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 Announcement 
  

Professional Development Program 
 
FUNDAMENTALS OF OFF-ROAD VEHICLE MOBILITY 

 
Presented by 

 
Dr. J. Y. Wong 

 
 
Date: June 17 - 19, 2013  
 
Location:   Carleton University, 1125 Colonel By Drive, Ottawa, Ontario, 

Canada. 
 
Objective 
 
The objective of this professional development program is to provide professionals in 
governmental agencies and industry, involved in the management, procurement, or 
development of off-road vehicles, with an understanding of the fundamentals of vehicle 
mobility. Recent developments in the field will be discussed, including computer-aided 
methods for performance and design evaluation of off-road vehicles and extraterrestrial 
rovers; applications of computational methods (such as the discrete element method and 
the finite element method) to the evaluation of vehicle mobility; etc.  
 
Who Should Attend 
 
• Technical professionals engaged in research, development or design of off-road vehicles 
or extraterrestrial rovers. 
• Management or procurement professionals involved in the evaluation of off-road vehicles 
or extraterrestrial rovers.  
 
Benefits of Attending 
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This program is intended to enhance the ability of professionals, involved in management, 
procurement, or development of off-road vehicles, by providing them with the necessary 
knowledge and technical tools. By completing this program, attendees will have a 
comprehensive appreciation of the following: 

 
• Fundamentals of the mobility of terrestrial off-road vehicles and extraterrestrial 

rovers. 
• Techniques for measuring and characterising the mechanical properties of terrain 

in the evaluation of off-road vehicle and extraterrestrial rover mobility. 
 • Mechanics of track/wheel-terrain interaction. 

• Methods for performance and design evaluation of tracked and wheeled vehicles 
and extraterrestrial rovers, including the latest computer-aided methods. 

•Special topics: tracks vs. wheels from traction perspective; approaches to 
specifying military vehicle mobility requirements from procurement 
perspective; the applications of computational methods (such as the discrete 
element method and the finite element method) to the evaluation of vehicle 
mobility; predicting rover performance on extraterrestrial surfaces based on 
test data obtained on earth; etc.  

 
Program Contents 
 
Day 1  
 

Introduction to Terramechanics – Study of the Mechanics of Vehicle-Terrain 
Interaction  

  
 Role of Terramechanics. 
 Basic issues in Terramechanics. 

 Measurement and characterisation of terrain behaviour in relation to vehicle 
mobility study. 

 The cone penetrometer technique: cone index, remolding index, rating cone 
index, and cone index gradient. 

 The bevameter technique: pressure-sinkage relations, shear stress-shear 
displacement relations, and responses to repetitive normal and shear 
loadings of terrain. 

 Fundamental of the mechanics of wheel/track–terrain interaction  
 

Criteria for Evaluating Vehicle Mobility   
  
 Drawbar pull, drawbar pull to weight ratio, drawbar power, tractive 

efficiency, and slope climbing capability (gradability).  
 Performance characteristics of all-wheel-drive off-road vehicles. 
 Optimization of the tractive performance of all-wheel-drive off-road 

vehicles. 
 Mobility map and mobility profile for military vehicles. 
 Transport productivity and transport efficiency in off-road transport. 
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Methods for Evaluating Vehicle Mobility 
   
  Empirical methods  
 NATO Reference Mobility Model (NRMM) based on the cone penetrometer 

technique. Its basic approach and methodology for predicting vehicle 
mobility. 
Empirical methods based on the concept of mean maximum pressure 
(MMP). British Defence Standards 23-6. 
 

  Methods for parametric analysis 
 Methods for parametric analysis of off-road vehicle mobility developed by Dr. 

M.G. Bekker, based on the bevameter technique. 
 

 Computational methods 
 Basic principles of the discrete element method and the finite element 

method for modelling terrain. Their applications to the evaluation of vehicle 
mobility and their limitations. 

 
 Computer-aided methods for evaluating tracked and wheeled vehicle 

mobility 
 

Day 2 
 

           Computer-Aided Methods for Vehicles with Flexible Tracks (Segmented Metal 
Tracks with Short Track Pitch and Band Tracks)   
 
Basic approach to the prediction of normal and shear stress distributions on 
the track-terrain interface. 

 Experimental substantiation. 
Applications to performance and design evaluation. Effects on performance 
of vehicle design features, such as road-wheel system configuration, initial 
track tension, suspension settings, locations of sprocket and idler, track 
width, etc. 

 Case studies – Applications of the computer-aided method to product 
development and to the evaluation of vehicle candidates from procurement 
perspective. 

   
Computer-Aided Methods for Off-Road Wheeled Vehicles  

 
Basic approach to the prediction of normal and shear stress distributions on 
the wheel-terrain interface. 

 Experimental substantiation. 
Applications to performance and design evaluation. Effects on performance 
of vehicle design features, such as all-wheel-drive, tire type and inflation 
pressure, axle load distribution, etc. 

 Case studies – Applications of the computer-aided method to evaluating the 
performances of lunar rover wheels. 
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            Demonstration of the Operations of Computer-Aided Methods 
 
Day 3  
 
 Special Topics* 
   

Wheeled Vehicles vs. Tracked Vehicles from Traction Perspective  
 
 General analysis of the development of thrust of wheeled and tracked 

vehicles. 
 Comparison of the traction capabilities of wheeled and tracked vehicles 

using computer-aided methods. 
 

Approaches to Specifying Military Vehicle Mobility Requirements from 
Procurement Perspective 

  
Specifying vehicle mobility requirements based on NRMM or the British 
Defence Standards 23-6. 

 Specifying vehicle mobility requirements based on explicit and readily 
measurable performance parameters. 

 Proposed next generation cross-country performance assessment methods 
for military vehicles.   

 
 Predicting Rover Performance on Extraterrestrial Surfaces based on Test  

  Data obtained on Earth                                
 

Methods for predicting the effects of gravity on rover wheel sinkage and 
motion resistance. 
Correlations between predictions by analytical methods and experimental 
data obtained under various gravity conditions produced in an aircraft 
undergoing parabolic flight manoeuvres. 

 
 General Discussions 
 

*Note: Special topics listed above may be modified to suit the interest of the 
majority of the participants. 

 
 
Text: 

 
J.Y. Wong, Program notes on “Fundamentals of Off-Road Vehicle Mobility” 

(In MS PowerPoint format). 
 
References 

  
1. J.Y. Wong, Terramechanics and Off-Road Vehicle Engineering, 2nd 
  Edition, Elsevier, Oxford, England, 2010 (463 pages).  
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2. J.Y. Wong, Theory of Ground Vehicles, 4th Edition, John Wiley, New York, 
2008 (560 pages). 

 
Note: Attendees will be provided with a set of program notes (in MS PowerPoint 
format) and copies of reference papers. The demonstration versions of the 
computer-aided methods for evaluating the mobility of tracked and off-road wheeled 
vehicles will be provided to attendees for personal use upon request.  
 
The reference books, Terramechanics of Off-Road Vehicle Engineering, 2nd Edition, 
and Theory of Ground Vehicles, 4th Edition, will not be provided as part of the 
program material. These two books contain detailed information on some of the 
topics presented in this program. Attendees are recommended to acquire these two 
books through the publishers or book retailers. 

 
 
Presenter:  Professor J.Y. Wong 
 
Dr. Wong is Professor Emeritus and Distinguished Research Professor, Department of 
Mechanical and Aerospace Engineering, Carleton University; and President, Vehicle 
Systems Development Corporation, Ottawa, Ontario, Canada. He received the degrees 
of Ph.D. and D.Sc. from the University of Newcastle upon Tyne, England.   Dr. Wong has 
been engaged in research and development of ground transportation technology for over 
four decades. He has published widely, with more than 150 research publications, and is 
the author of two well-known books: Theory of Ground Vehicles, currently in its 4th 
Edition, published by John Wiley, New York; and Terramechanics and Off-Road Vehicle 
Engineering, currently in its 2nd Edition, published by Elsevier, Oxford, England. An earlier 
edition of the book, Theory of Ground Vehicles, has been translated into Russian and 
Chinese and published in Moscow and Beijing, respectively.   
 
Dr. Wong is a former President of the International Society for Terrain-Vehicle Systems, 
and has been Chairman, Technical Committee on Transportation, Division of Applied 
Mechanics, American Society of Mechanical Engineers; and Chairman, Transportation 
Systems Division, Canadian Society for Mechanical Engineering.  
 
In recognition of his contributions to the field of vehicle mobility, Dr. Wong has been 
presented with a number of awards. These include the prestigious George Stephenson 
Prize, the Starley Premium Award (twice), and the Engineering Applied to Agriculture 
Award, presented by the Institution of Mechanical Engineers, United Kingdom.  He has 
been a consultant to major vehicle manufacturers and governmental agencies in North 
America, Europe, Asia, and Africa. The computer-aided methods for performance and 
design evaluation of off-road vehicles that he pioneered have been successfully employed 
by industry in the development of a new generation of high-mobility off-road vehicles, and 
by governmental agencies in the evaluation of vehicle candidates. The Surface Mobility 
Technology Team, Glenn Research Center, National Aeronautics and Space 
Administration (NASA) of the U.S. has used his computer-aided method for wheeled 
vehicle mobility in the valuation of extraterrestrial rovers.   
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Dr. Wong is a member of the editorial boards of the Journal of Terramechanics, Vehicle 
Systems Dynamics and International Journal of Heavy Vehicle Systems.  He has also 
been a member of the editorial board of the Journal of Automobile Engineering, Part D 
of the Proceedings of the Institution of Mechanical Engineers, United Kingdom. He is a 
Fellow of the American Society of Mechanical Engineers, Institution of Mechanical 
Engineers of the United Kingdom, and Canadian Society for Mechanical Engineering.   
 
He has conducted professional development programs on vehicle mobility in many 
countries, including Austria, Canada, China, Finland, Germany, Italy, Malaysia, Singapore, 
Spain, Sweden, Taiwan, the Netherlands, the United Kingdom, and the United States. In 
2004, at the invitation of the European Space Research and Technology Centre (ESTEC) 
of the European Space Agency (ESA), Dr. Wong presented a 4-day program on the 
Applications of Terramechanics to the Evaluation of Planetary Rover Mobility, to its staff 
and professionals in the European space industry. In 2006, at the invitation of the NASA 
Glenn Research Center, he presented a similar program to its scientists and engineers. In 
August 2011, he gave an invited presentation on Simulations in Terramechanics at the 
Workshop on “xTerramechanics: Integrated Simulation of Planetary Surface Missions 2”, 
sponsored by the Keck Institute for Space Studies, California Institute of Technology, 
Pasadena, California, U.S.A.  
 
Program Fee 
 
The program fee per attendee is CAD$2,000.00 plus HST of 13%, for a total of 
CAD$2,260.00. Refreshments and Lunch for the attendees are included. 
 
Registration 
 
Please complete the registration form attached and return it by e-mail no later than 
May 17, 2013 to: jwong@connect.carleton.ca. 
 
The number of participants admitted to this program is limited. Early registration is 
strongly advised. 
 
Method of Payment of Program Fee 
 
Upon receipt of the completed registration form, an invoice will be forwarded to the 
organization sponsoring the attendee for payment of the program fee. 
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