of simplifi-
cations, such as inviscidness, Stokes flow, two-dimensionality or axisymmetry.
Tryggvason has developed a numerical technique that allows accurate and effi-
cient simulation of flows that take into account physical phenomena in the fluids,
including viscosity, inertia, and surface tension. In Tryggvason's immersed bound-
ary technique, fluid is resolved on a stationary mesh, and the interface is repre-
sented by a moving mesh of lower dimension. It allows for the prediction of the
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performance of the process in much greater detail than was possible before. The
method has several advantages over previous methods: it handles the colliding
interfaces easily; it is relatively simple; and it is easy to code and to vectorize. The
method, therefore, allows for relatively easy simulation of fully three-dimensional
phenomena.

Turbulence Control in Wall-Bounded Flows
Assistant Professor Rayhaneh Akhavan

Overcoming the large drag coefficients associated with turbulent flows has
remained a main goal of turbulence research for several decades. In fact, turbu-
lent-drag reduction is currently considered a major “barrier problem” to further
optimization of most aerodynamic and hydrodynamic bodies. Turbulent drag
accounts for nearly 50% of the drag of most underwater bodies. Over the vears, a
variety of turbulence-control and drag-reduction measures for wall-bounded flows
have been devised. For most of these techniques; however, drag reduction is quite
modest, on the order of 5-10%. Professor Akhavan and her students Wen-Je Jung,
Norberto Mangiavacchi, and Amid Ansari have devised a method that may reduce
drag by a much higher percentage. Research on the structure of turbulent
boundary layers over the past two decades has revealed that production of turbu-
lence in wall-bounded flows occurs in well-organized (coherent) structures in a
quasi-periodic manner. Through the use of direct numerical simulations,
Akhavan’s team has found that the internal dynamics of these coherent structures
can be utilized to obtain wrbulence control and drag reduction in wall-bounded
flows. In numerical experiments performed on the San Diego Supercomputer
Center 64-node Intel iPSC/860 hypercube, Akhavan and her team have discov-
ered that by exposing a turbulent boundary layer to spanwise oscillations at
selected frequencies, turbulent drag can be reduced by more than 40%. The
oscillations can be introduced either by the spanwise motion of the wall or by
superimposing a spanwise oscillatory pressure gradient on the flow. These results
indicate a simple and effective means of control of turbulence in wall-bounded
Hlows. Further optimizations for practical applications are currently under study.



Experimental Studies of Cavitation in Fluid Flows

Assistant Professor Steven Ceccio

When the absolute pressure of a liquid is reduced below the vapor pressure gas
and vapor cavities may form in a process known as cavitation, The presence of cav-
itation can seriously effect the performance of hydromachinery, such as hydro-
electric turbines, high-speed pumps, and ship propulsion systems, Cavitation can
reduce performance, create noise and vibration, and cause fatigue and erosion.
By understanding the physical processes that lead to cavitation, we can delay its
onset and help to mitigate its effects. Professor Ceccio's research group is study-
ing the fluid mechanics of cavitation inception. Cavitation first occurs when small
microbubbles within the fluid are swept into low pressure zones and explosively
grow. In turn, their growth can alter the nearby flow, further inducing cavitation.
The inception process can be intermittent, making it difficult to study systemati-
cally. In order to carry out studies of cavitation Ceccio has developed electrical
probes, which can be used to detect and quantify the dynamic process of cavita-
tion inception. Once detected, a variety of techniques can be used to record the
cavitation process, including high-speed photography and acoustic probes.
Cavitation inception usually occurs in complex, three-dimensional flow fields. To
study such flows, Ceccio has been working with Professor Luis Bernal of the
Aerospace Engineering Department to implement a holographic particle imaging
velocimetry system (HPIV). With HPIV, flow velocities are determined after the
motions of many small tracer particles are detected and recorded. Holograms are
used to simultaneously record the motions of many particles within a sampled
flow volume, and these images are digitally analyzed to produce a set of velocity
vectors within the flow field.

The fiuid mechanics of cavitation is
investigated in Prof. Steven
Ceccio's faboratory. Cavitation is an
important phenormenon because it
adversely affects the functioning of
hydromachinery. This blow-down
apparatus induces cavitation by gan-
erating intense shart duration
surges through a thres-inch diame-
ter test section.
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Heat Transfer

MEAM heat transfer faculty carry out research on a diversity of topics including
Efficient Drying versus Pulse Combusters (Professor Vedat Arpaci), Flame Spread
Over Charring Materials (Associate Professor Arvind Atreva), Thermocapillary
Flows in Welding and Crystal Growth (Professor Michael Chen), Forced
Convection Boiling in Microgravity (Professor Herman Merte, |r.), and
Visualization of Flows in Torque Converters (Professor W+, Yang). Research
funding for the group totals approximately $800,000 from sponsors including GE
Aircraft, Ford Motor Company, the Gas Research Institute, the National
Aeronautics and Space Administration, Whirlpool Corporation, the Department
of Energy, and the National Science Foundation. Below is a sampling of projects
being carried out by heat transfer faculty.

Microscales, Irreversibility, Radiation, Acoustics, Chaos

Professor Vedat Arpaci

Microscales of complex (hydromagnetic, radiating, reacting, pulsating) turbulent
flows are an emerging rescarch area with significant practical applications, On
fundamental grounds, the turbulent dissipation of all forms of energy (mechani-
cal, chemical, nuclear, electromagnetic, radiative) into thermal energy is a mea-
sure of irreversibility characterized by these scales. On technological grounds, the
foundations of the so-called “empirical™ heat and mass transfer correlations for
turbulent flows can be interpreted in terms of these scales.

In a joint research program between the University of Michigan and the
Sandia National Laboratories, the Sandia experimental data demonstrating the
increased efficiency of heat and mass transfer via pulse combustion is theoretical-
ly interpreted by the Michigan models based on the microscales.

In a joint research program between the University of Michigan and NASA-
Lewis Research Laboratories, the Lewis data on the surface-tension driven turbu-
lent motion in evaporating droplets is also theoretically interpreted by the
Michigan models based on these scales. A computational program based on a
Godunov projection method that evaluates the nonlinear (inertial, convective)
terms with high precision complements the modeling effort.

A research program supported by the Ford Motor Company involves Michigan
doctoral students gathering turbulent data on Ford engines and supporting the
data by models based on the appropriate microscales.



The present research interests of Professor Arpaci include also the radiative
and acoustical properties of interacting particles in sooty, seeded, polluted,
smudgy media, which have important technological as well as environmental
applications, These interests also include chaotic thermocapillary driven flows,
which find important space applications.

Formation and Oxidation of Soot and NOx in Diffusion Flames

Associate Professor Arvind Atreya

Soot and NOx formation processes are of considerable interest to practical com-
bustor designers because they control the combustion efficiency, pollutant forma-
tion, and thermal radiation in combustion systems. While all these aspects are
important in large industrial furnaces and combustors, flame radiation plays a
particularly important role because thermal radiation is the primary mode of
energy transfer in these systems. Higher flame radiation increases the efficiency
of energy transfer, while lower Name radiation results in higher flame tempera-
ture which increases the production of NOx and also requires equipment capable
of handling high temperature exhaust gases. Thus, the technical problem is to
reduce the flame temperature and hence the NOx production rate by promoting
flame radiation. This can only be accomplished by increasing the soot production
rate in such a way that it is completely oxidized before leaving the flame zone.
NOx and soot formation processes therefore are intimately linked.

This rescarch focuses on determining the soot formation and oxidation rates
in counterflow diffusion flames and developing a model for a radiating flamelet
for use in turbulent diffusion flames. The effect of variables used in controlling
furnace flames, namely, the preheat temperature, the chemical composition of
the reactants, the strain rate and dilution by products of combustion on soot for-
mation, is also being investigated, In addition, NOx measurements and modeling
are included in the study .

Transport, Reaction and Phase Change in Porous Media Laboratory
Professor Massoud Kaviany

Porous media, such as powders, foams, fabrics, soils, coals, fiberglass insulations,
and concretes all undergo nonisothermal processes in their fabrication and
usage. The Auid filling in the pores of these media can be gaseous or liquid or

Researchers in Prof. Arvind Atréva’s
lzboratory evaluate fire suppres-
sants and the basic mechanisms of
fire suppression Using one-gimen-
sional laminar diffusion flames pro-
duced in this stagnation point flow
apparatus.
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Steam injection into a packed column of
glass particles, steam condensation, and
the propagation of this condensation front
are observed using this experimental
apparatus in Prof. Massoud Kaviany's lab-
aratory. This is part of a study concerning
deconiamination of soils using steam
injection,

both, and the fluid can be multicomponent. The heat transfer aspects of porous
media become important when there is an exothermic chemical reaction (com-
bustion), a phase change among any phase pairs of gas, liquid and solid, or a sim-
ple change in the sensible heat. Applications in mechanical engineering are vast
including the areas of climate control, energy conservation, energy harvesting,
environmental cleanup, heat exchangers, manufacturing, materials, and process-
ing,

The scientific-engineering treatment of transport, reaction, and phase change
in porous media addresses the fundamentals of conduction, convection, radia-
tion, and chemical reactions at the pore level. Since porous media of finite size
are of interest, these processes must also be studied at the interface of the porous
media with bounding media (a fluid or solid). The presence of a bounding sur-
face drastically changes the distribution of the phases in two-phase flows and the
velocity distribution in single-phase flows.

Professor Kaviany has addressed these problems by the direct simulation of the
processes (conduction, convection, radiation, phase change, and reaction) at the
pore level. These direct simulations have been deterministic and statistical
(Monte Carlo simulation in the case of radiation using geometric optics). The
anisotropy of the effective medium properties adjacent to the interfaces has been
formulated, and the transfer coefficients have been developed.

The goal of his research and instruction in this area has been to identify criti-
cal technologies and obtain sponsorship from the firms or institutions in need of
these technologies. He then formulates and performs fundamental research that
can address (and in some cases directly solve) these problems. He also organizes
the findings in a manner useable by the students and other researchers.



Manufacturing

During the last decade, MEAM has developed one of the strongest manufacturing
automation groups in the world—specializing in research in automated monitor-
ing, sensoring, and control as applied to machinery. Twelve manufacturing facul-
ty members carry out educational and research activities in ten laboratories. A
broad range of technology developed by the group has been transferred for use
in industry. The research program supports approximately seventy graduate stu-
dents and has funding totalling approximately $3 million. Sponsors include the
U.S. Air Force, Chrysler Corporation, the U.S. Department of Energy, Ford
Motor Company, General Electric, General Motors, Kodak, the Michigan
Strategic Fund, the National Science Foundation, and the Office of Naval
Research. Below is a sampling of research projects currently underway in the
manuflacturing laboratories.

Tool-Wear Estimation in Machining

Professor Galip Ulsoy

The purpose of this research is to develop on-line twol-wear estimation methods
for machining processes. The realtime estimation of tool wear in machining
operations is important for scheduling tool changing times and for adaptive
process control and optimization. However, tool wear cannot be measured direct-
Iy during cutting. Professor Ulsoy has developed an approach that permits estima-
tion of tool wear under varying cuttings (e.g., changes in depth-of-cut, feed and
speed), as would be required in many production situations. The method uses
force measurement during cutting together with a process model. The model is
the basis for an adaptive state estimator, which simultaneously estimates model
parameters and the model states (i.e., state of wear of the tool). This force-based
estimation is intermittently calibrated by the use of a computer vision system for
direct optical wear measurement between parts. For production situations where
a single tool-edge produces many parts, the vision system can be used by itsell. On
the other hand, if a single part is produced by one or more tool edges, then the
force-based system only can by used. The two are used in conjunction for produc-
tion situations where a tool produces several (e.g., 10) but not many (e.g., 100)
parts. Laboratory tests for a turning operation with varying cutting conditions show
excellent results. The maximum error in the flank wear estimate is less than 30pm.

Prof, Galip Ulsoy's real time tool-wear
.'nsrrumenrarfon 15 avaluated on & turral
lathe in the MEAM machine tool laborato-
ry. The method uses force measurements
during cutting, together with a process
moage!
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Cross coupling control developed by
Prof. Yoram Kaoren allows this milling
machine 1o produce more accurate con-
tour machining.

Variable-Gain, Cross-Coupling Control for Multiple Axes

Professor Yoram Koren

Unlike traditional CNC controllers, where each axis of a machine tool is con-
trolled independently, the U-M CNC controller uses the cross-coupling control
method, which makes all the axes utilize each other’s actual position information
simultaneously, so that the tool can produce considerably more accurate curves.
In our lab demonstrations, the cross-coupling control method reduces contour
errors of 2-D and 3-D curves by up to an order of magnitude (i.e., 10:1) com-
pared to traditional CNC controllers. The concept of the cross-<coupling control
method for 5-axis machine tools has already been developed and will be imple-
mented and evaluated on a 5-axis milling machine in the near future.

Strategies for Automating the Modeling Process

Associate Professor Jeffrey L. Stein (with Yih-Tun Tseng and Bruce Wilson)

Many solutions for manufacturing design and control problems require the devel-
opment of a dynamic model of the machine or machine process. Unfortunately,
no software tools (or in any other tools, for that matter) exist to help manufactur-
ing engineers to develop these models. The purpose of this research is to develop
software tools to assist in automating the modeling process. Professor Stein's
group has identified the basic structure of the general modeling process that is
used by engineers to create valid, proper, quantitative models of physical systems,
where proper is defined as a model ol necessary yvet sufhicient complexity, They
have proposed several strategies that could serve as the basis for an artificial intel-
ligence (Al)-based computer environment for automating the modeling process.
These are (1) decomposing: the process of transforming real systems into a col-
lection of objects or components and assigning them motion attributes, which
can be accomplished with a user-interactive dialogue with the computer; (2) map-
ping: the process of associating physical objects (components) with ideal phe-
nomena (basic physics), which is a totally automated strategy based on associating
energy phenomena with each identified motion of the components: (3) struc-
ured modeling: a systematic and, thus, totally automated process of lumping the
energy phenomena, defining state variables, and assembling the model based on
motion constraints; (4) modifving: a heuristic-based strategy for altering decom-
posing and structured modeling processes that have failed to meet modeling
specifications. This strategy is imbedded in a program called COMMA



(COMputer Modeling Assistant), which demonstrates the feasibility of designing
an automated modeling program. They have also developed a less general, but
more powerful program MBA (Model Building Assistant), which is focused on
automating the synthesis of lumped-parameter models of machine tool drive sys-
tems and is a useful ool for designing such systems,

Precision Engineering in Machining

Associate Professor Jun Ni

The objective of this research is to achieve greatly improved machining accuracy
through the use of sensing, modeling, and control methods. Ni's group has three
on-going projects: (1) On-line control of hole quality in boring operations. A real-
time sensing system is built into the boring bar structure to sense the machined
cylindrical surface during machining. The processed signatures are used to actu-
ate the boring cutter via a piezoelectrical translator so that the compensation can
be achieved on line. ( 2) Feasibility study of chatter prevention and suppression.
Rather than detecting the machining chatter after the fact, this project focuses on
the feasibility of preventing the chatter during its onset. The key is the early iden-
tification of the chatter before it fully develops. (3) Realtime generation of NC
tool path. An innovative method of generating the NC cutter path is being devel-
oped. CAD models in the IGES format can be used directly on line to generate
the NC tool path instead of the conventional off-line approach.
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In the 2mm program, MEAM
researchers work with industry to
reduce variation in vehicle body
assembly.

The 2mm Program
Assistant Research Scientist 5. Jack Hu

An automobile body provides the basis for the complete assembly of a vehicle.
Improper dimensions of a car body will introduce problems in final assembly, as
well as problems in the complete vehicle, such as fit and finish, wind noise, water
leakage, closing effort, and so forth. In this research, Dr. Hu's group is working
with a number of automobile manufacturers to advance their automaobile body
manufacturing techniques and process control methodologies to achieve world-
class quality. The aim is to reduce variations on critical dimensions to within
2mm. A second objective of the program is to improve the scientific understand-
ing of the sheet metal assembly processes and to establish a technical infrastruc-
ure for future sheet metal process control and assembly systems. To achieve these
objectives, researchers are assigned to different stamping and assembly plants,
variation reduction teams are formed in each plant, and problems in stamping
and assembly are identified and solved one by one,




Design

The seven full-time professors who comprise the Department's design group are
nationally recognized for their contributions in a broad range of leading-edge
research. Their efforts emphasize close interaction with industry and include top-
ics such as geometric modeling; techniques for optimizing conceptual designs;
computational methods of designing complex mechanical devices; automated
process planning; machine design; artificial intelligence applications to design;
design education; design management; and computer graphics. The budget for
design research exceeds $500,000 annually and comes from both industrial and
governmental sources including the National Science Foundation, the Office of
Naval Research, Ford Motor Company, the Army, General Motors, Nissan, Suzuki,
General Electric, Chrysler Corporation, Horiba, Applicon-Schlumberger, and the
Air Force Office of Scientific Research. The reports below feature three of the
many important research projects being carried out by this group.

Project MAXWELL
Professor Noboru Kikuchi, Professor Panos Papalambros,
and Assistant Professor Debasish Dutta
Project MAXWELL aims at bringing together two innovative research efforts
underway at the University of Michigan and at Carnegie Mellon University.
MEAM researchers are synthesizing a new, mathematically rigorous method for
the concurrent design of form and material composition called the homogeniza-
tion method. Carnegie Mellon researchers are developing a novel method for the
rapid fabrication of such designs by thermal spray shape deposition called MD*
(recursive Mask and Deposit). Bringing these two efforts together in an integrat-
ed methodology will allow for the manufacture of superior products not possible
before. Such parts will possess superior structural and mechanical properties
(e.g., lower weight to stiffness ratio) and will satisfy packaging and other manufac-
turing requirements (e.g., ease of assembly). The current application domain is
in automobile design and manufacture and includes sheet metal/composite pan-
els, brackets, suspension components, and special structures for side impact ener-
gy absorption.

The homogenization method is based on the observation that topological
design is necessary in addition to size and shape design. If topological changes
are not allowed, size and shape optimization procedures can improve a design by

MEAM design researchers can create
complex, superior designs for compo-
nents using the homogenization method
in Project Maxwell
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The topological modifications made possi-
ble by the hormogenization method can
improve a design by 30 - 50%.

approximately 5-15%. Topological modifications, however, can often yield 30-50%
improvement. In the homogenization method, the topology and shape problem
is formulated as a new optimization problem involving material distribution.
Given a solid with a prescribed volume, microscale voids are generated within the
design domain where a solid structure is not required for supporting loads.
Therefore, instead of designing the shape and physical dimensions of the cross
section of a structure, infinitely many microscale voids are generated within the
configuration wherever the stress is small. If a portion in the domain is highly
stressed, the homogenization method prevents the creation of microscale holes
and that portion remains solid, Furthermore, the orientation of noncircular voids
has a significant effect on the overall material response. Therefore, in the new
optimization problem, the design variables are the density of microscale voids
and their orientation over a specified domain. By removing material completely
from portions of the domain densely packed with voids, the optimum shape of
the structure is identified, while its topology is determined by accounting for the
number of “global” holes.

The design images produced by the homogenization method are ransformed
into realistic manufacturable designs using advanced geometric modeling and
image processing techniques. The designs are then implemented using Carnegie
Mellon University's MD* layered manufacturing process.

Design of Compliant Mechanisms for Microelectromechanical Systems (MEMS)
Associate Professor Sridhar Kota

Graduate Research Assistant G. K. Ananthasuresh

The study of microelectromechanical systems (MEMS) is a fast growing area of
research that has an immense potential for applications on the micro level. This
research addresses the design aspects of such systems. Through MEMS it is possi-
ble to integrate movable mechanical elements with electronic circuits and sensors
and then fabricate the entire assembly using the same process. Developments in
the past decade have been truly revolutionary. Microfabrication technologies
have been developed that can build electrostatic motors, linear actuators and res-
onators, springs, grippers, and gears, all of which are in the size range of a few
tens of microns to a few hundreds of microns. These technologies are limited,
however, by exigencies in fabrication and design at the micro level that are
nonexistent at the macro level. One such difficulty is the virtual loss of the third



dimension, since most of the microstructures are fabricated using integrated-cir-
cuit-chip-based micromachining techniques that are predominantly two dimen-
sional. Also, to justify the cost, MEMS should be batch-produced with minimal or
no assembly. These difficulties can either be surmounted with further break-
throughs in microfabrication technologies or circumvented with novel designs.
This research is aimed at the latter. We are introducing a novel class of mechani-
cal designs that require no assembly, called compliant mechanisms for MEMS
applications.

Compliant mechanisms are single-piece flexible structures that deliver the
desired mechanical motion by undergoing elastic deformation as opposed to the
rigid body motions of conventional mechanisms. Since the motion is dependent
on geometry and applied forces, these mechanisms are treated in the light of
kinematics and continuum mechanics. Compliant mechanisms have many attrac-
tive features including ease of manufacture, non-mechanical actuation, elimina-
tion of the need for accessories, less friction, less wear, less noise, etc. Potential
applications include simple parts of machinery, hand-held instruments, robotic
grippers, measuring instruments, and transducers at both the micro and macro
levels.

As vet there is no systematic method for synthesizing compliant mechanisms.
The objective of this research is to evolve such a method by extending Professor
Noboru Kikuchi’s newly developed design technique called homogenization. The
application of homogenization to the synthesis of micro-compliant mechanisms
enables the synthesis problem to be solved up to the fabrication detail starting
from [unctional specifications only.

This micrograph shows an actual
compliant crimping mechanism
with a built-in electrostatic inear

actuator that was designed using
the homogenization method, This
device, about 100x 100 microns in
size and 10 microns in thickness,
was systematically synthesized and
then fabricated by Prof. Srichar
Kota in collaboration with col-
leagues at the U-M Center for
Integrated Sensors and Circuits
Labaratory.
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The Set-Based Concurrent Engineering Project
Assistant Professor Allen Ward

Design is usually considered an iterative process, in which a solution is posed,
analyzed, and then modified. The set-based concurrent approach is an alternative
that can be demonstrated with a simple problem such as arranging a meeting
among a group of people. The iterative approach is to identify a time, then call
everyone to see if they can make the time. If someone can't, the time must be
modified. The set-based approach is to pick the week in which the meeting must
take place and ask people to identify the times during the week that are already
committed. Picking a time is then easy. Similarly, the Toyota Motor Company
requires its suppliers to develop a set of possible subsystem designs for each prod-
uct, exploring the trade-offs before establishing the specifications.

Good engineering designers have always applied this sort of approach, but it
has received little theoretical attention. Fully effective application requires ways
to represent sets of possible solutions and allows high levels of design automation,
as well as the efficient exploration of truly novel design concepts. Current activi-
tics include: (1) the development of a national electro-mechanical catalog selec-
tion system, operating over “electronic highways”, which will accept a schematic
from a design and return a nearly optimal selection of bids for sub-systems; (2)
development of new, fundamental mathematics for design synthesis (rather than
analysis); (3) studies of US and Japanese design practices, and the development
of training material based on "best practice”; (4) development of new classes of
computer-controlled machine, which may reduce life cycle costs for milling
machines by up to 40%; (5) development of CAD software allowing automotive
stylists and body and stamping engineers to quickly find the “intersection” of mar-
ketable, rigid, and manufacturable designs.



Robotics

Robotics has been identified as one of seven key technologies that will drive glob-
al economic competitiveness over the next few decades. MEAM has 1aken a lead-
ership role in this eritical area through work carried out by Professor Yoram
Koren and Dr. Johann Borenstein in the Mobile Robotics Laboratory and in the
Humechtronics Laboratory. Their work includes basic theoretical advances in
areas such as navigation, obstacle avoidance, mapping, and environmental explo-
ration as well as applications for business and government. The group’s research
funding totals approximately $425,000 from sponsors including NSF, Colding
International, and Cybernet Systems. Below is a sampling of projects from the
robotics laboratories.

Error Eliminating Rapid Ultrasonic Firing

Associate Research Scientist Johann Borenstein

Ultrasonic sensors are subject to noise and sporadic false readings, just like any
other sensor system. In most operating environments, environmental ultrasonic
noise is fairly rare. However, robots with multiple ultrasonic sensors may intro-
duce their own noise, a phenomenon known as crosstalk. When operating a
mobile robot under such realworld conditions, it is impractical to base the deci-
sion for an obstacle maneuver on a single {possibly erroneous) sensor reading
that seems to indicate the presence of an object. A more practical approach com-
bines multiple range samples. When traveling at a high speed., it is crucial to
quickly and repeatedly gather multiple samples in time to avoid a collision. Fast
sampling of multiple sensors, however, introduces even more ultrasonic noise and
increases the occurrence rate of crosstalk. To overcome this problem, we have
developed a method that will allow rapid sampling of all sensors while reducing
erroneous readings by a factor of 1-2 orders of magnitude. Moreover, our method
will completely eliminate crosstalk. This method, called error eliminating rapid
ultrasonic firing (EERUF), can be implemented in software and will work with a
modified off-the-shell’ ultrasonic sensor interface board.

The obstacle-avoidance system of
the CARMEL robot developed by
MEAM researchers allows for high-
speed obstacle avoidance. (see
page 69 for more on CARMEL).
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This mult-degree-of-freadom vehicle was
developed with innovalive features that perrmit
smooth and accurate operation.

Analysis of Potential Field Methods for

Mobile Robot Obstacle Avoidance

Professor Yoram Koren and Associate Research Scientist Johann Borenstein
Potential field methods are rapidly gaining popularity in obstacle avoidance appli-
cations for mobile robots and manipulators. While these methods are particularly
attractive because of their elegance and simplicity, substantial shortcomings
inherent to these techniques have been identified. Koren and Borenstein have
devised a mathematically based method for systematically examining these prob-
lems in qualitative and theoretical terms. The heart of their analysis is a differen-
tial equation that combines the robot and the environment into a unified system.
The equation permits the analytical formulation of a stability condition that states
that for every environment/robot configuration there is a speed at which motion
becomes unstable (when potential fields are utilized).

Multi-Degree-of-Freedom Vehicle for Constraint Environments

Associate Research Scientist Johann Borenstein

Multi-degree-of-freedom (MDOF) vehicles have many potential advantages over
conventional (i.e. 2-DOF) vehicles but are difficult 1o control because of their
over-constrained nature. These difficulties translate into severe wheel slippage or
jerky motion under certain driving conditions. To overcome this problem, the
Mobile Robotics Laboratory is developing a new concept (patent pending) in the
kinematic design and the method of control for MDOF vehicles and mobile
robots. Experimental results show smooth and accurate motion. Dead-reckoning
accuracy is substantially better than that reported in the literature for other
MDOF vehicles. It was found equal to or even better than that of comparable 2-
DOF vehicles.

NavBelt for the Blind

Associate Research Scientist Johann Borenstein and Dr. Shraga Shoval

The NavBelt is a robotic device that alerts a blind user to obstacles in the environ-
ment. The device consists of a belt with eight electronic sensors worn around the
waist, a computer to process the information from the sensors worn as a back-
pack, and headphones to receive the signals from the computer. The sensors send
out signals in a 120 degree arc at a five meter range that bounce off obstacles.



The computer picks up the signal, interprets it and sends a stereophonic beeping
sound to the headphones alerting the user. The beeps can tell where an object is,
how far away, its size, whether it is moving, and how it relates to other obstacles.

Mechanical Snake Robot
Professor Yoram Koren and Assistant Research Scientist Yansong Shan

The mechanical snake robot is designed with two special features that allow it to
operate in natural outdoor environments or in cluttered indoor environments
where robots usually cannot function. Its first unique feature is the method of
locomotion. Most snake robots move on wheels, which inhibits flexibility. The U-
M snake mimics the motion of a live snake using a design with seven links using
caster balls and DC motors for the forward motion and solenoids that contact the
floor for static points. The second feature is a method of control called obstacle
accommodation that allows the snake to touch obstacles in the environment safe-
Iy instead of having to aveid them completely.

The HoverBot
Associate Research Scientist Johann Borenstein

The HoverBot is an electrically powered flying robot similar to a model heli-
copter. It is designed with four rotors instead of one to provide greater stability.
Without expensive autopilots, any conventional helicopter will tip over and crash
unless constantly and actively stabilized by the pilot. Model helicopters will tip
over even faster than large ones because their time constant is shorter. On-board
controllers are impractical because they add too much weight. Preliminary tests
on the fourrotor design indicate that it provides stability without additional
weight.

The mechanical snake robot is
designad to aperate in settings that
are too hazardous or too constricted
for humans to enter.
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Amazing
Maize & Blue

In 1990 and 1993 Michigan engineering students com-
peting against the best undergraduate engineers in the
country won back-to-back national championships in solar
car competition.

Michigan's dominance in this event began in 1988, when
GM issued a challenge to college students across the country
to design and build solar cars to race from Florida o
Michigan in Sunravee ‘90,

Over the next two vears a team of about one hundred sw-
dent Wolverines toiled almost around the clock 1o create
their car, and in June of 1990, they arrived at the starting
line with Sunrunner, ready to take on the competition from
32 other student built cars from around the countrv. As the
race progressed over the next seven days, Sunrunner pulled
into the lead and stayed there, crossing the finish line with a
90-minute lead over the second place car.

Five months later in November of 1990, Sunrunner com-
peted in the World Solar Challenge in Australia finishing
third in the world. The following summer, Sunrunner was

Victors

retired from competition and put on exhibit in the Henry
Ford Museum in Dearborn Michigan.

Soon thereafter, the call went out from GM for Sunrayce
93 and a new team of Michigan students went to work.
Starting from scratch, the team began to build Michigan’'s
second solar car, Maize & Blue. One change in the rules for
the *93 race was that cars were not allowed to use space-
grade solar cells as Sunrunner had; only the less efficient
standard cells were allowed. Therefore, when Maize & Blue
lined up at the start in Texas for the 1000 mile race o
Minneapolis, she had one less advantage than Sunrunner
had. Using a daring strategy and synchronized teamwork,
the Michigan students pulled into the lead on the fifth day
of the race and finished in first place, 90 minutes ahead of the
second place car.

Maize & Blue will be seeking more honors in the World
Solar Challenge in Australia in the fall of 1993.



CARMEL wins the 1992
Artificial Intelligence Robotics
Competition

The CARMEL robot developed in the MEAM Mobile
Robotics Laboratory took first place in the Artificial
Intelligence Robotics Competition held July, 1992 in San

Jose, California. Three MEAM Ph.D. candidates, Ulrich

Raschke, Shraga Shoval and Liqiang Feng, were on the U-M
team, and Dr. Johann Borenstein, the head of the Mobile
Robotics Laboratory, acted as team consultant. In the com-
petition, CARMEL impressively outperformed eleven com-
peting mobile robots from other universities and from
industry. Among the entrants were robots from IBM,
Carnegic Mellon University, and MIT,

In one stage of the competition the robots were required
to find a number of objects as quickly as possible. CARMEL

qas the only entrant to find all of the objects and finished in

only 9-1,/2 minutes, way ahead of the next closest robot from
Carnegie Mellon, which took 28 minutes.

According to Borenstein, CARMEL's exceptional perfor-
mance can be attributed to two of the robots features: (1)
CARMEL has an on-board computer, which allows fast pro-

cessing of sensor data and motor commands, and (2)
CARMEL has a VFH obstacle avoidance method which
allows obstacle avoidance at high speeds. VFH was devel-
oped by Borenstein and Professor Yoram Koren.

The student leader of the project was David Kortenkamp
(EECS) and the academic and administrative supervisor was
Dr. Terry Weymouth (EECS).

As a result of the victory, CARMEL was selected to receive
a Best of What's New award for 1992 from Popular Science
magazine. The awards recognize the vear's 100 top products,
technologies, and scientific achievements as determined by
the editors of the magazine. The winners were featured in a
24-page cover story in the December, 1992 issue of Popular
Science,
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1992-1993 Annual Report

MEAM has many accomplishments
to its credit in 1993, These include
the completion of a renovation of
facilities, a major revision of the
undergraduate curriculum, and
the attainment of a top-five rank-
ing among all ME programs in the
country.

One noteworthy initiative is in
the area of automotive research.
In June, the Department was
awarded funding for a major
research project: The Center for
Automotive Structural Duralility
Simulation. The initial grant is for

$1.2 million for two years from the
Ford Motor Company.

The Center is an exciting devel-
opment for the Department be-
cause it is a cross-disciplinary team
project that aims at both funda-
mental research and specific deliv-
erables for the automotive indus-
try. Professor Panos Papalambros
will serve as the Center’s director
and Professor Jwo Pan as its associ-
ate director. This Center is the type
of effort that will be critical over
the coming decade as the nation
shifts research priorities from a

defense focus to a civilian one that
can contribute to global economic
competitiveness.

Another MEAM achievement
arising from these same priorities
is involvement in the COE’s newly
created Program in Manufacturing
(PIM), a nondepartmental,
degree-granting program focusing
on students returning from indus-
try for advanced degrees. MEAM
Professor Galip Ulsoy is the chair
of the new program, and many of
its activities will be carried out in
MEAM laboratories. The first

degree offered will be the Masters
in Manufacturing Engineering, a
joint effort with the business
school designed to provide a broad
education within engineering and
business disciplines.

Please take the time o review
all of the achievements of our fac-
ulty and students contained on the
following pages.



MEAM Student Leaders, Honors, Fellowships

Student Societies Michael Lefebvre—President, Society of Automotive Engineers

Angela Martens—President, Pi Tau Sigma

William Rockwell—President, Michigan Student Society of Professional Engineers
Karen McClure—President, American Society of Mechanical Engineers

Bernadette Lois—President, Epicans

Student Awards J-A. Bursley Award Outstanding Student Leader Award The Ivor K. Mclvor Award

Karen Kenreich.
Michael Ruw

Christina DeGnore
Galen Gornowice
Bernadette Lois

Taein Yeo
Honorable Mention
Whie Chang

Distinguished Achievement Award Yolanda McKay Ernst Mayer

Undergraduate
Kathryn Laberteaux Charles Barth Prize A.D. Moore Award
Andrew Filip Cory Culbertson Sharon Smolinski
Keith Cook

Graduate Arlen R. Hellwarth Prize Vulcan Award
Eric Mockensturm Christina DeGnore Lori J. Park
Marlin Kruse

1992-1993 Student Fellowships  Amoco National Science Foundation Rackham Predoctoral

Byron Newberry

Benton
Robert Landers

Department of Defense
Mana Rincon

Devlieg
Kenneth Lipka

Fulbright
Guy Babbit

Kathleen Derwin
Matthew Castanier
Amy Lerner

Eric Mockensiurm
Ann Tassin

Rackham Merit Fellowships
Marcus Darden
Todd Easler
Evaristo Gonzalez
Matthew Grogan
Kim LeBrane
David Oruiz
Jose Ruiz
Charisse Russell

G.K. Ananthasuresh

Regents
Rustom Bhiladvala

USX Marathon
Douglass Hargett

Whirlpool
jm: Borneo

Fi



Enrollment and
Degrees Granted

Doctoral Degrees Conferred

Fall (December) 1992

Huseyin Akcay
Chair - P. Khargonekar (EECS)
Radust Lineerr System Identificedtion

Randall Beikomann

Co-Chairs - N, Perkins and A. Ulsoy

Statie and Dynawmic Behevior of Sevpentine Belt
Dhie Systers

Subyun Choi
Co-Chairs - C. Pierre and A, Ulsoy
Vilmuation Localization in Retating Shafls

Ligiang Feng
Chair-Y. Kewen
Arieptrre Mobile Robot Motion Contml

Mian-Ju Gu

Chair - A. Schultz

Bionnecharical Analysis of Postural Balanee in
Yenenig eonied Elderty Dhaving Perturtied Stenee

Craig Hoff

Chair - W4 Yang

The Effect of Distribnided Fleny Loakage on Pulse
Propagation in Viscoelastic Arteries

712

Enroliment (Fall 1992)

Doctor of Philosophy 170 Dagrass Awarde)
Master of Science in Engineering 173 Doctor of Philosophy 52
Bachelor of Science 801 Master of Science in Engineering 100
NonCandidate for Degree 1 Bachelor of Science 256
Total 1145 Total 408
Jiann-Lin Hwang Jinkoo Lee Winter (May) 1993
Chair - G. Brereton Chair - G Johnson
An Experimentel Study of the Fluid Mechanics of  Toleranee Optimzzation Using Genetic Algonthm AbdulghafFar Aljawi

Tuertuilent Pipe Flenny When Stelijectad to Fieed
Oseilletion al High Frequendies

Hyun-Yong Jeang

Chair - . Pan

A Macosmpnic Comstitutive Lo for Porois
Sodils wnth PressuneSensitor Meatrices and its
Tmplicetions for Plesstic Floe Loonfization and
Cricde-Tifs Bedvrnor

Myoungseob Kim

Chair-J. Pan

A Stosely of Creec-Tip Fielels ainiel Freacture in
Elvwstic-Pleestie Mealerials

Kevin Kirk

Chair - H. Merte

A Stuely of the Relatroe Effects of Bumyaney and
Ligguetel Memninitram i Fireedd Convedtion
Nudvele Beiling

Christopher Lee

Chair- N, Perkins

Muxleal ntevactions in the Nembrear Oneilleitons
of Elastie Calies

il Apstroocemaniee] Simvealetion

Bor-Tsen Lin

Chair - A Wird

Inductrvely Defened Formalisms for Design
Inferences om Sets of Intervals

HaiPing Lin

Chair - N, Perkins

Theoretical and Experimental Tnvestigations of
Slaacke Caabie/Mezss Systemn Lyneamies

Donald Malen

CorChairs- W, Hancock and R Scott
Enginerring for the Customer: Decisiom
Methoddology for Prefiminry Design

Gary Snavely

Chair - P. Papalambros

An Abstraction-Based Methodalogy for
Mechanical Confignration Design

William Waldron

Chair - A, Wineman

Influence of Nevmal Stvess Effects on Finite Shear
Deefirmnaations of Comprressible Nenlinear Iotmjric
Kowlgels

CorChairs - C. Pierre and A. Ulsoy
Vilmation Localization in DualSpen Axdally
Mening Elastic Systems

Engin Atik
Co-Chairs-]. Stein and B. Fijan
Disturbesnce Rejection i the Heel Comtaact Pheise
of Gait

Zine El Abidine Ben Aoun

Chair-]. Pan

Influenes of PreswreSensitive Yielding and
Nom-Singubar Stress on Pleme-Stress Elastic-Plastic
Cirauh-Tip Fiedds

Hsieh-Ching Chen

Co-Chairs - A Schultz and J. Ashton-Miller
Tripfrng Cher Obstacdes: Biomechanical Analysis
of How Young and Ofd Try fo Avoied Ji

Sung-Hoon Choa

Chiair- K. Ludema

Chareterzation of the Boundeary Films Formed
in Sieltng on Steel Surfaces at High Tewnperatoes



Woosuk Choi
Chair- G. Johnson
Vilwation of Roller Chedin Drrves with and with-

ol i Temsioner

Shin Fann

Chair- W+ Yang

Numericad and Experimental Studies on
Transport Phenomena in Rotalivg Charnels
with Thromghflow

Umesh Gandhi

CoChairs- |. Niand S.M. Wu

Application of Sydem Identification in Imprming
Crashaventhiness Anelysis

Mohammad Hassani

Co-Chiairs - D). Talley and C. Borgnakke

An Imaging Method for Anabeing Sphevical and
Nom-Splerical Particles

Peisen Huang

Co-Chairs- S.M. Wo and . Ni

Laser Optical Measurenend Systems and Thetr
Application lo the On-line Exvor Compensation of
Coordinate Measurng Machines

Insik Jang
Chiair- G, Hulbert

Audennetic Tirne Stefs Condrol Algorithons for
Sty Dynenmies

Steven Donald Jones

Chair - A.G. Ulsoy

Cheaentificetion and Reduction of Dnanienlly
Tncderd Ervars in Coordinate Measuring
Madhines

Wenje Jung

Chair - B, Akhavan

Response of Wall Tiofndenee to High Frequency
Strevzmavse andd Sprerrecoise Oseilletiores

Youngil Kim

Co-Chairs - R Sonntag and . Borgnakke
Ceneredzed Equelion of Sate for Refagerants
wiith Apylicetions

Al Kowclal
Chair - G, Brereton

A Neaw Orthogonad Decompasition Method for
Tiertufered Flnes

Shyh-Shyan Lin
Chair- D. Patterson
Pistor/Ring Assemnbly Friction: Meassrement and

Chong Jin Ong

CoChairs - D, Dutta and E- Gilbert
Prenetration Distariees aned Their Apfrlicaiions fo
Fuath Planning

Ki Ook Park

CoChairs-W. Schuliz and K Ludema
An Asymiotic Analysis for Compessible Gas
Lubrication of Rough Surfaces

Park
CorChairs - R. Sonntag and C. Borgnakke
Generalized Thermodynamic Properties of
Refrigevants
Leonard Pomrehn
Chair -P. Papalambros
A Reeversrve Oppentreniistic Optrmazation ool for
Diserete Oftemal Design

Chinmo Roan

CorChairs - S.M. Wuand | Hu
ldendification, Moniloving, and Diagnosis for
Dimensional Control of Awbormobile Bocdy
Assemnddy

Sukhendu Samajdar
CoChairs - |, Barber and 5, Samanta

Bulk Processing, Mierostruchure and Property of a

Superconductive Cermmic-Meal Microcomposite
Systemn: YBa2(u3078Ag.

Yansong Shan
Chair-Y, Koren
Kol Ofnitercde Accommaoddation: Mechanic,

Control, and Applications

Terrence Wagner

Chair - P. Papalambros

A Ceneral Decompasition Methodology for
Optisneal Systemn Desigm

Taein Yeo

Chair - | Barber

Thermoelastic Conteait Stabelity: Anabyticad and
Numericed Methods

Faruk Yigit

Chair-]. Barber

Stability Analysis of Thermoelastic Contact with
Solidification of Casting

Byung Ok Yoon
Chair - B. Kamopp

Dhncnic Anabysis enned Oftinnel Design of Over

e Cerm Systems
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Faculty News and Professional Service

Professional Service
Arvind Atreya
- Program Subcommittee,
International Symposium on
Combustion
- Subcommittee for Fire and
Combustion, ASME
- U.5./Japan Panel on Fire Research
{Associate Member)

James Ashton-Miller

- Board of Editors,
Jouwrnal Orthopaedic Research

- Executive Committee,
Bioengineering Division, ASME

- Terminology Subcommittee on
3-D Description of Scoliosis,
Scoliosis Research Society

James Barber
- Elasticity Committee, ASCE
- Editorial Board,
Jou ral af Thermal Stresses

Giles Brereton
- 'Drgnnizer, 1998 International
Symposium on Particles on Surfaces,
Fine Particle Society
- Faculty Adviser, ASME Student
Section

Michael Chen

- Director, Thermal Transport and
Thermal Processing Program, NSF.

- Associate Editor,
Applied Mechanies Reviews

- Session Chair, Thermal Fluic
Issues in Manufacturing, National
Heat Transfer Conference

David Cole
- Energy Engineering Board,
National Research Council
- 1.5, /Canada Free Trade Act Select
Panel.
- International Coordinating
Committee, SAE

- Membership Service Board, SAE

- Advanced Powerplant Commiuee,
SAE

- Organizer, U-M Automotive
Management Briefing

- Organizer, Symposium on North

American Free Trade Strategies for

Auto Suppliers.

Maria Comninou
- Executive Board,
Technology and Society Division,
ASME

Debasish Dutta

- Geometric Modeling and
Applications Subcommittee,
1993 Design Automation
Conference, ASME

- Cororganizer, Sympeosium on
Concurrent Engineering,
1992 ASME WAM

= Organizer, Invited Session on
Automated Assembly, Workshop
on Intelligent Manufacturing
Systems, IFAC

Steven Goldstein
- Special Study Section,
NIH
- Program Committee,
Orthopaedic Research Society
- Committee on Biomedical
Engineering, AAOS
- Editorial Consultant,
Journal of Biomechanics
- Associate Editor,
SJournal of Ovthopaedic Research.
- Associate Editor,
Journal of Biomechanical Engineering,

Gregory Hulbert
- Computer Technology Committee,
Pressure Vessels and Piping
Division, ASME
- Committee on f}:}mputing,
Applied Mechanics Division, ASME

- Junior Awards Committee, Applied
Mechanics Division, ASME

Glen Johnson

= Vice-chair and Executive
Committee Member, Design
Division, ASME WAM

- Program Representative, Design
Division, ASME

- Chair, Design Automation
Committee, Design Division, ASME

- Computer Aided Design
Committee, Computer Division, ASME

- Editor for Computer Aided Design
and Optimization, Mechanism and
Machine Theory

Elijah Kannatey-Asibu, Jr.
- Executive Committee, Production
Engineering Division, ASME
- Associate Technical Editor, ASME
Journal of Engineering for Industry

Bruce Karnopp
- Advisor, U-M Student Solar Car

Team

Massoud Kaviany
- Vice Chairman, Theory and
Fundamental Research
Committee, Heat Transfer
Division, ASME

Noboru Kikuchi
- Computational Methods in
Applied Mechanics Committee,
ASME

Yoram Koren

- Reynote Speaker,
CIRP Annual Assembly, France

- Associate Editor, CIRP
Proceedings on Manufacturing
Sysiemns

- Associate Editor, SME Journal on
Manufacturing Systems

Herman Merte

- Advisory Committee on
Educational Credentals, Board of
Professional Engineers, State of
Michigan

- Space Station Science and
Applications Advisory
Subcommittee, NASA

Panos Papalambros
- Editorial Boards:
o Jowrnal of Artificial Intelligenee in
Deesign and Mﬂnufndﬁrmg
* [nternational Jowrnal of Engineeving
Design
o Jowrnal of Glabal Oftimization
* Journal of Engineering Optimization
o Jowrnal of fapan Seciety of
Mechanical Engineers

Noel Perkins

- Technical Committee on Vibration
and Sound, ASME

- Co-organizer, Symposium on
Structural Dynamics of Large-Scale
and Complex Systems, 14th ASME
Conference on Mechanical
Vibration and Noise

Christophe Pierre

- Associate Editor, ASME
Sournal of Vilvation and Acoustics,

- Structures and Dvnamics
Committee, ASME Intl. Gas
Turbine Institute

- Vibration and Sound Committee,
ASME

- Co-organizer, Symposium on
Structural Dynamics of Large-Scale
and Complex Systems, 14th ASME
Vibration and Noise Conference

- Visiting Researcher, Institute for
Computational Mechanics in
Propulsion NASA Lewis Research
Center



Albert Schultz
- Honors Committee,

Bioengineering Division, ASME

William Schultz
- Fluids Committee,

Applied Mechanics Division, ASME

Steven Shaw

- Contributing Editor,
Nonlinear Dynamics

- Editorial Board, International
Journal of Bifurcation and Chaos

- Dynamics of Structures and
Systems Commiltee,
Applied Mechanics Division, ASME

Louis Soslowsky
- Officer, International Shoulder
Group
- Joint Biomechanics Committee,
Bioengineering Division, ASME
- Solid Biomechanics Committee,
Bioengineering Division, ASME

Jeffrey Stein

- Associate Editor,
. f:‘:u rnal of Dynamic Systems
Measurement and Control

- Chairman, Symposium on
Automated Modeling, ASME,
WAM

= Chairman, Technical Panel on
Modeling and ldentification,
I}y'rmmic Svstems and Control
Division, ASME

- Organizer, Panel Discussion on
Fundamental Research in
Manufacturing for National
Competitiveness, ASME, WAM

Grétar Tryggvason
- Associate Editor, .
SJournal of Comprutational Plysics
- Visiting Researcher, Institute for
Computational Mechanics in
Propulsion NASA Lewis

Galip Ulsoy

- Honors Committee, Dynamic
Systems and Control Division,
ASME

- Organizer, Symposium on Control
of Manufacturing Systems, 1992
American Control Conference

- Associate Editor, ASME fournal of
Dynamic Systems Measurement
and Control

- Editorial Board, Mechanical
Systems and Signal Processing

- Proposal Review Panels, NSF

- Visiting Researcher, Vehicle
Lateral Contral Systems, Scientific
Rescarch Laboratories, Ford Motor
Company, Dearborn, M1,

Anthony Woo
- Manufacturing Board, ASME
- Fellowship Commiutee,
NIST /NSF/ASA
- Organizer, Symposium on
Concurrent Design 1992 WAM,
ASME
- Associate Editor,
» ASME Transactions fournal for
Engineering for Industry
& [fomernal of Design and Manufacturing
*» [nlernational Jowrnal of Compnutation
Caeornetry and Applications
* International Jowrnal of Compnter
Applications in Technology
* Visual Compter
* fowrnal of Manufacturing Systems

Wen-Jei Yang
- President, Pacific Center of
Thermal-Fluids Engineering,
- HTD K-10 and K-17 Committees,
ASME
- Editor, Journal of Flow
Visualization and Image Processing

Promotions

Johann Borenstein
Assistant Research Scientist to
Associate Research Scientist

John Holmes
Assistant Professor to Associate Professor

Sridhar Kota
Assistant Professor to Associate Professor

Jun Ni
Assistant Research Scientist 1o Associate
Professor

MNoel Perkins
Assistant Professor to Associate Professor

Steven Goldstein
Adjunct Associate Professor to Professor

New Faculty

Arvind Atreya

Associate Professor

Atreva is a graduate of Harvard
University and was on the faculty of
Michigan State University for nine
years, His research interests include
combustion, fire, heat transfer, and
mass transfer.

Yansong Shan
Assistant Research Scientist

Shan received his Doctorate degree in
1992 from the University of Michigan,
His dissertation was entitled “Robot
Obsiacle Accommodaton: Mechanics,
Control and Applications.”

In Memoriam

Professor Emeritus William Mirsky
died January 22, 1993, following an ill-
ness of several months. He received
his doctorate from the University of
Michigan in 1956 and was on the fac-
ulty for 35 years before retiring in
1988. Among his interests as a faculty
member were the creative revision of
courses, research on combustion and
air pollution, and the application of
computers in engineering education,

Professor Sam Wu died October 28,
1992, due to complications during
apen heart surgery. Professor Wu
joined the MEAM faculty in 1987 after
a 25-year career at the University of
Wisconsin. During his tenure here, he
founded and acted as director of the
NSF-1/UCR Center for Mechanical
and Optical Coordinate Measuring
Machines and was the director of the
Manufacturing Research Laboratory.
Professor Wu was a world-recognized
scholar in the areas of statistics and
manufacturing, and during his 30-year
career, he mentored 125 Ph.D. stu-
dents, a world record for a university
professor.
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Faculty Publications 1992

Arreva A and Mekki K, "Heat Transfer  Assistant Professor Giles Brereton “Reconstructing Curved Solids From

Assistant Professor Rayhaneh Akhavan

Jung W], Mangiavacchi N, and Akhavan
R, “Suppression of Turbulence in Wall-
Bounded Flows by High Frequency
Spanwise Oscillations,” Plys Flusds A
4[8]:1605-1607.

Professor Vedat Arpaci

AlLNimr MA and Arpaci VS, “Radiative
Properties of Interacting Particles,”
ASME [ Heat Transfer 1 14:950-956.

Dec JE, Keller JO, and Arpaci VS, “Heal
Transfer Enhancement in the
Oscillating Turbulent Flow of a Pulse
Combustor Tailpipe,” Intf | Heat Mass
Transfer 35[9]:2311-2325.

Evren-Selamet E, Arpaci VS and
Borgnakke C, “Simulation of Laminar
Buoyancy-Driven Flows in an
Enclosure,” Numer Heatl Transfer Par

A 22:401-420.

Associate Research Scientist
James Ashton-Miller

Ashton-Miller JA, He ¥, Kadhiresan VA,
McCubbrey D, and Faulkner JA, “An
Apparatus to Measure In Vivo
Biomechanical Behavior of Dorsi- and
Plantarflexors of the Mouse Ankle,” /
April Pliysiol TE1205-11.

Ashton-Miller JA, McGlashen KM, and
Schultz AB, “Trunk Positioning
Accuracy in Children [rom 7 1o 18 Years
Old,” [ Osthap Res 10:217-225,

Schultz AR, Alexander N, and Ashion-
Miller JA, “Biomechanical Analvses of
Rising from a Chair,” [ Biemech
25:1385-01,

Associate Professor Arvind

Agrawal 8 and Atreva A, “Wind-Aided
Flame Spread over an Unsteadily Vapo-
rizing Solid,” 24th (fndl) Symp on
Combust, The Combst Inst, p 1685,

During Wind-Aided Flame Spread on a
Ceiling Mounted Sample,”™ 24th {Intl)
Symip on Cominust, The Combst Inst, p
1677,

Lhang C, Awreva A, and Lee K, "Sooting
Struciure of Methane Counterflow
Diffusion Flames with Preheated
Reactants and Dilution by Products of
Combustion,” 24th (Intl) Symp on
Combust, The Combst Inst, p 1049,

Professor James Barber

Barber [R, *Generlized Beam Theory
Applicd 1o Shear Stiffness,” Tnil [ Solids
Structures 29;1453-1455,

Barber R and Swrla FA, "Application
of the Reciprocal Theorem to Some
Problems for the Elastic Hall-space,” [
Mech Plys Solidds 40:17-25,

Ben Ammar F, Kaviany M, and Barber
JR, "Heat Transfer during Impact,” fnd
J Heat Mass Transfer 35:1495-1506.

Cho €, Holmes [W, and Barber [R,
“Distribution of Matrix Cracks in a
Uniaxial Ceramic Compaosite,” [ Amer
Ceram Soe T5:516-324.

Li N-Y, Hector Jr. LG, and Barber |R,
“Theories of Thermoelastic Instability
during Solidification Based on the
Neumann Temperature Solution,” |
Thivm Stresses 15:265-203,

Lu X, Barber JR and Comninou M,
“Stress Concentration Due to an Array
of Hemispherical Cavities at the Surface
of an Elastic Half-space,” f Elastieily
28:111-122,

Associate Research Scientist
Johann Borenstein

Borenstein | and Raschke U, “Real-time
Obstacle Avoidance for Non-Point
Muohile Robots,” SME Trans Robotics

Res 2:2.1-2.10.

Brereton G, “Stochastic Estimation as a
Statistical Tool for Approximating
Turbulent Conditional Averages,” Phys
Fluses A, 4[9]:2046-2054.

Brereton G and Bruno BA,
“Manipulation and Removal of Micron
Particles by Focused Acoustic Waves,”
fnil f Engin Res 2:3-15.

Brereton G and Kodal A, “A
Frequency-Domain Filtering Technique
for Triple Decomposition of Unsteady
Turbulent Flow,” [ Fluids Engin
114[1}:45-51.

Assistant Professor Steven Ceccio
Ceccio SL and Brennen CE, "Ihnamics
of Attached Cavities on Bodies of
Revolution,” [ Fluds Engin 114:93-99,

Professor Maria Comninou
Lu X, Barber JR and Comninou M,
“Stress Concentration Due to an Array
of Hemispherical Cavities at the Surface
of an Elastic HalFspace,” [ Elusticity
28:111-122,

Professor Walter Debler
Debler W, “A Simple Method for
Determining Laminar Boundary Layer
Evolution,” fntl Mech Engin Fd
2001]:33-38.

Assistant Professor David Dowling
Dowling DR and Jackson DR, "Narrow-
band Performance of Acoustic Phase-
conjugate Arrays in Dynamic RBandom
Media,” [ Acoustical Soc Amer
91[6]:3257-3277.

Waggoner AP, Radke LF, Buonadonna
VR and Dowling DR, “Clouc Clearing
with a COZ Laser in a Cirrus Cloud
Simulation Facility,” Al Oplics
31[27]:5871-5877.

Assistant Professor Debasish Dutta
Duta D and Srinivas Y1,

Two Polygonal Orthographic Views,”
Compruter Aided Des 24(3].

Levin | and Dua D, “Computer-Aided
Process Planning for Paralle]
Machining,” [ Manufact Systems 11{2].

Professor Steven Goldstein

Buchholz B, Armstrong T], Goldstein
SA, *Anthropometric Data for Descri-
bing the Kinematics of the Human
Hand,” Ergonomics 35[3]:261-273,

Carpenter JE, Fish DN, Huston 1], and
Goldstein SA, “Pull-Out Strength of
Five Suture Anchors,” Arthroseofry
8[5]:399,

Choi K and Goldstein SA, “The Fatigue
Properties of Human Trabecular Bone
Tissue,” [ Biomech 25[2]:1371-1381.

Goldstein SA, et al, "Aggrecan Core
Protein as Expressed in Membranous
Bone of the Chick Embryvo: Molecular
and Biomechanical Studies of Normal
and Nanomelia Embryvos,” [ Bialogic
Chem 267 [8]:5592-55498.

Goldstein SA, et al, “Proximal Femur
Bone Density and its Correlation to
Fracture Load and Hip Screw
Penetration Load,” Clin {}:ﬂ:up and
Related Res 283:244-951,

Matthews LS aned Goldstein SA, “The
Prosthesis-Bone Interface in Total Knee
Arthroplasty,” Clin Orthefr 276:50-55.

Assistant Professor Mehrdad Haghi

Haghi M and Anand L. *A Constitutive
Model for Isotropic, Porous, Elastic-
Viscoplastic Metals,” Mech of Matl
13:57-53,

Assistant Professor Scott Hollister

Huollister 5, Kikuchi N, Goldstein 5, “Do
Bone Ingrowth Processes Produce a



L

Globally Optimized Structure?,” [
Biomechanics, 26:591-407.

Ko C, Kohn D, Hollister §,
“Micromechanics of Implant /Tissue
Interfaces,” [ Oral Implantology, 18:220-
230,

Associate Professor John Holmes

Cho C, Holmes W, and Barber |,
“Distribution of Matrix Cracks in a
Uniaxial Composite, * [ Am Ceram Sac
75[2]:316-24.

Holmes JW and Cho C, “Experimental
Observations of Frictional Heating in a
Fiber Reinforced Ceramic,” [ Am
Ceram Sor 74[4]:920-38,

Holmes [W and Cho C, “Frictional
Heating in a Unidirectional Fiber-
Reinforced Ceramic Composite,” [
Matl Sei Lett 1 1:41-44.

Holmes [W, “A Technique for Elevated
Temperature Creep and Tensile
Fatigue Testing of Fiber-Reinforced
Ceramics,” | Compos Matl 26[6]:915-052,

Park Yand Holmes W, “Finite Element
Modeling of Creep Deformation in
Fiber-Reinforced Cerumic Composites,”
J Mail 8e4 27:6341-6351.

Assistant Professor Gregory Hulbert

Hulbert GM, “Explicit Momentum
Conserving Algorithms for Rigid Body
Dynamics,” Compulers and Structures
44:1291-1304.

Hulbert GM, “A Second-Order
Accurate l-‘_xp!iril Subeycling Algorithm
for Unsteady Heat Conduction,”
Numer Heat Transfer 22:199-209,

Hulbert GM, “Discontinuity-Capturing
Operators for Elastodynamics,” Compriler
Methes in At Mech aored Engim 964089426,

Hulbert GM, *Time Finite Element
Methods for Structural Dynamics,” fntt
J Numer Meths in Engin 33:507-331.

Associate Professor Glen Johnson
Hammaond CR and Johnson GE,
“Functional Dependence and the
Method of Alternate Formulations in
Opumal Design,”™ Trans ASME [ Mech
Des 114 4):596-602,

Santangelo A and Johnson GE,
“Optimal Wing Configuration of a
Tethered Satellite in Free Molecular
Flow,” AIAA f Spacecraft and Rockets
29[5]:668-6710.

Associate Professor

Elijah Kannatey-Asibu, Jr.
Chung ] and Kannatey-Asibu Jr. E,
“Acoustic Emission from Plastic
Deformation ol a Pure Single Crystal,”

J APl Physies T2[5]:1812-1820,

Purvis AL, Kannatey-Asibu Jr E, and
Pehlke R, “Numerical Simulation of
Solidification and Thermal Stresses
During Solidification of a Restrained
Bar Test Casting,” Trans Awmer
Foundrymen Soc 100:593-604).

Rhee S and Kannatey-Asibu [r. E,
“Observation of Metal Transfer in Gas
Metal Are Welding,” Welding / 71:381-
s—386-5,

Associate Professor Bruce Karnopp
Karnopp B, Fisher F, and Yoon B, "A
Surategy for Moving a Mass from One
Point to Another,” f Franklin Instiiute
329[5]: RR1-892,

Professor Massoud Kaviany
Ben-Ammar F, Kaviany M, and Barber

JR, “Heat Transfer During Impact,” frtf

J Hent Mass Transfer 55:1495-1506.
Kim -] and Kaviany M, “A Fully
Implicit Method for Diffusion-
Controlled Solidification of Binary
Allovs,” fntl | Heat Mass Transfer
55:1143%1154.

Kim C-] and Kaviany M, “A Numerical
Method for Phase-Change Problems
with Convection and Diffusion,” fndf [
Heat Mass Transfer 35:457467.

Rogers JA and Kaviany M, “Funicular
and Evaporative-Front Regimes in
Convective Drying of Granular Beds,”
fatl | Heat Mass Transfer 35:469-480,

Sahraoui M and Kaviany M, “Slip and
No-Slip Velocity Boundary Conditions
at Interface of Porous, Plain Media,”
futl | Heat Mass Transfer 35:927-943,

Singh BP and Kaviany M. “Modeling
Radiation Heat Transfer in Packed
Beds,” Inil | Heat Mass Transfer
35:1397-1405.

Associate Professor Robert Keller

Merte Jr. H, Ervin |5, Keller RB, and
Kirk K, “Transient Pool Boiling in
Microgravity”™, Indl | Heat Mass Transfer
35659674,

Professor Noboru Kikuchi

Hollister 5] and Kikuchi N, A
Comparison of Homogenization and
Standard Mechanics Analyses for
Periodic Porous Composites,”
Comnprutational Mechanics 10:73-95,

Ma Z-D, Kikuchi N, Cheng H-C, and
Hagiwara I, “Topology and Shape
Optimization Methods for Structural
Dynamic Problems.” Recent Advaneces
in Structural Problems, PYP-248/ NE-
10; 133-143,

Tezuka A and Kikuchi N, “Finite
Element Discretization by Using the H-
Adaptive Method-111: Error Measure
and Convergence,” Trans [SME, Series
A, 58[555]: 21992205,

Torigaki T and Kikuchi N,
“Appropriate Remeshing for Finite
Element Impact Analysis with
Consideration of Error and Computing
Efficiency,” Nuel Engin and Design
138:55-64,

Professor Yoram Koren

Davidove G, Shavit A, and Roren Y,
“Estimation of Dynamical-Varying
Parameters by the Internal Model

Principle,” (EEE Trans Automatic
Control 37[4]:498-508.

Feng L, Fainman Y, and Koren Y,
“Estimation of the Absolute Position of
Mobile Systems by an Optoelectronic
Processor,” Trans IEEE Systems, Man,
and Cybernetics 22[5]:953-064.

Koren Yand Lo C, “Advanced
Controllers for Feed Drives,” A kevnote

paper, CIRP Annals 2:68%698,

Associate Professor Sridhar Kota

Esterline A and Kota 8, “A General
Paradigm for Routine Design: Theory
and Implementation,” Artificial
Intelligence Engin Design, Analysis,

and Manuf (ATEDAM) 6[2]:73-95,
Academic Press Limited,

Gomes E and Kota 5, “A Knowledge-
Based System for Nondestructive
Testing of Polymeric Composite
Components,” Res Nondestructive
Evaluation 4:37-54, Springer-Verlag, NY.

Rota 5, "Antomatic Selection of
Mechanism Designs from a Three-
Dimensional Design Map,” ASME |
Mech Dresign 114[3]:359-367.

Rota S and Chiou 5-], “Conceptual
Design of Mechanisms Based on
Computational Synthesis and
Simulation of Kinematic Building
Blocks,” Res in Engin Design 4:75-87,
Springer-Verlag, New York,

Lee C-L, Iyengar G, and Kota S,
“Automated Configuration Design of
Hydraulic Systems,” Artifieial
Intelfigence in Design, pp G1-82,
Rluwer Academic Publications.

Professor Kenneth Ludema

Ajayi OO0 and Ludema RC, “The Effect
of Microstructure on Wear Modes of
Ceramic Materials,” Wear 154:371.

Professor Herman Merte

Ervin |8, Merte Jr. H, Keller RB, and
Kirk K, “Transient Pool Boiling in
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Microgravity,” fnil [ Heat Mass Transfer
A5:650-674.

Associate Professor Jun Ni
Chen [S, Yuan | X, Ni |, and Wu SM,
“Compensation of Non-rigid Body
Kinematic Efect on a Machining
Center,” Trans NAMRS 20:325-329,

Ni ], Huang PS8, and Wu SM, "A Mulii-
Degree-of-Freedom Measuring System
for CMM Geometric Errors,” ASME

Trans [ Engin for Indust 114[3]:562-369.

Professor Panos P
Chirehdast M and Papalambros P,
“A Note on Automated Detection of
Muobility of Skeletal Structures™,
Compruters and Struchures 45]1]:197-207.

Associate Professor Noel Perkins
Cheng 5P and Perkins NC, “Closed-
form Vibration Analysis of Sagged
Cable/Mass Suspensions,” ASME [ Appl
Mech 59[4]:923-928,

Cheng 5P and Perkins NG, “Free
Vibration of a Slack Cable Supporting a
Discrete Mass,” [ Acoustical Soc Amer

a1 [ﬁ]fﬂiir'}liaﬂﬁ-ﬁi.

Hwang 5] and Perkins NC, “Critical
and Super-critical Stability of an Axially
Moving Beam, Part I: Modeling and
Equilibrium Analysis,” [ Sovwnd and Vi
154[3]:381-396,

Hwang 5] and Perkins NC, “Critical
and Super-critical Stability of an Axially
Moving Beam, Part 1I: Vibration and
Stability Analyses,” f Sound and Vil
154[3]:397-410.

Lee CL and Perkins NC, “Nonlinear
Oscillations of Suspended Cables
Containing a Two-tc-one Internal
Resonance,” [ Nenlinear Dynamics
J4G5-45H0. .

Perkins NC, *Modal Interactions in the
Nonlinear Response of Elastic Cables
Under Parametric/ External
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Excitation,” fatl f Nonfinear Mechs
27[2]:233-250.

Associate Professor Christophe Pierre

Bouzit D and Pierre C, “Vibration
Confinement Phenomena in
Disordered, Mono-Coupled, Multi-Span
Beams,” ASME [ Vibration and

Acousties 114:521-530.

Chaoi SH, Pierre G, and Ulsoy AG,
“Consistent Modeling of Rotating
Timoshenko Shafts Subject to Axial
Laovaes,” ASME [ Vibration and Acousties
114:249-:259,

Pierre C and Murthy DV, "Aecroelastic
Muodal Characteristics of Mistuned
Blade Assemblies: Mode Localization
and Loss of Eignstructure,” AfAA f
30[10]:2485-2496.

Professor Albert Schultz

Alexander NB, Shepard NT, Gu M|,
and Schultz AB, "Postural Contrel in
Young and Elderly Adulis When Stance
is Perturbed: Kinematics,” f Geronlaf:
Med Sc 47T:M79-87.

Ashron-Miller JA, McGlashen KM, and
Schuliz AB, "Trunk Positioning
Accuracy in Children 7 to 18 Years
Old,” J Orthop Res 10:217-225.

Closkey RF, Schuliz AB, and Luchies
CW, “A Model for Stidies of the
Deformable Rib Cage,” [ Biomech
25:529-539.

Schulz AR, “Mobility Impairment in
the Elderly: Challenges for
Biomechanics Research,” [ Biomech
25:519-528.

Schuliz AB, Alexander NB, and Ashton-
Miller JA, “Biomechanical Analyses of
Rising From a Chair,” [ Biomech
25:1383-1391.

Associate Professor William Schuliz

Schumack M, Schultz WW, and Boyd
JP. “Taylor Vortices between Elliptical

Cylinders,” Physies Fluids A 2:2578-
2581,

Professor Richard Scott

Argento A and Scon RA, “Dynamic
Response of a Rotting Beam Subjected
to an Accelerating Distributed Surface
Force,” [ Sound and Vib 157:221-251,

Beale DG and Scott RA, “The Siability
and Response of a Flexible Rod in a
Quick Return Mechanism: Large Crank
Case,” f Sound and Vid,

Bebhoud A and Scott RA, *Whirling
Muotons of a Beam Generated by In-Plane
Pulses,” [ Sound and Vib 152:183-188,

Wiens GJ, Zarraugh MY, and Scou RA,
“Effects of Geometric Parameters on
Manipulator Dynamic Performance,” [
Mech Des 114:137-142.

Assistant Research Scientist
Ahmet Selamet

Arpaci VS and Scalmet A, ‘Emm;:ic
Efficiency of Energy Systems,” Progress
in Enevgy and Combust Sci 18:429-445,

Selamet A, "Visible and Infra-red
Sensitivity of Rayleigh Limit and
Penndorl Extension o Complex
Refractive Index of Soov,”™ Indl [ Heat
and Mass Trangfer 35[12]:3479-53484.

Associate Professor Steven Shaw

Shaw SW, et al, "Applications of
Modern Geometric Methods for
Dynamical Systems o the Problem of
Vessel Capsizing with Water-on-Deck,”
il f Bifurcation and Chaos 2:101-115.

Shaw SW and Haddow A, “On
Rollercoaster Experiments for
MNonlinear Oscillators,” Nondinear
Dynamics 3 375-384.

Shaw SW and Sharif-Bakhuar M,
“Effects of Nonlinearities and Damping
on the Dynamic Response of a
Centrifugal Pendulum Vibration
Absorber,” ASME [ Vilwation and
Arousties 114:305-311.

Assistant Professor Louis Soslowsky

Soslowsky L], et al, “Tensile Properties
of the Inferior Glenohumeral
Ligament,” [ Orthop Res 10:187-197.

Soslowsky L], et al, "Quantitation of In
Siti Contact Areas in the
Glenohumeral Joint: A Biomechanical
Study,” f Orthep Res, 10:524-534,

Soslowsky, L], Flatow, EL, Bigliani LU,
and Mow VC, “Articular Geometry of
the Glenohumeral Joint,” Clin Orthop
and Related Rex 185:181-190.

Professor John Taylor

Tayvlor JE, “A Global Extremum
Principle for the Analysis of Solids
Composed of Softening Material,” fnil |
Soficds and Structures,

Associate Professor Grétar Trygpvason

Dahm WJA, Fricler CE and Tryggvason
G, “Vortes Structure and Dynamies in
the Near Field of a Coaxial Jer,” f Fluid
Mech 241:371-402.

Song M, Bernal LP and Tryggvason G,
“Head-on Collision of a Large Vortex
Ring with a Free Surface,” Phys of
Fluids A 4:1457-1466.

Tryggvason G, Abdollahi-Alibeik |,
Willmarth W and Hirsa A, “Collision of
a Vortex Pair with a Contaminated Free
Surface.” Phys of Fludds A 4:1215-1229,

Unverdi 30, Tryvggvason G, “A Front
Tracking Method for Viscous
Incompressible Flows,” [ Compneter Pliys
1040:25-37.

Unverdi SO, Tryggvason G,
*Computations of Multi-Fluid Flows,”
Physiea 1) 60:70-83.

Professor Galip Ulsoy

Choi SH, Pierre C, and Ulsov AG,
“Consistent Modeling of Rotating
Timoshenko Shafts Subject 1o Axial
Loads,” ASME [ Vilration and Acousiics
114[2]:249-259,



Park |, and Ulsoy AG, “On-Line Taol
Wear Estimation Using Force Meas. and
a Nonlinear Observer,” ASME f
Dynamic Systems, Measurement, and
Control 1 14[4]:666-672.

Professor Alan Wineman
Wineman A, Dai F, and Rajagopal KR,
“Non-Uniform Extension of a Non-
Linear Viscoelastic Slab,” fnil | Solids
and Strucfures 29:91 1930,

Wineman A and Negahban M,
“Muodeling the Mechanical Response of
a Material Undergoing Continuous
Crystallization,” Intl f Engin Sa 30:953-062.

Wineman A and Negahban M, “The
Evolution of Anisotropies in the Elastic
Response of an Elastic-Plastic Material,”
Intl | Plasticity 8:519-542,

Wineman A and Rajagopal KR,
“Circular Shearing and Torsion of
Generalized Neo-Hookean Materials,”
TMA [ Apd Math 48:23-57,

Wineman A and Rajagopal KR, “Flow of

Electrorheological Fluids,” Acta
Mechanicn 91:57-75,

Wineman A and Rajagopal KR, “A
Constitutive Equation for Non-Linear
Solids Which Undergo Deformation
Induced Microstructural Changes,” fnef
[ Plasticity 8:385-3495,

Wineman A and Rajagopal KR, “Shear
Induced Redistribution of Fluid Within
a Uniformly Swollen Non-Linear Elastic
Cylinder,” Intl f Engin 84 0:1583-1595.

Professor Wei-Hsuin Yang
Yang WH and Tyan T, “*Analysis of
Metal Cutting Process,” Intl | Numer
Meths Engin 34:365-389,

Professor Wen-Jei Yang .
Yang W-] and Fann 8,
“Hydrodynamicalle-Thermally
Developing Laminar Flow Through
Rotting Channels Having Isothermal
Walls,” Numer Heal Transfer 19,

Yang W], Fann 5, and Mochizuki 5,
“Heat and Fluid Flow at Entrance
Regions of Rotating Iso-heat Flux with
Laminar Throughflow,” fnil { Numer
Meths Heat and Fluid Flow.

Yang W-] and Inada 5, “Effecis of
Heating Surface Materials on a Liguid-
Solid Contact State in a Sessile Drop-
Boiling System,” [ Heat Transfir 114,

Yang W-] and Lou Z,” A Computer
Simulation of the Non-Newtonian
Blood Flow at the Aortic Bifurcation,”
[ Biomech 26]1]:57-89,

Yang W-] and Lou Z, "A Computer
Simulation of the Blood Flow at the
Aortic Bifurcation with Flexible Walls™
[ Biomechanical Fngin 114.

Yang W], Lou Z, and Stein PD, “Errors
in Estimation of Arterial Wall Shear
Rates thar Result from Curve-Fining of
Velocity Profiles,” [ Biomech 25,

Yang W-] and Torii S, “Mele-Particle
Mixing in Gas-Stirred Ladles with
Throughfow”, Experiments in Fluids 1.

Yang W-] and Uemura T,
“Shadowgraphs of an Organic Liquid
Droplet Evaporating on a Glass Plate,”
Photographic | Fline Visualization 9,
Articles No. 3940,

Yang W], Zhang N, and Yang GW, “Two

Tier Model for Nucleate Pool Boiling
on Microconfigured Composite
Surfaces.” il Communications Heal
and Mass Transfer. 19[6]:767-779.

Conference Proceedings:

Assistant Professor Rayhaneh Akhavan

Akhavan R, Jung W ] and Mangiavacci
N, “Turbulence Control in Wall-
Bounded Flows by Superimposed
Spanwise Oscillations,” 4th Furofiean
Turbulence Conf, Delft, Netherlands,

Ansari A, Mangiavacchi N, and Akhavan
R, “Structure and Dynamics of the
Small Scales in a Numerically Simulated
Planar Turbulent Jet,” 45th Ann Mest
Div Fluid Dyn, Amer Plys Soe,
Tallahassee, FL. Abstract in Bull Amer
Phys Soc 37[8]:1740,

Mangiavacchi N, Ansari A, and Akhavan
R, “Interscale Energy Transferina
Numerically Simulated Planar
Turbulent Jetr,” 45th Ann Meet Div Fluid
I, Amer Phys Soe, Tallahassee, F1.
Abstract in Bull Amer Pliys Soe 37[8]:1740,

Jung W] and Akhavan R, “Suppression
of Turbulence in Wall-Bounded Flows
by High Frequency Spanwise
Oscillations,” 45th Ann Meet Div Fluid
Dyn, Amer Plrys Soe, Tallahassee, FL.
Abstract in Bull Amer Phys Soc 37[B]:17T58.

Professor Vedat Arpaci

Arpaci VS, “Buoyant Turbulent Flow
Driven by Internal Energy Generation,”
Thermal Hydraulics of Advanced and
Special Purpose Reactors, HTD 209:11-

18 (FB Cheung and PF Peterson eds)
WAM, ASME, Anaheim, CA,

Arpaci VS, "A Thermal Mesomicroscale
for Turbulent Forced Convection,”
Frundamental Isswes in Small Scale Heat
Transfer, HTD 227: 69-74

(Y Bayazitoglu and PF Peterson, eds)
WAM, ASME, Anaheim, CA.

Assistant Professor Ellen Arruda

Arruda EM and Boyee MC, "The
Anisotropy of Large Deformations in
Polycarbonate,™ §3th RISO fnil Symp
Metallurgy and Materials Sei Modeling
of Plastie Deformation and its
Engineering Applications,

Arruda EM and Bovee MO, “"The Roles
of Temperamre and Strain Rate in the
Development of Anisotropy during Large
Strain Deformations of Glassy Pobhmers,”
29th Ann Meet, Soc of Engin S,

Associate Research Scientist
James Ashton-Miller
Ashton-Miller JA, et al, “Maintenance of

Balance, Gait Patterns, and Ohstacle
Clearance in Alzheimer's Disease,”™ 4540
Ann Meet, GG5A, Wash., D.C.

Ashton-Miller JA, et al, “Accuracy of
Foot- Ground Clearance Estimation in
Healthy Adults,” 45th Ann Meet, GSA,
Wash., D.C.

Ashron-Miller JA, Schulu AB,
Alexander NB, and Grenier ],
“Assessment of Mobility in the Elderly,”
N Amer Cong Biomechanics, Chicago.

Professor James Barber

Barber JR, “Instability of Unidirectional
Solidification due to Pressure-
Dependent Thermal Contact
Resistance at the Mould/Casting
Interface,” Contact Mechanics Inil

Symp, Lausanne; Switz.

Li NY, Hector Jr LG, and Barber |R,
“Theories of Growth Instability during
Solidification of Metals: Part I1, Stress
Function Approach,” Infl Conf Trans-
prart Phenomena in Processing, HI,

Yigit F and Barber [R, "Effect of
Thermal Capacity on the Development
of Sinusoidal Perturbations during the
Unidirectional Solidification of Pure
Metals,” HTD-218/AMD-159:141-150,
ASME WAM, Anaheim, CA.

Associate Research Scientist
Johann Borenstein

Borenstein |, *Compliantlinkage
Kinematic Design for Multi-Degree-of-
Freedom Mobile Robots,™ SPIE Symp
Advances in Intelligent Systems, Mobale
Rabats VI, Boston, MA, November,

Borenstein | and Koren Y, "Noise
Rejection for Ulrasonic Sensors in
Mabile Robor Applications,” JEEE Conf
fobatics and Automation, pp- 1727-17,
Nice, France, May.
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Assistant Professor Giles Brereton
Brereton G and Bruno B, “Swreaming
Motion in the Vicinity of an Acoustic
Wave Focused at a Surface,” ASME
Fluids Engineering Iivision Merting,

Low Angeles, 1533:257,

Brereton G] and Kodal A, “Application
of the Turbulence Filter 1o
Decompaosition of Complex Turbulent
Flow, " ASME Fluids Engineeving
Dhivesion Meeting, 135:139, Los Angeles,

Brereton G] and Kodal A, "The
Turbulem Filter: A Decomposition
Technigue for Complex Turbulent
Flow,” Bulf Am Plhys Soeec 37:10.

Bruno BA and Brereton G], "Removal
of Micron Particles from Surfaces with
Focused Acoustic Waves,”™ 23rd Ann
Meet Fine Particle Sor, 4th Symp

Particles on Surfaces: Deiection,

Adhesion and Removel, 2295, Las Vegas.

Hwang |-L. and Brereton G,
“Turbulence in Fully Developed Pipe
Flow with High Frequency Streamwise
Oscillatory Forcing,” Bull Am Plys Soc
37:10.

Spears R] and Brereton G, “Potential
Intravascular Oxygenation with Oxygen
Clathrate Hydrate,” 65th Amer Heart
Assor Seientific Sess, New Orleans,

Assistant Professor Steven Ceccio
Kuhn De Chizelle Y, Ceceio SL.,
Brennen CE and Gowing 5, “Scaling
Experiments on the Dynamics and
Acoustics of Traveling Bubble
Cavitation,”™ 3rd [nfl Conf Cavitation,
Cambridge, UK.

Kuhn De Chizelle Y, Ceccio 8L,
Brennen CE, and Shen Y, “*Cavitation
Scaling Experiments with Headforms:
Bubble Acoustics,” 79%h Symfp Nanal
Hydrodynamics, Seoul, Rorea,

Kuhn De Chizelle Y, Ceccio 51,
Brennen CE, and Shen Y, “Cavitation
Scaling Experiments with Headforms;

Bubble Dynamics,” 2nd Intf Symf
Prajeller and Cavitation ISPC,
Hangzhou, China.

Kuhn De Chizelle Y, Ceecio SL,
Brennen CE and Shen Y, “Cavitation
Scaling Experiments with Axissmmetric
Bodies,” 23vd Amer Towing Tank Conf|
pp. 167-173, New Orleans, LA

Professor Michael Chen

Li JW, and Chen MM, "The Added Mass
and the Modified Bassesut Forces of
Stokes Flow over Repular Arrays,”
Ehivision of Flusd Bynamics Meeling,
American Physical Society,

Tallahasse, FL.

Chen MM, "Research Opportunities at
the National Science Foundation,”
National Heat Transfer Conference, Aug,
10-12, San Diego, CA

Assistant Professor Debasish Dutta

Dutta D and Srinivas YL, “Motion
Planning in Three Dimensions With
Cyelides,” Comfruter Graphics Intl
1992, Tokyo, June.

Duta D and Woo TC, “Algorithms for
Multiple Disassembly and Parallel
Assemblies,” ASME WAM, Symp
Concurrent Engineering, Anaheim, CAL

Gelston S and Duta D, “Boundary
Surface Recovery from Skeleton
Elements Part I Curves and Part 11
Surfaces,” ASME Design Aulomation
Conf, Phoenix, AZ.

Levin | and Dutta D, “On the Effects of
Parallelism on Computer-Aided Process
Planning,” ASME Comfnuters In
Engincering Conf, San Francisco, CA.

Srinivas YL and Dutta D, “Blending and
Joining with Cyelides,” ASME
Design Awtomation Conf, Phoenix, AZ,

Wentland K and Dutta D, “Offset
Curves in Sheet Metal Design,” ASME
WAM, Symp Conerrreni Engineering,
Anaheim, CA.

Research Scientist Robert Ervin

Chen K and Ervin RD, *Worldwide
IVHS Activities: A Comparative
Overview,” Intl Congr Transp

Electronics, pp. 338-349, Dearborn, MI,
SAE, Warrendale.

Ervin RD and Fancher PS5,
“Rationalizing the Study of Active Safety
Technologics,”™ 1992 Aunual Meeting
IVHS Amer, 2:751-784, Newport Beach,
IVHS America,

Ervin RD, MacAdam CC, Gilbert K, and
Tehorvk P Jr., "Quantitative
Characterization of the Vehicle Motion
Environment (VME),” Velucle
Nawvigation and Information Systems

Conf, 1991, SAE Transactions 100,
Warrendale, SAE, 1992,

Professor Steven Goldstein

Wong M, Bonadio |, and Goldstein SA,
“The Effect of Reduced Mechanical
Loading on the Growth and
Morphogenesis of the Chick Embryo
Long Bone,” 38th Ann Meet Ovth Res Sor,
Wash., D.C.

Goldstein SA, et al, “Biomechanical
Assessment of the Extracellular

Matrix of Bones: The Contribution of
Collagen Type 1™ 7th Meet Enrapean Sor
Biomech, Rome, Ttaly.

Goldstein SA, et al, “Relationships
Between Regional Material Properties,
Density, and Architecture of the
Human Proximal Femur,” ASME, WAM,
Anaheim, CA

Shixin (Jack) Hu

Hu 8 and Wu SM, “ldentifving Sources
of Variation in Automobile Body
Assembly Using Principal Component
Analysis,” Transactions of NAMRY, pp.
311-316.

Assistant Professor Gregory Hulbert

Hulbert GM and Chung ], "A New
Explicit Time Integration Method for
Structural Dynamics: The Explicit
Generalized- o Method,” in New

Methods in Transient Analysis (P
Smuolinski, WK Liu, G Hulbert and K
Tamma, eds), ASME, New York, AMD
143:73-78,

Hulbert GM and Jang 1. “Adaptive Time
Integration Algorithms for Soructural
Dynamics,” in Adaptive, Multilevel and
Higvarchical Comprutational Stralegies (AR
MNoor, ed), ASME, New York, AMD
157:283.283,

Associate Professor Glen Johnson

Conwell JC, Johnson GE, and Peterson
SW, "Design and Constructions of a
Machine to Evaluate the Forces in
Roller Chain Drives,” Advancing Power
Transmission into the 215t Century
2:703-710, ASME, DE-Vol. 43-2, NY.

Conwell JC, Johnson GE, and Peterson
SW. "Experimental Investigation of the
Forces in a Link Side Plate During
Normal Operation of a Roller Chain
Drive,” Advancing Pomer Transmission
inlo the 215t Century 2:711-716, ASME,
DE-Vol. 43-2, New York.

Conwell JC, Johnson GE, and Peterson
SW, “Experimental Investigation of the
Impact Foree that Oceurs when a Roller
Seats on the Sprocket During Normal
Operation of a Roller Chain Drive,”
Advancing Power Transmission info the
215t Centry 2:717-722, ASME, DE 43-

2, New York,

Kim MS and Johnson GE, *Mechanics
of Roller Chain - Sprocket Contact: A
General Modeling Strategy.” Advancng
Powver Transmission frdo the 2158

Century 2:68%69, ASME, DE43-2,

New York.

Kim MS and Johnson GE, “Mechanics
of Roller Chain - Sprocket Contact:
Observations About Contact Pheno-
mena and Load Distribution,” Advandng
Powwer Transmission into the 215t Century
2697702, ASME, DE43-2, NY,



Associate Professor
Elijah Kannatey-Asibu, Jr.

Kannatey-Asibu Jr E, “Gaussian-Line
Dual Laser Beam Welding." 15t fnil
Conf Transport Phenomena in
Processing, Honolulu, HL

Associate Professor Bruce Karnopp

Karnopp B and Yoon B, “A Strategy for
Moving Mass Systems from One Point
1o Another without Inducing Residual
Vibration,” 14th Canadian Congress
Applied Mechanics, Kingston, Ontario.

Professor Massoud Kaviany

Sahraoui M and Kaviany M, “Slip and
No-Slip Temperature Boundary
Conditions at Interface of Porous, Plain
Media: Convection, Part 1:
Formulation and Part 2: Resulis,” in
Fundamentals of Heat Transfer in
Porous Media - 1992, 28th National Heat
Transfer Conf, ASME HTD 193:25-47 San
Diego, CA

Professor Noboru Kikuchi

Kikuchi N, "Multiloading Shape
Topology Optimization of Elastic
Structures Using the Homogenization
Method,” st Evropean Conf Numer
Meths in Engin.

Ma Z-I3, Cheng H-C, Kikuchi N, and
Hagiwara |, “Topology and Shape
Optimization Technique for Suructural
Dyvnamic Problems,” TUTAM Symp
Optimal Design with Advanred

Materials, pp 1-15,

Professor Yoram Koren

Lo CC and Koren Y, “Evaluation of
Serve-Controllers for Machine Tools,”
Amer Control ConfiACC), pp BOOS01,
Chicago, 1.

Associate Professor Sridhar Kota

Ananthasuresh GK, Kota 5, Crary 5B,
and Wise KD, “Design and Fabrication
of Microelectiromechanical Systems,”
ASME Desigrar Technical Conf.

Crary 5, Ananthasuresh GK, and Kot §,
“Prospects for Microflight Using

Micromechanisms,” IFToMMe
Irtl Synipy Theory of Machines and
Mechanisms 1:273-276, Nag:y-_mjapam.

Ivengar G, Lee C-L, and Kowm §,
“Towards an Objective Evaluation of
Alternate Designs,” ASME

Design Technieal ConfDE 42:19-25,

Rota 5 and Chuenchom T,
*Generalized Synthesis of Adjustable
Mechanisms,” ASME Design

Technical ConfDE 46:255-260.

Kota S and Bidare §, “Systematic
Svnthesis and Applications of Novel
Multi-degree-of-Freedom Differential
Systems,” ASME Design Technical
ConfDE 46.

Kaota 5 and Chiou 5], "Design
Representation and Computational
Synthesis of Mechanical Motions,”
ASME Design Technical Conf DE
42:365-372,

Professor Herman Merte

Kirk K, Merte H Jr. and Keller RB, “Low
Velocity Nucleate Flow Boiling at
Various Velocities,” Symp Fluid
Mechanies Phenomena in Microgravity
ASME AMD 154/ FED142:1-10,
Anaheim, CA.

Merte H Jr., “Low Velocity Forced
Convection Nucleate Boiling at Various
Orientatons Relative to Earth Gravity,”
Engin Conf Pool and External Flow
Boiling Heat Transfer, Santn Barbara,
CAL, March 22-27, (VK Dhir and AE
Bergles, eds) ASME, N.Y.

Straub |, Winters |, Picker G, Merte H
Jr. and Kono A, “Study of Vapor Bubble
Growth in a Superheated Liquid,” VIl
Eurepean Symp Matey and Fluid

Seiences in Microgravity, Brussels,
Belgium, April 12 - 16,

Associate Professor Jun Ni

Chen YD), Tang X]. Ni | and Wu 5M,
“Auromatic Digitzation of Free-Form

Caurves by Coordinate Measuring
Machines.” ASME WAM , Anaheim, CA.

Chen YD, Tang X[, Ni | and Wu SM,
“Curve Modeling by Data Reduction
Method,” ASME WAM , Anaheim, CA.

Chen |5, Yuan |, Ni |, and Wu SM,
“Thermal Error Modeling for
Volumetric Error Compensation,”
ASME WAM, Anaheim, CA.

Hong 5Y, Ni [, and Wu SM, “Analysis of
Dirill Failure Modes by Mult-sensors on
a Robouc End Effector,” USA-fafan
Symps Flexible Automation, San

Francisco, CA.

Heong 5Y, Ni |, and Wu 5M, “Preventive
Diagnosis of Minor Machine Failure by
DDS Spectrum Analysis,” USA-Japan
Sympy Flexible Automation, San

Francisca, CA.

Lu E, Ni J, and Wu 5M, “An Integrated
Lattice Filter Adaptive Control System
for Time-Varying CMM Structural
Vibration Control, Part I: Theory and
Simulation,” ASME WAM , Anaheim, CA.

Lu E, Ni J, and Wu SM, "An Integrated
Lattice Filter Adaptive Control Svsiem
for Time-Varying CMM Suructural
Vibration Control, Part I1:
Experimental Implementation,” ASME
WAM , Anaheim, CA.

Professor Panos Y.

Chirehdast M, Kikuchi N,

Papalambros P, and Diae AR,
“Generalized Layout Problems in
Structural Optimization,” NSF Design and
Marnufactuning Systems Grantees Conf]
Atlanta, GAL

Chirehdast M, Gea HE, Kikuchi N, and
Papalambros P, “Structural
Configuration Examples of an
Integrated Optimal Design Process,”
Aduances in Desigm Aulomation-1992, 1),
Hoelzel {ed.), ASME, New York.

Lo C and Papalambros P, *On Global
Feasible Search for Global Design
Optimization with Application to
Generalized Palynomial Models,”
Advances in Dexign Automation-1992, D,
Hoelzel (ed.), ASME, New York.

Lo C and Papalambros P, “A Convex
Cutting Plane Algorithm for Global
Solution of Generalized Polynomial
Optimal Design Models,” Advances in
Design Automation-1992, D. Hoelzel (ed.),
ASME, New York.

Pomrehn LY and Papalambros P,
“Constraint Activity Revisited:
Application to Global and Discrete
Design Oprimizaton,” Advances in Design
Autemation-1 992, D, Hoelzel (ed.),
ASME, New York.

Pomrehn LP and Papalambros P,
“Discrete Optimal Design Formulations
with Application o Gear Train Design,”
Advances in Design Aulomation-1992, [,
Hoelzel (ed.). ASME, New York.

Pomrehn LP and Papalambros P,
“Infeasibility and Non-optimality Tests
for Solution Space Reduction in
Diserete Optimal Design,” Advances in
Design Awtomation-1992, . Hoelzel
{ed.), ASME, New York.

Chirehdast M, Kikuchi N, Papalambros
P. and Diaz AR, “"Recent Developments
of an Integrated Structural
Optimization System,” Third National
Congress on Mechanies, Athens, Greece.,

Dutia D, Kikuchi N, Papalambros P,
Prinz F, and Weiss L, “Project
MAXWELL: A Methodology for
Material Composition and Fabrication
of Structural Componenits,” Solid Free
Farm Fabrication Symp, Austin, TX.

Chirehdast M, Gea HC, Kikuchi N, and
Papalambros P, "Further Advances in
an Integrated Structural Optimization
System (1505).7 4th ATAA/USAF
SNASASOAT Symp on Multidisciplinary
Analysis and Oplimization, Cleveland,



Associate Professor

Associate Professor Noel Perkins

Beikmann RS, Perkins NC, and Ulsoy
AG, “Free Vibration Analysis of
Automotive Serpentine Belt Accessory
Drrive Systems,” CSME Mech Engin
Forem, pp 118-123, Montreal.

Cheng 5-F and Perkins NC, “Stuctural
Dynamics of Suspended Cables
Suppaorting Arrays of Offset Bodies Part
I: Out-of-Plane Response, (invited
paper) 2nd fatl Offihore and Polar Engin
Conf 2:327-334, San Francisco, CA

Cheng 5P and Perkins NC, “Structural
Dyvnamics of Suspended Cables
Supporting Arrays of Offset Bodies Part
11: In-Plane Response, (invited paper)
2nd Intl Offshore and Polar Engin Conf
2:385-941, San Francisco, CA,

Lee CL and Perkins NC, “Three-
Dimensional Oscillations of Suspended
Cables Involving Simultaneous Internal
Resonances,” (invited paper) ASME
WAM, Nontinear Vibration Symp DE-

50/ AMD-144:50-67,

i he Pierre
Castanier MP and Pierre C, “Individual
and Interactive Mechanisms for
Localization and Dissipation in a Mono-
Coupled Nearly Periodic Structure,”
F3rd AIAASASME Structures, Structuraf
Drynamies and Materialy Conf, Dallas, TX,

Chen W] and Pierre C, “Vibration
Localization and Wave Conversion
Phenomena in a Multi-Coupled, Nearly
Periodic, Disordered Truss Beam,”
Dynamics Speciafists Conf, ALAA 92-2115,
Dallas, TX.

Murthy DV and Pierre C, "Stochastic
Sensitivity Measure for Mistuned High-
Performance Turbines,” 4ith fntf Symp
Transport Phenomena and Dynamics

af Rotating Machinery (ISROMACA),
Honolulu, HI.

Shaw SW and Pierre C, “On Nonlinear
Normal Modes,” (invited paper)

ASME WAM, Nenlinear Vitrations DE
HM/AMID] 44 (BA Thrahim, et al, eds).

Murthy DV, Pierre C, and Ouarsson G,
“An Efficient Constraint to Account for
Mistuning Effects in the Optimal
Design of Engine Rotors,” 4th AJAA/
USAF/NASA Symp Multidisciplinary
Analysis and Optimizations, Cleveland.

Associate Professor William Schultz
Eggers K and Schultz WW,
“Investigation on Time-Harmonic
Disturbances for Inner-Kelvin-Angle
Wave Packets,” 7th fntl Workshofr on
Water Waves and Floating Boedies, Val
de Renil, France,

Schultze WW, Cao Y, and Messiter A,
“Waves on a Prescribed Surfactant
Ficld,” GAMM Annual Meeting,
Leipzig, Germany.

Professor Richard Scott
Hacring W], Ryan R and Scott RA, “A
MNew Flexible Dynamic Formulation for
Beam Structures Undergoing Large
Overall Motion,” 33nd Structures,
Structural ynamics and Materials
Comf, AIAA 92-1102, Dallas, TX.

Assistant Research Scientist

Ahmet Selamet
Selamet A, "Mean Coefficients of
Radiation in Sooty Media in Light of
the Lorenz-Mie and Lorentz-Drude
Theories,” SAE Congress, Detroit, ML

Associate Professor Steven Shaw
Shaw 5 and Pierre C, “On Nonlinear
Mormal Modes,” Nonlinear Vibrations,
ASME DE-50/AMD-144:1-5 (RA
Ihrahim, NS Namachchivaya, and AK
Bajaj, eds)

Assistant Professor

Louis Soslowsky
Ateshian GA and Soslowsky L], *Human
Knee Joint Anatomy and Cartilage
Thickness,” 38th Ann Meet Orthap Res
Sor, Washington, D.C.

Soslowsky L], et al, "Subacromial
Contact on the Rotator Cufl in the
Shoulder,” 38th Ann Ment Orthafy Res
Sor, Washington, D.C.

Soslowsky L], et al, “Excursion of the
Rotator Cuff under the Acromion:
Patterns of Subcromial Contact,™ Tth
Annual Closed Meeting, American
Shenelder and Elbow Surgeons.

Soslowsky L], et al, "Rinematic Analysis
of the Glenohumeral Joint,™ £ 1k
Annual Closed Meeting, American
Shoulder and Elbow Surgeons,

Soslowsky L], et al, “A Stereophoto-
grammetric Method 1o Determine the
Rinematics of the Glenohumeral Joint,”
Adpances in Binengineering, ASMEZ14H46

Ateshian GA, Kwak 5D, Soslowsky L],
and Mow VC, “A Stereophoio-
grammetric Method for Determining In
Situ Contact Areas in Diarthrodial
Joints: A Comparison Study,” Advances
in Bioengineering, ASME 22:35-38,

Professor John Taylor

Pedersen P and Taylor JE, "Optimal
Design Based on Power Law Nonlinear
Elasticity,” fUTAM Symp: Opntimal
Design with Advanced Materials, Aug
18-20, (P Pedersen, ed).

Taylor JE, “Truss Topology Design for
Elastic /Softening Materials,” NATO
Ady Res Workshopy: Tapology Design of
Structures, June 20-26 (M Bendsee and
CA Mot Soares, eds).

Taylor JE and Logo |, “Analysis and
Design of Elastic/Softening Truss
Structures Based on a Mixed-Form
Extremum Principle,” NATO/FRG
Comf Optimization of Lavge Stractural
Systems, Sept 25-0ct 4 (G Rosvany, ed),

Associate Professor Grétar Trygevason

Song M and Tryggvason G, “Numerical
Investigation of an Oblique Collision of
a Vortex Ring with a Clean Free
Surface,” I'%h Sympr Naval

Hydrodynamics, National Academy
Press, Wash. DLCL

Tryggvason G, Jan Y4, Esmaeeli A, and
Unverdi SO, “Full Simulations of Mult-
Bubble Flows,” 2nd fntl Symp

Prapeller and Cavitation, Hangzhou,
China,

Professor Galip Ulsoy

Beikmann R, Perkins NC, and Ulsoy
AG, “Free Vibration Analysis of
Automotive Serpentine Belt Accessary
Drive Systems,” CSME Transport 1992+
Conf, Montreal, Canada.

Brusher GA, Kabamba PT, and Ulsoy
AG, "Quantification of the Coupling
Between the Modeling and Control-
Design Problems,” Symp Automaied
Modeling, ASME WAM, Anaheim, CA.

Brusher GA, Kahamba PT, and Ulsoy
AG, “The Coupled Modeling and
Rohust Control Design Problem,” JEEE
Conf Decision and Control,

Chen SG, Ulsoy AG, and Koren Y,
"Modeling, Simulation, and Analysis of
Regenerative Chatter in Turning Using
the B Domain Formation,” FAC
Workshop Trdelligent Manufacturing
Systems, Dearbom, ML

Furmess R], Wu CL, and Ulsoy AG,
“Statistical Analysis of the Effects of
Feed, Speed, and Wear on Hole Qualiry
in Drilling,” ASME WAM, Anaheim, CA.

Furness R], Wu CL, and Ulsoy AG,
“Dynamic Modeling of the Thrust
Force and Torque for Drilling,” Amer
Contred Conf, Chicago, 1LL,

Professor Alan Wineman

Wineman A and Hulway JA, “A Model
for the Crush of Polymer Matrix
Composite Tubes.” Advanced
Cennfrosites: Design, Materials, and
Processing Technologies, 8th Ann
ASM/ESD Advanced Composites Conl,
Chicago, ILL.



Books or Book Chapters:

Associate Research Scientist

James Ashton-Miller
Stohler CS, Zhang X, and Ashton-Miller
JA “Experimental Model of Jaw Muscle
Pain in Man,” in The Biolagical Mechan-
tswns of Tooth Movement and Craniofacial
Adapitation, (Z Davidovitch, ed) pp 50311

Professor James Barber
Barber JR, “Elastiqity,” Kluwer Academic
Publishers, Dordrech, Netherands, p 293,

Assistant Professor Giles Brereton
Hwang [L.and Brereton GJ. “Turbulence in
High-Frequency Periodic Fully Developed
Pipe Flow," in Tudnalent Shear Flows Eight
(BL Launder, U Schumann, and B
Friecdrich, eds), Springer-Verlag, pp 51465,

Associate Professor John Holmes
Holmes W, “Fatigue of Fiber Reinfor-
ced Ceramics,” in Ceranies and Ceranie
Mairix Composites, (SR Levine, ed),
ASME, New York.

Assistant Professor Gregory Hulbert
Gallagher R and Hulbert GM {eds),
Comprater Technolagy and Aphlications -
1992 ASME, New York, FVP 234,

Smolinsks P, Lin WK, Hulbert GM, and
Tammea K (eds), New Methods i
Transient Analysis, ASME, New York,
AMD 1435,

Professor Noboru Kikuchi
Guedes JM and Kikuchi N, "Premat/
Postmat: A Computer Software for
Computational Mechanics of
Composite Materials™ in Compruter
Aided Innovation of New Materials (M
Doyama, et al, eds), North-Hollan, pp
925-934.

Kikuchi N, “Recent Development of
Design Opamization of Elastic
Structures,” in Comfniter Afiplications
in Crvil and Building Engineering (M
Fujimoto, ed), Japan Sociery of Civil

Engineers and American Architectural
Institute of Japan, pp 143150 .

Kikuchi N and Suzuki K, “Structural
Optimization of Linearly Elastic
Structures Using the Homaogenization
Method,” in Shape and Layout Optimiz-
ation of Structural Systems and Optimality
Criteria Methods (G Ronany, ed),
Springer-Verlag, Wien, pp 199-1242,

Lin GJ, Kikuchi N and Takahashi §,
“Adaptive Remeshing Methods for
Finite Element Simulation of
Composite Material Processing,” in
Numerical Methods for Simulation of
Industrial Metal Forming Processes (M]
Saran, AB Pifko, N Kikuchi, and KK
Tamma, eds), ASME, New York, CED
5/AMD 156:37-45.

Suruki K and Kikuchi N, "Generalized
Layout Optimization of Three-
Dimensional Shell Suruciures,” in
Genmetric Aspeets of Indusirial Design
(DA Field and V Komokov, eds),
Philadelphia, pp 62-88,

Associate Professor Sridhar Kota
Kot 8, "Computational Models for
Conceptual Design,” Coneurrent
Pesipm (A Rusiak, ed), John Wiley.

Rota 8, *Computational Models for
Routine Design,” Concurrent Design
(A Rusiak, ed), John Wiley,

Rota 8, Erdman AG, and Riley DR,
*MINN-DWELL - Computer Aided
Design”™ and Kota §, “Type Synthesis
and Creative Design of Mechanisms,”
Maodern Kinematics (A Erdman, ed),
Juhn Wiley.

Professor Wen-Jei Yang
Yang W], "Heat and Fluid Flows in
Manufacturing Process,” Advances in
Transport Processes, Vol VIIT (AS
Mujumdar and RA Mashelklar, eds),
Elsevier, Amsterdam, pp 58-104.

Yang W] and Danks TL, “Analytical
Muodels for the Mechanism of Heal
Shock,” 1992 Advances in Bu’amgr’mrﬁng
(MW Bidez, ed), BED-Vol. 22, ASME,
New York, pp 455-456,

Yang W] and Inada 5, “Evaporation and
Boiling in Sessile Drops on a Heated
Surface,” in Experiments in Heat

Transfer and Thermodynamics (R
Granger, cd),

Yang W], Kawashima G, and Ohue H,
“Visualization of Unsteady Flow in
Rotating Drums,” Flow Viswalization VI
(Y Tanida and H Miyashiro, ed),
Springer-Verlag, Berlin, pp 62-66.

Yang W], Kawashima G, Ohue H, and
Yang PP-T, “Flow Behavior in Human
Intracranial Saccuar Aneurysyms,” 1992
Advances in Bioengineering (MW

Bidez, ed), ASME, New York, BED
22:525-527,

Yang W], Lec ]S, and Kim MH,
“Performance Evaluation of Heat
Transfer Surfaces by Single-Blow
Method with Laplace Transform
Correlation,” Transport Phenomena
Scienee and Teehnology 1992 (B-X
Wang, ed), Higher Education Press,
Beijing, pp 899-903,

Yang W] and Liu |, “Transport
Phenomena in Sessile Drops of Protein
{ Lysozyme) Solutions with Internal
Solidification,” Transport Phenomena
Seienee and Technology 1992 (B-X

Wang, ed), Higher Education Press,
Beijing, p 547-5562.

Yang W], Ohue H, and Kawashima G,
“Visualization and Image Processing of
Thermal Fields in a Drum with Inner
Surface Heating,” Transport Phenomena
Sedence and Technology 1992 (B-X Wang,
ed), Higher Education Press, Beijing,
pp 1048-1054,

Yang W], Taniguchi H, and Kudo K,
“Radiative Heat Transler by the Monte
Carlo Method™ Research Trends (]

Menon, ed), Council of Scientific
Research Integration, India,

Yang W] and Torii S, “Bubble and
Particle Behavior in Air-Solid
Injection,” Transpart Phenomena
Science and Technology 1992 (B-X
Wang, ed), Higher Education Press,
Beijing, pp 341-546,

Yang W] and Torii 5, “Speckle
Velocimetry in Gas-Liquid-Solid Mixing
Flows®, in Optical Methods and Data
Processing in Heat and Fluid Flow,
Institute of Mechanical Engineers,
London, pp 207210,

Yang W] and Umeda 8, “Traceability of
Surface-Floating Particles in Fluid
Flow,” in Comprutational Methods and
Exprerimental Measurements V(A

Sousa, CA Brebbia and GM
Carlomagno, eds), Computational
Mechanics Publicaions, Southampion
Bostan, pp 201-212,

Yang W] and Zhang N, “Rescarch
Trends twoward Micro-and Nano-Scale
Heat Transfer Phenomena,” Keynote
Paper, Transport Phenomena Scenee

and Technofogy 1992 (BX Wang, ed).
Higher Education Press, Beijing, pp 1-15.

Yang W], Zhang N and Lee CP, "Local
Convective Heat Transfer in Flow
Networks,” Transport Phenomena

Science and Technology 1992, (B-X
Wang, ed), Higher Education Press,
Beijing, pp 296-301.
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Research Expenditures
July 1, 1992 - June 30, 1993

Sponsor Researchers (Dir. listed first) Project Title $ Funded $ Expended
Air Force Akhavan Intermittent Fine Scale Structure of Vorticity and Dissipation Fields in Turbulent Shear Flows 82,010 59,849
LU'SAF-OSR Dutta Next Generation Solid Modelers for Electronic Prototvping 74,860
Dutta, Woo Next Generation Solid Modelers for Electronic Prototyping 74,705 2445
Dutia N.C. Machining of Cyclide Surfaces 130,143 0
USA Research Office  Pierre, Shaw Modal Analysis Technigues for Nonlinear Large-Scale Structural Svsiems 80,5358 b, 868
Batelle Labs Pan Effects of Pipe Geometries on Crack Opening Angles Surface Cracks with Resicdual Stress 5,000 7.895
Battelle Labs Ward Electronic Evaluation Guide Development 12,324
EPA Brerewon, Borgnakke, Patterson  Small Engine Test Facility 139,100 84,826
Lawrence Livermore  Kaviany Hydrodynamic Interctions Among Fibers in High Efficiency Filters 16,000 40,499
Raviany Hydrodynamic Interactions Among Fibers in High Efficiency Filiers 49,995 12,815
MNASA Merte Grad. Student Res. Prog. - Bouvancy Effects on the Forced Convection Critical Heat Flux 22,000 16,8596
Tryygvason Computational Studies of Drop Collision and Coalescence B7.680 105,363
NASA-Langley Felbeck High-Toughness Graphite/Epoxy Composite Material Experiment 230
NASA-Lewis Arpaci Droplet Evaporation under Microgravity 40,000 44,047
Atreva An Experimental and Theoretical Study of Radiative Extinction of Diffusion Flames 65,000 10,574
Haolmes, Mansfield Elevated Temperature Creep/ Fatigue of Fiber-Reinforeed Ceramics 6,005
Holmes Microstre, Design, Elevated Temp. Creep and Recovery Behavior of SiC-Fiber RBSN Composites 115,498 101,734
Mene, Keller Pool Boiling Experiment 149,999 137475
Merte, Reller, Plau A Study of Forced Convection Nucleate Boiling in Microgravity — additional funding 51,480 28,778
Pierre Effects of Mistuning on the Forced Response of Turbomachinery Rotors 35,782 42,877
NOMS ) Ni Past Process for the Gen., of Probing Cycles & Anal. for Preventive Maint. on a Cambell Grinder 168,001 59,514
Ni Real Time Error Compensation (RTEC) Project 190,600 2,383
Nat Inst Dental Res  Ashion-Miller Regeneration and Transplantation of Skeletal Muscle 16,900 52,762
NIH Ashton-Miller Contral of Trank Equilibrium in Sitting Individuals 37116
Schuliz, A, Alexander, Shepard  Biomechanics of Falls and Balance in Old Adults 88971
Schultz, A., Alexander,
Comell, & Shepard Biomechanics of Falls and Balance in Old Adulis 546,715 165,507
Schultz, A, Ashion-Miller,
Alexander, & Cormnell Fundamental Aspects of Mobility in Old Adulis {Program Project) BO0,000 146,903
NIST Atreva Basic Research on Fire Suppression 58,982 0
Nat Inst on Aging Schule, A, Ashton-Miller Biomechanics Core 92,9588
NSF Atreya NSF - PYT (Transferred from Michigan State University) CTS-9396123 85,300 3.262
Barber Thermoelastic Effects in the Solidification of Castings 57,308 44,741
Borensiein Design and Control of Multi-Degree-of-Freedom Vehicles for Industrial Applications 75,783 51,452
Chen IPA Agreement for Dr. Michael Chen 133,392 121,825
Dutea Toward Anmtomation of Design and Manufactiure of Dics 4,701
Dutta Travel Supplement for Towards Nawral Quartics in Solid Modeling 10,615 34,567
Haolmes Young Investigator Award 25,000 34,904
RKannatey-Asibu Laser Beam-Splitting and Materials Processing 93,254 1AL
Kannatey-Asibu Laser Materials Processing 90,000 0
Kawviany Desorption of Soil Conaminants During Steam Cleaning 86,798 82,331
Kikuchi, Holmes Study of Ceramic Matrix Compaosites Using Computational and Experimental Techniques 124,028
Koren Sensor-based Control of a Mechanival Snake 81,082
Koren Fundamental Research for National Competitiveness 9,845



Sponsor Researchers (Dir. listed first) Project Title $ Funded $ Expended
NSF Koren Two-Axis Rotary Table 746
Koren A New Architecture of CNC Servo-Controllers 75,473 61,550
Kota REU Supplement - Svnthesis and Simulation of Machine Systems Using Motion Control Blocks 10,000 53,371
Pan Stress Resultant Constinutive Laws for Sheet Metal Forming 49,529
Papalambros, Rikuchi Engineering Research Equipment Grant: Generalized Layout in Mechanical Design 3,015
Papalambros, Kikuchi Generalized Layout Problems in Structural Optimization 15,445
Pierre Localization Phenomena in Structural Dynamics 59,709
Shaw, Pierre An Invariant Manifold Approach to Modal Analysis of Nonlinear Structural Systems 91,947 35,938
Shaw Nonlinear Dynamics in Mechanical Systems 67,464 77478
Stein Design and Control of Servo Systems 14,194
Stein Well-Conditioned Observers for High-Performance Low-Cost Sensing Systems 57,491 i
Tryggvason Numerical Studies of Muli-Fluid Svstems 71,568 78,277
Llsay Variation Reduction for Stamping and Body Assembly Operations 5,000 38,425
Ward RELU Suppl. Foundations of Quantittive Inference About Sets of Design Possibilities 18,556
Wu, Ni, Schunk, Woo Development of a Science Base for Drills and Drill Grinding Processes 549,206 180,408
Wu Acquisition of a Coordinate Measuring Machine 442
Yang, W.]. NSF Workshop on Particulate Two-Phase Flow Visualization 199
NIAMSD Kikuchi. Goldstein 34,761
ONR Ceccio Large Scale Experiments on Cavitation Bubble Dynamics and Acoustics 26,026
Ceccio Large Scale Experiments on Cavitation Bubble Dynamics and Acoustics 227,401 154,368
Ceccio, Bernal HPIV Measuremenis in Cavitating Flows 79,028 4,058
Ludema Form. of Surface Protective Films vs Progression Toward Scuffing Failure in Sliding, 126,180
Perkins Nonlinear Mechanisms Controlling The Dynamics and Elastic Stability of Suspended Cables 79,225 13,136
Perkins The Dynamics of Slack Cable-Mass Syvstems 25,300 3,815
Perkins Mew Generation Cable Model for Local Mechanics 44,544 BB.047
Perkins Vibration Analysis of Cable /Mass Suspensions Under Low Tension 65,000 336
Tryggvason Studies of Bubbly Flows 67,504 H),B68
Ward Generalized Quantitative Inferences on Sets of Possibilities in Design and Planning 75,000 41,152
US DOC Ni Modular Thermal Error Sensing and Compensation System on a 3:Axis Machining Center 755,568 255,564
Carnegic Mellon Pierre, MacBain Design Tools for Predicting the Forced Response of Mistuned Bladed Disks 83,900 26,004
UM COE Koren In Support of ERC Research Proposal Preparation 15,750 15,667
Papalambros Design Lab - MEAM 1,054
Ulsoy Manufacturing Initatives 10,000 13,402
GLCTTR Raota Differential for N-Wheel Independent Drive 15,50 12,953
Lllsoy Characterization and Modeling of On-Board Lane Sensing Systems 18,800 19,020
MI Sea Gram Shaw A Nonlinear Probabilistic Approach to Fishing Vessel Capsizing 24,401
Michigan, Statc of W NSF-1/UCRC on Mechanical and Optical Coordinate Measuring Machines 54,545
UM Dutea On Symmetry and Skeletons 4,958
Yang, W.IHL. Manufacturing Initiative 4
Rackham Arruda FRR 14,950 2512
Ceccio FRR 12,000 1,964
Dowling FRR 14,928 14008
2mm Program, Inc.  Hu Controlling Dimensional Varation in Automobile Body Manufacturing 3,302,628 547,361
Applicon Dunta Computer Aided Generative Process Planning for Parallel Machine Tools Mill 20,849 18,073



Sponsor Researchers (Dir. listed first) Project Title $ Funded % Expended
AP Wu Unrestricted Gift 5.800 790
Chevron Field Res.  Kaviany Penetration of Two-Phase Region Around Buried Heat Pipes 16,040
Chrysler Hu Controlling Dimensional Variation in Automobile Body Manufacturing 132,000 64,765
i Gift Administration for Ni & Hu Discretionary Fund 170,000
Cummins Engine Dutta Computer Aided Generative Process Planning for Parallel Machine Toals (Mill Turns) 34,747 26,957
Detroit Diesel Borgnakke Performance of Methanol Blend in a Diesel 28,005 42,808
Pauerson General Research 13,121
Eastman Kodak Fassois Identification of Stochastic Multivariable System Subject to Cross-Correlated Excitations 30,000 32,408
Egyptian C&EB Borgnakke Collaboration on Thermal Sciences 8,225
Dutta Collaboration on Thermal Sciences 8,740
Ford Motor Co. Arpaci Prediction of Flame Initiation and Growth in 51 Engines 20,080
Arpaci Unrestricted Research Grant in Modeling Turbulent Combustion Using Microscale Approaches SLOG0 31,102
Clark Unrestricted Grant 25,000 2,429
Fassois Modeling /Est. and Power Demaned Strategies for Automobile Hydraulic Active Suspension 3,803
Johnson Unrestricted Grant for ME350 Course Support H0,000 1,488
Kaviany Effective Interstitial and Surface Convective Cooling of Alternators 54,290 44,269
Kaviany Pressure Drop and Local Heat Transfer, Including Diryout in a Plate Evaporator 27,000 52,102
Kikuchi Evaluating the Topological Opimization Approach 14,180 10,832
Kikuchi, Papalambros General Research 50,000 53,300
Ludema Phase One: Swudy of Rack & Pinion Steering Gear Seal Friction Dynamics 37.925 0
Pan Plastic Anisotrophy and Failure Criteria HL000 42,109
Papalambros Design Management Strategies: An Application to Powertrain Design 50,000 51,910
Papalambros, Pan, Arruda, Haghi,
Kikuchi, Hulbert, Wineman Center for Automotive Structural Durability Simulation 1,200,000 0
Selamet Research on Manifold Dynamics 4,229
Selamen MANDY Engine Flow Dyvnamics Model Improvements 44,660
Selamet Study of Exhaust System Elements for Engine Performance and Noise Prediction 301,934
Selamet Research on Dynamic Pressures in Induction Systems 25,000 23,289
Selamer Ford /Alpha 1L.9L Escort, 20L Zeta and 5.0L Vulcan Project 284,053 82,118
Selamet Unrestricted Grant for Research in Engine Performance Modeling 75,000 17410
Ulsoy, Perking Accessory Drive Belt Dynamics Design Program a0,000 25,6040
Yang W | Visualization of Flows in Torque Converters 68,500 110,233
Gas Research Inst Atreva Formation and Oxidation of Soot in Diffusion Flames 12,009 0
General Electric Ward Application of a Set-Based Language for Concurrent Engineering to Cooled Turbine Blade Design 37,971
GE Aircraht Holmes Manufacturing Testing 4.560
Yang, W] Flow and Heat Transfer Characteristics Inside Crossed Tubes 27 500 42,533
General Motors Dura Toward Automation of Design and Manufacture of Dies 14,407
Hu Controlling Dimensional Variation in Automobile Body Manufaciuring 150,000 0
Ni Electronic Report and Data Transfer System Phase 111 Modification aned Enhancement 104,116
Ni Comparison of Body Framing Toaoling Systems 24,000 0
Papalambros” Doctor of Philosophy in Mechanical Engineering 8,066
Ulsoy Coupled Drill Force and Vibration Modeling including Breakthrough 17,120
Wi, Ni Swnistical Evaluation of Sheet Metal Conformance 1o GD&T 7.029
Wu Variation Reduction 52,085



Sponsor

Researchers (Dir. listed first)

General Motors
Hatch Stamping
Horiba Instrument
Hyundai America
IT1

Jujo Paper Co
Kimberly-Clark
Nissan Motor Co.

Parke-Davis
Perceptron

Rand Corp

{NSF - Prime)
Rhl. & Frac.
Sﬂ.ﬂin;lw Machine

SNEC

SONY

Suuki Motor Corp.

Tarus
Tecumseh Prod,
Tovowa

Tovowa GTC

Toyora TC, USA., Inc.

TRC
Various

Whirlpool Corp.

Aleoa Foundation
Chirp. Ed. & Res.
juhtl Deere

Wu

Wu
Cieister
Borgnakke
Kota
Ward, Stein
Yang, W ].
Schultz, W,, Perkins
Kikuchi
Kikuchi
Fijan

Wu

Ulsoy
Felbeck
Wu, Ni
Wu
Pierre
Pierre
Kikuchi
Kikuchi
MNi
Patterson
Kikuchi
Kikuchi
Hulbert
Borenstein
Ludema
Ulsoy
Ulsoy
Ward
Brercion
Duntta
Fassois
Keller
keller
Hulbert
Schulu, A.
Kota
Kota

Project Title § Funded $ Expended
Variation Reduction - Hamramck (3) 50,969
Unrestricted Gift For The Area of Die Maintenance and Stamping 12,500 G55
Computerized Control and Measurement of LC. Engine Performance 1,703
Engine Performance and Emissions 11,468 61,420
Adjustable Robotic Mechanism - Proofl of Concept Software 9,119 11,225
A Novel Milling Machine Structure 69,258 76,793
Gilt 19,195

Fluid Mechanics of Paper Forming 31.816

Optimization Theory Using the Homogenization Method for Dynamic Response Problems 83,956

Unrestricted Research Gift 28,000 18,972
Integration of Multi-Robot System for Automated Chemical Processes 135,541 ]
Unrestricted Grant 25,000 32279
Machine Tool Technology State-of-the-Arn Assessment 50,000 5797
Mechanical Engineering, Rheology and Fracture Laboraory RLER] 673
Advanced Compensation Techniques for Enhancing Machine Tool Accuracy 183,254
General Research 117
Case Studies of the Dynamics of Mistuned Turbomachinery Rotors 24,026 26,230
Studies of the Dynamics of Blade Assemblies 11,278 60
Development of a Meshless Analysis Capability for Mechanical Design Optimization 47670 20,486
Development of an Integrated Optimal Structural Design System for Vehicle Bodies 142,146
Tarus Research - § M Wu 5,803
Combustion Research in LC, Engines 10,500 18,222
Seminar Series in Finite Elements 1,108
Computational Mechanics Lah 19,600 2,559
Tovora Seminar Series 10,000 1
Innovative Kinematic Design for a Four-Degree-of-Freedom Vehicle 16,650 18,064
Surface Phenomena 1040 2,830
NSF-1/UCRC Mechanical and Optical Coordinate Measuring Machines 550,004 204,626
Manufacturing Rescarch 3,150 3,395
ME 450 Project Support 15,200 8,415
Experimental Determination of Air Flow in Refrigeration Devices 18,147
Whirlpool Research 29013
Whirlpool Rescarch 12,559
Cooperative Research in Appliance Engineering 2,261
Cooperative Research in Appliance Engineering (Fellowship) 35,311 39,059
Computational Mechanics for Time Dependant Processes 2926
Biomechanical Studies of Chiropractic Manipulation 53,056
Machine Anatomy Laboratory Development 5000 {0
Synthesis, Simulation and Rapid Prototyping Using Motion Building Blocks 200,00 5.043%
Taotal $13,226,665 £7,303,130



Honors and Awards to Faculty and Staff - 1992-1993

University of Michigan
Faculty Awards

Distinguished Faculty Achisvement Award
The late S.M. (Sam) Wu

Faculty Recognition Award
Noel Perkins

AMOCO Teaching Award
Bruce Karnopp

College of Engineering
Awards and Honors

Paul G. Goebel Endowed Prafessarship
1993-1958
Yoram Koren

Excellence in Service

Bruce Karnopp

Excallence in Teaching
Walter Debler

MEAM Faculty Awards
Excellence in Research
Noboru Kikuchi

Christophe Pierre

Excellence in Service
Joseph Datsko

Galip Ulsoy
Excellence in Teaching

Glen Johnson
Alan Wineman

Other Awards and Honors
Pi Tau Sigma, Professor of the Term,
ASME Travel Award

Giles Brereton

UMEC
Special Recognition Award for Service
Walier Debler

Society of Manufacturing Engineers,
Outstanding Young Manufacturing
Enginesar
Member of the North American
Manufacturing Research Institution
iNAMRI of SME

Jack Hu

Technion University, Lady Davis Professor
{while on sabbatical in fsrael in 1992)
Yoram Koren

ASME/Kodak Best Paper in Design
Automnation (Co-author)
Panos Papalambros

Pi Tau Sigma, Professor of the Term
Noel Perkins

ASMY/ESD Advanced Composites
Conference, Best Industrial Paper Award,
{Co-recipient)

Alan Wineman

Japan Society of Mechanical Engineering,
Thermal Engineering Memorial Award
R
Best Paper Award
Wen-ei Yang

FPapers Selected for Publication
in the 50th Anniversary Issue of Journal of
Dynamic Systems Measurement and
Cantrol

Yoram Koren

Jeffrey Stein

Galip Ulsoy

Staff and Alumni

MEAM Staff Excellence Awards
Ruth Howared
Cynthia Quann-White
Beverly Pyle

MEAM Alumni Society Merit Award
Roger Heimbuch



Photo Credits

Front Cover and Page 1—Earliest known
group photo of first Engineering class to
use the original Engineering building, {ca,
1883) College of Engincering News,
Summer 1968, COE Communications.
Page 2—Denison Arch, UM Engr. Res.
Inst.. 1956 Annual Report, DRDA
Collection, Michigan Historical
Collections (MHC).

Page 3—"Ammonia Compressor and lee
Plant,” George R. Swain Collection, MHC,
Page 4-5—H. Anderson, Michigan
Historical Collections, 1D, Pratt, UM News
& Info., P. Papalambros, MEAM
Publications, all others, COE Publications.
Page 7—0Original Engineering building,
{ca. 1882-585) Mordmer Cooley Collection,
MHC,

Page 8—Michigan Historical Collections.
Page 9—Detail of Page 1.

Page 10—{ca. 1890) Michigan Historical
Collections,

Page | 1—{upper left), (ca. 1929) George
R. Swain Collection, MHC, (upper right,
and botom) COE Communicatons,

Page 12-13—George R. Swain Collection,
MHC.

Page 14-15—COE Communications,

Page 16 Michigan Historical Collections.
Page | 7—COE Communications.

Page 18—{upper left), (ca. 1909). COE
Communications,

Page 18- 19—George R, Swain Collection,
MHC.

Page 20—(upper lefit), George R, Swain
Collection, MHC, (upper right} Jay A. Boli
Collection, (bottom), COE
Communications.

Page 21—Jay A. Bolt Collection,

Page 22—(upper left) Jav A, Bolt
Collecuon, (lower left) Mortumer Cooley
Collection, MHC, (right) ?ﬁlm'lirlu.'ri:nu]u}'
Collection, MHC,

Page 23—(upper left) George R, Swain
Collection, MHC, {upper right) UM Engr.

Res, Inst., 1951 Annual Report, DRDA
Collection, MHC, (lower left) UM-COE
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Page 42-43—(left, and below, left and
right) D). Wau, {upper right) MEAM
Publications.

Page 44-45—(upper lefi) MEAM
Publications, (lower lelt and right)
Selected Papers by Chia-Shun Yih, Vol 1,
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