ALEXANDER H. SLOCUM

PAPPALARDO PROFESSOR OF ENGINEERING
MECHANICAL ENGINEERING
MASSACHUSETTS INSTITUE OF TECHNOLOGY
slocum@mit.edu
http://pergatory.mit.edu

Professor Alexander H. Slocum earned the S.B. (1982), S.M. (1983), and Ph.D. (1985) from MIT in
Cambridge Massachusetts in Mechanical Engineering. Prof. Slocum teaches and conducts research in the
area of precision machine design.

Professor Slocum’s research focuses on making dominantly mechanical devices achieve higher levels of
performance for less cost by using deterministic design practices founded in fundamental principles of
precision engineering catalyzed by appropriate analysis and experimentation. Of particular interest are
machine tools and manufacturing equipment, medical devices, renewable energy machines, and tools for
the petroleum industry. His design efforts have yielded over 7 dozen patents, numerous design awards
and an important precision alignment standard for the semiconductor industry.

In addition to working with industry to create new machines, Prof. Slocum also works in his lab to create
new fundamental machine elements and design analysis tools to enable industry to adopt and scale them
for use in their own products. An example is the simple kinematic coupling which was used in precision
instruments for hundreds of years. Prof. Slocum then wrote a spreadsheet that allows for the contact
surfaces and materials to be designed to carry very high relative loads. The resulting papers and design
tools are presented on a website his group maintains for industry to use: www.kinematiccouplings.com

Another area of focus is bearings, particularly hydrostatic bearings which Slocum’s group has developed
to be self tuning and self cleaning which has enabled them to be used with water. Water bearings are
particularly important for machines in the ceramics and paper industries as well as in marine propulsion.
With these bearing advances, new machine tools have been created to enable faster more precise materials
processing machines and machine tools to be developed.

Prof. Slocum’s group helps to develop medical devices via his long running project design class 2.75
Precision Machine Design (http://web.mit.edu/2.75). Doctors present their particular challenges and
teams work with them during the course of a 14 week semester to develop solutions. Over the past years,
this course has become a highly effective mechanism for generating new research ideas and
collaborations, with patents filed and projects receiving subsequent funding to assist in accelerating the
class prototypes to become products. This course demonstrates an efficient, low risk method of
prototyping new medical technologies, while simultaneously teaching mechanical engineering design.
Numerous conference and journal papers as well as some patents and several products and startups have
resulted from this class.

Prof. Slocum has also become involved in the development of renewable energy systems. Recently he led
a team to create the CSPonD concept which uses hillside mounted heliostats to direct sunlight into a
volumetric absorption molten salt receiver with integral storage. The concentrated sunlight penetrates and
is absorbed by molten salt in the receiver through a depth of 4-5 meters, making the system insensitive to
the passage of clouds. The receiver volume also acts as the thermal storage volume eliminating the need
for secondary hot and cold salt storage tanks. A small aperture and refractory-lined domed roof reduce
losses to the environment and reflect thermal radiation back into the pond. Hot salt is pumped from the
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top of the tank through a steam generator and then returned to the bottom of the tank. An insulated barrier
plate is positioned within the tank to provide a physical and thermal barrier between the thermally
stratified layers, maintaining hot and cold salt volumes required for continuous operation. As a result,
high temperature thermal energy can be provided 24/7 or at any desired time.

Current energy research is focusing on offshore energy storage. Slocum’s group has developed the design
theory for and built and tested a small-scale prototype of a seafloor-based pumped hydro storage system
based on a hollow concrete sphere to mitigate the intermittency problem associated with wind power.
Each full scale sphere will have an inside diameter on the order of 25 m and a wall thickness of about 2.6
m and have a mass of 21,000 tons. The thick wall will withstand pressures at depths up to 750 meters; the
mass provides enough ballast to keep the unit on the seafloor and act as a mooring ball for a tension leg
platform to which ocean energy harvesting devices can be attached. Such a sphere operating at 70%
efficiency in 320 m of water will store 5 MWh of energy.

Prof. Slocum has supervised 53 SM theses and 48 Ph.D theses, as well as being on 30 other Ph.D. thesis
committees. He.is the author of over seven dozen journal articles and over 12 dozen conference papers.
He is also the author of text/reference books Precision Machine Design (Dearborn, MI, SME 1985) and
FUNdaMENTALS of Design (Cambridge, MA, MIT 2005,
http://web.mit.edu/2.75/resources/FUNdaMENTALS.html ).

Dr. Slocum was awarded a Department of Commerce Bronze Medal in 1995 for Federal Service, seven
dozen patents issued/pending, and has helped create 11 products that have been awarded R&D 100
awards, each for annually being one of one hundred most technologically significant new products. Dr.
Slocum received the Martin Luther King Jr. Leadership Award in 1999 and was the Massachusetts
Professor of the Year in 2000. Dr. Slocum has also received the SME Frederick W. Taylor Research
Medal, and the ASME Leonardo daVinci and Machine Design Awards. Dr. Slocum has completed 9
Ironman triathlon events, many marathons and half-Ironman triathlons, is a rescue certified SCUBA
diver, an avid snowboarder, woodworker, and has for many years helped coach a FIRST robaotics team
with his wife Debra.
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Education
DEGREE YEAR(S) FIELD OF STUDY
Massachusetts Institute of Technology BS 1982 Mechanical Engineering
Massachusetts Institute of Technology MS 1983 Mechanical Engineering
Massachusetts Institute of Technology Ph.D 1985 Mechanical Engineering

Positions and Employment

Positions and Employment

1983-1986
1986-1989

1989-1990
1991-1999
1999-present

Honors
1986

Mechanical Engineer, National Institute of Standards & Technology (NIST)

George Macomber Assistant Professor of Civil Engineering; Massachusetts Institute of
Technology, Cambridge, MA.

Visiting Professor, Cranfield Institute of Technology (CUPE), Cranfield, Bedford,
England.

Alex & Brit d’Arbeloff Professor of Mechanical Engineering; Massachusetts Institute of
Technology, Cambridge, MA.

Pappalardo Professor of Mechanical Engineering; Massachusetts Institute of Technology,
Cambridge, MA.

U.S. Dept. of Commerce Bronze Medal Award for Outstanding Federal Service.

1986-1991 NSF Presidential Young Investigator Award.

1989-1990
1989-1990
1993

1994
1996

1997
1997
1997

1997

1997
1998
1999
1999
2000
2004
2008
2008
2009

British Royal Society Fellowship: Visiting Professor at CUPE.

Oak Ridge Optics MODIL Fellowship to support research at CUPE.

Society of Manufacturing Engineers: Earl E. Walker Outstanding Young Mfg Engineer
Award.

ASCE Thomas Fitch Rowland Prize for Best Paper.

R&D 100 Award: HydroSpindle™ water hydrostatic self-compensating spindle for
precision machine tools (with NCMS)

Society of Manufacturing Engineers: Frederick W. Taylor Research Medal.

R&D 100 Award: ShieldBeam™ high frequency electric al contact (with Teradyne)
R&D 100 Award: TurboTool™ water hydrostatic self compensating turbine drive
integral tool for 100,000 rpm, 100kW machining (with NCMS)

R&D 100 Award: PreciseDesign™ statistical error budget design tool and finished part
shape predictor for precision machine tools.

R&D 100 Award: KinDock™ servo controlled kinematic coupling (with Teradyne)
R&D 100 Award: Q-Tool™ damped tooling system (with Ford Motor Co.)

Martin Luther King Leadership Award

R&D 100 Award: Quasi Kinematic Coupling for Engine Assembly (with Ford)
Massachusetts Professor of the Year, Carnegie Foundation

ASME Leonardo da Vinci Award

ASME Machine Design Award

R&D 100 Award: Saber Furnace

R&D 100 Award: Micro-ESR (with Active Spectrum).
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