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AREAS OF INTEREST

Helicopter and fixed-wing aeroelasticity, on blade control for vibration and noise
reduction in rotorcraft, aeroelasticity and aerothermoelasticity of hypersonic vehicles,
structural optimization with aeroelastic constraints; structural dynamics, rotary-wing
unsteady aerodynamics, coaxial rotor aeromechanics and aeroelasticity,
aeroservoelasticity.

EDUCATION

B.Sc. Aeronautical Engineering, Technion-Israel Institute of Technology, June 1961
M.Sc. Aeronautical Engineering, Technion-Israel Institute of Technology, June 1968
D.Sc. Aeronautics & Astronautics, Massachusetts Institute of Technology, May 1972

HONORS AND AWARDS

2022 Reed Aeronautics Award, the highest award given by AIAA, one award per year
since 1934,

2019 Vertical Flight Society (VFS, previously AHS) Honorary Fellow Award

2017 Dr. Alexander Klemin Award, American Helicopter Society (AHS), the Klemin
Award is the highest honor the AHS bestows on an individual for notable
achievement in advancing the field of vertical flight aeronautics.

2016 Meir Hanin International Aerospace Prize, awarded by the Technion — Israel
Institute of Technology.

Nikolsky Honorary Lectureship, American Helicopter Society (AHS), May 2013.

2009 AIAA Ashley Award for Aeroelasticity (inaugural recipient).

2009 Dryden Lectureship in Research, given by AIAA, title of Dryden Lecture,
“Aeronautics Research at Two Frontiers of Vehicle Development — Vibration Control
in Rotorcraft and Hypersonic Aeroelasticity”

American Helicopter Society (AHS) Fellow Award, 2004

Spirit of St. Louis Medal, awarded by the American Society of Mechanical Engineers
(ASME), 2003 — citation, “ For outstanding seminal contributions to aeroelasticity
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and structural dynamics, particularly as applied to analysis, design optimization and
vibration reduction in helicopters which have had an exceptional impact on the
understanding of aeromechanical behavior and design of rotorcraft systems”.

e American Institute of Aeronautics and Astronautics (AIAA) Structures, Structural
Dynamics, and Materials Award, 1996.

e AIAA Structures, Structural Dynamics and Materials Lecture Award, 1997

e AIAA Fellow, 1991

e ASME Structures and Materials Award, (1984, 2004, 2010), this is the best paper
award for the best paper at the previous year’'s SDM Conference, selected from
among over 500 papers.

e Royal Aeronautical Society Silver Award, 2011

e The Aerospace Engineering Award for Outstanding Accomplishment, awarded by the
College of Engineering, University of Michigan, April 2003

e Recipient, Lester Gardner Fellowship, MIT, 1969-70;

PROFESSIONAL EXPERIENCE

1999 - Present, Frangois-Xavier Bagnoud Professor and Director of the FXB Center for
Rotary and Fixed Wing Air Vehicle Design, Department of Aerospace Engineering,
University of Michigan, Ann Arbor.

1972 — 1998, Professor, Associate Professor (1977-1980), and Assistant Professor (1972-
1977), Mechanical and Aerospace Engineering Department, University of California, Los
Angeles,

1988 — 91 Chairman, Mechanical and Aerospace Engineering Department, UCLA.

1978 - 1979 Visiting Associate Professor of Aeronautics, (Sabbatical) Graduate
Aeronautical Laboratories, California Institute of Technology, Pasadena, California

1969 - 1972 Research Assistant, MIT, Aeroelastic and Structures Research Laboratory.
1965 — 1969 Senior Engineer, Head of Loads Group, Israel Aircraft Industries,

1961 — 1964 Engineering Officer, First Lieutenant, Israel Defense Forces, Air Force

PERSONAL — Naturalized U.S. Citizen since 1977, married.

ACADEMIC EXPERIENCE

A. COURSES TAUGHT AND DEVELOPED AT UCLA

MAE 102 Mechanics of Particles and Rigid Bodies (Taught)

MAE 154A Preliminary Design of Aircraft (Developed, taught)

MAE 154B Design of Aerospace Structures (Developed, taught)

MAE 166A Analysis of Flight Structures (Taught)

MAE 254B Helicopter Dynamics and Aeromechanics (Developed, taught)



MAE 263B Topics in Modeling and Dynamics of Aerospace Vehicles
(Developed, taught)

MAE 269A Dynamics of Structures (Developed, taught)

MAE 269B Advanced Dynamics of Structures (Developed, taught)

MAE 269C Introduction to Probabilistic Dynamics (Taught)

MAE 269D Aeroelastic Effects in Structures (Developed, taught)

B. COURSES TAUGHT AND DEVELOPED AT THE UNIVERSITY OF MICHIGAN

AE 315 Aircraft and Spacecraft Structures (Taught)

AE 481 Aircraft Design, (Revised, taught)

AE 543 Structural Dynamics, (Developed, taught)

AE 544 Aeroelasticity, (Developed, taught)

AE 545 Aeromechanics of Rotary Wing Vehicles, (Developed, taught)
AE585 Aerospace Seminars (Developed jointly with G. Faeth, taught)

C. Ph. D. STUDENTS GRADUATED AND ADVANCED TO CANDIDACY

Note: Ph. D. students who hold faculty or leadership positions identified in partial
bold type

Shamie, J., A Study of the Aeroelastic Stability of Complete Rotors with
Application to a Teetering Helicopter Rotor in Hover and in Forward Flight,
graduated from UCLA, 7/76.

Patrickson, C. P., A Study of the Coupled Lateral and Torsional Response of Tall
Buildings to Wind Loadings, graduated from UCLA, 12/76.

Reyna-Allende, M., The Coupled Flap-Lag-Torsional Aeroelastic Stability of
Helicopter rotor Blades in Forward Flight, graduated, graduated from UCLA
12/76.

Warmbrodt, W., Aeroelastic Stability of Coupled Rotor/Support System with
Application to Large Horizontal Axis Wind Turbines, graduated from UCLA
8/78.(Chief, Rotorcraft Aeromechanics Branch, NASA Ames Research Center)
Bendiksen, O. O., Coupled Bending-Torsion Flutter in Cascades with Application
to Fan and Compressor Blade Flutter, graduated from UCLA, 3/80. (Professor
Emeritus, Mechanical and Aerospace Engineering Department, UCLA)

Straub, F., Application of the Finite Element Method to Rotary-Wing
Aeroelasticity, graduated from UCLA, 4/80. (Chief of Dynamics, Boeing
Helicopters, Mesa, AZ, deceased 2016)

Shanthakumaran, P., Optimum Design of Rotor Blades for Vibration Reduction in
Forward Flight, graduated from UCLA, 12/82.

Dinyavari, Mehran, Unsteady Aerodynamics in Time and Frequency Domains for
Finite-Time Arbitrary Motion of Rotary-Wings in Hover and in Forward Flight,
graduated from UCLA, 3/84.
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Kosmatka, J., Structural Dynamic Modeling of Nonisotropic Blades by the Finite
Element Method, graduated from UCLA, 7/86. (Professor of Composite and
Aerospace Structures, and Callaway Professor of Structural Mechanics,
Department of Structural Engineering, University of California, San Diego).
Celi, R., Aeroelasticity and Structural Optimization of Rotor Blades with Swept
Tips, graduated from UCLA, 7/87. (Professor, Aerospace Engineering
Department, University of Maryland).

Takahashi, M., Active Control of Helicopter Aeromechanical and Aeroelastic
Instabilities, graduated from UCLA, 6/88.

Robinson, L., Aeroelastic Simulation of Higher Harmonic Control, graduated from
UCLA, 9/90.

Livne, E., Integrated Multidisciplinary Optimization of Actively Controlled, Fiber
Composite Wings, (co-chair with Professor L. A. Schmit), graduated from UCLA,
9/90. (Boeing Endowed Chair Professor, Department of Aeronautics and
Astronautics, University of Washington, Seattle)

Papavassiliou, I., Nonlinear Coupled Rotor/Fuselage Vibration Analysis and
Higher Harmonic Control Studies for Vibration reduction in Helicopters,
graduated from UCLA, 1/91.

Lust, S., Free and Forced Response of Disordered Periodic Beam and Truss
Structures, (co-chair with Professor O. O. Bendiksen), graduated from UCLA,
6/91.

Pak, C. G., Adaptive Active Flutter Suppression of a Wing under Transonic and
Subsonic Flight Conditions, graduated from UCLA, 6/91.

Millott, T. A, Vibration Reduction in Helicopter Rotors Using a Trailing Edge
Actively Controlled Surface, graduated from UCLA, 9/93. (Chief of Dynamics and
Acoustics, Sikorsky).

Yuan, K., Aeroelasticity and Structural Optimization of Composite Helicopter
Rotor Blades with Swept Tips, graduated from UCLA, 12/94.

Chiu, T., A Fundamental Study of Vibration reduction in Rotorcraft Using the
ACSR Approach, graduated from UCLA, 9/96.

Myrtle, T., Development of an Improved Aeroelastic Model for the Investigation
of Vibration Reduction in Helicopter Rotors Using Trailing Edge Flaps, graduated
from UCLA, 5/98.

Presente, E. H., Innovative Scaling Laws for Nonlinear Aeroelastic and
Aeroservoelastic Problems, graduated from UCLA, 3/99.

de Terlizzi, Marino, Blade Vortex Interaction and Its Alleviation Using Passive and
Active Approaches, graduated from UCLA, 6/99.

Cribbs, R. C., Vibration Reduction in Helicopters Using Active Control of
Structural Response (ACSR) with Improved Aerodynamic Modeling, graduated
from UCLA, 9/99.

Nydick Ira, Studies in Hypersonic Aeroelasticity, Graduated from UCLA, 1/2000.
Depailler, G., Reduction of Vibrations Due to Dynamic Stall in Helicopter Rotors
Using Actively Controlled Trailing Edge Flaps, graduated from the University of
Michigan, 10/2002.
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Patt, D., Simultaneous BVI Noise and Vibration Reduction in Rotorcraft Using
Actively Controlled Flaps and Including Performance Considerations, graduated
from the University of Michigan, 10/2004.(CEO Vecna Robotics, Boston)
Thuruthimattam Biju, Fundamental Studies in Hypersonic Aeroelasticity Using
Computational Methods, graduated from the University of Michigan, 12/2004.
Li Liu, BVI Induced Vibration and Noise Alleviation by Active and Passive
Approaches, graduated from the University of Michigan 5/2005.

McNamara, J. J., Aeroelastic and Aerothermoelastic Behavior of Two and Three
Dimensional Lifting Surfaces in Hypersonic Flow, graduated from the University
of Michigan 10/2005 (Professor Ken Powell, co-chair). (Professor, Department
of Aerospace Engineering, Ohio State University).

Wei Ng, Thermomechanical Behavior of a Damaged Thermal Protection System,
graduated from the University of Michigan, 12/2007 (Professor A. Waas, co-
chair).

Bryan Glaz, Optimization of Helicopter Rotor Blades for Simultaneous Reduction
of Noise and Vibration in Forward Flight, graduated from the University of
Michigan in May, 2008. (Chief Scientist, U.S. Army Research Lab, Aberdeen).
Abhijit Gogulapati, Nonlinear Approximate Aeroelastic Analysis of Flapping
Wings in Hover and Forward Flight, graduated from the University of Michigan,
5/2011. (Assistant Professor Aerospace Eng., I.I.T. Bombay).

Ashwani Padthe, Active Vibration and Noise Alleviation in Rotorcraft Using
Microflaps, graduated from the University of Michigan, 1/2011.

Nicolas Lamorte, Uncertainty Characterization in Hypersonic Aeroelasticity and
Aerothermoelasticity, graduated from the University of Michigan, 7/2013.

Eric Muir, Aeroelastic Behavior of Bird-Damaged Fan Blades Using a Coupled
CFD/CSD Framework, graduated from the University of Michigan 5/2014.
Michael Chia, Rotorcraft in-plane Noise Reduction Using Active/Passive
Approaches with Vibration Tracking, graduated from the University of Michigan,
5/2017.

Puneet Singh, advanced to candidacy 2014, thesis topic: Aeromechanics of
Coaxial Rotor Helicopters using the Viscous Vortex Particle Method, graduated
from the University of Michigan, 6/2020.

Daning Huang, advanced to candidacy 2014, thesis topic: An Aerothermoelastic
Analysis Framework Enhanced by Model Order Reduction with Application to
Aerothermoelastic Scaling, graduated from the University of Michigan 5/2019
(Assistant Professor, Dept. of Aerospace Engineering, Penn State).

Ryan Patterson, advanced to candidacy May 2017, thesis topic: Vibration
Reduction on Helicopter Rotors using Active Flow Control, graduated from the
University of Michigan in 11/2021.

Abhinav Sharma, advanced to candidacy January 2017, thesis topic:
Development and Application of a Comprehensive Simulation for Modeling
Helicopter Ship Landing, Graduated from the University of Michigan 9/2019.
Elliot Kimmel, started 9/2020, admitted to Ph.D. program 1/2021, advanced to
candidacy, May 2021, thesis topic — Hypersonic Aerothermoelasticity.
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M. S. STUDENTS GRADUATED AT UCLA

Andrew W. Chow, 1973, (no thesis plan)
Louis J. Silverthorn, 1973, (thesis plan)
Oddvar O. Bendiksen, 1975, (no thesis plan)
Richard Powers, 1976, (thesis plan)

Richard Curtiss, 1976, (no thesis plan)

John R. Scattergood, 1978, (no thesis plan)
Yitzchak Ben-Harush, 1978, (no thesis plan)
Paolo R. Roberti, 1980, (no thesis plan)
Josh Levin, 1981, (thesis plan)

Roberto Celi, 1981, (no thesis plan)

John Kosmatka, 1982, (no thesis plan)

Paul A. Blelloch, 1984, (no thesis plan)
Robert S. Day, 1984 (no thesis plan)

Linda Voce, 1984, (no thesis plan)

Steve Burke, 1986, (no thesis plan)

Richard Weisenburger, 1986, (no thesis plan)
Linda Davis, 1987, (no thesis plan)

D. J. Petersen, 1987, (no thesis plan)
Francis Hu, 1987, (no thesis plan)

Mark Hitz, 1989, (no thesis plan)

Krishnan Hoffman, 1989, (no thesis plan)
David Stephens, 1989, (no thesis plan)
Verghese Nallengara, 1993, (no thesis plan)
C. Pointras, 1994, (no thesis plan)

POST-DOCTORAL SCHOLARS

AT UCLA
Dr. Aviv Rosen, 9/1975-77
Dr. Takashi Yamane, 1989-90

AT THE UNIVERSITY OF MICHIGAN

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Marino de Terlizzi, 6/1999 — 12/1999

Richard Cribbs, 9/1999 — 8/2000

Li Liu, 5/2005 - 4/2010

Jack McNamara, 10/2005 - 7/2006

Wei Ng, 9/2007 — 2/2008 (jointly with Professor A. Waas)
Bryan Glaz, 5/2008 — 9/2010

Abhijit Gogulapati, 5/2008 — 2/2011

Ashwani Padthe, 12/2011 -7/2015



9. Dr. Nicolas Lamorte, 8/2012 — 2/2013
10. Dr. Tomer Rokita, 8/2016- present.
F. VISITING FACULTY AT THE UNIVERSITY OF MICHIGAN

1. Professor Moti Karpel, Sanford Kaplan Chair, Faculty of Aerospace Engineering,
Technion — Israel Institute of Technology, Haifa, Israel, 10/11 - 1/12.

2. Professor Ranjan Ganguli, Professor, Department of Aerospace Engineering, Indian
Institute of Science, Bengaluru, India, Visiting Fulbright Scholar, 2/2011 - 9/2011.

G. RESEARCH STAFF AT THE UNIVERSITY OF MICHGAN

1. Dr. Ashwani Padthe, Assistant Research Scientist 2018-present, Research
Investigator 2015-18, Assistant Research Scientist 2018-5/2020

H. UNIVERSITY OF MICHIGAN SERVICE

1999-2001, Chair, Departmental Recruitment Committee

1999, Chair Casebook Committee

2000-2003 Member, COE Undergraduate Committee

2000-2006 Member, SACUA, Tenure Committee

2001-2002 Member, Departmental Committee to stablish AE585 Graduate Seminars

Course, course initiated in fall 2002

2003-present Director, FXB Center for Rotary and Fixed Wing Air Vehicle Design (FXB-
CRFWAD)

2003-2008 Member, Departmental Graduate Committee

2007-2018 Member, Departmental Teaching Planning Committee

2008-2011 Member, COE Nominating Committee

2008-2010 Chair, Departmental Faculty Search Committee

2009 Chair, Casebook Committee

2010-2011 Member, COE Research Advisory Committee

2011 Member, COE Committee for DTE Professorship in Advance Energy Research

2011 Chair, Casebook Committee

2012-2013 Member, Departmental Faculty Search Committee

2013 Member, Casebook Committee

2015 Member, Casebook Committee

2015-2018 Member, Departmental Graduate Committee

2016-2017 Member, Departmental Strategic Planning Committee

2016 Member, Casebook Committee

2016 Member, Casebook Committee, Nuclear Engineering & Radiological Sciences.

2018-present Member, Departmental Teaching Coordination Committee

2021-present, Member, Departmental Graduate Committee



EXTRAMURAL FUNDING

A. GRANTS AND CONTRACTS AT UCLA
1. Investigation of the Aeroelastic Stability of Helicopter Blades in Hover and in
Forward Flight Using Various Unsteady Aerodynamics Theories, NASA Langley
Research Center ($211,907; 7/73-11/78).

2. An Experimental and Theoretical Study of the Aeroelastic Response of Tall
Buildings to Wind Loading, National Science Foundation (5101,429; 3/75-11/78;
P. Friedmann PI, A. Charwat & G. Hart co-PlI’s).

3. Investigation of Aeroelastic Effects in Wind Turbines, NASA Lewis Research
Center (568,273; 12/78-11/82).

4, Response Studies of Rotors and Rotor Blades with Applications to Aeroelastic
Tailoring, NASA Langley Research Center ($231,177; 12/78-11/82).

5. A Study of Aeroelastic and Structural Dynamic Effects in Multi-Rotor Systems
with Application to Hybrid Heavy Lift Vehicles, NASA Ames Research Center
(5107,000; 5/81-12/83).

6. Study of Unsteady Aerodynamics for Finite-Time Arbitrary Motion of Rotor
Blades in Frequency and Time Domain, NASA Ames Research Center (5340,548:
9/82-8/88).

7. Optimum Design of Rotor Blades for Vibration Reduction in Forward Flight, NASA

Ames Research Center (5130,900: 4/83-6/88).

8. A Study of Two Topics in Aeromechanics, McDonnell Douglas Helicopter Co.
(570,000; 1/85—12/86)

9. Aeromechanical Problems of Helicopters in Maneuvering Flight, Army Research
Office (5114,000; 7/86-9/90).

10. Control Augmented Structural Optimization of Aeroelastically Tailored Fiber
Composite Wings and Lifting Surfaces, Air Force Office of Scientific Research
(407,754; 11/86-9/90; P. Friedmann & L. Schmit, joint PI’s).

11. A Study of Aeromechanical Problems with Active Controls, NASA Ames Research
Center (5266,140; 8/87-8/93).
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Optimal Structural Design of Composite Rotor Blades with Straight and Swept
Tips, NASA Langley Research Center ($317,294; 11/87-11/93).

A Study of Mode Localization in Periodic Structures, Jet Propulsion Laboratory,
Pasadena ($71,420; 1/89-1/93; P. Friedmann, Pl & O. Bendiksen, co-PI).

NASA Graduate Student Researcher Program, NASA Headquarters (594,000
7/89-12/93).

Studies in Transonic Aeroservoelasticity, NASA Dryden Research Center
(5419,012; 3/90-3/98; P. Friedmann, Pl & O. Bendiksen, co-Pl).

Aerothermoelasticity and Aeroservoelasticity of a Generic Hypersonic Vehicle,
NASA Dryden Research Center ($338,141; 1/92-12/98; P. Friedmann, Pl & X.
Zhong, co-Pl).

A Fundamental Study of Active Vibration Control in Rotorcraft Using ACSR, U.S.
Army Research Office ($301,727; 10/92-10/96).

Working Group Meeting on Fluid Structure Interaction and Aeroelasticity, Air
Force Office of Scientific Research ($12,000; 11/92-6/93).

NASA Graduate Student Researcher Program, NASA Headquarters ($66,000;
9/94-12/97).

Innovative Scaling Laws for the Study of Nonlinear Aeroelastic and
Aeroservoelastic Problems, Air Force Office of Scientific Research ($185,525;
8/94-12/97).

Fundamental Validation Studies and Expansion of Capabilities of the 2GCHAS
Computer Code at UCLA, NASA Ames Research Center ($24,932; 2/95-10/95).

Sixth International Workshop on Dynamics and Aeroelastic Stability modeling of
Rotorcraft Systems, U. S. Army Research Office ($15,000; 4/95-4/96).

Vibration Reduction in Rotorcraft Using the ACSR Approach with Enhanced
Aerodynamic Modeling (590,000; 6/95-5/98).

Developing Innovative Mesoscale Actuator Devices for Use in Rotorcraft
Systems, MURI, U. S. Army Research Office ($3,125,000; 6/95-5/2000; G.
Carman, PI, P. Friedmann, co-PI, together with four other faculty: B. Dunn, T
Hahn, C. M. Ho and C. J. Kim).
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Aeroservoelastic Problems Associated with External Stores and Innovative
Scaling Laws for such Problems, Air Force Office of Scientific Research ($93,413;
7/95-6/98).

Aeroelasticity and Aeroservoelasticity of Uninhabited Long-Endurance Aircraft,
Air Force Office of Scientific Research ($60,000; 1/98-8/98).

Control of Aero-Structural Interactions in Highly Flexible Aircraft, Air Force Office
of Scientific Research ($99,093; 3/98-8/98; O. Bendiksen, Pl & P. Friedmann, co-
PI).

A Unique High Frequency Facility for Evaluating Active Materials, U. S. Army
Research Office, Equipment Grant (5299,901, July 1998; G. Carman PI, P.
Friedmann & R. M’Closkey, co-PI’s).

B. GRANTS AND CONTRACTS AT THE UNIVERSITY OF MICHIGAN

Aeroelasticity, Aerothermoelasticity and Aeroelastic Scaling of hypersonic
Vehicles, Air force Office of Scientific Research ($197,000; 2/12001-12/31/2003;
P. Friedmann PI, K. Powell co-PI).

Application of Nanotubes to Weight Reduction of Rotorcraft Drive System:s,
NASA Glenn Research Center (560,000, 3/16/2001-9/31/2001; P. Friedmann P!,
A. Waas co-Pl).

Ninth International Workshop on Aeroelasticity of Rotorcraft Systems, U. S.
Army Research Office ($10,000; 3/1/2001-12/31/2001).

NASA Graduate Researcher Program, Vibration Reduction in Rotorcraft, NASA
Ames Research Center ($68,000; 9/1/2000-8/31/2003).

NASA Graduate Student Researcher Program, Aeroelasticity and Aeroelastic
Scaling of Hypersonic Vehicles, NASA Dryden Research Center, (568,000;
9/1/2001-8/31/2004).

Research Funding Augmentation from the FXB Foundation, for the FXB-Center
for Rotary and Fixed Wing Air Vehicle Design (CRFWAD), $35,000/year, for a
five-year period starting, 4/1/2001. First four installments have been deposited
(5140,000).

“Active Control for Simultaneous Noise and Vibration Reduction in Rotorcraft

Employing Active Materials Based Actuation”, funded by ARO, PI: P. P.
Friedmann, Co-PI: D. Bernstein (6/2002-5/2006, for $220,035).

10
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“NASA URETI (University Research and Education Technology Institute) —On 3™
Generation Reusable Launch Vehicles”, $5,977,916 from NASA and $1,657,024
matching funds from the University of Michigan, period 9/1/02-8/31/07, PI for
Michigan- P. Friedmann, co-PI’s: I. Boyd, C. Cesnik, W. Dahm, J. Driscoll, A.
Gallimore, K. Powell, P. Roe and A. Waas. This is a partnership between the
University of Maryland (the lead institution), University of Michigan, University
of Washington, Seattle; John Hopkins University, and North Carolina State A&T,
total funding $15,000,000 for the period 9/1/2002-8/31/2007.

DURIP Grant for “Basic Main Rotor Test Stand (MRTS) for Active Control of
Vibration and Noise”, $221,900, Army Research Office, 7/1/2003-6/30/2004.

“Rotorcraft Vibration Reduction and Performance Enhancement by Active
Control with Noise Constraints”, funded by NASA National Rotorcraft
Technology Center/RITA, $22,000, 6/25/03-6/24/04.

“Rotorcraft Vibration Reduction and Performance Enhancement by Active
Control with Noise Constraints”, funded by RITA/Boeing (Rotorcraft Industry
Technology Association), $28,000, 2/11/03-6/30/04.

“Rotorcraft Vibration Reduction and Performance Enhancement by Active
Control with Noise Constraints”, funded by NASA National Rotorcraft
Technology Center/RITA, $35,000, 2/04-12/04.

“Rotorcraft Vibration Reduction and Performance Enhancement by Active
Control with Noise Constraints”, funded by RITA/Boeing (Rotorcraft Industry
Technology Association), $30,000, 2/04-12/04.

“Rotorcraft Vibration Reduction and Performance Enhancement by Active
Control with Noise Constraints”, funded by RITA/Boeing (Rotorcraft Industry
Technology Association), $35,000, 1/05-12/05.

“Vibration Reduction and Performance Enhancement in Rotors Using a
Combined Active Passive Approach”, funded by NRTC/RITA/CRI, $150K, 1/2006-
12/2008.

“A Fundamental Study of Nonlinear Aeroelastic Phenomena in Flapping Wing
Micro Air Vehicles”, PI: P. Friedmann, co-Pl: W. Shyy, funded by AFOSR, $180K,
5/2006-4/2009.

“Vertical Lift Research Center of Excellence”, Georgia Tech/Michigan Team,
funded by the National Rotorcraft Technology Center (NRTC), August 2006-July
2011, $900,000/year, University of Michigan share $230,000/year plus
$70,000/year matching funds from the college, P. Friedmann is the Associate

11
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22.

23.

24,

25

26

Director of the Center and the PI for Michigan, co-P. I’s are C. Cesnik and D.
Bernstein.

“Multidisciplinary Passive/Active Optimization of Helicopter Rotors for Vibration
and Noise Reduction”, NASA Graduate Student Researcher Training Grant (for
Bryan Glaz), 9/1/2006-8/31/2009, $72,000.

"Aero-Servo-Thermo-Elastic-Propulsion Modeling and Uncertainty
Characterization for the Guidance, Navigation, and Control of Highly Reliable
Reusable Launch Systems," funded by NASA (Michigan is subcontractor to
Ohio State University), $735,000, January 2008 - August 31, 2012, PI-C.
Cesnik, co-PI’s J. Driscoll, P.P. Friedmann

“Michigan/ AFRL/Boeing Collaborative Center in Aeronautical Sciences
(MABCCAS)”, P. I. Wei Shyy, co-P. I.’s I. Boyd, C. Cesnik, P. Friedmann, H. Im, K.
Powell, P. Roe, B. van Leer, $4,836,538, 4/1/2006- 7/31/2013.

“Biologically — Inspired, Anisotropic Flexible Wings for Optimal Flapping Flight, “,
AFOSR MURI, Wei Shyy P.1., co- PI’s at Michigan, L. Bernal, C. Cesnik and P.
Friedmann, joint with the University of Florida and Maryland, $3,744,999.00,
8/1/2007-2/28/2013.

“A New Dynamic Stall Model based on a Hybrid Computational Approach”,
$270,000 for the period 1/1/2009-12/31/2011, Center for Rotorcraft Innovation
(CRI)/National Rotorcraft Technology Center, PA, joint with L. Sankar, co-PI,
Georgia Tech.

“Vertical Lift Research Center of Excellence”, subcontract to Georgia Tech, P.
Friedmann, P.l. with C. Cesnik as co-P.l.’s, for $732, 250, for the period
9/15/2011-9/14/2017, funded by National Rotorcraft Technology Center
(NRTC), Moffett Field, CA, also additional UM cost share $159,437.

“High Fidelity Surrogate Based Approximation of Nonlinear Unsteady
Aerodynamic

Loading on Fan Blades and Blade Assemblies after Bird Strike and Its Effect on
Blade and Fan Response”, funded by Pratt & Whitney, A United Technology
Company, $461,757, for the period 10/1/2010-12/31/2014.

. “Studies of Hypersonic Aeroelasticity and Aerothermoelasticity Emphasizing real

Gas and Non Equilibrium Effects,” funded by the State of Israel, $400,083, for
the period 5/9/2013 - 7/31/2017.

. “Study of the Implementation of Individual Blade Control on a Stiff Co-Axial

Rotor with Hingeless Blades,” funded by Sikorsky, $223,791, for the

12



period11/1/2014-9/30/2017, due to the sale of Sikorsky to Lockheed Martin C.,
it was funded partially, $50,000.

27. “A Surrogate Based Framework for Helicopter/Ship Dynamic Interface,” PI: P. P.
Friedmann, co-Pl: K. Duraisamy, for $555,000, period 3/1/16-2/28/19, funded
by Office of Naval Research.

28. “Vertical Lift Research Center of Excellence”, subcontract to Georgia Tech, P.
Friedmann, P.l., Task: Active Flow Control of Rotorcraft Vibration Alleviation and
Performance Enhancement using a Combined Modeling/Experimental
Approach, for $300,000 augmented by cost share from the university of
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Friedmann, P. P., “Rotary -Wing Aeroelasticity- Current Status and Future Trends”,

Plenary Lecture, at the CEAS/AIAA International Symposium on Aeroelasticity and
Structural Dynamics, Madrid, Spain, June 5-7, 2001.
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Friedmann, P. P., “On Blade Control of Rotorcraft Vibration, Noise and Performance
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