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Based on national statistics, agricultural workers suffer between 20 to 25 fatalities per 100,000 employees as compared to overall occupational fatality rates of approximately 5 per 100,000 employees (Hard et al, 1999).  Tractor overturns continue to be the major source of fatal and serious farm work injury accounting for about 36% of all reported farm fatalities nationally (National Safety Council, 1999).  Combining these two statistics indicates that 7 to 9 fatalities per 100,000 agricultural workers are caused by a single type of accident - tractor overturn.  This occupational fatality rate for tractor overturns alone is much greater than the overall national occupational fatality rate.  Tractor overturns not only cause death and injury, but also cause major equipment damage and critical downtime.

Clearly, any effective methodology to reduce death and injury due to tractor overturn can have a major impact on many workers nationwide.  Four concepts to this end have typically been followed.  The first and most traditional approach is to increase survivability by installing a combination of seat belts and ROPS on tractors.  A second and relatively new concept is to use an automatically deployed ROPS (AutoROPS) as opposed to a rigid ROPS (Powers et al, 2000).  A third and effectively infeasible approach is to mechanically prevent impending overturn by activating large counter rotating throw masses or deployable outriggers.  The fourth methodology, the one that we have chosen to pursue, is to address the root cause of this problem by helping tractor operators learn to avoid overturn.  While ROPS and seat belts can increase survivability, they do not actually prevent overturns from occurring.  

A simple and very practical means to save farmers’ lives and reduce disabling injuries is to actually prevent tractor overturns by providing on-line information to the tractor operator about tractor stability.  

To this end, we must be able to monitor tractor stability and indicate how close the tractor is to an unstable condition or even to predict that that an unseen future event (uphill bump, downhill hole, sharp uphill turn) might possibly cause an overturn.  Then, the operator can anticipate and prevent overturn.   Informed operator intervention is an effective way to prevent tractor overturn events.

As more marginal and hilly land is used for agricultural production particularly for orchards and vineyards, and given the recent proliferation of small tractors, it is inevitable that more tractors each year will be operated in scenarios that could lead to overturn.  Therefore, it is necessary to target the operator to prevent tractor overturns.  If the operator could continuously monitor conditions related to tractor instability, he or she would be better able to recognize, in advance, a set of circumstances that lead to tractor instability and learn to avoid these scenarios rather than simply survive overturns.

A number of researchers have shown that they can successfully monitor both side and rear tractor stability/instability with a variety of expensive instrument grade sensors ranging from inclinometers to gyroscopes to digital tilt indicators to temperature compensated accelerometers.  Unfortunately, these exciting results cannot proceed into the real world until the research community finds reliable inexpensive sensor combinations rather than expensive instrument grade solutions.  Hence we have proposed Goals 1 and 2 to develop inexpensive overturn sensors and validate them against instrument grade devices.

Goal 1 - Exhaustively evaluate expensive instrument grade sensors used by research groups versus new commercial grade sensors to compare measurement efficacy versus cost and simplicity of integration into a user display.

Goal 2 - Design and build a cost effective (<$150) microprocessor based commercial grade device to measure tractor stability/instability and validate it against instrument grade sensors on full size tractor overturn tests.

Most experimental tractor overturn studies and numerical simulations to date have dealt with the tractor alone with no implements attached.  However, many tractor overturns occur when an implement is attached to the tractor using a single-point hitch, a three-point hitch or a front end loader.  While several researchers have postulated methods to compute stability indices (how stable the tractor is relative to overturn) for a tractor alone, none have addressed methods to compute modified stability indices due to attached implements.  To this end, we propose Goal 3 to analyze U.S. Bureau of Labor Statistics Census of Fatal Occupational Injury (CFOI) Databases to assess which of these hitching scenarios are the most frequent contributors to tractor overturns.  Goal 4 will be to incorporate these finding into the redesign of the sensor system for tractors with and without attached implements.

Goal 3 - Analyze recent tractor accident statistics to quantify the frequency, etiology and human consequences of tractor overturn with attached implements.

Goal 4 - Perform full size tractor overturn tests with attached implements and use data from instrument grade sensors to modify the commercial grade device.

Lastly, it does no good to design a wonderfully accurate stability/instability display if the operator cannot use it quickly and effectively to learn that he or she is operating their tractor too fast on an unsafe slope.  Perhaps even more important than the actual ergonomics of the stability/instability display is the psychology of its use by the tractor operator.  For example, most operators do not operate their tractor engines above the tachometer yellow line let alone above the red line.  However, some adventurous operators may actually run their tractor engines above the tachometer yellow line to push the envelope of engine speed.  Similar scenarios might be envisioned for a tractor stability/instability hazard warning indicator.  While a number of researchers have addressed design of displays for ergonomic and cognitive efficacy, there is a shortfall in the literature on psychology of transient temporal hazard warning displays.  Concomitantly, we have proposed Goal 5 to investigate the ergonomics, cognition and psychology underlying temporal based hazard indicators. 

Goal 5 - Investigate both ergonomics and psychology principles and standards involving hazard warning indicators and build a visual display for tractor stability/instability based upon these principles and standards.

This project will be managed out of the Departments of Agricultural and Biological Engineering (ABE) and Mechanical and Nuclear Engineering (MNE) at The Pennsylvania State University, University Park, PA.  Tractor overturn testing will be conducted at a dedicated tractor overturn facility at Penn State's Russell E. Larson Agricultural Research Center.  This facility has two calibrated slopes and a flat expanse to test both side and rear overturn.  The test area is enclosed by a reinforced fence to prevent tractor runaway.  An extant full size remote control tractor with fixed ROPS will be used for testing. This tractor has been overturned approximately 300 times and is still fully operational (although a few minor repairs have been required over the years).

This project supports the following NIOSH NORA priority areas:  a) Traumatic Injuries, b) Emerging Technologies, c) Special Populations at Risk, and d) Control Technologies.








































