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Abstract:  
For decades there has been a desire and a need for vehicles that can perform in remote areas with exceptionally rough terrain.  This desire and need has come from many areas, including exploration of remote regions such as the ocean-bottom, military reconnaissance and personnel transportation, exploration of other planets, personal transportation vehicles in regions with extreme weather or climactic conditions, remotely operated vehicles used in places unsafe for human presence such as bomb-threatened areas, and more recently, for recreation and competition purposes associated with rock-crawling and off-road challenges.  This study will have two parts, the first to satisfy the Clarkson University ME445/446 Integrated Design requirements, and the second part an extension of that work to meet the HP490 Honors Thesis requirement.  The first part of the study will research, design, and build a prototype vehicle that employs the main design features and concepts discussed below.  This prototype will act as a physical “proof of concept” model.  The second part of the study will expand on the concepts and findings of the first part to design a full scale personal transportation vehicle for use in rock-crawling and off-road application.  This will be an extension of the first part in that it will integrate the geometric and physical concepts with the power and control systems that would differ on a full-scale vehicle from those of a small-scale prototype.  These systems will include a hydraulic steering control system and an internal-combustion drive train system.  To meet the thesis requirements, the design feature of most interest throughout this study will be an articulated-frame, center-pivoted steering design.  Similar designs are currently in use in other vehicles, and modeling studies have been performed on this type of system.  However, these vehicles have been designed to travel primarily in the horizontal plane and the models used assume simple in-plane motion and neglect suspension effects.  As applied to rock-crawling or extreme off-roading, these assumptions cannot be made due to the inherent multi-plane terrain over which the vehicles must travel and the significant suspension-related movements perpendicular to the direction of travel.  This study will attempt to extend previous articulated-steering modeling into the third dimension and to find if the benefits of using such a system remain valid under these conditions.
Problem:  
Vehicles that operate primarily in remote areas through extreme rough terrain must be specially designed to withstand loads and stresses outside of the normal operating conditions of standard vehicles.  Extreme flex and articulation of steering and suspension systems is inherent when vehicles must navigate over and around obstacles of significant size or sudden and abrupt changes in the geometry of the driving surface.  These extreme conditions cause significantly more fatigue and wear to components than normal driving conditions and result in breakages or the need for frequent, costly replacements.  

It is also imperative when navigating in these terrains that traction is maintained at all times and control of the vehicle is maximized.  In some circumstances, it is important that the vehicle is capable of maneuvering through a certain area with little or no disturbance or damage to the environment or driving surface on which it is operating.  These needs often conflict with one another, as the large, aggressively-treaded tires that are often used for off-road vehicles can very easily cause a great deal of disturbance to the ground.
Another existing problem is tire placement.  When maneuvering a vehicle over an object it is important to issues of clearance and balance (or stability) that the tires of the vehicle maintain a certain path or placement on an obstacle.  The configuration of traditional steering systems results in the rear tires following in a different track than the front tires when the vehicle is turning.  This means that an operator can steer the front tires along a necessary path on an obstacle, but if the vehicle is not following a straight path, as is often the case, the rear tires will take a different position on the obstacle.  This effect can be very detrimental to vehicle performance and safety.
Many vehicle designs have been used for the applications mentioned, however due to the remaining problems that arise, there is a need for a vehicle design that minimizes or eliminates these effects.

Problem Background:  
The first part of this study will investigate existing steering designs, specifically articulated-frame steering designs, and analyze the performance of these designs with respect mainly to the aforementioned existing problems.  Both small-scale, remotely operated vehicles, as well as large-scale equipment will be analyzed.  Articulated steering vehicles can currently be seen in many areas:
· NASA has used many such vehicles for exploration missions on the moon (both manned and unmanned) and Mars.

· Police and security departments have used such vehicles and robots for unmanned inspection of bomb-threatened areas or to look for people in building rubble.
· The military sends vehicles into areas unsafe to send troops to gather intelligence.

· Large construction and earth-moving equipment, as well as log skidders, employ the articulated steering feature

· Farm tractors and public transit buses are beginning to be marketed with an articulated steering option

The second part of this study will involve the design of a full-scale rock-crawling vehicle.  Rock-crawling has been, until recently, mainly a recreational activity for those who could afford to build their own specialized vehicle or to modify their stock vehicle sufficiently enough to perform the task.  However in recent years, rock-crawling has quickly become a competitive activity and has very much turned into a lucrative commercial market.  

· Dozens of annual off-road and rock-crawling competitions are held around the country, drawing spectators and competitors from hundreds and thousands of miles.
· The Defense Advanced Research Projects Agency (DARPA) holds an annual competition for the design and performance of “autonomous ground vehicles” that must navigate a given course and obstacles

· Most large after-market automotive companies now carry upgrade kits and modifications to increase off-road capabilities in stock vehicles.
· Many companies have been created in the last decade whose sole operation is the custom design and fabrication of vehicles specifically designed for off-road or rock-crawling use.

Research Design:  
Small-scale, remotely-operated vehicles and their designs have been widely researched and improved upon and have an extensive amount of design variation among them.  For this reason the first part of this study will mainly investigate existing technology and designs and compile information on the various systems of these vehicles.  With respect to the articulated-frame steering design, there have been many designs and design improvements.  However, it would appear that all existing designs and subsequent models are for vehicles that travel in single-plane motion.  Therefore they do not include analysis for articulation in the third direction, perhaps in the form of suspension.  These studies and designs consequently do not address performance issues under these ‘out-of-plane’ conditions.  This study will attempt to do just that, and determine if the known advantages of articulated-steering hold valid and what modifications can be made for a design of this application.  The end result will be a vehicle design and concept prototype that demonstrate and employ the findings of the study.
The design will then be applied to an obstacle course that tests its performance under some extreme conditions.  The design will be tested virtually by testing a computer model of the vehicle in a computer-generated obstacle course.  When the prototype vehicle is completed, it will then be tested on a physical course, with obstacles of varying size and geometry.  The vehicle will be scored according to the official rules of the American Rock Crawlers Association (ARCA).  For rules, see attached.
Expected Results:  
From preliminary investigation and background knowledge, it is expected that the vehicle design resulting from this study will weigh more than current designs and be slightly greater in length.  It is also expected that the vehicle will have an improved turning radius, yielding improved maneuverability, though it may also result in more operator training than with current designs due to center-pivoting response characteristics.  Since the tires of vehicles with articulated steering do not skid relative to the ground, it is expected that there would be less damage to driving surfaces and that traction control may be increased.  It is also expected that there would be a decrease in the difficulty a vehicle operator has in tire-path placement.  It is also expected that there will be increased difficulty in “tracking” straight at higher speeds due to the shifting center of gravity inherent in this type of steering.  Overall, it is expected that the resulting vehicle will have improved operator control and maneuverability.  This improvement will need to be weighed against the expected increased weight of the vehicle.
Result Applications:  
A resulting vehicle design with improved performance capabilities over existing designs would have a direct application in rock-crawling competition.  Improved vehicle capabilities would translate to improved competition results.  This being the case, there would be a strong commercial market for the design, at which point considerations should be made for protection and marketing of the design.
Proposed Project General Timeline: (more specific dates to be set based on progress)
Project Part 1: Small-scale vehicle prototype design and build:

Early November 2005 - Steering system investigation & compilation complete

Late November 2005 - Preliminary design of main vehicle systems complete

Early December 2005 - CAD modeling of vehicle design complete

Mid December 2005 - Small-scale vehicle design completed and presented 
Dec 05 to Jan 06 - University Break

Late January 2006 - Begin building of vehicle prototype

Mid March 2006 - Vehicle completed

April 2006 - Testing and revision period

Late April 2006 - Project final presentation 
Project Part 2: Full-scale rock-crawling vehicle design:

Late November 2005 - Begin expanding findings from Part1 to full-scale vehicle 
systems, including research into hydraulics, load conditions, and power issues

Dec 05 to Jan 06 - University Break

February 2006 - Verification of vehicle systems compatibility and integration; begin any 
necessary design refinements or alterations

March 2006 - Begin CAD modeling of vehicle design; begin performance prediction 

April 2006 - Finish modeling and thesis writing

Late April 2006 - Final project presentation
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Attachments:

ARCA Rules

"Rock crawling is a little different from other forms of motor sports. Usually, speed is the name of the game. In rockcrawling, it still is... but on the other side of the spectrum. We favor the snail, not the cheetah. Scoring in an ARCA event is based on maneuvering a vehicle through gates marked with flags. The beginning and end of each gate is marked with a disc. Drivers must drive between these gates as smoothly as possible avoiding contact with them. Scoring is based on drivers skill in finessing his or her way up and around obstacles. This is very similar to trials bike competitions." (ARCA 1999 Program) 

Course Judges assess points for each infraction. The driver with the fewest points wins. 

Points are pretty simple, and are assessed based on the following values:

	Type of Penalty
	Points Added

	Stopping for 6 seconds
	1 point

	Backing/Reversing
	1 point

	Knocking down a gate
	10 points

	Winching or using a recovery tool
	20 points

	Timing out
	40 points

	Bypassing an obstacle
	50 points


Note that Stopping and Reversing are separate deductions. If you stop for more than six seconds, then resume forward motion, you only lose one point. If you stop, then reverse, you lose two points. Since it is impossible to change directions without stopping, any reversal automatically is penalized two points -- one for the stop that had to happen, and another for the reversal. Resuming forward movement after a reversal is not penalized for a stop.

The maximum points you can rack up on a stage is 40 points, unless you bypass the entire obstacle. If you bypass an obstacle, you earn 50 points. This rewards contestants who try the obstacle and fail, rather than driving around the obstacle without trying.

Also, if broken or delayed for a time longer than normal lining up for the next stage, you earn a 5 point penalty for every vehicle that passes you in position.

Taken from:  http://www.4x4wire.com/news/arca99/rules.htm
