
Final

 February 2014

University Transportation Research Center - Region 2

Report

Performing Organization: Stony Brook, State University of New York

Energy, Ride Comfort and 
Road Handling of 
Regenerative Vehicle 
Suspensions

Sponsor:
University Transportation Research Center  - Region 2

front cover page.ai   1   2/24/2014   1:39:17 PM



University Transportation Research Center - Region 2The Region 2 University Transportation Research Center (UTRC) is one of ten original University Transportation Centers established in 1987 by the U.S. Congress. These Centers were established with the recognition that transportation plays a key role in the nation's economy and the quality of life of its citizens. University faculty members provide a critical link in resolving our national and regional transportation problems while training the professionals who address our transpor-tation systems and their customers on a daily basis.The UTRC was established in order to support research, education and the transfer of technology in the ϐield of transportation. The theme of the Center is "Planning and Managing Regional Transportation Systems in a Changing World." Presently, under the direction of Dr. Camille Kamga, the UTRC represents USDOT Region II, including New York, New Jersey, Puerto Rico and the U.S. Virgin Islands. Functioning as a consortium of twelve major Universities throughout the region, UTRC is located at the CUNY Institute for Transportation Systems at The City College of New York, the lead institution of the consortium. The Center, through its consortium, an Agency-Industry Council and its Director and Staff, supports research, education, and technology transfer under its theme. UTRC’s three main goals are:
ResearchThe research program objectives are (1) to develop a theme based transportation research program that is responsive to the needs of regional transportation organizations and stakehold-ers, and (2) to conduct that program in cooperation with the partners. The program includes both studies that are identiϐied with research partners of projects targeted to the theme, and targeted, short-term projects. The program develops competitive proposals, which are evaluated to insure the mostresponsive UTRC team conducts the work. The research program is responsive to the UTRC theme: “Planning and Managing Regional Transportation Systems in a Changing World.” The complex transportation system of transit and infrastructure, and the rapidly changing environ-ment impacts the nation’s largest city and metropolitan area. The New York/New Jersey Metropolitan has over 19 million people, 600,000 businesses and 9 million workers. The Region’s intermodal and multimodal systems must serve all customers and stakeholders within the region and globally.Under the current grant, the new research projects and the ongoing research projects concentrate the program efforts on the categories of Transportation Systems Performance and Information Infrastructure to provide needed services to the New Jersey Department of Transpor-tation, New York City Department of Transportation, New York Metropolitan Transportation Council , New York State Department of Transportation, and the New York State Energy and Research Development Authorityand others, all while enhancing the center’s theme.
Education and Workforce Development The modern professional must combine the technical skills of engineering and planning with knowledge of economics, environmental science, management, ϐinance, and law as well as negotiation skills, psychology and sociology. And, she/he must be computer literate, wired to the web, and knowledgeable about advances in information technology. UTRC’s education and training efforts provide a multidisciplinary program of course work and experiential learning to train students and provide advanced training or retraining of practitioners to plan and manage regional transportation systems. UTRC must meet the need to educate the undergraduate and graduate student with a foundation of transportation fundamentals that allows for solving complex problems in a world much more dynamic than even a decade ago. Simultaneously, the demand for continuing education is growing – either because of professional license requirements or because the workplace demands it – and provides the opportunity to combine State of Practice education with tailored ways of delivering content.
Technology TransferUTRC’s Technology Transfer Program goes beyond what might be considered “traditional” technology transfer activities. Its main objectives are (1) to increase the awareness and level of information concerning transportation issues facing Region 2; (2) to improve the knowledge base and approach to problem solving of the region’s transportation workforce, from those operating the systems to those at the most senior level of managing the system; and by doing so, to improve the overall professional capability of the transportation workforce; (3) to stimulate discussion and debate concerning the integration of new technologies into our culture, our work and our transportation systems; (4) to provide the more traditional but extremely important job of disseminating research and project reports, studies, analysis and use of tools to the education, research and practicing community both nationally and internationally; and (5) to provide unbiased information and testimony to decision-makers concerning regional transportation issues consistent with the UTRC theme.

UTRC-RF Project No: 49111-13-23
Project Date: February 2014
Project Title: Energy, Ride Comfort and Road Handling of Regenerative Vehicle SuspensionsProject’s Website: http://www.utrc2.org/research/projects/regenerative-vehicle-suspensions           
Principal Investigator: Dr. Lei ZuoAssistant Professor, Department of Mechanical EngeeringStony Brook, State University of New York (SUNY)Phone: (631) 632- 9327 Fax: (631) 632-8544Email: lei.zuo@sunysb.edu, or lei.zuo@stonybrook.edu
Co-Author(s):Peisheng ZhangDepartment of Mechanical Engineering, State University of New York at Stony BrookStony Brook, NY 11787 
Performing Organization: State University of New York at Stony Brook
Sponsor: University Transportation Research Center - Region 2, A Regional University Transportation Center sponsored by the U.S. Department of Transportation’s Research and Innovative Technology Administration

To request a hard copy of our ϐinal reports, please send us an email at utrc@utrc2.org
Mailing Address:University Transportation Reserch CenterThe City College of New YorkMarshak Hall, Suite 910160 Convent AvenueNew York, NY 10031Tel: 212-650-8051Fax: 212-650-8374Web: www.utrc2.org



Board of DirectorsThe UTRC Board of Directors consists of one or two members from each Consortium school (each school receives two votes regardless of the number of representatives on the board). The Center Director is an ex-ofϐicio member of the Board and The Center management team serves as staff to the Board.
City University of New York   Dr. Hongmian Gong - Geography
   Dr. Neville A. Parker - Civil Engineering

Clarkson University   Dr. Kerop D. Janoyan - Civil Engineering

Columbia University   Dr. Raimondo Betti - Civil Engineering
   Dr. Elliott Sclar - Urban and Regional Planning

Cornell University   Dr. Huaizhu (Oliver) Gao - Civil Engineering   Dr. Mark A. Turnquist - Civil Engineering

Hofstra University
    Dr. Jean-Paul Rodrigue - Global Studies and Geography

Manhattan College
    Dr. Anirban De - Civil & Environmental Engineering 
   Dominic Esposito - Research Administration

New Jersey Institute of Technology   Dr. Steven Chien - Civil Engineering
   Dr. Joyoung Lee - Civil & Environmental Engineering
   
New York Institute of Technology
   Dr. Nada Marie Anid - Engineering & Computing Sciences
  Dr. Marta Panero - Engineering & Computing Sciences  
 
New York University   Dr. Mitchell L. Moss - Urban Policy and Planning
   Dr. Rae Zimmerman - Planning and Public Administration

Polytechnic Institute of NYU   Dr. John C. Falcocchio - Civil Engineering
   Dr. Kaan Ozbay - Civil Engineering

Rensselaer Polytechnic Institute   Dr. José Holguín-Veras - Civil Engineering
   Dr. William "Al" Wallace - Systems Engineering

Rochester Institute of Technology    Dr. J. Scott Hawker - Software Engineering 
   Dr. James Winebrake -Science, Technology, & Society/Public Policy

Rowan University   Dr. Yusuf Mehta - Civil Engineering
   Dr. Beena Sukumaran - Civil Engineering

Rutgers University
   Dr. Robert Noland - Planning and Public Policy 

State University of New York   Michael M. Fancher - Nanoscience
   Dr. Catherine T. Lawson - City & Regional Planning
   Dr. Adel W. Sadek - Transportation Systems Engineering
   Dr. Shmuel Yahalom - Economics

Stevens Institute of Technology   Dr. Sophia Hassiotis - Civil Engineering
   Dr. Thomas H. Wakeman III - Civil Engineering

Syracuse University
   Dr. Riyad S. Aboutaha - Civil Engineering
   Dr. O. Sam Salem - Construction Engineering and Management

The College of New Jersey   Dr. Thomas M. Brennan Jr. - Civil Engineering

University of Puerto Rico - Mayagüez
   Dr. Ismael Pagán-Trinidad - Civil Engineering
   Dr. Didier M. Valdés-Díaz - Civil Engineering

UTRC Consortium UniversitiesThe following universities/colleges are members of the UTRC consor-tium.City University of New York (CUNY)Clarkson University (Clarkson)Columbia University (Columbia)Cornell University (Cornell)Hofstra University (Hofstra)Manhattan CollegeNew Jersey Institute of Technology (NJIT)New York Institute of Technology (NYIT)New York University (NYU)Polytechnic Institute of NYU (Poly)Rensselaer Polytechnic Institute (RPI)Rochester Institute of Technology (RIT)Rowan University (Rowan)Rutgers University (Rutgers)*State University of New York (SUNY)Stevens Institute of Technology (Stevens)Syracuse University (SU)The College of New Jersey (TCNJ)University of Puerto Rico - Mayagüez (UPRM)
* Member under SAFETEA-LU Legislation

UTRC Key Staff

Dr. Camille Kamga: Director, UTRC
 Assistant Professor of Civil Engineering, CCNY

Dr. Robert E. Paaswell: Director Emeritus of UTRC and Distinguished Professor of Civil Engineering, The City College of New York
Herbert Levinson: UTRC Icon Mentor, Transportation Consultant and 
Professor Emeritus of Transportation

Dr. Ellen Thorson: Senior Research Fellow, University Transportation 
Research Center

Penny Eickemeyer: Associate Director for Research, UTRC

Dr. Alison Conway: Associate Director for New Initiatives and Assistant 
Professor of Civil Engineering
Nadia Aslam: Assistant Director for Technology Transfer

Dr. Anil Yazici: Post-doc/ Senior Researcher

Nathalie Martinez: Research Associate/Budget Analyst

Membership as of January 2014



 

  TECHNICAL REPORT STANDARD TITLE PAGE 

1. Report No. 2.Government Accession No. 3. Recipient’s Catalog No. 
   

4.  Title and Subtitle 5.  Report Date 
 
Energy, Ride Comfort and Road Handling of Regenerative Vehicle Suspensions 

     
     Feb 20, 2014 
6. Performing Organization Code 
 

7.  Author(s) 8. Performing Organization Report No. 
 
Lei Zuo and Peisheng Zhang (lei.zuo@stonybrook.edu) 

 

9.  Performing Organization Name and Address 10. Work Unit No. 
 
Stony Brook University 
100 Nicolls Road 
Stony Brook, NY 11794 

 

11.  Contract or Grant No. 
  
        49111-13-23 

12.  Sponsoring Agency Name and Address 13.  Type of Report and Period Covered 
 
University Transportation Research Center 
City College of New York-Marshak 910 
160 Convent Avenue 
NewYork, NY 10031 

 
Final Report 
14.  Sponsoring Agency Code 
 

15.  Supplementary Notes 
 

16.  Abstract 
 

In this project we report a comprehensive assessment of the power that is available for harvesting in the vehicle suspension system 
and the tradeoff among energy harvesting, ride comfort, and road handing with analysis, simulations, and experiments. The 
excitation from road irregularity is modeled as a stationary random process with road roughness suggested in the ISO standard. The 
concept of system H2 norm is used to obtain the mean value of power generation and the root mean square values of vehicle body 
acceleration (ride quality) and dynamic tire-ground contact force (road handling). For a quarter car model, an analytical solution of 
the mean power is obtained. The influence of road roughness, vehicle speed, suspension stiffness, shock absorber damping, tire 
stiffness, and the wheel and chasses masses to the vehicle performances and harvestable power are studied. Experiments are carried 
out to verify the theoretical analysis. The results suggest that road rough-ness, tire stiffness, and vehicle driving speed have great 
influence on the harvesting power potential, where the suspension stiffness, absorber damping, and vehicle masses are insensitive. 
At 60 mph on good and average roads, 100–400 W average power is available in the suspensions of a middle-sized passenger car. 
More energy harvesting potential is available for heavy-duty trucks and off-road vehicles. 

17. Key Words 
 

18. Distribution Statement 

Energy harvesting; Vehicle suspension  

19. Security Classif (of this report) 20. Security Classif. (of this page) 21. No of Pages 22. Price 

Unclassified Unclassified 

  

Form DOT F 1700.7 (8-69)     



Disclaimer  
The contents of this report reflect the views of the authors, who are responsible for the facts and 
the accuracy of the information presented herein. The contents do not necessarily reflect the 
official views or policies of the UTRC, NYSERDA, SUNY Research Foundation, or the Federal 
Highway Administration. This report does not constitute a standard, specification or regulation. 
This document is disseminated under the sponsorship of the Department of Transportation, 
University Transportation Centers Program, in the interest of information exchange. The U.S. 
Government, NYSERDA, SUNY Research Foundation assume no liability for the contents or 
use thereof. 



INSTITUTION: STATE UNIVERSITY OF NEW YORK AT STONY BROOK

COMPLETION DATE: JULY 31, 2013

 SPONSOR: UNIVERSITY TRANSPORTATION RESEARCH CENTER (UTRC)

PROJECT TITLE: ENERGY, RIDE COMFORT AND ROAD HANDLING OF REGENERA-
TIVE VEHICLE SUSPENSIONS 

PRINCIPAL INVESTIGATOR(S): DR. LEI ZUO

   RESEARCH BRIEF
UNIVERSITY TRANSPORTATION RESEARCH CENTER

In this project we report a comprehensive 
assessment of the power that is available for 

harvesting in the vehicle suspension system and 
the tradeoff  among energy harvesting, ride comfort, 
and road handing with analysis, simulations, and 
experiments. The excitation from road irregularity 
is modeled as a stationary random process with 
road roughness suggested in the ISO standard. 
The concept of system H2 norm is used to obtain 
the mean value of power generation and the root 
mean square values of vehicle body acceleration 
(ride quality) and dynamic tire-ground contact 
force (road handling). For a quarter car model, an 
analytical solution of the mean power is obtained. 
The influence of road roughness, vehicle speed, 
suspension stiff ness, shock absorber damping, tire 
stiff ness, and the wheel and chasses masses to the 
vehicle performances and harvestable power are 
studied. Experiments are carried out to verify the 
theoretical analysis. The results suggest that road 
rough-ness, tire stiff ness, and vehicle driving speed 
have great influence on the harvesting power 
potential, where the suspension stiff ness, absorber 
damping, and vehicle masses are insensitive. At 
60 mph on good and average roads, 100–400 W 
average power is available in the suspensions of a 
middle-sized passenger car. More energy harvesting 
potential is available for heavy-duty trucks and off -
road vehicles.

Journal publication resulted from this UTRC-II 
minigrant: 

L. Zuo and P. Zhang, “Energy Harvesting, Ride 
Comfort, and Road Handling of Regenerative 
Vehicle Suspensions”, ASME Journal of Vibration 
and Acoustics, Vol 135, 2013.

 Modelling of the overall road-vehicle dynamics

Experiment setup: road test using a super compact 
vehicle 

 Suspension velocity and harvesting power potential in a   
 typical passenger car at various vehicle speeds

vehicle 



Un
iv

er
si

ty
 T

ra
ns

po
rt

at
io

n 
Re

se
ar

ch
 C

en
te

r -
 R

eg
io

n 
2

Fu
nd

ed
 b

y t
he

 U
.S.

 D
ep

ar
tm

en
t o

f T
ra

ns
po

rt
at

io
n

Region 2 - University Transportation 
Research Center

The City College of New York
Marshak Hall, Suite 910

160 Convent Avenue
New York, NY 10031
Tel: (212) 650-8050
Fax: (212) 650-8374

Website: www.utrc2.org


