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EXECUTIVE SUMMARY 

This report presents comments on a document entitled “Final Project Report: Quad Bike 
Performance Project Test Results, Conclusions and Recommendations”, by Raphael 
Grzebieta et al. of the Traffic and Road Safety (TARS) institute of the University of New 
South Wales. 

As stated in the Final Project Report:  

“The Quad Bike Performance Project (QBPP) is aimed at improving the safety of 
Quad bikes, in the workplace and farm environment by critically evaluating, 
conducting research, and carrying out testing, to identify the engineering and 
design features required for improved vehicle Static Stability, Dynamic Handling 
and Rollover Crashworthiness including operator protective devices and 
accessories.” 

In general terms, the QBPP selected and conducted a series of tests at various loading 
conditions on 11 ATVs and 5 side-by-side (SSV) vehicles, mostly of the 2012 Model 
Year, plus one prototype ATV prepared by an outside party.  The tests comprised static 
stability tests on a tilt table (up-, down- and cross-slope); dynamic handling tests (a circle 
test, a J-Turn test and an asymmetric bump test) and static “crashworthiness” tests on 
the SSVs.  

In addition, an “Australian Terrain Vehicle Assessment Program” (ATVAP) rating system 
was created that assigned and weighted “points” and “stars” according to the measured 
test indices of the vehicles. 

Recommendations were also presented in the QBPP Summary report. 

In summary, comments on the QBPP research and report can be grouped under four 
topics: 

− What is a valid basis for a vehicle safety rating system: opinion or relation to real 
safety outcomes? 
 

− What is the valid comparative use of vehicle safety rating system? 
 

− Comments on each of the five types of ATVAP tests 
 

− Comments on technical aspects of the QBPP “Recommendations” 
 
What is a valid basis for a vehicle safety rating system: opinion or relation to real safety 
outcomes? 

Professor Grzebieta (Team Leader of QBPP) has stated that the ATVAP is based on the 
opinions of its authors, and that it is similar to other rating systems. 

However, existing vehicle safety ratings within New Car Assessment Programs (NCAP) 
worldwide have been based on their quantified relationships to real world outcomes. For 
example, all NCAPs worldwide since 1978 have used the Head Injury Criterion (HIC) in 
evaluating car crash tests. HIC was originally based on real human and real cadaver injury 
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data. Initial validations of HIC and other NCAP test results against real vehicle accident 
data began by 1982 and continue to the present time.  

In addition, in 1985, as part of international efforts and by means of inclusion of real US 
and French cadaver test data, HIC was statistically linked to the “likelihood of life 
threatening injury”. This was followed in 1990 by the statistical linkage of chest 
acceleration (G’s) to chest injury likelihood; and in 1993 the combined statistical 
likelihood of head and chest injury was linked to a 5 star rating system. 

Australia began the Australia NCAP (ANCAP) in 1992, in close collaboration with the US 
National Highway Traffic Safety Administration (NHTSA). From the outset, it was based, 
not on the ANCAP authors’ “opinions”, but upon the existing quantitative relationships 
with: 

 
− US real military live human volunteer and animal test data; 

 
− US and French real cadaver injury data; 
 
− US real accident data. 

 
It is therefore not correct to say that the original US NCAP and ANCAP rating methods 
were merely based on their “authors’ opinions”; they were, in fact, based on “quantitative 
relationships” with real world data. 
 
Shortly thereafter, Kahane (1994) reported on correlations between US NCAP indices and 
US real world accident data; and Newstead (1997) reported on correlations between 
ANCAP outcomes and Australian real world accident data. 

 
Similarly, in 1989 NHTSA found an initial quantitative relationship between static stability 
and passenger car rollovers per single vehicle crash (a relationship that the QBPP invalidly 
proposes to extend by analogy to ATV and SSVs, further discussed below); but NHTSA 
continued to refine and clarify that quantitative relationship before introducing it into the 
US NCAP rating system in 2002. 

These examples demonstrate that existing vehicle safety rating systems are based on 
their quantitative relationship to real safety outcomes, not on their authors’ opinions in 
fields where expert opinions may differ.  

What is the valid comparative use of a vehicle safety rating system? 
 
ANCAP’s website states (in a similar way to US/NCAP and other NCAPs worldwide) that: 

 
- “ANCAP safety ratings can be used to compare the relative safety between cars 

of similar mass.”1 
  
- “ANCAP safety ratings are used to compare vehicles within the same vehicle 

category (i.e. small car vs. small car, SUV vs. SUV etc.). It is not appropriate to 
compare ANCAP safety ratings across vehicle categories, particularly if there is a 

                                        

1 ANCAP website http://www.ancap.com.au/safety-ratings-explained  accessed on 2015-06-22. 

http://www.ancap.com.au/safety-ratings-explained
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large weight difference. As such, there is not an ANCAP crash test which 
compares the crash performance of larger cars against smaller cars.”2 

However, ATVAP attempts to merge and directly compare ATVs and SSVs in the same 
rating scheme. 

 
ATVs and SSVs are entirely different types and sizes of vehicle, much more dissimilar 
than small cars versus large cars, which ANCAP warns against directly comparing: 
 
ATVAP likewise inappropriately merges and directly compares very different categories 
within SSVs (e.g., ROVs versus MOHUVs)3 and ATVs (utility versus recreational), even 
though they are very different vehicles (analogous to comparing SUVs to pickup trucks 
to vans) with different intended uses, designs and performance tradeoffs. 
 
Comments on each of the five types of ATVAP tests 
 
A. Static stability test 

One of the five tests used in ATVAP is a static stability test by means of a tilt table 
procedure, measuring the minimum angle at which two uphill wheels lift off the table. 
Tilt table measurements (which include the effects of tire compression and may or may 
not include suspension compression) have been used in standards for: SSVs (including 
Recreational Off-Highway Vehicles (ROVs), Multi-purpose Off-Highway Utility Vehicles 
(MOHUVs) and Light Utility Vehicles (LUVs)), agricultural tractors, fork lifts and heavy 
duty trucks. Alternatively, passenger cars (i.e., US/NCAP) and ATV safety standards in 
the US and 32 other countries use a cg4-height-to-track width index, rather than a tilt 
table index, as it is vehicle-centered (not highly influenced by assumptions about 
occupant and cargo mass and position); and because it does not encourage equal 
front/rear roll stiffness, which can affect steering characteristics.  
 
Safety relevance: In 1989, the US Consumer Product Safety Commission (CPSC) found 
no safety relevance, or instead, weak safety relevance in the opposite direction, in that 
for ATVs, as static stability increased, the injury risk increased by 62%, although this 
outcome was not statistically significant. 
 
In 1989, NHTSA found safety relevance for passenger cars and light trucks, however 
they concluded that the safety relevance was too weak for regulatory purposes as 
prohibiting static stability below that of passenger cars (somewhat analogous to SSVs) 
would only reduce fatalities by 1%, but would eliminate many vehicle types (e.g., pickup 
trucks, SUVs and medium vans (somewhat analogous to ATVs) which provide important 
mobility and utility functions for consumers. 
 
Applicability to ATVs/SSVs: The tilt table method is applicable to SSVs and is used in the 
US standards for ROVS and MOHUVs.  
                                        

2 ANCAP website, op cit. 
3 Out of the five SSVs tested in the QBPP, three were MOHUVs under ANSI/OPEI B71.9-2012 
(John Deere, Big Red, and Kubota), one was a ROV under ANSI/ROHVA-1-2011 (Rhino), and one 
was a non-standardized SSV (Tomcar). None of the SSVs tested were LUVs under SAE J2258. It 
is understood that all of the SSVs were 2012 model year, while ANSI/ROHVA-1-2011 became 
effective in Model Year 2014 (July 2013). 
4 i.e., center of gravity 
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For ATVs, the tilt table method was debated and rejected by the relevant US standards 
committee because it is based on arbitrary assumptions about the exact mass and 
position of a rider and added loads, which have much greater effects on ATVs than other 
vehicles, due to their lighter weight, smaller size and highly variable rider position.   
 
The QBPP should have used a cg height index for ATVs, as do the US and 32 other 
countries in their national and regional standards for ATVs.  
 
Test procedures: For SSVs, the ATVAP procedure has some important differences from 
the US industry standards, which affect the results. For example, use of a dummy rather 
than a steel weight introduces variability (i.e., lower repeatability and reproducibility) into 
the measurements. 
 
For ATVs, the arbitrary assumptions about rider mass and position make the tilt table 
method inappropriate for ATVs, as discussed herein.  
 
Test conditions: For ATVs, ATVAP’s use of a large male dummy leaning downhill is 
unrealistic and unrealistically disadvantages ATVs, and small ATVs in particular.  
 
Results: The ATVAP tilt table method and rating system will encourage ATVs and SSVs 
that are longer, wider, heavier and with lower seats and cargo areas (i.e., more car-like), 
which can be operated on steeper slopes and in sharper turns at higher speeds, so that, 
when an overturn occurs, it will be in more severe conditions and therefore potentially 
more injurious.  

This weighting has been done without any evidence that such changes in preferred design 
would be practical, desired and usable by farmers, as well as safer (rather than less safe) 
in terms of real safety outcomes (e.g., accident rate, injury rate, fatality rate).  
 
B. Circle test 

The circle test procedure (and its alternative, the fixed steer test) provide a means to 
measure the understeer gradient (USG), a dynamic handling characteristic of passenger 
cars, generally associated with driver (and designer and car journalist) preference. It 
involves gradually increasing speed while recording the change in steer angle, which 
generally amounts to a few degrees of front wheel angle. For passenger cars, it has been 
used by passenger car researchers since the 1970s, and has been standardized by both 
the Society of Automotive Engineers (SAE) and the International Standards Association 
(ISO).  Traditionally, for a variety of reasons, passenger cars have an understeering 
characteristic, which the ATVAP ratings encourage. 

For ATVs, it has only been used for research purposes, owing to difficulties in specifying 
rider mass and position, off-road test surface and the strong dependence of the results 
on these variables.  

For SSVs, it has been used for research purposes, and also as part of the ANSI/ROHVA 
1:2011 Standard for standardizing rollover resistance (resistance to 2-wheel lift), but not 
for USG measurement, again because of the strong dependence of the latter on off-road 
test surface.  
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Safety relevance: There are no standards or regulations worldwide for USG, and generally 
USG is considered a driver (or designer or journalist) preference index.  

McIntosh and Patton (2013) found that only 3.8% of ATV farm fatalities in Australia 
involve turning conditions (of any type). Therefore turns are relatively rare in fatal ATV 
farm accidents. 

In 1978, University of Michigan research on passenger cars found that variations of USG 
resulted in “no differences of any consequence” in accident rate for a case control study 
involving several hundred vehicles. Since then, NHTSA has continued to investigate the 
effect of USG on accident rate and has concluded on numerous occasions that there is 
no statistically significant effect and no safety relevance. 

Research on both SSVs and ATVs has found that the majority of a sample of drivers rated 
the vehicles with “understeer-oversteer transition” as very “predictable”. No “loss of 
control” events were recorded for any of the SSVs or ATVs, despite large differences in 
USG.  

Applicability to ATVs/SSVs: Circle tests are not applicable to ATVs because of non-
feasibility of a standardized test procedure that is sufficiently repeatable, reproducible 
and representative (including test surface and rider active effects). ATV tires are 
especially incompatible with paved bitumen surfaces (which is a warned against use), the 
main standardized surface used for such tests with passenger cars.  

Circle tests are applicable to SSVs, but only for purposes of “rollover resistance” testing 
because of the feasibility of a standardized test procedure (i.e., ANSI/ROHVA:2011) that 
is sufficiently repeatable and reproducible (due in part to the known position of the  
occupants); and because the paved, high friction test surface in the ROHVA test 
procedure is only for purposes of ensuring sufficient lateral force to induce two wheel lift 
at 0.6g. Otherwise, a paved surface is a warned against condition for ROVs, and not 
representative. USG measurements for SSVs are highly dependent on off-road test 
surface; and in addition, not safety relevant, as discussed above. 

Test procedures: steady state turn tests can be done either of two ways: by fixed steer; 
or by constant radius. QBPP used the “constant radius” alternative in ISO 4138, which 
requires continuous and variable driver/rider steering corrections. This leads to enormous 
variability and very poor repeatability in USG data. This variability due to steer corrections 
is far less in the fixed steer alternative in ISO 4138, which is used in 
ANSI/ROHVA1:2011, but only for measuring 2 wheel lift. 
 
Test conditions: for ATVs, there was limited or no attempt made to specify and measure 
values and tolerances for test rider mass, stature, limb lengths, upper body lean angle 
(fore/aft and laterally) and, for most of the tests, no “rider active” positioning was used; 
the test surface is sealed bitumen, however all ANSI/SVIA ATVs have warning labels 
against operation on paved (sealed) surfaces; grass is stated to have given similar results, 
yet grass is a high friction (atypical) surface which gave high variability in test results, far 
beyond accepted repeatability of NCAP-type testing. 

Results: ATVAP encourages ATVs and SSVs that have understeer on paved surfaces 
(i.e., more car-like), which Brown et al. (2012) and Fowler (2015) both found results in 
larger path deviations and potential or actual path departures (assuming the vehicles 
would have the same USG off-road, which is highly unlikely). It also encourages fitment 
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of or default to an open center differential, which is mainly relevant to flat high friction 
surfaces such as the selected test surface, but can have adverse effects on rough, uphill, 
and/or slippery off-road surfaces. 

Repeatability: the variability range of the circle test results was up to 15% 
maximum/minimum difference for circle test limit lateral acceleration on asphalt; and up 
to 500% maximum/minimum difference for USG on asphalt. Fifteen percent variability is 
large in comparison to those of passenger car/light trucks in NCAP Rollover Resistance 
tests which are approximately 4% for tip up lateral acceleration (2% for tip up speed). 
This raises concerns regarding the fairness, repeatability and reproducibility of ratings, 
particularly near the upper and lower ranges of a rating interval. Five hundred percent 
USG variability is unacceptable for discrimination and rating purposes, and would result 
in unfair, non-repeatable and non-reproducible results.  
 
C. J-Turn test 

Like the circle test, the J-turn test has been in use for passenger car research since the 
1970s, and SAE and ISO Standards exist for those vehicles. However it was not used in 
the research involving yaw time delay limits, which ATVAP has inappropriately applied to 
the J-Turn test results. 
 
The J-Turn has been used in ATV research, and is used in the ANSI/OPEI B71.9 Standard 
for measuring 2-wheel lift, but not for measuring yaw time delay. 
 
Safety relevance: There are no standards or regulations worldwide for yaw time delay 
(using J-Turn or any other measurement method), and it was mainly an index proposed 
in NHTSA research in the 1970s, but never correlated or validated against accident data.  

For ATVs and SSVs, there have been no direct indications from ATV or SSV accident 
data or descriptions that excessive “effective yaw time delay” has been a factor in any 
ATV or SSV accidents.  

Similarly, there have been no experimental studies, like those for passenger cars, 
regarding any effect on rider/driver ratings and/or performance of ATV and/or SSV yaw 
time delay. 

Applicability to ATVs/SSVs: The J-Turn test has been applied to ATVs (for research 
purposes) and to SSVs (for measuring resistance to 2-wheel lift). However the “yaw time 
delay” limits for passenger cars (which ATVAP uses the J-Turn test to measure and to 
rate) are not applicable to ATVs and SSVs because of large differences in speed, vehicle 
type and tires, on which yaw time delay is highly dependent. Moreover, ATVAP 
misapplied (i.e., used the wrong criterion value in relation to) the passenger car findings. 
 
Test procedures: No indication was found in the QBPP reports of there being a means of 
limiting the magnitude and timing of the J-Turn steering input, for repeatability purposes. 
In addition, the original research on which the criteria suggested by ATVAP were based 
did not use a J-turn - but rather a lane change - to measure effective yaw time delay, 
which may give non-comparable results. 
 
Test conditions: The ATVAP J-Turn test was conducted at 20 km/h on a sealed bitumen 
surface. Both speed and surface strongly affect the effective yaw time delay, so the 
results are not relevant to other speeds and surfaces. 
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Results: The results indicated that all of the ATVs and SSVs had steering response times 
below the (mistaken) criterion selected by the QBPP authors, and far below those of the 
original research. However, to the extent this procedure and mistaken criterion are applied 
in the future, they could encourage ATV and SSV designs that could be detrimental, as 
the primary ways in which shorter yaw time delays can be obtained are by stiffening the 
tires and suspension, which can have adverse effects on controllability in rough off-road 
terrain, conditions which the research did not consider. 
 
Repeatability: The variability range of the J-Turn test results was as high as 67%. This 
variation range for lateral transient response time is unacceptable for discrimination and 
rating purposes, and would result in unfair, non-repeatable and non-reproducible results. 
 
D. Bump test 

The ATVAP bump test comprises a single, semi-cylindrical bump over which one track 
(i.e., left or right) of a free rolling ATV runs, with a crash dummy mounted on the vehicle. 
The only known previous example of a bump test being used was the test used by CPSC 
in their Engineering Analysis tests of ATVs in the mid-1980s. This had substantial issues 
and was eventually abandoned. The issues included that rider-to-rider differences and 
rider instructions were not accounted for; a single bump enabled “over-tuning” the vehicle 
response such that the response for other bumps could be adversely affected; and 
minimizing bump response meant that riders would tend to ride at higher speeds over 
larger bumps (i.e., risk compensation), and it was unclear that this was a safety 
improvement (overturn could still occur with a larger bump at higher speed).  
 
Safety relevance:  Some descriptions of Australian farm accidents seemed to have these 
characteristics, though the accident information is imprecise, anecdotal, vague and 
qualitative. There are currently no accident data that link greater or lesser ATV 
asymmetric bump response to greater or lesser probability of ATV overturn on asymmetric 
bumps for any specific vehicles, as the available accident data are not detailed enough. 
The actual correspondence between the crash dummy pelvis acceleration measured in 
this test and the response of real test riders, and between the latter and real accident 
data, is currently unknown. 

Applicability to ATVs/SSVs: TARS was unable to induce SSV rollover with this particular 
bump and speed, though SSV response in other conditions is unknown. TARS did identify 
near rollover with one ATV for the rigid dummy test, though the relation of this to the 
response with human riders and to real accidents is currently unknown. 
 
Test procedures: The crash dummy that is used in ATVAP does not have human-like 
response for vertical (bump) impacts; that dummy is far more rigid than it is human in the 
vertical (bump) direction and reacts as a dead weight. This is also the case for its 
deadweight effect on steering inputs, in response to the bump 

Test conditions: Only one speed and bump height was used, despite recommendations 
as to the need to use a matrix of speeds and bump heights to avoid “over-tuning” and 
potential adverse consequences for other speeds and bumps. 

Results: The QBPP combined lateral and vertical pelvis accelerations, ignored longitudinal 
pelvis accelerations, and did not apply rigid body (i.e., ride-type) filters to the data, which 
may have affected the results. Tuning vehicles to this one bump would encourage ATVs 
and SSVs that have a longer wheelbase, wider track, and are heavier and more softly 
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sprung (i.e., more car-like), which can be operated on rougher ground, at higher speeds, 
until a still larger bump is encountered. This would occur without any evidence that such 
changes in preferred design would be safer (rather than less safe) in terms of real accident 
rates. 
  
Repeatability: The variability range of the bump test results was up to 10%. This is larger 
than the lateral acceleration variation range in passenger car/light trucks in NCAP Rollover 
Resistance tests, which are approximately 4% for tip up lateral acceleration (2% for tip 
up speed). This raises concern regarding the fairness, repeatability and reproducibility of 
ratings, particularly near the upper and lower ranges of a rating interval. 
 
E. Static “crashworthiness” test (for SSVs) 

The ATVAP static “crashworthiness” test for SSVs is based on those of the ANSI/ROHVA 
standard, with some higher performance requirements. It tests two aspects: rollover 
protection structures (ROPS)/roof crush; and occupant retention devices. Of these, the 
ROPS/roof crush tests are relatively common in passenger cars and other vehicles 
including tractors and earthmoving equipment. Occupant retention tests (in terms of 
rollover retention performance) are far less common, and the existing ANSI/ROHVA and 
ANSI.OPEI standards are the main (and perhaps only) examples of those.  
 
Safety relevance: Recent fatal SSV accident data from the CSPC were collected prior to 
implementation of the ANSI/ROHVA standard and indicates that non-ANSI/ROHVA-
compliant retention systems were associated with a relatively small percentage (5%) of 
partial or full ejections among fatally injured SSV occupants for whom belt use was 
known; whereas the vast majority of partially or fully ejected fatalities (i.e., 91%) were 
associated with not wearing a seat belt. 
 
There are no known cases involving collapse or intrusion of an SSV ROPS, either for 
SSVs that comply or for SSVs that do not comply with ANSI/ROHVA.  
 
As noted, there are no accident data for ANSI/ROHVA-compliant retention ROPS 
systems, but they can be presumed to have equal or better real world safety outcomes 
because a large proportion of pre-2014 model year non-ANSI/ROHVA-compliant ROVS 
did not have one or more of the retention devices required by ANSI/ROHVA 1:2011. 
 
Applicability to ATVs/SSVs: While the ATVAP static crashworthiness tests may be 
generally applicable to the ROV class of SSVs, there is no basis for applying the higher 
performance ROPS and retention requirements (i.e., beyond those of ANSI/ROHVA 
1:2011) of ATVAP to ROVs. In addition, those higher performance requirements would 
seem not to be applicable to the MOHUV class of vehicle, which have different purposes 
from the ROV class, have no data indicating ROPS collapse or occupant ejection, and 
which meet different performance requirements in ANSI/OPEI B71.9:2012.  

The ATVAP static crashworthiness tests are NOT applicable to ATVs, as ROPS and 
retention devices on ATVs have been found to be hazardous. 
 
Test procedures:  The ATVAP test procedures are similar to those of ANSI/ROHVA, 
except that ATVAP limits the ROPS test to the heavy duty (earth-moving equipment) ISO 
3471 option; omits the OSHA ROPS option for ROVs, and the ANSI/OPEI B71.9:2012 
ROPS option for MOHUVs; and requires (without basis) that the test dummy remain fully 
within the ROPS during the tilt test. 
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Results: The ATVAP test will encourage ATVs and SSVs that have heavy duty (ISO 3471 
Earthmoving equipment) ROPS, and 4, 5 or 6 point belts or full doors (to retain the dummy 
fully inside the ROPS) that may increase vehicle weight, costs, cg height (due to heavier 
ROPS), longer wheelbase and track (to offset higher cg height, lower mobility, more 
difficult entry/egress (due to more complex belts and/or full doors). This has been done 
without any evidence that such changes in preferred design would be practical, desired 
and usable by farmers, as well as safer (rather than less safe) in terms of real safety 
outcomes (e.g., accident rate, injury rate, fatality rate). 
 
F. Weighting of each test within the ATVAP system 

As no correlation with ATV or SSV real world safety outcomes has yet been found, the 
weighting of test results within ATVAP is arbitrary, based only on the authors’ opinions 
(whereas expert opinions and others’ test findings differ substantially from those of the 
QBPP authors).  

The associated “points” (i.e., the speculated “safety benefits” of different designs) and 
the “stars” awarded to these different designs, may be highly misleading to the potential 
users of the proposed ATVAP, as the eventual real world safety outcomes may not be as 
speculated by ATVAP, or even opposite to what has been speculated.  

In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in this regard as the real world 
accident, injury and fatality rates for the different designs being promoted are unknown. 
By shifting consumer demand, ATVAP may be just transferring to, or potentially creating 
new additional safety issues with, alternative designs.  

G. Reproducibility 

No attempt was made in the QBPP to assess the extent to which the test results are 
reproducible at other facilities (e.g. by “round robin” tests), so the reproducibility is 
unknown. 
 
H. Comments on QBPP “Recommendations” 

Children. No one has evaluated a child restraint system for SSV rollover (as opposed to 
car impact) conditions. Passenger car child restraint systems were designed for passenger 
car impact protection, not for SSV rollover protection. 
 
Aftermarket attachments. It is not disclosed by QBPP what type of "crashworthiness" 
test methods and criteria could or should (in their opinion) be used by suppliers of 
aftermarket attachments. The ability to assess (validly) effects upon static stability and 
dynamic handling is questionable, having regard to the comments in the relevant sections 
above. 

SSV requirements. It is appropriate that any SSV sold in Australia should comply with 
the ANSI/ROHVA 1-2011 or ANSI/ROHVA 1-2014 or ANSI/OPEI 71.9-2012 industry 
voluntary standards. 

To the extent it is suggested that the requirements of that standard would be “upgraded 
as per the recommendations of this [and] the supporting Part 1 to Part 3 reports … for 
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improved stability, handling and crashworthiness performance requirements”, there is no 
evidence that such changes to the standard would improve real world outcomes in any 
way (and, as discussed above, it is quite possible that the opposite would in fact occur). 

To the extent it is suggested that the requirements of that standard would be “upgraded 
… as per the US CPSC latest September 2014 recommendations for improved stability, 
handling and crashworthiness performance requirements”, this recommendation is 
inappropriate and premature. In the US, public comments have been submitted in 
response to the Notice of Proposed Rulemaking (NPR) and the comment resolution 
process must occur. Very often, such CPSC "NPRs" are not acted upon, for lack of 
supporting data and basis (e.g., 2005 ATV NPR; 2009 ROV NPR; etc.). An NPR is merely 
an announcement that discussion is open. 

Some SSVs are not ROVs, but MOHUVs or LUVs. In the U.S., the standard that applies 
to MOHUVs is the OPEI B71.9 (2012), and the standard that applies to LUVs is SAE 
J2258. 

ATV requirements. It is appropriate that any ATV sold in Australia should comply with 
the ANSI/SVIA 1-2010 industry mandatory (not, as the QBPP authors appear to believe, 
merely voluntary) standard. 

To the extent it is suggested that the requirements of that standard would be “upgraded 
as per the recommendations of this [and] the supporting Part 1 and Part 2 reports for 
improved stability and handling performance requirements”, reference is made to the 
comments above concerning the testing upon which that recommendation is made. 

The recommendation refers to “Part 1 and Part 2 reports for improved stability and 
handling performance requirements”, but the QBPP Part 1 and Part 2 reports do not 
include any such requirements. 

SSV dynamic rollover test. This would depend on whether there are any accident data 
(not just the QBPP authors’ opinions) indicating that current ANSI/ROHVA requirements 
are not adequate and need extension/improvement. 

Road and terrain assessment. Those are NOT the only factors that need to be taken into 
account when selecting the most appropriate vehicle. Purchasers also consider relevant 
factors such as cargo needs, number of persons aboard (for SSVs), herding compatibility, 
vegetation type and density, standing water areas, existence of long slopes (as opposed 
to short slopes), visibility over uneven terrain, external hand reach (as in crop and orchard 
tending), etc. 

Mobile farm equipment incident data collection. To be useful, such data collection would 
also need to include presence of attachments and modifications, exact make and model 
of attachments, and cargo, which can have much larger effects than MMY. 

Additional data are needed as well, including number of occupants, their ages, their 
specific injuries, their personal protective equipment (helmets, boots, gloves, etc.), rest 
positions and orientations of the occupants and vehicle(s), terrain type, slope, obstacles 
involved, and many others. 

New purchases should have containment and restraints or else OPDs should be fitted to 
new ATVs. This recommendation is inappropriate and has no valid basis. DRI test-
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validated simulation results5 indicate CPDs may be more harmful and have a net risk (not 
a "net benefit"). No research to date has found a statistically significant net benefit for 
any CPD across a wide range of real world overturn conditions. 

Replace existing ATVs or else fit OPDs to exiting ATVs. This recommendation is 
inappropriate and it is premature to express preference for SSVs versus ATVs. There are 
no data in Australia (or anywhere else) indicating that ATVs have higher or lower fatality 
rates than SSVs. 

There is no valid, scientific evidence establishing that fitting CPDs to ATVs results in a 
net safety benefit. Test-validated simulation results6 indicate the opposite is the case, 
i.e., at low speeds and helmeted, CPDs may be more harmful and have a net risk (not a 
"net benefit"). 

  

                                        

5 Zellner et al (2014); Zellner et al (2015). 
6 Zellner et al (2014); Zellner et al (2015). 
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Section I 

INTRODUCTION 

 

This report summarizes comments on a document prepared by the Traffic and Road 
Safety (TARS) institute of the University of New South Wales entitled “Draft Final Project 
Report: Quad Bike Performance Project Test Results, Conclusions and 
Recommendations”, by Raphael Grzebieta et al. 

This is based on an in-depth review of the subject report and associated sub-reports; and 
on one of the author’s (John Zellner’s) invited participation in the Project Reference Group 
(PRG) of the Quad Bike Performance Project (QBPP), as well as a series of informal 
meetings and workshops with QBPP team members. During this interaction, Mr. Zellner 
was not a member of the QBPP team, and was only present to provide constructive 
commentary. In addition, this report is based on a series of DRI research and development 
(R&D) investigations during the last 33 years relevant to ATVs, side-by-side vehicles 
(SSVs), dune buggies and other off-road vehicles, including a series of public domain 
reports and published papers.  

DRI is an independent, employee-owned engineering and scientific firm, founded in 1979, 
dedicated to R&D in its areas of expertise including vehicle dynamics and control, vehicle 
safety systems, human factors and ergonomics, biomechanics, structural mechanics, 
simulator technology and accidentology. This primarily involves testing, simulation and 
analysis related to passenger cars and light trucks, and also has included smaller and 
larger on-road and off-road vehicles, aircraft and spacecraft. DRI’s largest clients – 
involving its main R&D projects over the last two decades – are agencies of the US 
government including the National Highway Traffic Safety Administration (NHTSA), 
National Aeronautics and Space Administration (NASA), Department of Defense (DOD) 
and Bureau of Land Management (BLM). DRI is the primary US Federal contractor for 
several tests within the US New Car Assessment Program (NCAP) (5 star-ratings) 
including Rollover Resistance, Forward Collision Warning, Lane Departure Warning, Crash 
Imminent Braking and Dynamic Brake Support,  as well as Federal Motor Vehicle Safety 
Standard (FMVSS) 126 (Electronic Stability Control) compliance testing. DRI has 
conducted R&D efforts at the request of and reporting to international organizations 
including the World Bank, the World Health Organization (WHO), the Organization for 
Economic Cooperation and Development (OECD) and the United Nations Economic 
Commission for Europe (UN/ECE) Working Party 29 and Working Party on General Safety 
(GRSG). Other R&D studies have been done for non-profit organizations including the 
Insurance Institute for Highway Safety (IIHS), International Council for Clean 
Transportation, San Diego Crash Investigation Research and Engineering Network 
(CIREN), Mid West Research Institute (MRI), Rocky Mountain Institute and others. DRI 
conducts R&D tests and investigations for motor vehicle manufacturers and manufacturer 
associations worldwide. DRI staff members serve on a variety of international and national 
standards committees including those of the International Standardization Organization, 
Society of Automotive Engineers International, American National Standards Institute and 
American Society of Testing Materials. DRI serves as Project Manager for development, 
maintenance, and documentation for several internationally standardized crash dummies 
including the ISO World Side Impact Dummy (WorldSID) for passenger cars and light 
trucks and the ISO Motorcyclist Anthropometric Test Dummy (MATD).  
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This report proceeds by presenting comments on the two main topics within the subject 
TARS report. Section II presents comments on the proposed ATVAP rating system; 
Section III presents comments on the five ATVAP tests, and Section IV presents 
comments on technical aspects of some of the QBPP recommendations.  
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Section II 

COMMENTS ON PROPOSED “ATVAP” RATING SYSTEM 

This section presents comments on the QBPP-proposed Australian Terrain Vehicle 
Assessment Program (ATVAP) safety rating system. This is subdivided into comments 
on: 

− What is a valid basis for a safety rating system: opinion or quantitative 
relationship with real safety outcomes; 

− What is the valid comparative use of a vehicle safety rating system? 
 

A. WHAT IS A VALID BASIS FOR A SAFETY RATING SYSTEM: OPINION OR 
QUANTITATIVE RELATIONSHIP TO REAL SAFETY OUTCOMES? 

1. Existing safety rating systems are based on quantitative relationship to real safety 
outcomes 

The following describe the development of the original US NCAP and ANCAP. A more 
complete description is provided in Van Auken, et al. (2015). 

a. US NCAP 

The first vehicle safety assessment system worldwide, the US New Car Assessment 
Program (NCAP), was initiated in 1979. 

Originally (and to this day in US NCAP, ANCAP, EuroNCAP and other NCAPs), NCAP 
crashworthiness performance was measured in terms of variables such as the “Head 
Injury Criterion” (HIC). HIC in turn was originally based on a quantitative relationship 
between measured head accelerations and real, measured head injuries in human and 
cadaver subjects based on military test data and cadaver test data.7 

In 1993, the US NCAP shifted to a 5-star rating system, likewise based on dummy-
measured HIC and chest accelerations, but then using HIC and chest accelerations to 
calculate the “probability of life-threatening injury”. These “probabilities” were based on 
the findings of Viano and Arepally (1990) and Prasad and Mertz (1985) of real US and 
French cadaver head injuries. 

In parallel with this, by 1982 early correlations of “predicted” versus “real” “probability 
of life threatening injuries”, based on real accident data, had been published.8 For 
example, Jones et al. (1985) found a “strong relationship” between the driver chest 
deceleration measured in the US NCAP tests with the relative risk of driver fatality or 

                                        

7 Digges, K., “Injury Measurements and Criteria”, Paper and Keynote Address, 
Proceedings of 1998 AGARD Conference on Biomechanics, Dayton, October, 1998.  

8 E.g., Hackney and Quarles (1982), Jones (1985), Kahane (1994). 
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incapacitating injury in frontal collisions with fixed objects.9 Kahane (1994) also found 
“statistically significant correlations between NCAP scores for head injury, chest 
acceleration and femur loading and the actual fatality risk of belted drivers” in head-on 
collisions. 

Subsequent expansions of US NCAP (e.g., for passenger car and light truck “Rollover 
Resistance”, which QBPP has proposed be included in ATVAP for ATVs and SSVs, based 
purely on analogy, without any supporting data for ATVs and SSVs, and in conflict with 
US/CPSC’s previous findings10 regarding the lack of any such negative relationship for 
ATVs) have involved a logical sequence of steps as illustrated by the example in Figure 
1: 

 

Figure 1. Example star rating development: Car Rollover Resistance NCAP 

                                        

9 Jones et al. (1985) results were based on multivariable logistic regression analysis of 1980 
through 1982 calendar year accident data from the Texas Department of Highways and Public 
Transportation.  Incapacitating injury was defined as “an injury that that leaves the driver unable 
to walk or drive.” Regression results in Table 1 of Jones et al. (1985) indicated that increased 
driver injury and fatality risk for restrained drivers was statistically significantly associated with 
increases in NCAP measured chest deceleration (p-value=0.025), while controlling for crash 
severity, driver age, and vehicle mass. Regression results in Table 2 of Jones et al. (1985) 
indicated that increased driver injury and fatality risk for unrestrained drivers was statistically 
significantly associated with increases in NCAP  measured chest deceleration (p-value=0.001) 
and femur load (p-value=0.001), while also controlling for crash severity, driver age, and vehicle 
mass. Jones et al. (1985) also reported that injury and fatality risk for unrestrained drivers were 
statistically significantly associated with increases in NCAP measured HIC, but the relationship 
was not as strong as chest deceleration, possibly due to the correlation between HIC and chest 
deceleration in the NCAP test data. 
10 Rodgers (1989), further discussed subsequently. 
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Figure 1 demonstrates that, in this example, star ratings were only assigned by NHTSA 
long after developing the performance index (i.e., SSF for passenger cars and light 
trucks), measurement methods, measurement of a fleet of vehicles and correlations of 
the index values with real safety outcomes. 

The same logical sequence was true of the original NCAP “crashworthiness” ratings, i.e., 
first the development of indices (e.g., HIC), then measurement methods (e.g., Hybrid II 
and III crash dummies), then correlation with real (e.g., cadaver-based) safety outcomes 
(e.g. Prasad and Mertz (1985)), and then weighting with real accident data (e.g., Hackney 
et al. (1994) and Kahane (1994)).  

b. Australia NCAP 

According to Griffiths (1994) of ANCAP, Australia initiated ANCAP in 199211 with the 
objectives being to: 

− Provide consumer-based incentives for vehicle manufacturers; 
− “Establish where the [safety performance of the] Australian vehicle fleet stood 

compared to the US vehicle fleet”.12 
 

For the latter purpose, the original ANCAP involved: 

− “Full frontal, 56.3 km/h (35 miles/h) impact into a rigid barrier. ...virtually 
identical to the US NCAP test.” 

 
− In addition, beginning in December 1993, a “40% offset frontal impact into an 

aluminium honeycomb barrier” at 60 km/h.13 
 

− “Australian NCAP was advised that the 60 km/h deformable barrier test 
was roughly equivalent to a 55 km/h rigid barrier test in severity”, which 
was a lower speed (i.e., less severe) than the US NCAP test.14 

 
− “The entire test procedures, including liaison with vehicle manufacturers, 

dispute resolution practices etc. are based on US NCAP practices. Australian 
NCAP testing staff were trained by experienced North American crash testing 
staff and the complete outcomes of every crash test are passed for use and 
review by NHTSA.”15 

 
− “The information provided is HIC's for driver and passenger, chest deflection 

for driver and passenger and femur loads for driver and passenger.” 

                                        

11 Griffiths (1994). 
12 Op cit. p 1421. 
13 In parallel, IIHS recommended a 40% overlap based on analysis of 1990-1992 US National 
Automotive Sampling System (NASS) accident data and the results of an offset frontal impact to 
a deformable barrier crash test development program as described in O’Neill et al. (1994). 
14 Griffiths (1994). This was not “more severe” as stated by Professor Grzebieta, QLD hearings 
Transcript, p 4-89. 
15 Griffiths (1994).  
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− For comparative purposes, ANCAP (Griffiths (1994)) also reported the results 

in terms of: 
 

− “US NCAP star rating”. 
− “Probability of injury rating out of 100” 
− “Probability of survival rating out of 100.” 
− Probability of head and chest injury values that are virtually identical to 

those calculated from measured HIC and chest acceleration values 
according to the cadaver-based and real accident–based equations in 
Hackney and Kahane (1995) of NHTSA, describing the US NCAP 5 star 
system at that time.  

 

Reilly-Jones (1996) and Stolinski (1996) of ANCAP reported overall test results based on 
a weighted average of the “combined probability of life threatening injury” in the full 
frontal and offset frontal crash test results. According to Stolinski (1996) the full versus 
offset frontal weightings were based on the distribution of injury or death for drivers and 
passengers in 300 Monash University Accident Research Centre (MUARC) cases where 
“details of the vehicle damage profile and occupant outcomes were known”. 

Case (1998) of ANCAP subsequently confirmed and clarified that this weighting and 
combining, used in the early ANCAP probability of life threatening injury reporting, was 
based on Australian real world crash data, i.e.: 

“Monash University Accident Research Centre (MUARC) research indicates that 
frontal crashes make up approximately 60 percent of the total serious and fatal 
injury car crashes in Australia. Of all frontal crashes around one half are of the 
offset type. Using these data, risk of injury scores for full and offset test cases 
were combined to establish an overall risk score which simulates 'real world' 
frontal crashes. This was achieved by applying the same injury risk functions used 
by NHTSA in calculating its star rating scores.” 

Therefore, the original ANCAP tests and analyses were not based on opinion or 
conjecture, but based on and supported by quantitative relationships between 
performance indices and real world data, including: 

 
− US military data16; 
 
− US and French real cadaver injury data17;  
 
− US real accident data18; 
 
− Australian real accident data19. 
 

                                        

16 Digges, op cit.; Eiband, (1959). 
17 Prasad and Mertz (1985), Viano and Arepally (1990). 
18 Jones (1985). 
19 Stolinsky (1996), Case (1998). 
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Shortly thereafter, Kahane (1994) reported on correlations between US NCAP indices and 
US real world accident data; and Newstead (1997) reported on correlations between 
ANCAP outcomes and Australian real world accident data.  
 
Therefore, the earlier decision to implement, and the original implementation of, ANCAP 
was based on real cadaver data, and associated “probability of life threatening injury”, 
and this was verified by real accident data, as noted immediately above, not on conjecture 
or so-called “principles of physics”. 

2. ATVAP ratings are based on authors’ “opinions”, and expert opinions differ 

Professor Grzebieta (the team leader of QBPP) stated in regard to the ATVAP rating 
system that “we have based our judgment and our tests [on] our opinions – yes, it is our 
opinions”20. Professor Grzebieta stated that he is not aware of any “system worldwide 
for a New Car Assessment Program currently where points are awarded on the basis of 
opinion as opposed to a correlation of data”21.  

In fact, the proposed ATVAP weighting scheme is based purely on opinions of the QBPP 
authors, not on any relation to real safety outcomes. Figure 2 illustrates a schematic of 
the ATVAP system as described by QBPP. 

                                        

20 QLD hearings Transcript, 16 April 2015, p 4-75. 
21 QLD hearings Transcript, 16 April 2015, p 4-89. 
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Figure 2. Schematic of ATVAP Rating Method22 

Unlike existing safety rating systems such as NCAP, the ATVAP “points” and “stars” 
rating method in Figure 2 have no known relationship to real safety outcomes or 
“probability of life threatening injury”. It is unknown, for example, whether vehicles that 
receive maximum points (i.e., 25 points in each of the three categories (Static Stability, 
Dynamic Handling, Crashworthiness), or 5 stars overall, have or will have any better or 
worse performance than those receiving fewer points and stars. This is unlike existing 
safety rating systems such as NCAP and ATVAP, and is highly misleading to consumers 
and regulators, at a minimum.  

Essentially, QBPP completed the equivalent of Step 1 (developing tests and performance 
indices) in Figure 1, and then by-passed Steps 2 through 4 (assessing and refining 
correlation of performance indices with data). This involved simply creating a star rating 
system based on the authors’ opinions for performance topics on which expert opinion 
substantially differs, and with no known relation between fewer or greater points, on the 
one hand, and real safety outcomes for ATVs and SSVs (e.g., fatality rates, injury rates, 
rollover rates, etc.) on the other hand. 

                                        

22 There is an apparent error in the TARS star rating ranges in the QBPP Summary Report. It is 
believed that for five stars, “60” should say “69”. 
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B. WHAT IS THE VALID COMPARATIVE USE OF VEHICLE SAFETY RATING SYSTEM? 

3. Existing vehicle safety rating systems only compare within a vehicle class  

ANCAP’s website states (in a similar way to US/NCAP and other NCAPs worldwide) that: 

- “ANCAP safety ratings can be used to compare the relative safety between 
cars of similar mass.”23 
 

- “ANCAP safety ratings are used to compare vehicles within the same vehicle 
category (i.e. small car vs. small car, SUV vs. SUV etc.). It is not appropriate 
to compare ANCAP safety ratings across vehicle categories, particularly if 
there is a large weight difference. As such, there is not an ANCAP crash test 
which compares the crash performance of larger cars against smaller cars.”24 

However, ATVAP directly compares and merges ATVs and SSVs in the same rating 
scheme. 

ATVs and SSVs are entirely different types and sizes of vehicle, much more dissimilar 
than small cars versus large cars, which ANCAP warns against directly comparing: 

− Typical ATVs have half the mass of typical SSVs; 
 
− Typical ATVs are much shorter, narrower and lower than typical SSVs; 
 
− ATVs are ride-on-top, easy to mount and dismount vehicles, SSVs are ride-in, 

belted-in, enclosed vehicles requiring more effort to enter and exit; 
 
− ATVs are rider active vehicles, SSVs are not; 
 
− ATVs have a handlebar, straddle seat (above the engine) and can be operated 

while standing or sitting; SSVs have steering wheels, bucket or bench seats 
(in front of the engine), with feet-forward layout; 

 
− ATVs are intended for transporting one person25 with limited cargo and have 

high off-road mobility on a wide range of surfaces, SSVs are typically intended 
for two persons26 with moderate amount of cargo, and have moderate off-road 
mobility on a moderate range of surfaces. 

 

ATVAP likewise inappropriately merges and directly compares very different classes 
within SSVs (e.g., ROVs versus MOHUVs)27 and ATVs (utility versus recreational), even 

                                        

23 ANCAP website http://www.ancap.com.au/safety-ratings-explained accessed on 2015-06-22. 
24 ANCAP website, http://www.ancap.com.au/frequently-asked-questions accessed on 2015-06-
22. 
25 An exception would be Type II ATVs intended for use by up to two (tandem seated) persons. 
26 Though some SSVs are intended for and have seating, seat belts and handholds for, one person, 
or for more than two persons. 
27 Out of the five SSVs tested in the QBPP, three were MOHUVs under ANSI/OPEI B71.9-2012 
(John Deere, Big Red, and Kubota), one was a ROV under ANSI/ROHVA-1-2011 (Rhino), and one 
was a non-standardized SSV (Tomcar). None of the SSVs tested were LSVs under SAE J2358. It 

http://www.ancap.com.au/safety-ratings-explained
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though they are very different subcategories (which would be analogous to comparing 
SUVs to pickup trucks to vans) with different intended uses, designs and performance 
tradeoffs. 

Note that performance indices (i.e., for static stability, dynamic handling and 
crashworthiness) that are feasible and appropriate for SSVs may not be feasible and 
appropriate for ATVs, and vice versa, as SSVs and ATVs have: 

− Different intended uses (as noted above); 
 

− And therefore, different design and performance tradeoffs among: 
 

− Mobility; 
 

− Mount/dismount ease; 
 

− Visibility; 
 

− External reach; 
 

− Cargo/person capacity; 
 

− Transportability; 
 

− Other performance aspects. 
 

SSVs and ATVs should therefore not be directly compared to each other in regard to:  

− Static stability; 
  

− Dynamic handling; 
 

− Crashworthiness; 
 

− Seat belt interlocks (which are not applicable to ATVs because they cannot have 
seatbelts) or; 
 

− Other performance factors. 
 
  

                                        

is understood that all of the SSVs were 2012 model year, while ANSI/ROHVA-1-2011 became 
effective in Model Year 2014 (July 2013). 
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Section III 

COMMENTS ON ATVAP TESTS 

This section presents comments on each of the ATVAP test procedures (including 
previous usage, safety relevance, applicability to ATVs/SSVs, weightings within ATVAP, 
procedures, conditions, repeatability and reproducibility).  

A. STATIC STABILITY TEST 

One of the five tests used in ATVAP is a static stability test by means of a tilt table 
procedure as described in Section 5.1 of the QBPP Final Project Summary Report. 

1. Previous usage of static stability test 

There are several alternative measurements for determining the static stability of vehicles. 
These can be grouped into two categories. One category is tilt table measurement, in 
which a vehicle is tilted until the two uphill tires leave the tilt surface. The other category 
is cg height-to track width measurements (e.g. SSF, Kst, and Kp) in which the vehicle is 
rotated or balanced and the cg height relative to axle height is measured and compared 
to the direct measurement of track width. The main difference between the two 
categories is that the cg method is vehicle centered in that it is independent of loading 
condition and related effects of tire and suspension compression that are within the 
control of the user and not the manufacturer or regulator.  

Tilt table measurements (which include the effects of tire compression and may or may 
not include suspension compression) have been used for a variety of standards for: LUVs, 
MOHUVs, ROVs, agricultural tractors, fork lifts, heavy duty trucks28, etc. 

US/NHTSA does not use the tilt table as it has several significant limitations 29 including,  

− “Test performance increases when both tires lift simultaneously 
− Roll stiffness ratios for best score cause more oversteer than current practice  
− Potential for unintended consequences” 

Note that, according to these NHTSA comments, use of a tilt table test would seem to 
go in a direction that is contrary (i.e., toward more oversteer) to that which is otherwise 
preferred by TARS.  

There are alternative “cg measurement-to-track-width” measurement methods that have 
been used for other vehicles such as: 

− Kst, Kp, via the “balance method” for ATVs30; 
 

                                        

28 E.g., SAE 2180, “A Tilt Table Procedure for Measuring the Static Rollover Threshold for Heavy 
Trucks”; ISO 16333:2011 Heavy commercial vehicles and buses – steady state rollover threshold 
– tilt table method 
29 Anon., "Background to NHTSA NCAP Ratings for Rollover Resistance – why are they based on 
Static Stability Factor?” (1998), accessed 2015-06-22  at  
www.nhtsa.gov/cars/problems/studies/NASRoll/PatNAS.ppt  
30 ANSI/SVIA 1:2010. 



23 
 

− Similar to Kst is the Static Stability Factor (SSF) using an MPMD31 (for 
passenger cars and light trucks)32 

 
US/NHTSA currently uses SSF (and not tilt table) as part of its NCAP system. In 

support of this, NHTSA commented33 that for passenger cars and light trucks, 
SSF measurement: 

 
− “Represents 1st order causal influences on rollover - overturning and 

restoring moments 
 

− C.G. height measurement accurate to 0.5% 
 

− Least possibility of bad trade-offs 
 

− Simple concept - intuitive to consumers 
 

− Remaining Questions: 
 

− What is its correlation to real rollover crashes? 
 

− How important is its effect? 
 

− What about untripped rollover?” 

Note that these same “remaining questions” are still relevant to SSVs and ATVs. 

2. Safety relevance of static stability test 

a. Passenger cars, light trucks heavy trucks 

For passenger cars and lights trucks, NHTSA found that static stability (i.e., Static 
Stability Factor, a center-of-gravity-height-to-track type index, similar to Kst, measured 
with a special machine) had some safety significance in that there was a negative 
correlation of static stability with fatal rollover rate (i.e., increased static stability was 
associated with decreased rollover rate). However NHTSA stated that this correlation 
was too weak for regulatory purposes, and that prohibiting vehicles less stable than then-
current passenger cars would eliminate entire classes of vehicles (e.g., many light trucks, 
including most pickup trucks, SUVs and medium vans) which provide important utility 
and mobility functions for consumers; similar to  ATVs versus SSVs34. 

In addition, the rollover rate correlation with SSF contains many outliers. For example,  
 

                                        

31 Mobile Parameter Measurement Device, a large scale, complex apparatus for elevating and 
pivoting a passenger car or light truck. 
32 NHTSA (1998), op cit. 
33 NHTSA (1998), op cit. 
34 NHTSA, “the benefits achieved by setting a minimum level for a rollover metric, even well beyond that of 
truck-based SUVs or full size vans, were not great enough to compel the costs of fundamental vehicle 
changes and the loss of attributes desired by customers. Also the redesign could result in the elimination of 
some classes of vehicles, such as compact SUVs.” (Federal Register, Vol. 65, No. 106, June 1, 2000, p 
35011, col 3, para 2). 
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Figure 3. Rollovers per single vehicle crash estimated from six states (averages across 

states for each vehicle group) 

 
 

 Table 1. Error rate for each SSF and rollover risk category, from Figure 3 

Stars  SSF value  % RO 
Risk  

Total 
Groups 

in Range  

No. with 
Greater 

Risk  

No. with 
Less 
Risk  

Total Error 
Rate (%)  

1  <1.04  >40  5  0  0  0  
2  1.05-1.12  30-40  24  4  5  38  
3  1.13-1.24  20-30  21  4  4  38  
4  1.25-1.44  10-20  26  1  3  15  
5  >1.45  <10  10  5  0  50  

Total  86  14  12  30  
 

as indicated in Table 1, which is based on Figure 3,35 the total (i.e., overall) error rate of 
the SSF NCAP star rating system is 30%. This includes substantial numbers (and 
percentages) of vehicle groups having over-and under-prediction of their rollover rate 
based on their SSF value (corrected for the effects of driver and road condition). As can 

                                        

35 Federal Register, Vol. 65, No. 106, June 1, 2000, p 35022, Fig A-1. 
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be seen, the percentage of “vehicle groups” whose rollover rate categories are 
incorrectly predicted by SSF ranges from 0% to 50%. Note that the lowest SSF 
category has a 0% error rate but this is probably not a statistically significant result for 
those particular vehicle groups, given the small number of vehicle groups in that 
particular range.  

Other examples of the high error rate associated with NHTSA’s SSF correlation 
include the:  

− Chevrolet Corvette, which had the highest SSF value (i.e., SSF = 1.75) 
among 473 SSF values for 691 make-model-year groups of 1975 to 2003 
light passenger vehicles,36 and yet the third highest rollover fatality rate 
among 178 different 1990 to 1993 make-model-year groups studied by the 
Insurance Institute for Highway Safety (IIHS).37 

− Chevrolet Camaro Convertible, which had the seventh highest SSF value of 
(i.e., SSF = 1.50) among 473 SSF values for 691 make-model-year groups 
of 1975 to 2003 light passenger vehicles,15 and yet the highest rollover 
fatality rate among 156 different 1994 to 1997 make-model-year groups 
studied by IIHS.38 

− Pontiac Firebird, which also had the seventh highest SSF value (i.e., SSF = 
1.50) among 473 SSF values for 691 make-model-year groups of 1975 to 
2003 light passenger vehicles, 15 and yet the twelfth highest rollover fatality 
rate among 199 different 1999 to 2002 make-model-year groups studied by 
IIHS.39 

Yet another example is the difference between rollover rates for many two-door and 
four-door model vehicles that have the same, or very nearly the same SSF value. In 
model years 1995 through 1997, for example, the primary difference between a 
Chevrolet Monte Carlo and Chevrolet Lumina was the number of doors, two versus 
four. However, the Monte Carlo’s rollover fatality rate was nearly double that of the 
Lumina (i.e., 53 vs. 28 fatalities per million vehicle registration years (VRY)). There are 
numerous other two door/four door examples that show the same trend: 44 versus 26 
fatalities per million VRY for the Olds Cutlass Supreme, 54 versus 22 fatalities per 
million VRY for the Olds Achieva, 43 versus 30 fatalities per million VRY for the 
Dodge/Plymouth Neon, 46 versus 38 fatalities per million VRY for the Pontiac Sunfire. 
SSF, which is nearly identical for these two door and four door models, does not 
explain these differences in rollover rates.  

These examples indicate how increasing SSF (or Kst) values does not necessarily lead 
to smaller rollover rates. Rather, the types of drivers (e.g., high risk takers, etc.) who 
drive particular models of vehicles (e.g., sports cars, 2- door cars, etc.) has a much 

                                        

36 Walz, M. C., Trends in the Static Stability Factor of Passenger Cars, Light Trucks,  
and Vans, DOT HS 809 868, National Highway Traffic Safety Administration, Washington, DC, June 2005, 
pp 18-37. 
37 Anon., Insurance Institute for Highway Safety, Status Report, Vol. 30, No. 9, October 14, 1995. 
38 Anon., Insurance Institute for Highway Safety, Status Report, Vol. 35, No. 7, August 19, 2000.  
39 Anon., Insurance Institute for Highway Safety, Status Report, Vol. 40, No. 3, March 19, 2005.  
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greater influence on rollover rates, as well as on failure to use restraints, leading to 
greater rollover injuries and fatalities for such vehicles.  

Overall, this demonstrates how NHTSA’s SSF “correlation” a) has a high error rate (i.e., 
resulting in mis-prediction of rollover rates for many vehicles), and b) resulted in NHTSA 
concluding that setting a minimum value on (i.e., regulating) SSF has low benefits in 
comparison to the large reductions in functionality, particularly in the reduction to off-
road mobility.  

It is evident from this that one could exert large efforts to increase the SSF to extreme 
levels (e.g., 1.75) and still have a vehicle that has among the highest single vehicle 
rollover fatality rates of all vehicles (e.g., Corvette, Camaro, Firebird, etc.), most likely 
due to driver misuse factors, which tend to have very large (i.e., dominant) effects on 
rollover rates.  

The NZ Transport Authority40 found for heavy trucks that the “relative crash involvement 
rate” (not fatal crash rate or fatal rollover rate)41 versus calculated (not measured) “Static 
Roll Threshold” (SRT) was relatively flat down to SRT = 0.55, and increased for SRT 
values below that, as seen in Figure 4 (along with an early NHTSA correlation of fatal 
rollover rate versus SSF for passenger cars and light trucks). Note that Mueller (1999) 
proposed a minimum SRT of 0.35 which was adopted as a Land Transport Rule in 2002, 
as a joint responsibility of the vehicle operator (as the operator controls the load place 
din the vehicle), vehicle modifier, vehicle inspector, and vehicle manufacturer, whilst the 
minimum tilt table coefficient (which is somewhat different than SRT) that was measured 
by QBPP for ATVs was 0.40 (with large male dummy and maximum front and rear loads), 
which is above this minimum SRT criterion. 

                                        

40 Mueller et al. (1999). 
41 Mueller (1999) states that “the number of fatal crashes in New Zealand is not large enough for 
statistical analysis.” 
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Figure 4. Various accident rates versus various static stability indices42 

In Figure 4 (which is Figure 6 in the QBPP Final Project Summary Report), TARS has 
speculated that ATVs and SSVs should lie somewhere between the passenger car and 
light truck (to the right) and heavy trucks (to the left). However: 

− There is no basis in any accident data for the “postulated” (red) curve), it is a 
pure fiction; 

− Both the vertical and horizontal axes of the heavy truck graph are different 
from and not comparable to the vertical and horizontal axes of the passenger 
car and light truck graph43 ; 

− ATVs and SSVs are much lighter than any of these vehicles and do not “lie 
between” heavy trucks  and light trucks, as depicted; 

− As discussed below, US/CPSC found44 that for  ATVs the red slope was in fact 
“positive” (i.e., more crashes45 occurred in ATVs with greater static stability, 
not less, as is suggested by the postulated curve). 

 
 

                                        

42 These two graphs are in fact neither compatible nor comparable for several reasons, as 
discussed later in these comments. 
43 The Relative Crash rate refers to incidents in which a vehicle was in a crash “involving rollover 
or loss of control” (para 2.3).  It is calculated by dividing the crash involvement percent (Figure 7) 
by the fleet percent (Figure 5) (see page 12).  In other words, it is a measure of the relative 
likelihood of a vehicle with a given SRT being involved in a crash involving rollover or loss of 
control (e.g., if vehicles of a given SRT range made up 30% of all such crashes, but only 6% of 
the total fleet of trucks, the Relative Crash rate would be 5). In contrast the NHTSA light passenger 
vehicle graph on the right is said to be based on rollovers per single vehicle crash, estimated from 
six states and adjusted for differences in road use and state reporting.  
44 Rodgers (1989). 
45 Although Rodgers (1989) found this to be a not statistically significantly greater number of 
crashes. 
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b. ATVs 

No statistically significant correlations have been found to exist between ATV static 
stability and rollover rate (associated with either injuries and/or fatalities). 

US/CPSC (1989)46 found, based on n=597 emergency room presentations and m=147 
non-injury (1 year) exposures47, and regressing the associated injury rates against Kst 
value for each make-mode-year (MMY) of ATV with measured Kst value, a statistically 
non-significant positive correlation between Kst and rollover rate (i.e., increased static 
stability associated with increased rollover rate). This indicated a non-statistically 
significant48 62% increase in injury risk as the Kst was increased from 0.87 to 1.08. 

From a statistical viewpoint, one cannot be “somewhat convinced that the difference (in 
injury rate associated with change in Kst across this range) is real”49, i.e., that Kst has 
any significant effect on injury rate based on this analysis. This would mean that in Figure 
4 the red curve for ATVs should be flat and level. 

If one ignores the non-statistically significant nature of this outcome, then the outcome 
would indicate that as static stability increases (by 24%), the risk of injury increases (by 
62%). This would mean that in Figure 4 the red curve for ATVs would be sloped upward 
to the right, not downward as speculated by TARS. One theory proposed at the time in 
regard to this positive slope was that risk compensation may occur with this class of 
vehicle (i.e., more stability may induce more risk-taking). 

In either case, there is no ATV accident statistical support for increased static stability 
acting to decrease the ATV injury rate. 

c. SSVs 

No known correlations exist between maximum tilt table angle and rollover rate 
(associated with either injuries and/or fatalities). 

Fatal and injurious rollovers occur in SSVs, however it is unknown whether SSV static 
stability affects the rollover rate, i.e., to what extent risk compensation might occur with 
this class of vehicle (i.e., more stability may induce more risk-taking, in either utility and/or 
recreational usage). 

In addition it is unknown whether SSV static stability affects the fatality and injury rates. 
That is, are rollovers with higher stability vehicles more severe, in terms of injury 
outcomes than rollovers with lower stability vehicles because rollover, when it eventually 
occurs, might be at higher speeds and on steeper slopes for vehicles with higher static 
stability? 

                                        

46 Rodgers, G. B., “All-Terrain Vehicle Risk Analysis”, Directorate for Economic Analysis, US 
Consumer Product Safety Commission, September 1989, p 11 and p 25. 
47 The injured riders spent an average of 17% of their ATV riding time on “work” activities, and 
the non-injured riders spent an average of 27% of their ATV riding time on “work” activities. It is 
unknown whether there are any comparable data for Australian injured and non-injured ATV riders. 
48 P- value = 0.36. 
49 Box, et al. (1978). 
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3. Applicability of static stability test to ATVs/ SSVs 

a. ATVs 

Tilt table angle as a static stability index for ATVs has been discussed and considered 
since the early 1980s, and has been rejected by the ANSI/SVIA voluntary standards 
committee. Reasons for this include: 

− For an ATV, the rider (and any added load) forms a large percentage of the 
total weight (e.g., 30% or more) so that if a “rider” and “load” are included in 
such a test, any assumptions about them tend to dominate the outcome. In 
other words, in the view of the ANSI/SVIA standards committee:  
 

− Any static stability test with the ATV “loaded” is more about the 
assumed loads and their assumed positions, and less about the vehicle 
itself; 

 
− It was considered to be more useful to focus on the vehicle itself; 

 
− In the real world, the rider weight and cargo loads cannot be controlled 

by the manufacturer and regulators, whereas the Kst and Kp can; 
 

− ATV design (as do ATV training courses and owner’s manuals) enables 
a rider to stand or sit, and to move about on the elongated straddle seat 
during operation; so any assumptions about rider positioning are subject 
to large operational variations; 
 

− Therefore, for similar reasons as NHTSA preferred the “SSF” cg 
measurement method for passenger car static stability (as discussed 
above), Kst for roll static stability (and Kp for pitch static stability) are 
the more vehicle-centered and relevant indices for ATVs, 
notwithstanding the fact that higher static stability has not been found 
to reduce the risk of injury; 

 
− For an ATV, tires and suspension may be relatively “soft” in order to provide 

mobility on soft yielding soils, and therefore have a relatively large effect on a 
tilt table measurement. Such tire/suspension deflections: 

 
− Amplify the effects of rider and load, discussed above; 

 
− Are not the same as they are in actual operation, i.e.: 

 
− In a turn, the tires and suspension are acted upon by both lateral 

and gravitational forces, so their deflections are in general greater 
and in a different direction than on a tilt table, which only involves 
gravitational forces; 
 

− On a cross slope, ATVs tend to operate at large side slip angles 
(required in order to generate side force), so they are not pointed 
directly across a slope as on a tilt table. These large side slip angles 
tend to increase the effective track, lateral stability, and maximum 
slope angle; 
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− Penetration into soft soils on which ATVs often operate reduces the 

cg height below what it is on the tilt table, also increasing the 
maximum slope.  

b. SSVs 

Existing voluntary standards for two SSV categories (i.e., ROVs50 and MOHUVs51) require 
tilt table testing and criteria (though with somewhat different procedures and conditions 
than used by TARS).  

For SSVs, the operator is a much smaller percentage of total weight than is the case for 
an ATV. In addition, the driver’s position is well-defined by seatback, belt restraints, leg 
retention, torso retention and hand holds, etc. So the relative importance and range of 
variation due to the driver mass and positioning are far less important than for an ATV.  

For SSVs, the tires and suspension are generally relatively stiffer than for an ATV (in the 
case of the tires, due to a stiffer carcass, greater ply rating, higher load bearing, and in 
general greater inflation pressure). 

Therefore, tire and suspension deflections that are included in a tilt table measurement 
have relatively smaller effects than for an ATV.  

4. Weighting of static stability test within ATVAP 

As no correlation with ATV or SSV real world safety outcomes has yet been found, the 
weighting of static stability (tilt table) test results within ATVAP is arbitrary, based only 
on the authors’ opinions (where expert opinions and others’ findings differ from those of 
the QBPP authors). The associated “points” (up to 25 points for static stability out of 85 
points maximum, i.e., nearly 30% of the speculated “safety benefits” of different designs) 
and the “stars” awarded to these different designs, may be highly misleading to the users 
of ATVAP, as the eventual real world safety outcomes may not be as speculated by 
ATVAP.  

For example: 

− US/CPSC52 found that increased ATV static stability had a potentially adverse 
effect53 on injury probability for riders who spent 17% to 27% of their ATV 
time in work tasks. Today’s ATV static stability values are very similar to those 
of the late 1980’s, and today’s Australian riders likewise spend some time in 
work and some time in non-work tasks; 

 

                                        

50 ANSI/ROHVA 1:2011. 
51 ANSI/OPEI B71.9:2012. 
52 Rodgers (1989). 
53 I.e., a 24% increase in emergency room presentation for a 26% increase in Kst, though this 
increase was not statistically significant. 
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− SSVs have higher tilt table maximum angles than ATVs which ATVAP would 
reward with more points, yet it is unknown whether they have different rollover 
accident, injury or fatality rates54 from ATVs; 

 
− It is unknown - and QBPP has not assessed - whether substantially modified 

ATVs (or SSVs) which have higher static stability may encounter other types 
of issues in real world use, e.g., wider track resulting in more impacts with 
obstacles to the side of the intended path, tree and rock impacts and 
associated overturns/ejections; longer wheelbase and wider track may result 
in underbody “grounding”, leading to rider ejection and/or overturn; and 
potentially more “rotating wheel” injuries resulting from interaction of the ATV 
“foot environment” with substantially wider tracks; 

 
− US/NHTSA found that requiring all vehicles to have higher static stability 

equivalent to the minimum of passenger cars (analogous to SSVs) would 
reduce rollover fatalities by only 1%55 but would eliminate entire classes of 
vehicles (i.e., many/most SUVs, pickup truck and vans (analogous to ATVs)) 
which fulfill consumers’ mobility and utility needs that passenger cars cannot 
fulfill; 

 
− Nevertheless, NHTSA did initiate a star rating system for static stability, based 

on known real safety outcomes, which indicated that higher static stability 
was favorable for on-road vehicles. However, the only data for ATVs56 (of 
US/CPSC) suggests that higher static stability was unfavorable for ATVs57. 

In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in regards to static stability as the 
real world accident, injury and fatality rates for the different designs being promoted are 
unknown. By shifting consumer demand to alternative designs, ATVAP may be just 
transferring to, or potentially creating new additional safety issues, and this could 
ultimately result in increased harm to users through unintended consequences.  

5. Static stability test procedures 

For SSVs, the ATVAP tilt table test procedure utilized by the TARS team has some 
important differences from that specified in the ANSI/ROHVA 1:2011 standard. In 
particular, a 95th percentile male Hybrid III dummy is used in each seating position, instead 
of the 98 kg (215 lb) “Test operator/occupant weight” (e.g., a steel weight) positioned 
and used in ANSI/ROHVA 1:2011. Although the weight of the dummy is similar to this 
ballast weight, the Hybrid III dummy has approximately 20 joints which must be 
positioned according to some protocol, which might vary depending on vehicle seating 
and handhold details (e.g., elbows and knees away from or toward body centerline, feet 
positions, etc., which (it is understood) were not documented in the ATVAP tests; and 
                                        

54 Heiden (2010) data for the US suggest that SSVs and ATVs have similar overall fatality rates 
on a per vehicle basis. However, in the US these vehicles have substantially different usage 
patterns (in terms of hours of use, number of persons, type of activity, type of rider, etc., whereas 
in Australia they are being proposed for many of the same farm tasks by the same operator.  
55 It is unclear from the NHTSA documentation whether this 1% reduction was statistically 
significant. 
56 Rodgers (1989). 
57 Although this outcome was not statistically significant.  
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in any case, reduces the repeatability. In summary, it is much easier to position a steel 
weight than a complicated and highly variable dummy. 

It is understood that for repeatability reasons, the ANSI/ROHVA committee discussed, 
preferred and ultimately specified the use of a standard ballast weight placed in a 
standardized position relative to the seat. It is unclear how using a dummy (rather than a 
weight) adds to the information collected in the test; and it adversely affects repeatability. 

Due to these and other differences in procedure, it is unlikely that the ATVAP procedure 
could be used to confirm compliance (or non-compliance) with ANSI/ROHVA 1:2011, 
even though compliance confirmation is one of the recommendations in the QBPP 
summary report. 

For ATVs, the use of a dummy, or a ballast load, and its positioning on an ATV have long 
been debated and uniformly rejected by the ANSI/SVIA standards committee, because 
(as discussed above) the exact mass, dimensions and positioning of such a 
dummy/weight have a relatively large (and even dominant effect on the outcome, so that 
such a test is more about the exact positioning of the dummy/weight, and how accurate 
and how representative that is, rather than about the ATV itself. For this reason, the 
ANSI/SVIA standard (as well as the European 32 countries’ CEN standard, the CPSC 
agreements with each ATV manufacturer, and the CPSC’s own research) have used a 
vehicle-alone cg measurement method (i.e., Kp and Kst).  

Therefore placing, positioning and affixing a dummy to an ATV is contrary to international 
convention, and subject to issues of representativeness (in terms of selection of mass, 
dimensions and positioning), as well as repeatability and reproducibility. 

6. Static stability test conditions 

For SSVs, ATVAP tilt table test conditions have some important differences compared to 
the ANSI/ROHVA 1:2011 standard including the use of a dummy (versus ballast weight 
as discussed above) and other details including the means of securing the vehicle to the 
tilt table. 

For ATVs, the ATVAP test conditions are an unrealistic, non-representative worst case 
that disproportionately disadvantage any ATVs that are smaller and/or have relatively 
higher seating positions. For example: 

− An extreme, large and heavy 95th percentile male Hybrid III dummy is used, 
although there is no basis for assuming that the majority of users are in that 
size category; 

 
− It is likely that the majority of users are closer to 50th percentile male in 

weight and dimensions (when female users are also considered) than to 
a 95th percentile male; 
 

− It is unlikely that a 95th percentile male would choose to purchase or 
use a relatively smaller ATV. 

 
− The extremely large male dummy’s upper body is leaning downhill,  

perpendicular to the seat of the ATV 
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− Such a downhill leaning position is highly unrealistic in real world ATV 
operation, and no unrestrained human would, or indeed could readily, 
sit in such a posture, as most humans naturally prefer to keep their 
upper body upright, as it is easier and more secure to do so; 
 

− TARS statements that such “downhill leaning” positions are evident in 
the Van Ee (2014) overturn videos, represents (to the extent that they 
occur) a transitory condition during the overturn (e.g., after two wheels 
have lifted off the ground) and NOT the static condition that this test is 
and represents; 
 

− In fact, if a more typical, realistic and natural riding position had been 
used by TARS, it should have been with the upper body leaning uphill 
(i.e., parallel to gravity) as that is the natural, easier, more secure and 
more realistic upper body position of humans while seated or standing; 
and which is a natural part of “active riding” that can be observed in 
virtually all ATV riders; 
 

− This involves no “rider active” positioning (involving leaning uphill and 
shifting the hips uphill) in limit test procedures (notwithstanding that 
active riding can be a significant aspect of ATV operation). The test 
therefore assumes the worst case, and an improper use; 
 

− This downhill leaning of an extremely large male dummy 
disproportionately and unfairly disadvantages ATVs relative to SSVs as 
ATVs would normally have an average sized rider leaning (and 
potentially also shifting their hips) uphill, and small ATVs relative to 
large ATVs (as rider mass, and adverse positioning of mass, has a much 
greater percentage effect on a smaller vehicle than on a larger vehicle). 

7. Static stability test results 

From an engineering perspective, the choice of these atypical, non-representative ATV 
tilt table conditions biases the test results in favor of larger, heavier ATVs (within  ATVs); 
and in favor of SSVs overall. From an engineering perspective, it changes the ATV “design 
point” to being focused on an extreme, verging-on-misuse condition; and attempting to 
optimize design on this condition, rather than on typical real world conditions, is 
inappropriate and can produce designs that are ill-suited to the real world in other ways 
discussed herein. 

The design options for increasing static stability are necessarily limited. A rating system 
that positively weights these tilt table results (i.e., higher angles give more stars) will 
encourage ATVs and SSVs that are longer, wider, heavier and with lower seats and cargo 
areas (i.e., more car-like), that can be operated on steeper slopes and in sharper turns at 
higher speeds, so that when an overturn occurs, it will be in more severe conditions.  

This weighting has been done without any evidence that such changes in preferred design 
would be practical, desired and usable by farmers, as well as safer (rather than less safe) 
in terms of real safety outcomes (e.g., accident rate, injury rate, fatality rate). Serious 
consideration should be given to potential unintended adverse consequences of such 
design changes and ratings as, unlike other vehicle safety ratings systems worldwide, 
these shifts in preferred design have not been verified by their real world safety outcomes.  
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8. Static stability test repeatability 

It is noted that in North America, disputes have arisen over ATV static stability (Kst) 
differences as low as 2%, which is a relatively small difference, so adequate repeatability 
is not necessarily an easy to achieve condition. There are concerns regarding tilt table 
“reproducibility” (described in the section) in regard to unspecified details of the test, and 
to some extent these same concerns are relevant to “repeatability” within Crashlab, e.g., 
if different test personnel conducted a repeat test. 

9. Static stability test reproducibility 

No attempt was made in the QBPP to assess the extent to which the test results are 
reproducible at other facilities (e.g. by “round robin” tests), so the reproducibility is 
unknown. 

The means by which the vehicles were secured to the tilt table (e.g., expanded steel 
mesh; nylon straps, wheel braked/restrained in rotation to what force level, etc.) raise 
concerns as to reproducibility. 

The means by which the 95th percentile dummy was positioned on and secured to the 
vehicle also raises concerns as to reproducibility. 
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C. CIRCLE TEST 

1. Previous usage of circle test 

a. For passenger cars and light trucks 

Weir and DiMarco (1978) refer to a steady state turn test used to measure vehicle Under 
Steer Gradient (USG), and show example data in their Figure 2. Weir and DiMarco (1978) 
reference the proposed SAE standard J266 of 1976,58 including both fixed steering and 
fixed radius alternatives.  The current version of this SAE J266 standard is dated 199659. 

The International Standardization Organization (ISO) developed a similar steady state test 
procedure (ISO 4138) in 1982, being revised and updated through 2012.60 

The SAE and ISO steady state turn test procedures provide a means to measure the USG, 
a dynamic handling characteristic of passenger cars, generally associated with driver (and  
designer and car journalist) preference.   

There are currently no standards or regulations worldwide for any type of vehicle which 
require any particular level of USG. USG is generally considered to be related to subjective 
“handling quality”, driver preference characteristic of a vehicle, but is generally only 
detectable by skilled drivers near the limit of performance. 

b. For ATVs 

Conducting repeatable, representative steady state turn tests with ATVs has long been 
impeded by the ability to provide objective, repeatable, reproducible and representative 
rider mass, size and position. 

Under the 1988 US Consent Decree, the ATV industry agreed to attempt to develop such 
a procedure. Under a research contract to the SVIA, DRI developed and implemented a 
robotic (umbilical cable) controller that would follow a particular radius on a dry lake in a 
repeatable manner to the limit of performance (i.e., to assess rollover resistance)61, 
however: 

                                        

58 Anon., "Passenger Car and Light Truck Steady State Directional Control Response Test 
Procedure, Proposed SAE Recommended Practice, J266, Society of Automotive 
Engineers, 1976. 

59 Anon., “SAE J266:1996 (January), Steady-State Directional Control Test Procedures 
for Passenger Cars and Light Trucks”, Society of Automotive Engineers, 1996. 

 
60 Anon., “ISO 4138:1982 - Road Vehicles – Steady-State Circular Test Procedure“, 
International Standardization Organization, Geneva, 1982 (Revised as “Passenger Cars – 
Steady-State Circular Driving Behaviour – Open-Loop Test Methods” 1996, 2004 (Sept) 
and 2012 (June)). 

61 Anon, ”Technical Report on lateral stability test procedures  for 4-wheel ATVs, 
Dynamic Research Technical Memorandum DRI-TM-90-10, May 1990, with 
commentary by SVIA and CPSC. 
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− The mass representing the rider was only able to be positioned in a fixed 
location on the ATV, and could not be varied to reflect rider active needs (i.e., 
shifting the mass location laterally and fore/aft adaptively as the limit of 
performance was approached); 
 

− The friction coefficient on the dry lake was subject to seasonal variations due 
to moisture, humidity, etc.; 
 

− For these reasons, the CPSC and industry agreed that the procedure was 
unsuitable and not feasible. 

Allen et al. (1989)62, Fowler et al. (1994)63 and Fowler (2015)64 conducted example 
informal, non-standardized circular tests with a rider on an ATV without an attempt to 
address the above standardization issues (representative, repeatable, reproducible rider 
and surface conditions, including rider active aspects). 

To date there have been no successful standardized circle test procedure developed for 
ATVs that meets these criteria/needs (i.e., representative, repeatable, reproducible rider 
and surface conditions, including rider active aspects). Note that standardized dirt, sand, 
gravel, or other off-road surfaces would be needed for such ATV tests, since ATVs are 
not intended to be ridden on paved surfaces, and riding on paved surfaces is warned 
against by ATV manufacturers. 

c. For SSVs 

During 2009-2010, ROHVA and DRI developed (and ANSI/ROHVA incorporated into the 
ANSI/ROHVA 1: 2011 Standard) a circle-like test procedure, solely for the purpose of 
assessing “dynamic stability” (i.e., “rollover resistance”, 2-wheel lift) of ROVs via a fixed-
steer steady state turn test procedure for ROVs). In this test procedure: 

 
− A fixed steer angle input was provided in order to maximize repeatability (avoid 

large non-repeatable steering variations of each driver); 
 

− The driver is seated and belted and restrained by the seatback and other 
retention surfaces so that the position of the driver is relatively well known 
and fixed; 
 

− Ballast is added in order to reach one standardized total load condition; 
 

− A high friction surface with “a friction coefficient of at least 0.90 when 
measured in accordance with ASTM E 1337” is used because the purpose is 
to provide sufficient side force to induce wheel lift at 0.6g (a major problem 
with lower friction surfaces); in order to maximize repeatability and 
reproducibility. 
 

− Speed is gradually increased until: 

                                        

62 Allen et al. (1989).  
63 Fowler et al. (1994).  
64 Fowler (2015).  
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− “a corrected lateral acceleration of at least 0.6g is reached; or 

 
− a corrected lateral acceleration of at least 0.6g cannot be reached and 

a two-wheel lift of two inches or more occurs; or 
 

− further increases in vehicle throttle input do not result in increases in 
vehicle speed.”  

 
The resulting ANSI/ROHVA:2011 standard test is exclusively for purposes of assessing 
rollover resistance (i.e., 2-wheel lift) and not for determining USG, for which it would be 
unsuitable because: 

 
− USG is highly dependent on test surface; 

 
− SSVs’ warning labels and owner’s manuals warn drivers to avoid operation on 

paved surfaces; 
 

− USG test results with more representative off-road (unpaved) surfaces are 
known to vary substantially from surface to surface (ROHVA provided test 
data to the CPSC illustrating this65). 

Brown et al. (2012) conducted non-standardized circle tests with an SSV on soil, not for 
purposes of certification but as part of research on the effect of USG on driver ratings of 
handling. Brown et al. (2012) found that the majority of drivers rated the “understeer-
oversteer transition” configuration “easy to steer” and “predictable”. 

2. Safety relevance of circle test 

McIntosh and Patton (2013) indicate that only 3.8% of ATV farm fatalities in Australia 
involve turning conditions (of any type). Therefore turns are relatively rare in fatal ATV 
farm accidents; 

TARS have provided no accident data indicating that ATV overturns occur in “steady 
state” (e.g. circular) turning conditions. In all likelihood, turning accident involve transient 
(non- steady state) turns in which the dynamics and the human, vehicle and environment 
factors are more complex than those of a “steady state” turn. 

Consequently, a “steady state” turn as represented by the ATVAP circle test, although it 
is relatively easy to study, is a rare event in real ATV accidents, and therefore NOT highly 
safety relevant. 

Research on passenger cars reported by Johnson and Segal (1978) found that variations 
of USG resulted in “no differences of any consequence” in accident rate for a case control 
study involving 218 accident-involved passenger cars and 374 non accident involved 

                                        

65 Anon., “ROHVA Update: Standards development and safety program, presented to US 
Consumer Product Safety Commission Technical Staff, Recreational Off-Highway Vehicle 
Association, Costa Mesa, California, 20 July; and .Anon., “ROHVA Update: Standards 
development and safety program, presented to US Consumer Product Safety Commission 
Technical Staff, Recreational Off-Highway Vehicle Association, Costa Mesa, California, 10 
November 2011. 
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passenger cars of the same make-model-years for which the USG had been measured. 
Since then, NHTSA has continued to investigate the effect of USG on accident rate and 
has concluded on numerous occasions that there is no statistically significant effect and 
no safety relevance.66 

For SSVs, Brown, et al (2012) found in experiments with a range of typical SSV drivers 
that “the drivers preferred the maneuverability of the stock ([understeer]) and [the 
understeer-oversteer transition] vehicle over the [heavy understeer] configuration which 
had a tendency to push to the outside and sometimes diverge from the intended path 
during cornering on the test course. The sample of drivers commented that the SSV 
with moderate understeer was “predictable”; the SSV with understeer-oversteer 
transition was “predictable and easily controlled” and “provided the best low speed 
maneuverability”; and the SSV with heavy understeer vehicle was “difficult to predict”. 
No “loss of control” (spin out or rollover) events were recorded for any of the SSVs, 
despite large differences in USG.  
 
For ATVs, Fowler (2015) found in experiments with a range of typical ATV riders that 
the majority of drivers “overwhelmingly preferred” the ATV with “understeer-oversteer 
transition” and rated its steering response as “just right”. Half of the riders rated its 
steering response as “predictable” (which was more riders than rated the “understeer” 
configuration as “predictable) and no rider rated the understeer-oversteer configuration 
as unpredictable”. No “loss of control” (spin out or overturn) events were recorded for 
any of the ATVs, despite large differences in USG. 

To our knowledge, no “loss of control” events have ever been recorded in any 
instrumented tests in any steady state turn test, for extremes of USG, for any ATV or 
SSV. 

3. Applicability of circle test to ATVs/ SSVs 

a. For ATVs 

Circle tests are not applicable to ATVs because of: 

− Non-feasibility of a standardized test procedure that is sufficiently repeatable, 
reproducible and representative (including test surface and rider active effects); 
 

                                        

66 In addition, NHTSA has theoretical objections to the use of circle test to measure USG at higher lateral 
accelerations. With respect to measurement of nonlinear understeer properties, NHTSA noted in the 
FMVSS 126 Final rule: “Because there are no suitable tests of limit [emphasis added] understeer 
performance in existence, NHTSA undertook its own preliminary research efforts related to understeer. 
However, the complexity of such research would require several years of additional work before any 
conclusions could be reached regarding an ESC understeer performance test”, and further stated that: 
“NHTSA has carefully examined the existing vehicle dynamics literature including both the SAE and ISO 
standards. We have been unable to find any test designed to measure the nonlinear understeer gradient 
over the full nonlinear range of vehicle handling. A variety of theoretical difficulties make it unlikely that 
such test will ever be developed (Federal Register Vol. 72 p 17236, NHTSA, 49 Code of Federal 
Regulations Parts 571 and 585, Federal Motor Vehicle Safety Standards; Electronic Stability Control 
Systems; Controls and Displays; Final rule; Docket No. NHTSA–2007-27662).   
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− Very low frequency of turning of any type of turn in TARS ATV fatal farm 
accident data, and complete absence of evidence of “steady state turns” in 
such accident data; 
 

− A study by Fowler (2015) found that ATV riders rated “understeer-oversteer 
transition” derived from such tests as “predictable” and no loss of control 
events occurred. 
 

− Even on an experimental basis, to our knowledge, no “loss of control” events 
have ever been recorded in any instrumented tests in any steady state turn 
test, for extremes of USG, for any ATV. 

 

b. For SSVs 

Circle tests are applicable to SSVs, but only for purposes of “rollover resistance” testing 
because of: 

− Feasibility of a standardized test procedure (i.e., ANSI/ROHVA:2011) that is 
sufficiently repeatable and reproducible 

− Paved, high friction test surface in the ROHVA test procedure is only for 
purposes of ensuring sufficient lateral force to induce two wheel lift at 0.6g; 

− Otherwise, paved high friction surface is a warned against condition for ROVs, 
and not representative; 

− USG (derived from such tests) is highly dependent on surface and varies widely 
for off-road surfaces; 

− Study by Brown et al. (2012) found that SSV riders rated “understeer-
oversteer transition” derived from such tests as “predictable” and no loss of 
control events occurred. 

− No evidence of the frequency of turning of any type in SSV accidents reported 
in QBPP Supplemental Report; 

− Even on an experimental basis, to our knowledge, no “loss of control” events 
have ever been recorded in any instrumented tests in any steady state turn 
test, for extremes of USG, for any SSV. 

4. Weighting of circle test within ATVAP 

As no relation to ATV or SSV real world safety outcomes has yet been found, the 
weighting of the circle test results within ATVAP is arbitrary, based only on the authors’ 
opinions (where expert opinions and others’ findings differ from those of the QBPP 
authors). The associated “points” (i.e., up to 15 points for the circle test results out of 
85 points maximum, i.e., nearly 18% of the speculated “safety benefits” of different 
designs) and the “stars” awarded to these different designs, may be highly misleading to 
the users of ATVAP, as the eventual real world safety outcomes may not be as speculated 
by ATVAP.  

For example: 
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− As discussed above, Johnson and Segal (1978)67 found that variation of USG 
resulted in “no differences of any consequence” in the accident rate of 
passenger cars and light trucks, and NHTSA maintains that USG has no 
significant effect on vehicle accident rates; 
 

− For SSVs, Brown, et al (2012) found in experiments with a range of typical 
SSV drivers that the majority of drivers rated the SSV with understeer-
oversteer transition as “predictable and easily controlled” and “provided the 
best low speed maneuverability”. No “loss of control” events were recorded 
for any of the SSVs, despite large differences in USG;  
  

− For ATVs, Fowler (2015) found in experiments with a range of typical ATV 
riders that the majority of drivers “overwhelmingly preferred” the ATV with 
“understeer-oversteer transition” and rated its steering response as “just 
right”. Half of the riders rated its steering response as “predictable” (which 
was more riders than rated the “understeer” configuration as “predictable) and 
no rider rated the understeer-oversteer configuration as unpredictable”. No 
“loss of control” events were recorded for any of the ATVs, despite large 
differences in USG;  
 

− Very low frequency of “turns” of any type in TARS ATV and SSV fatal farm 
accident data, and complete absence of evidence of “steady state turns” in 
such accident data. 

In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in this regard as the real world 
accident, injury and fatality rates for the different designs being promoted are unknown. 
By shifting consumer demand, ATVAP may be just transferring to, or potentially creating 
new additional safety issues with, alternative designs.  

5. Circle test procedures 

Under both SAE J266 and ISO 4138, steady state turn tests can be done either of two 
ways: by fixed steer; or by constant radius. QBPP used the “constant radius” alternative 
in the ISO 4138, which requires continuous and variable driver/rider steering corrections. 
This leads to enormous variability and very poor repeatability in USG data. This variability 
due to steer corrections is far less in the fixed steer alternative in ISO 4138, which is 
used in ANSI/ROHVA1:2011. 

6. Circle test conditions 

We comment that: 

− For ATVs, there was limited or no attempt made to specify and measure values 
and tolerances for test rider mass, stature, limb lengths, upper body lean angle 
(fore/aft and laterally); 
 

− For ATVs, no “rider active” positioning was incorporated in limit test 
procedures (notwithstanding that active riding can be a significant aspect of 

                                        

67 Johnson and Segal (1978).  
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ATV operation), the test therefore assumes the worst case, and an improper 
use; 
 

− Test surface is sealed bitumen, however all ANSI/SVIA ATVs have warning 
labels against operation on paved (sealed) surfaces; 
 

− Grass is stated to have given similar results, yet (a) grass (turf) is also high 
friction (atypical) surface; (b) grass gave high variability in test results (up to 
+/-23% (max g), +/- 36% USG), which is far beyond accepted repeatability 
of NCAP-type testing; 
 

− The selected test conditions ignore the fact that on more typical medium and 
low friction off-road surfaces (e.g. 0.35 – 0.5568), ATVs (and SSVs) will turn 
with high side slip angle, substantially increasing effective track, dynamic 
lateral stability and maximum lateral acceleration in circle test; 
 

− The relatively low (for asphalt) friction coefficient used (0.76) in contrast to 
that used by ANSI/ROHVA (0.90 and above), means that (in addition to such 
a surface deteriorating over time and being difficult to reproduce) vehicles with 
understeer or oversteer (i.e., front or rear tires, respectively, reaching their 
cornering limits well before the tires at the other end) are disproportionately 
disadvantaged by such a test surface. This would have been less likely on a 
high friction test surface such as that specified in the ANSI/ROHVA 1:2011 
standard. 

7. Circle test results 

From an engineering perspective, choice of these atypical, non-representative ATV circle 
test conditions biases the test results in favor of more understeering and/or open 
differential vehicles. Further, it changes the ATV “design point” to being focused on an 
extreme, warned against (i.e., paved surface) condition; and attempting to optimize about 
this condition, rather than on typical real world conditions, is inappropriate and can 
produce designs that are ill-suited to the real world in other ways discussed herein. 

A rating system that positively weights these circle test results (i.e., no 2-wheel tip on a 
relatively low friction coefficient surface; and preference for understeer on such a surface, 
giving more stars) will encourage ATVs and SSVs that have understeer on such a surface 
(i.e., more car-like), which Brown et al. (2012) and Fowler (2015) found can result in 
larger path deviations and potential or actual path departure (assuming the vehicles would 
have the same USG off-road, which is highly unlikely69). Alternatively, vehicles might be 
engineered to have understeer on such a paved surface, but have completely different 
characteristics on off-road soils. It also encourages fitment of or default to an open center 
differential which is mainly relevant to flat high friction surfaces, and can have adverse 
effects on rough, uphill, and/or slippery off-road surfaces. 

This weighting has been done without any evidence that such changes in preferred design 
would be practical, desired and usable by farmers, as well as safer (rather than less safe) 

                                        

68 Anon., “Survey of soil properties for an example of ATV ride area in the United 
States”, Dynamic Research DRI-TM-88-11, 19 July 1988. 
69 ROHVA (2011).  
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in terms of real safety outcomes (e.g., accident rate, injury rate, fatality rate). Serious 
consideration should be given to potential unintended adverse consequences of such 
design changes and ratings as, unlike other vehicle safety ratings systems worldwide, 
these shifts in preferred design have not been verified by their real world safety outcomes.  

In addition, due to deviations from the ANSI/ROHVA1:2011 circle test procedures, the 
ATVAP circle test cannot be used to confirm compliance with the ANSI/ROHVA1:2011 
Standard. 

8. Circle test repeatability 

No analysis of repeatability was described in the QBPP reports. Only subjective comments 
about it were given. 

Analysis of the QBPP data by DRI indicates that the variability range of the circle test 
results was:  

− Up to 15% maximum/minimum difference for circle test limit lateral 
acceleration on asphalt (Kymco/asphalt/no load/right, p2 of 12, 7th vehicle from 
the top); 
  

− Up to 22% maximum/minimum difference circle test limit on grass (Yamaha 
Grizzly/grass/no load/left, p3 of 12, 2nd vehicle from the bottom);  
 

− Up to 500% maximum/minimum difference for Under Steer Gradient on asphalt 
(Kymco/asphalt/no load/right, p5 of 12, the 7th vehicle from the top) 
 

− Up to 138% maximum/minimum difference for Under Steer Gradient on grass 
(Honda Big Red/grass/Rear load/right, p7 of 12, 4th vehicle from the bottom). 

This variation range for lateral acceleration (i.e., 15%) is large in comparison to those of 
passenger car/light trucks in NCAP Rollover Resistance tests which are approximately 4% 
for tip up lateral acceleration (2% for tip up speed). This raises concern regarding the 
fairness, repeatability and reproducibility of ratings, particularly near the upper and lower 
ranges of a rating interval. 

The variation range for Under Steer Gradient (i.e., 500%) is unacceptable for 
discrimination and rating purposes, and would result in unfair, non-repeatable and non-
reproducible results.  

9. Circle test reproducibility 

No attempt was made in the QBPP to assess the extent to which the test results are 
reproducible at other facilities (e.g. by “round robin” tests), so the reproducibility is 
unknown. 

Other concerns regarding reproducibility include: 

− The relatively low (for asphalt) friction coefficient of the test surface (0.76), 
which is atypically low for a handling test surface, raises the concern of 
reproducibility of such a surface. With such a low friction coefficient, it appears 
to be a surface that it may be in a state of deterioration, and if so, it raises 
concerns about its variation over time; 
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− The unknown/vaguely described test procedure used to determine the surface 

coefficient of friction (there are dozens of surface friction test methods 
worldwide, which give very different friction coefficient values for the same 
surface); 
 

− Especially for ATV tests, even with the a specified test rider stature and 
weight, the potential effects of differences in limb lengths and weight 
distribution; 
 

− Reproducibility at other facilities of rider positioning, fore/aft and extent upper 
body lean; 
 

− Generally, the inadequate repeatability noted above would adversely affect 
reproducibility. 

These levels of test variability are far beyond accepted repeatability of NCAP-type testing 
and therefore have the capacity to affect the ultimate points allocated and stars awarded. 
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D. J-TURN TEST 

1. Previous usage of J-Turn test 

a. For passenger cars 

The research underlying the Weir and DiMarco (1978) paper used a J-turn test to analyze 
USG, but, unlike the methodology used by the QBPP team, that research did NOT use 
that test to measure effective yaw delay time70. For this reason, in addition to many 
others, the Weir and DiMarco (1978) results may not be directly comparable to those 
measured in the QBPP; 

The International Standardization Organization (ISO) standardized a J-Turn test procedure 
ISO 7401 in 1988.71  

b. For ATVs 

Fowler (1994) used a J Turn test to study ATV effective yaw time delay. 

c. For SSVs 

A J-Turn test is included in the ANSI/OPEI B71.9:2012 standard for the purpose of 
measuring 2-wheel lift (but not for purposes of measuring effective yaw time delay). 

2. Safety relevance of J-Turn test (and yaw time delay) 

Although one of the current authors (Zellner) participated in the Weir and DiMarco (1978) 
study72, to our knowledge, there has never been any research to determine whether there 
is any safety relevance (i.e., correlation to accident data) of the yaw effective time delay 
and, to our knowledge, no governmental agency worldwide has attempted to use it for 
any regulatory and/or consumer information (i.e., NCAP) purpose. 

Johnson and Segal (1978) analyzed the effect of “steering sensitivity” (as Weir and 
DiMarco (1978) research determined from J-Turn test data) for several hundred involved 
and non-involved vehicles and, as they had found for USG, found that variations in 
steering sensitivity resulted in “no differences of any consequence” in vehicle accident 
rates.” 

In passenger car research such as Weir and DiMarco (1978), the effects of excessive 
“effective yaw time delay” were measured at higher speeds (e.g., 50 mi/h (81 km/h)) on 

                                        

70 Instead, Weir and DiMarco (1978) was based on an effective time delay measured from lane 
change test in terms of frequency response phase lag. It was not measured, and (depending on 
nonlinear effects) may have a different value than the effective time delay measured from a step 
steer response used by TARS/QBPP. 
71 Anon., “ISO 7401:1988 (May)- Road Vehicles – Lateral Transient Response Test Methods 
(Revised as “Road Vehicles – Lateral Transient Response Test Methods – Open-Loop Test 
Methods” (2003 (Feb), 2011 (Apr)). 

72 Weir and DiMarco (1998) study investigated the effects of both “yaw time delay” and “steering 
sensitivity” on driver ratings of vehicle controllability.  The former pertains to the timing of the 
vehicle response, while the latter pertains to the magnitude of vehicle response to driver steering 
inputs. 
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paved surfaces in emergency crash avoidance maneuvers relative to an opposing vehicle 
or a suddenly appearing, unexpected obstacle, where such yaw to steering time delays 
are more significant and relevant. It is understood that such circumstances (e.g. high 
speeds, opposing vehicles) are not typical of Australian ATV and SSV farming accidents, 
which are understood to involve low speeds and primarily single vehicles crashes (i.e., 
both SSV and ATVS have warning labels to avoid use on public roads.) 

For ATVs and SSVs, there have been no direct indications from ATV or SSV accident 
data or descriptions that excessive “effective yaw time delay” has been a factor in any 
ATV or SSV accidents.  

Similarly, there have been no experimental studies like Weir and DiMarco (1978) for 
passenger cars regarding effect on rider/driver ratings and/or performance of ATV and/or 
SSV yaw time delay. 

Therefore, there appears not to be any experimental or accident data suggesting that the 
measurement of effective yaw time delay has any relevance to assessment of the relative 
safety of ATVs or SSVs. 

3. Applicability of J-Turn test to ATVs/ SSVs 

Researchers have applied the J-Turn to both of these types of off-road vehicle.  

The J-turn test has been applied to ATVs, for research purposes only (e.g., Fowler 
(1994)). 

The J-turn test has been applied to SSVs (specifically, MOHUVs) only for purposes of 
measuring 2-wheel lift, in the ANSI/OPEI B71.9:2012 Standard. 

However, the “effective yaw time delay” that ATVAP uses the J-Turn to measure (and 
specifically, the comparison of the measured time delay values to those of Weir and 
DiMarco (1978)), is NOT applicable to either of these types of vehicles. This is because  
Weir and DiMarco (1978) specifically state that: 

− “The resulting [yaw delay] criteria plot [is] defined at 50 mph”; 
 

− The “unacceptable characteristics…are more tentative, based on sparse 
data…this boundary is only partly defined, suggesting one area where 
additional research effort might be directed.”; 
 

− “The effects on the boundaries and other results of variations in such things 
as loading, tire pressure, and chassis and suspension condition [which are 
radically different for ATVs and SSVs] remain to be investigated.”  
 

− “The results reported here have concentrated on passenger automobiles. 
Similar analysis and correlation activities may be useful for other vehicle types, 
such as cars towing trailers, recreational vehicles, utility vehicles, light trucks, 
and larger commercial vehicles. Possible variations in the satisfactory 
boundaries of Fig. 13 pertinent to such vehicle types, and their drivers, could 
be of considerable interest.” 

 



46 
 

To our knowledge, such additional studies, including of ATVs and SSVs, have not been 
pursued. 

In addition, the QBPP Part 2: Dynamic Handling report (p 29) mistakenly states the 
performance criteria found by Weir and DiMarco (1978) as.  
 

“That upper acceptable limit for steering response time for passenger car control 
in lane regulation and lane change manoeuvers on paved roadways at 50 mph 
(80 km/h) was found by Weir and Di Marco (1978) to be between 0.25 and 
0.30 seconds depending on the vehicle steering gain.” 

 
However, the Weir and DiMarco (1978) paper clearly indicates that the 
acceptable/unacceptable boundary in Figure 13 of their report lies between 0.40 to 
0.65 seconds (depending on steering gain), not 0.25 to 0.30 seconds as misstated by 
the QBPP authors. The QBPP Summary report (p 45) states that “All vehicles tested 
unloaded on asphalt had steering response times of less than 0.3 seconds, with a 
significant number of the vehicles displaying steering response times of less than 0.2 
seconds”. This indicates that all the ATVs and SSVs readily pass the actual Weir and 
DiMarco (1978) criteria, if those criteria were even applicable to ATVs and SSVs 
operating off-road at low speeds, which they are not. 
 
No evidence was provided by TARS that the Weir and DiMarco (1978) 81 km/h paved 
surface results are applicable in any way to farm ATVs or SSVs typically operating at 
speeds less than 20 km/h on off-road surfaces; and based on the foregoing statements 
by Weir and DiMarco (1978), they almost certainly are not.   

4. Weighting of J-Turn test within ATVAP 

As no relation to ATV or SSV real world safety outcomes has yet been found, the 
weighting of the J-Turn test results within ATVAP is arbitrary, based on the authors’ 
opinions (where expert opinions and others’ findings differ from those of the QBPP 
authors). The associated “points” (i.e., up to 5 points for J-Turn yaw delay out of 85 
points maximum, i.e., nearly 6% of the speculated “safety benefits” of different designs) 
and the “stars” awarded to these different designs, may be misleading to the users of 
ATVAP, as the eventual real world safety outcomes may not be as speculated by ATVAP.  

For example, vehicle factors that would reduce effective yaw response time include: 

− Increased tire sidewall stiffness and inflation pressure; 
 
− Increased suspension stiffness and damping; 
 
− Increased understeer; 
 
− Decreased tire outside diameter (i.e., smaller tires). 

All of these changes would make ATVs and especially SSVs (which QBPP found to have 
greater effective yaw time delays) more passenger car-like and less suitable for off-road 
use (i.e., more sensitive to terrain disturbances), potentially even to an unsafe degree; 
and less mobile in off-road terrain. These factors were never considered by the Weir and 
DiMarco (1978) research, as that research was on passenger cars operating on smooth, 
high friction (paved) surfaces. 
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In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in this regard as the real world 
accident, injury and fatality rates for the different designs being promoted are unknown. 
By shifting consumer demand, ATVAP may just be transferring to, or potentially creating 
new additional safety issues with, alternative designs, with no statistical basis even for 
an assumption as to an improved safety outcome.  

5. J-Turn test procedures 

Generally, for use as a standardized test and for acceptable repeatability and 
reproducibility, the J-turn steer input should be limited by a mechanical device (e.g., 
check chains) and should fall within strict timing requirements (e.g., time to 90% of input 
amplitude needs tight tolerances). No evidence of such limits or tolerances was provided 
in the QBPP reports.  

As noted above, the Weir and DiMarco (1978) were based on an effective time delay 
measured from lane change test in terms of frequency response phase lag. It was not 
measured, and (depending on nonlinear effects) may have a different value than the 
effective time delay measured from a J-Turn (step steer) response used by TARS/QBPP. 

6. J-Turn test conditions 

The ATVAP J-Turn test was conducted at 20 km/h on sealed bitumen surface. 

Both speed and test surface strongly affect the effective yaw time delay, so the results 
are not relevant to other speeds and surfaces. 

7. J-Turn test results 

The QBPP Summary report states that “All vehicles tested unloaded on asphalt had 
steering response times of less than 0.3 seconds, with a significant number of the 
vehicles displaying steering response times of less than 0.2 seconds…, which is generally 
considered to be satisfactory.” Note that Weir and DiMarco (1978) states that drivers 
can readily adapt to slower response times.   

For off-road vehicles that often operate on rough terrain, slower steering response has 
advantages in terms of reduced operator shock and vibration feed-through though the 
steering system and less sensitivity to external (terrain) disturbances, which are not 
significant issues for passenger cars riding on relative smooth paved surfaces.  
 
From an engineering perspective, choice of these atypical, non-representative ATV J-Turn 
test conditions (i.e. on flat, smooth, deteriorated asphalt pavement) bias the test results 
in favor of vehicles with stiffer tires and suspension, higher inflation pressure tires, higher 
suspension damping, more understeer and smaller tire outside diameter. From an 
engineering perspective, it changes the ATV “design point” to being focused on an 
extreme, verging-on-misuse (i.e., on paved surface) condition. Attempting to optimize 
about such a condition, rather than about typical real world conditions, is inappropriate 
and can produce designs that are ill-suited to the real world in other ways discussed 
herein. 

A rating system that positively weights these J-turn results (i.e., shorter yaw time delays 
give higher stars) will encourage ATVs and SSVs that have stiffer tires and suspension, 
higher inflation pressure tires, higher suspension damping, more understeer and smaller 
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tire outside diameter (i.e., more car-like), each of which create difficulties (and may even 
be hazardous) in operation on typical rough, off-road surfaces. This has been done 
without any evidence that such changes in preferred design would be practical, desired 
or usable by farmers, or that they would be safer (rather than less safe) in terms of real 
safety outcomes (e.g., accident rate, injury rate, fatality rate). Serious consideration 
should be given to potential unintended adverse consequences of such design changes 
and ratings as, unlike other vehicle safety ratings systems worldwide, these shifts in 
preferred design have not been verified by their real world safety outcomes.  

8. J-Turn test repeatability 

Though no analysis of J-Turn repeatability was described in the QBPP reports, the same 
general comments made on the Circle Test repeatability above would be expected to 
apply to the J-Turn. 

Analysis of the QBPP data indicates that the variability range of the J-Turn lateral transient 
response results was as high as 67% (Honda Big Red MUV700/asphalt/no load/right, p8 
of 12, 5th vehicle from the bottom). This variation range for lateral transient response 
time is unacceptable for discrimination and rating purposes, and would result in unfair, 
non-repeatable and non-reproducible results. 

9. J-Turn test reproducibility 

No attempt was made in the QBPP to assess to extent to which the test results are 
reproducible at other facilities (e.g. by “round robin” tests), so the reproducibility is 
unknown. 

Other concerns regarding reproducibility include: 

− The relatively low friction coefficient (0.76) of the test surface, which is 
atypically low for a handling test surface, raises the concern regarding 
reproducibility of such a surface. With such a low friction coefficient, it appears 
to be a surface that is in in a state of deterioration, and if so, it raises concerns 
about its variation over time; 

 
− The unknown and unstated test procedure used to determine the surface 

coefficient of friction (there are dozens of surface friction methods worldwide, 
which give very different friction coefficient values for the same surface); 

 
− Especially for ATV tests, even with the specified test rider stature and weight, 

the potential effects of differences in limb lengths and weight distribution; 
 
− Reproducibility at other facilities of rider positioning, fore/aft and extent upper 

body lean; 
 
− Generally, inadequate repeatability which would adversely affect 

reproducibility; 
 
− Lack of specification regarding the allowable steering angle rise time and the 

effect of this on the measured yaw-to-steer time delay.  
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E. BUMP TEST 

1. Previous usage of a bump test 

The only known previous example of a bump test being used as a potential safety-related 
test is by CPSC in their Engineering Analysis tests of ATVs in the mid-1980s73. This was 
a single, symmetric (i.e., the same bump encountered by the left and right wheels), 
constructed bump. 

The test procedure and results received written criticisms at the time because: 

− Rider-to-rider differences had not been addressed; 
 
− The instructions given to the test rider regarding what body responses to use 

in the bump encounter were unknown, absent and/or vague; 
 
− Use of a single bump height and speed would result in “over-tuning”, whereby 

vehicles could be “tuned” to do well in the particular bump height and speed, 
but could perform poorly with other untested bump heights and speeds, 
adversely affecting handling and stability; 

 
− Therefore it was essential that a “matrix” of bump heights and speeds be used 

as part of any such test. 

It was acknowledged in standards committee discussions that improved performance 
(e.g., lower accelerations) on a bump test would result in tendency of riders to operate 
at higher speeds on larger bumps (i.e., risk compensation was likely) and it was unclear 
whether that would be a safety improvement. 

Eventually, as part of the Consent Decree and the CPSC-reviewed Voluntary Standard 
(ANSI/SVIA 1:1990), the proposal for a bump test was replaced by a requirement that 
all ATVs have mechanical suspensions with at least 50 mm stroke. 

2. Safety relevance of a bump test 

Impacting a sufficiently asymmetric bump at sufficient speed (e.g., if it was hidden in tall 
grass and the rider did not see it) could have the potential to result in a rollover. 

Some descriptions of Australian farm accidents seemed to have these characteristics, 
though the accident information is imprecise, anecdotal, vague and qualitative. 

There are currently no accident data that link greater or lesser ATV asymmetric bump 
response to greater or lesser probability of ATV overturn on asymmetric bumps, as the 
available accident data are not detailed enough. 

ATVAP has identified a candidate test procedure (using a vertically rigid dummy, etc.) 
and performance index that it claims seems to possibly induce (for sufficiently large 
dummy pelvis response) an ATV overturn. However, the extent of similarity between the 

                                        

73 Deppa, R.W., “Engineering Evaluation of the Safety of All-Terrain Vehicles”, Consumer Product 
Safety Commission, Bethesda, Maryland, 26 September, 1986.   
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response of the dummy and the response of human test riders, and between that human 
test rider response and real accident data, is unknown. 

3. Applicability of a bump test to ATVs/ SSVs 

TARS was unable to induce rollover with any SSV with this particular bump height, speed 
and human drivers (rather than a crash dummy as done with ATVs), although SSV results 
with other bumps heights, speeds and crash dummy are unknown. 

It is not clear whether TARS was able to induce ATV rollover (or near rollover) with this 
particular bump height, speed and crash dummy. The QBPP reports state that ATV results 
with human riders “agree” with those with a crash dummy however, no data or video of 
those human tests have been provided.  

4. Weighting of a bump test within ATVAP 

As no relationship of ATV or SSV responses in this bump test to real world safety 
outcomes -- or for that matter, the prevalence of asymmetric bumps in ATV or SSV 
overturn accidents -- has yet been found, the weighting of the bump test results within 
ATVAP is arbitrary and is based only on the authors’ opinions (whereas expert opinions 
and others’ findings differ from those of the QBPP authors). The associated “points” (up 
to 5 points for the bump test out of 85 points maximum, i.e., nearly 6% of the speculated 
“safety benefits” of different designs) and the “stars” awarded to these different designs, 
may be highly misleading to the users of ATVAP, as the eventual real world safety 
outcomes of any changes made to ATVs and SSVs in order to affect this rating may not 
be as speculated by ATVAP.  

These considerations were indeed raised in the proceedings leading up to the US Consent 
Decree, leading to abandonment of a bump test from that decree.  Specifically: 

− Use of a single bump height and speed could result in “over-tuning”, i.e., 
vehicles could be “tuned” to do well in one particular bump height and speed, 
but could perform poorly with other untested bump heights and speeds that 
occur in the real world (thereby worsening safety outcomes), and therefore a 
“matrix” of bump heights and speeds was needed for such a test; 
 

− Even with a “matrix” of bump heights and speeds, improved performance (e.g., 
lower accelerations) would result in tendency of riders to operate at higher 
speeds on larger bumps (i.e., risk compensation was likely) and it was unclear 
that that would be a safety improvement. 

In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in this regard as the real world 
accident, injury and fatality rates for the different designs being promoted are unknown. 
By shifting consumer demand, ATVAP may be just transferring to, or potentially creating 
new additional safety issues with, alternative designs.  

5. Bump test procedures 

The crash dummy that is used in ATVAP does not have human-like response for vertical 
(bump) impacts; that dummy is far more rigid than a human in the vertical (bump) 
direction. 
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A properly trained ATV rider would stand to traverse a bump or non-visible terrain (or 
would avoid traversing such non-visible terrain), greatly reducing the pelvis acceleration 
and risk of displacement from the ATV. 

It is unclear whether/how a human rider would respond (if seated) in terms of steering 
following such a bump disturbance. There is no basis for assuming that human steering 
response would be similar in any way to a “deadweight” dummy passive steering effect. 

QBPP’s subjective bump test with human riders was not a “blind” experiment, with, e.g., 
typical riders. Instead it involved test riders who were familiar with the vehicles and the 
dummy test results which those riders had been involved in obtaining.  

6. Bump test conditions 

Only 1 speed and bump height was used, despite recommendations and the need to use 
a matrix of speeds and bump height to avoid “over-tuning”; 

− Such tests are highly sensitive to speed and bump height; 
 
− Only one tow-release speed (25 km/h, which is faster than a typical farm speed 

of 20 km/h or less) and bump height (150 mm) was tested; 
 
− The impact speed is not reported, and conceivably may have significantly 

varied from run to run and vehicle to vehicle; 
 
− As members of the PRG, John Zellner and FCAI’s representatives had 

recommended to TARS that the testing use a “matrix” of speeds and bump 
heights (as the failure to use such a matrix was the main flaw in the similar 
symmetric bump tests conducted by US/CPSC in about 1988, which were 
abandoned for this reason by CPSC (i.e., due to “over-tuned” results)). 

 

7. Bump test results 

We comment that: 

− TARS assumed, without basis, that pelvis lateral and vertical acceleration were 
equally important, although, in fact, lateral acceleration is probably more 
important. This could have affected the results; 
 

− TARS ignored pelvis longitudinal acceleration. This could have affected the 
results; 
 

− TARS did not appear to filter properly the acceleration electronic signals, as is 
often done in handling, ride or stability testing, even though the test data 
appear to be “noisy” and containing spurious short duration “spikes” that are 
too short to cause rolling motion. This could have affected the results; 
 

− ATV roll motion (the safety relevant parameter) was not used for evaluation 
purposes; ratherit is dummy pelvis acceleration that is inferred as being the 
potential safety-related mechanism. This could have affected the results; 
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− There is an apparent strong correlation between the weight of the test 
vehicles and the measured pelvis acceleration (heavier ATVs give lower 
pelvis accelerations); 
 

− Independent rear suspension may produce lower pelvis accelerations on the 
asymmetric bump than swing arm (but swing arm suspensions may be more 
stable at higher speed and under other conditions); 
 

− Larger fuel tanks may give lower pelvis accelerations because of dummy leg 
splay and pressure against tank; 
 

− There is little or no spinal compression in the Hybrid III dummy which is not 
human like; 
 

− Towing the ATV and then releasing it, allowing it to free wheel, may give 
different results than riding over the bump under power (due to axle torque 
reactions) and also for the SSVs driven by human drivers, accelerating and 
then coasting down, in gear, over the bump) 
 

− SSVs were assigned a test measurement result (i.e., 1.5g)74 despite no 
dummy pelvis data being recorded (the dummy was unable to be placed in 
the SSVs so only human riders were used, for whom there were no means 
for recording pelvis data); 
 

− Only 4 of the 5 SSVs even drove over the bump, although dummy pelvis 
data are listed for 5 SSVs. 

From an engineering perspective, the choice of one specific, asymmetric, 150 mm high, 
semi-cylindrical bump at 25 km/h biases the test results in favor of longer wheelbase, 
wider track, heavier, softer and/or independently sprung vehicles. In particular, for ATVs, 
it changes the “design point” to being focused on a very specific condition (i.e., a seated, 
inert, rigid rider who did not see an asymmetric bump of a particular height at a particular 
speed, 25 km/h – which would be an extreme and inappropriate speed at which to be 
travelling in grass tall enough to conceal a 150 mm rock or the like).  Attempting to 
optimize about this condition, rather than on a broader range of typical real world 
conditions, is inappropriate and can produce designs that are ill-suited to the vast majority 
of riding conditions. 

As the rating system encourages these types of designs, potentially this could result in 
riders/drivers operating on rougher ground at higher speeds until a still larger bump is 
encountered. This has been done without any evidence that such changes in preferred 
design would be safer (rather than less safe) in terms of real safety outcomes (e.g., 
accident rate, injury rate, fatality rate). Serious consideration should be given to potential 
unintended adverse consequences of such design changes and ratings as, unlike other 
vehicle safety ratings systems worldwide, these shifts in preferred design have not been 
verified by their real world safety outcomes.  

                                        

74 QBPP Report, Part 2: Dynamic Handling Rests, Table 8. 
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8. Bump test repeatability 

No analysis of repeatability was described in the QBPP reports. Only subjective comments 
about it were given. 

Analysis by the authors of the current report indicates that the variability range of the 
bump test results was up to 24% maximum/minimum difference for resultant acceleration 
(Suzuki Kinquad 400 ASI, p11 of 12, 5th vehicle from the top). This variation range for 
pelvis acceleration is unacceptable for discrimination and rating purposes, and would 
result in unfair, non-repeatable and non-reproducible results. 

This variation range for pelvis acceleration (i.e., 10%) is larger than lateral acceleration 
variation range in passenger car/light trucks in NCAP Rollover Resistance tests which are 
approximately 4% for tip up lateral acceleration (2% for tip up speed). This raises concern 
regarding the fairness, repeatability and reproducibility of ratings, particularly near the 
upper and lower ranges of a rating interval. 

9. Bump test reproducibility 

No attempt was made in the QBPP to assess the extent to which the test results are 
reproducible at other facilities (e.g. by “round robin” tests), so the reproducibility is 
unknown. 

Other concerns regarding reproducibility include: 

− Apparently unknown distance of tow release point from bump; 
 

− Large and/or unknown tolerances on dummy joint tensions and unknown 
effects  of those on dummy pelvis accelerations; 
 

− Unknown and/or unrealistic means of securing dummy hands to hand grips, 
which would be expected to affect the results; 
 

− The effect of rolling resistance on different facilities’ test surfaces on the coast-
down speed decay rate, and therefore the speed at which the vehicle impacts 
the bump; 
 

− The atypically low friction coefficient for the surface used and the 
unknown/unspecified method of measuring it. 
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F. STATIC CRASHWORTHINESS TEST (MODIFIED ANSI/ROHVA METHOD) 

Crashworthiness tests (particularly for rollover) can be conducted either statically or 
dynamically. ATVAP attempted only static crashworthiness tests. 

1. Previous usage of this type of static crashworthiness test 

a. For passenger cars, light trucks, agricultural tractors, earthmoving equipment 

Examples of Rollover Protection System (ROPS)/roof static strength requirements for 
passenger cars and light trucks (FMVSS 216 and, as of 1 September 2015, FMVSS 
216a), agricultural tractors (OSHA 29CFR-1928) and earth moving equipment (ISO 3471) 
are summarized in Table 2 below. 

Note that the revised FMVSS 216a with higher strength-to-mass ratio and other additional 
requirements than its predecessor FMVSS 216, began phase-in on 1 September 2012 
and will complete phase-in on 1 September 2015. The increased strength requirements 
are for the purpose of reducing roof intrusion in passenger cars and light trucks that are 
often involved in relatively high speed, multiple rollovers, in which roof intrusion had been 
observed in roofs complying with the previous FMVSS 216 requirements.  
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Table 2. ROPS/Roof crush strength requirements 

For a vehicle with a curb weight of mcurb and a gross vehicle weight rating of mGVWR: 
          

Standard Vehicle type 

Required 
strength/ 

mcurb 
ratio 

Required 
strength/ 

mGVWR 
ratio Note 

OSHA 
(29CFR1928 
Subpart C) 

Tractors N/A N/A 
Requirement is based on 
strain energy in a quasi-
static test. See note1. 

ISO 3471 Earth-moving 
machinery N/A Up to 

2.0 

Requirement may be less 
than 2.0, depending on type 
and mass of machine and 
direction of loading. This 
may be roughly equivalent 
to a 4.0 strength/curb mass 
ratio. 

ANSI/ROHVA 
1:2011 

Recreational 
Off-Highway 

Vehicles (ROV) 

(see 
note) 

(see 
note) 

Allows the manufacturer to 
choose either the OSHA or 
ISO 3471 standard. 

ANSI/OPEI 
B71.9-2012 

Multipurpose 
Off-Highway 

Utility Vehicles 
(MOHUV) 

1.5 N/A 
Strength need not exceed 
22,240 N (2268 kg) 
regardless of mcurb. 

FMVSS 216 Passenger car 1.5 N/A 
Applies to vehicles < 2,722  
kg mcurb. Applies to vehicles 
prior to 2013. 

FMVSS 216a Passenger car 3.0 N/A 

Applies to vehicles < 2,722  
kg mcurb. Strength need not 
exceed 22,240 N  (2268 
kg) regardless of mcurb. New 
requirement phased in 
beginning in 2013 and all 
vehicles must comply by 
Sept. 2015. 

  
1Lateral strain energy must be > 1.15 X (723 + 0.4 W), longitudinal strain energy 
must be > 1.15 X 0.47 W where W is the GVWR in lb and strain energy is in ft-lb 

 

Regarding tests for retention systems, for passenger cars and light trucks, these are 
typically defined primarily for purposes of frontal and side impact protection (with some 
degree of rollover retention being a resultant, but not an explicit requirement), e.g.: 
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− Frontal impact protection (FMVSS 208, with similar Australian Design Rule 

(ADR) requirements); 
 

− Side impact protection (FMVSS 214, with similar ADR requirements); 
 

− Occupant protection in interior impacts (FMVSS 201, with similar ADR 
requirements); 
 

− Head restraints (FMVSS 202, with similar ADR requirements); 
 

− Glazing (FMVSS 205, with similar ADR requirements); 
 

− Door locks and door retention (FMVSS 206, with similar ADR requirements); 
 

− Seating (FMVSS 207, with similar ADR requirements). 

For agricultural tractors and earthmoving equipment, seat belts are typically referenced 
in the associated ROPS standard, and in some standards, seat and cab retention spaces 
are defined. Seat belts typically have static strength requirements and in some cases (as 
with all passenger cars and light truck regulations), elongation requirements. 

a. For SSVs 

In regard to SSV ROPS, ANSI/ROHVA 1:2011 for Recreational Off-highway Vehicles 
(ROVs) allows the manufacturer to install (referring to Table 2) EITHER: 

− OSHA 29CRF-1928-compliant ROPS (agricultural tractors), or  
− ISO 3471-compliant ROPS (earthmoving equipment) 

Of these two alternatives, the OSHA requirements are for tractors in excess of 20 
horsepower (note: tractor roll bars are not required in Australia for tractors less than 550 
kg); whereas ISO 3471 is for much heavier (e.g., more than several tons) earthmoving 
equipment. 

For Multi-purpose Off-highway Utility Vehicles (MOHUVs) ROPS requirements are in OPEI 
B.71.9:2012 which is based on the pre-1 September 2012 FMVSS 216-type (not the 
new FMVSS 216a) passenger car roof crush requirements. 

To date, there have not been any reported instances of SSV ROPS collapse or intrusion 
for any SSV complying with either ANSI/ROHVA 1:2011 or ANSI/OPEI B71.9:2012, or 
for predecessor SSVs having similar and unmodified ROPS.  

In regard to retention devices75, ANSI/ROHVA 1:2011 provides for: 

− “Seat Belts. Each seating position in an ROV shall have a minimum of a Type-
2 (three-point) occupant restraint that meets or exceeds SAE J2292”; 
 

                                        

75 For purposes of “retaining” the occupant in the vehicle. This is in contrast to a “restraint” 
system, which is intended to prevent or control occupant impacts with the vehicle interior during 
vehicle collision. 
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− “Lighted seat-belt use reminder”; 
 

− “Leg/Foot [r]etention [geometric, strength and penetration] requirements for 
Zone 1 shall be met either by a raised entryway or by a permanent barrier [i.e.,  
door, net or other suitable device]”; 
 

− “Shoulder/Hip…retention…by EITHER: 
- “Construction-Based [i.e., geometric and strength] Method”, or 
- “Performance-Based [i.e., dummy retention] Method:”…“The torso of 

the test dummy shall not extend more than 127 mm (5 in) outside of 
vehicle width.” 

 
− “Arm/Hand…retention…by EITHER: 

- “Construction-Based [i.e., geometric and strength] Method”, or 
- “Performance-Based [i.e., dummy retention] Method:”…“No part of the 

arm/hands of the test dummy shall not extend more than 178 mm (7 
in) outside of vehicle width.” 

 
− “Handhold. All ROVs shall have at least one occupant handhold for each 

outboard seating position of the ROV. These handholds shall be designed in 
such a way that each is able to withstand, without failure, a vertical force, in 
both an upward and downward direction, of 500 N (112 Ibf) applied statically 
to the center of the surface of the handhold at a maximum pressure of 0.5 
MPa (75 psi). Handholds shall be designed to allow the passenger to dismount 
without interference from the handholds. The steering wheel shall be 
considered a handhold for the ROV operator”. 
 

− “Head/Neck…[R]etention …by recommending that each occupant be seated, 
belted and wearing a helmet, as recommended by the manufacturer. Any 
additional device(s) shall not compromise the visibility and mobility needs of a 
properly seat-belted operator wearing a helmet and other recommended 
protective gear.” 

ANSI/OPEI B71.9:2012 has similar requirements for seat belts and handholds and a 
broader requirement for occupant side retention devices.  

There are no known accident databases for vehicles manufactured to comply with 
ANSI/ROHVA 1:2011 or ANSI/OPEI B71.9:2012, both of which had relatively recent 
effective dates, being Model Year 2014 (i.e., vehicles manufactured after approximately 
July 2013).  

Therefore there are no known accident data which could indicate whether or not these 
standards are effective. 

Nevertheless, in summary, as can be seen, there are numerous, detailed static 
crashworthiness requirements in both the ROHVA and OPEI standards. 
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CPSC76 recently reported that for 428 ROV incidents reported to CPSC between 1 
January 2003 and 31 December 2011 (i.e., before there were any ROVs complying with 
ANSI/ROHVA 1:2011, effective as of July 2013): 

“Of the 225 fatal victims who were in or on the ROV at the time of the incident, 
194 (86 percent) were ejected partially or fully from the vehicle, and 146 (75 
percent) were struck by a part of the vehicle after ejection. Seat belt use is known 
for 155 of the 194 ejected victims; of these, 141 (91 percent) were not wearing 
a seat belt.” 

Further review of Table 14 (page 196) of the CPSC Briefing Package indicates that of the 
155 reported fatalities involving ejection and known belt use, there were 9 (6%) that 
were belted, partially ejected and hit by the ROV; and 2 (1%) that were belted, fully 
ejected and hit by the ROV.   

This indicates that non-ANSI/ROHVA-compliant retention systems were associated with 
only a relatively small percentage (7%) of partial or full ejections among fatally injured 
ROV occupants; and that the vast majority of partially or fully ejected fatalities (i.e., 91%) 
were associated with not wearing a seat belt. 

In addition, 98% of all fatalities in which helmet use was known were not wearing 
helmets77.  

As noted, there are no accident data for ANSI/ROHVA-compliant retention systems, but 
it might reasonably be expected that such compliant systems would have at least equal, 
if not better, real world safety outcomes because a large proportion of pre-2014 model 
year non-ANSI/ROHVA-compliant ROVS did not have one or more of the retention devices 
required by ANSI/ROHVA 1:2011. 

b. For ATVs 

Under ATVAP, ATVs are evaluated using “occupant protection” principles (even though 
an ATV rider is NOT an “occupant”) rather than by reference to long-established “rider 
protection” principles. Consequently, they are arbitrarily considered “not crashworthy” 
and given only the minimum baseline 5 points (out of a maximum of 25 point for 
crashworthiness). This is despite: 

− Some evidence that riders are often not injured in ATV rollovers78; 
 
− ANSI/SVIA 1:2010 having some rider protection requirements, including: 
 

                                        

76 Anon., CPSC, Notice of Proposed rulemaking, “Safety Standard for Recreational Off-Highway 
Vehicles (ROVs)”, Federal Register Vol. 79 p 68964, in Federal Docket , No. CPSC-2009-0087-
0131, 9 November 2014; and Briefing Package, Tab D, p 195. 
77 CPSC, op. cit. 
78 For example, Van Ee (2014) found that 79% of ATV rollovers found on internet videos involved 
no rider injury. In addition the data in Zellner et al. (2014), Appendix A indicates that 37% of 
samples/limited censuses of US and UK ATV incidents involved no injuries recordable by a crash 
dummy. The latter is similar percentage to the “no injury” percentages for passenger car (36%) 
and light truck (38%) reported by NHTSA (Traffic Safety Facts 2011, DOT HS 811 754, Table 
38.) 
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- Foot environment: shielding of foot from rotating front and rear tires 
(which had been associated with injuries  in early (pre-1988) ATVs); 

 
- Handlebars: no sharp edges. 

 
− The widespread practice within the ATV industry of providing ATV features 

for rider protection/minimization of injuries, as summarized in Table 3. 

 

Table 3. Comparison of Protection Principles, ride on top vehicles versus large ride-in 
vehicles 

 Rider Protection Occupant Protection 
Applicable to: Small ride-on-top vehicles (e.g., 

motorcycle, ATV, snowmobile, 
bicycle) 

Large ride-in vehicles (e.g., SSV, 
4WD trucks, passenger cars) 

Seat type: Straddle, no seatback Bucket, with seat back 
Person’s 
position: 

Seated or standing (variable) Seated (fixed) 

Wheelbase: Less than 1.5 m More than 1.5 m 
Mass: Typically less than 300 kg Typically more than 500 kg 
Protection 
strategy: 

1) Enhance rider separation 
from vehicle 

2) Provide smooth vehicle’s 
outer contours 

3) Provide compliant surfaces 
4) Minimize rigid projections 
5) Cover rotating parts 
6) Require PPE on rider (helmet, 

chest protector) 
7) Provide protective foot 

environment 

1) Enclose occupant in strong, 
EA frame (ROPS) 

2) Restrain occupant in seat (via 
belt) 

3) Retain occupant’s head and 
limbs within vehicle 

4) Provide smooth, EA interior 
surfaces 

5) Provide warning label 
recommending helmet, boots, 
eye protection use for SSVs 

 

2. Safety relevance of this type of static crashworthiness test 

As noted above, CPSC’s study of incidents with pre-ANSI/ROHVA ROVs indicates that 
of 155 reported fatalities involving ejection and known seat belt use, a relatively small 
percentage (i.e., 7%) involved partial or full occupant ejections. 

There are no accident data for ROVS that comply with ANSI/ROHVA 1:2011, but it might 
reasonably be expected that such compliant systems would be expected to have at least 
equal, if not better real world safety outcomes than the (previous) non-compliant ROVs 
because a large proportion of pre-2014 model year non-ANSI/ROHVA-compliant ROVS 
did not have one or more of the ROPS or retention devices required by ANSI/ROHVA 
1:2011. 

As further discussed below, QBPP in its proposed ATVAP requirements, without clear 
justification based on any real world outcomes, proposes an arbitrary increase to the 
performance requirements of the ANSI/ROHVA 1:2011 ROPS, even though there are no 
accident data indicating that such changes are needed, or that the current ANSI/ROHVA 
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1:2011 requirements are in any way insufficient.79 Note that SSVs have substantially 
lower speed capacity than passenger cars and are not intended for operation on paved 
roads and in proximity to concrete barriers and opposing high speed vehicles, which 
influence passenger car roof crush requirements. 

Potentially, and on average, this could increase vehicle weight (which may not be safer 
for occupants who do not wear belts and are ejected), cost, heighten the center of gravity 
(from the heavier ISO 3471 or even stronger type ROPS) affecting stability; and create 
potential entry/egress issues, which could result in users choosing not to use or to remove 
the retention devices. None of these considerations have been assessed by QBPP. 

Consequently, there is no known safety relevance of the modified ATVAP requirements 
for SSVs (relative to ANSI/ROHVA 1:2011), and there are potential adverse 
consequences of such modifications that have not been assessed. 

Arbitrarily assigning low (1 Star) “crashworthiness” to ATVs, based on no accident data 
indicating that they are any more or less injurious in rollovers than SSVs80, has no safety 
relevance, as safety relevance can only be based on relation to real world outcomes (e.g., 
accident data that indicate that ATVs have greater or lesser injury rates (per rollover 
crash) than SSVs. 

3. Applicability of this type of static crashworthiness test to ATVs/ SSVs 

The ATVAP static crashworthiness tests may be generally applicable to the ROV class of 
SSVs, as the ATVAP tests are loosely based on ANSI/ROHVA 1:2011.  

However, as discussed above, there is no basis for applying the higher performance ROPS 
and retention requirements of ATVAP to ROVs. In addition, those higher performance 
requirements would seem not to be applicable to the MOHUV class of vehicles, which 
have different purposes from the ROV class, have no data associated with them indicating 
ROPS collapse or occupant ejection, and which meet different performance requirements 
(ANSI/OPEI B71.9:2012).  

The ATVAP static crashworthiness tests are NOT applicable to ATVs, as ROPS and 
retention devices on ATVs have been found to be hazardous81. 

Since the ROPS/retention tests are not applicable to ATVs, the ATVAP ATV 
crashworthiness ratings should, in our view, indicate “not applicable” (“NA”) rather than 
arbitrarily and speculatively (based on no comparative injury or fatality rate data) indicting 
that ATVs should have 1 star (e.g., implying to a causal reader, without any basis that 
they are, for example, 1/5 as “safe” in rollovers as a 5 star SSV).  

                                        

79 For example, ANSI/OPEI requires a strength to weight ratio of 1.5 (based on previous passenger 
car standards) whereas the ISO option of ROHVA requires a strength to weight ratio of 
approximately 4.0 (curb mass). ATVAP gives 5 points to the former and 10 points to the latter 
despite there being no accident data indicating collapse or intrusion of either type of ROPS in real 
world accidents. 
80 Particularly when the CPSC reports that 91% of ROV fatalities involving ejections for which belt 
use was known were associated with non-use of seat belts. 
81 Zellner, et al (2004). 
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It is noted that QBPP correctly decided that “Fitment of OPDs [i.e., CPDs] is not rated in 
terms of points currently as it is not possible to rate their relative effectiveness.” 

4. Weighting of this type of static crashworthiness test within ATVAP 

As no relation to ATV or SSV real world safety outcomes has yet been found, the 
weighting of static crashworthiness test results within ATVAP is arbitrary, based on the 
authors’ opinions (whereas expert opinions and others’ findings differ from those of the 
QBPP authors). The associated “points” ( up to 25 points for crashworthiness out of 85 
points maximum, i.e., nearly 30% of the speculated “safety benefits” of different designs) 
and the “stars” awarded to these different designs, may be highly misleading to the users 
of ATVAP, as the eventual real world safety outcomes may not be as speculated by 
QBPP.  

In particular, ATVAP neglects the fact that a ROPS/retention system is intended to “work 
as a system” (i.e., the whole is greater than the sum of its parts), whereas ATVAP rates 
the various components as if each could individually, without adverse consequences, 
reduce injuries and fatalities.  

For example: 

− SSVs that meet neither ANSI/ROHVA nor ANSI/OPEI can currently be imported 
into Australia, notwithstanding that they may have no ROPS and/or retention 
devices, weak ROPS and/or retention devices, etc.; 

 
− Any “4 post ROPS” on such a vehicle is automatically given 5 points, even 

those that might collapse under only a small load, potentially increasing injuries 
in comparison to no ROPS at all. 

 
− No accident data are provided to support the assumption that a “4 post ROPS” 

provides a safety benefit, yet consumers are encouraged by the points 
awarded to them to purchase an SSV with such potentially flimsy (i.e., “sun 
shade”) ROPS ; 

 
− Five more points are given to any vehicle that meets the ANSI/ROHVA 1:2011 

retention device requirements with the additional requirement that there be no 
displacement outside the width of the vehicle rather than the 127 mm 
(shoulder/hip) and 178 mm (arm/hand) displacements allowed under 
ANSI/ROHVA 1:2011. 

 
− On the one hand, as discussed above, there is no evidence in accident data 

that there is any benefit to such higher requirements, and more effective 
retention devices (e.g., 4, 5 or 6 point belts, full doors, etc.) could result in 
potential entry/egress issues, which could result in users choosing not to use, 
or to remove, the retention devices. This possibility has not been assessed by 
QBPP; 

 
− On the other hand, given that it is legal and otherwise possible for non-

ANSI/ROHVA compliant SSVs to be imported into Australia, it would be 
reasonable and appropriate to question whether an SSV with a higher 
performance restraint system (e.g. 4, 5 or 6 point harness) but without any 
ROPS, or with a flimsy ROPS, would reduce or would increase injury likelihood. 
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This has not been assessed by QBPP, despite the additional points which this 
configuration would earn; 

 
− Five additional points are awarded if a ROPS meets the heavy duty ISO 3471 

(Earthmoving equipment) standard, even though there is no evidence that SSV 
ROPS complying with the OSHA requirement or the OPEI requirement (similar 
to the previous FMVSS car-type) are prone to collapse; 

 
− As noted above, this heavy duty ROPS could have adverse safety 

consequences, including heightening the center of gravity. In order to provide 
an SSV fitted with an ISO 3471 ROPS with the same static stability, a wider 
track and longer wheelbase vehicle would be required, which would reduce 
off-road mobility, with no gain in stability. 

 
− Five more points are awarded for a 3-point belt and belt warning light (required 

under ANSI/ROHVA 1:2011), an audible belt warning and a belt speed-limiting 
interlock system. However:  

 
− 3–point belting an occupant into an SSV that has no ROPS (or a flimsy 

ROPS) could potentially be more hazardous than having no belt at all.  
 

− The  ANSI/ROHVA 1: 2011 requirements interact and act as a system, 
and  omitting one or more elements could have adverse, hazardous 
effects, not just diminished safety benefits; 

 
− Feasibility of an audible belt warning has not yet been demonstrated, 

i.e., a warning that could be heard above a 90 decibel SSV 
motor/exhaust in proximity to a helmeted driver, which is the situation 
in SSVs, but not in passenger cars; 

 
− Feasibility of a speed-limiting interlock has not yet been demonstrated, 

and would need to solve the issue of environmental exposure (.e.g., 
water, mud, dust, sand, etc.) and consequent failure, which is relevant 
to SSVs but far less so to passenger cars. Particularly in Australia where 
cattle stations can be extremely large, malfunction preventing vehicle 
operation or limiting it to very low speed, could strand a person in 
exposed conditions. 

In short, existing NCAP vehicle safety rating systems are based on known real world 
outcomes for different designs. ATVAP is speculative in this regard, as the real world 
accident, injury and fatality rates for the different designs being promoted are unknown. 
By shifting consumer demand, ATVAP may be just transferring to, or potentially creating 
new additional safety issues with, alternative designs.  

5. Static crashworthiness test procedures 

The ATVAP test procedures appear to be similar to those of ANSI/ROHVA 1:2011, 
although the omission of the OSHA ROPS option, and the ANSI/OPEI B71.9:2012 ROPS 
option for MOHUVs, without basis is a concern, as discussed above.  

Due to these and other differences in procedure, it is unlikely that the ATVAP procedure 
could be used to confirm compliance (or non-compliance) with ANSI/ROHVA 1:2011 
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(despite such compliance confirmation being one of the recommendations in the QBPP 
Summary report). 

6. Static crashworthiness test conditions 

There are no comments on the test conditions (except those requiring use of ISO 3471 
ROPS tests, omitting the OSHA ROPS option for  ROVs, and the ANSI/OPEI B71.9:2012 
ROPS option for MOHUVs. This has potential consequences, as noted above, on weight, 
cost stability and mobility, without any known benefit in terms of real safety outcomes 
(i.e., injury rates) as no SSV (unmodified) ROPS collapses have ever been reported. 

7. Static crashworthiness test results 

As discussed above, requiring the heavy duty ISO 3471 (Earthmoving equipment) type 
ROPS and allowing no displacement of a dummy outside the ROPS, provide no known 
benefits based on real world outcomes (i.e., in terms of reductions in SSV injury rates) 
as no SSV (unmodified) ROPS collapses have ever been reported; and there are no SSV 
accident data indicating that ANSI-ROHVA 1:2011-compliant belt and retention devices 
result in any real world occupant partial or full ejection fatalities82. 

A rating system that positively weights these static crashworthiness test results (i.e., 
more requirements met means more stars) will encourage ATVs and SSVs that have 
heavy duty (ISO 3471 Earthmoving equipment) ROPS and 4, 5 or 6 point belts or full 
doors (to retain the dummy fully inside the ROPS) which may increase vehicle weight, 
costs, cg height (due to heavier ROPS), wheelbase length and track width (to offset 
higher cg height), lower mobility, and more difficult entry/egress (due to more complex 
belts and/or full doors). This has been done without any evidence that such changes in 
preferred design would be practical, desired and usable by farmers, as well as safer (rather 
than less safe) in terms of real safety outcomes (e.g., accident rate, injury rate, fatality 
rate). Serious consideration should be given to potential unintended adverse 
consequences of such design changes and ratings as, unlike other vehicle safety ratings 
systems worldwide, these shifts in preferred design have not been verified by their real 
world safety outcomes.  

In addition, due to differences in procedure, it is unlikely that the ATVAP procedure could 
be used to confirm compliance (or non-compliance) with ANSI/ROHVA 1:2011 (despite 
such compliance confirmation being one of the recommendations in the QBPP Summary 
report). 

8. Static crashworthiness test repeatability 

No information regarding the repeatability of the static crashworthiness tests is indicated 
in the QBPP Summary report. 

                                        

82 CPSC (op cit.) reported that of those ROV fatalities for which belt use was known, only 7% of 
occupants who wore seatbelts in pre-ANSI/ROHVA 1:2011 ROVs had partial or full ejections. It 
is expected that ANSI/ROHVA 1:2011-compliant ROVs would have an equal or lower percentage 
of ejections, because many pre-ANSI/ROHVA SSVs did not have one or more of the ANSI/ROHVA 
ROPS/retention requirements.  
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9. Static crashworthiness test reproducibility 

No attempt was made in the QBPP to assess the extent to which the static 
crashworthiness test results are reproducible at other facilities (e.g., by “round robin” 
tests), so the reproducibility is unknown. 
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Section IV 

COMMENTS ON QBPP “RECOMMENDATIONS” 

This section presents comments on technical aspects of several of the recommendations 
listed in the QBPP Summary report.  

A. CHILDREN 

The QBPP Summary report recommends that: 

“4. Where children are carried as passengers in SSVs, an age appropriate standard-
compliant child restraint or similar to that used for passenger vehicles is likely to be 
required, for the same reasons that current adult three point restraints in road vehicles 
are not appropriate for children. This requirement needs to be investigated.” 

The comment is that: 

− No one has evaluated such a child restraint system for SSV rollover (as 
opposed to car impact) conditions, to our knowledge. Passenger car child 
restraint systems were designed for passenger car impact protection, not for 
SSV rollover protection; 

 

B. AFTERMARKET ATTACHMENTS 

The QBPP Summary report recommends that: 

“6. Suppliers of aftermarket attachments for Quad bikes and SSVs should assess the 
effect of their products on the static stability, dynamic handling and crashworthiness of 
these vehicles and make this information available to prospective purchasers.” 

The comments are that: 

− It is not disclosed by QBPP what type of "crashworthiness" test methods and 
criteria could or should (in their opinion) be usedby such suppliers for this 
purpose. 

− The ability to assess (validly) effects upon static stability and dynamic handling 
is questionable, having regard to the comments in the relevant sections above. 

 

C. SSV REQUIREMENTS 

The QBPP Summary report recommends that: 

“11. Any SSV sold in Australia should comply with the ANSI/ ROHVA 1-2011 Industry 
voluntary standard as a minimum, and upgraded as per the recommendations of this, the 
supporting Part 1 to Part 3 reports, and the US CPSC latest September 2014 
recommendations for improved stability, handling and crashworthiness performance 
requirements.” 

The comments are that: 
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− It is appropriate that any SSV sold in Australia should comply with the 
ANSI/ROHVA 1-2011 industry voluntary standard. 

− To the extent it is suggested that the requirements of that standard would be 
“upgraded as per the recommendations of this [and] the supporting Part 1 to 
Part 3 reports … for improved stability, handling and crashworthiness 
performance requirements”, there is no evidence that such changes to the 
standard would improve real world outcomes in any way (and, as discussed 
above, quite possible that the opposite would in fact occur). 

− To the extent it is suggested that the requirements of that standard would be 
“upgraded … as per the US CPSC latest September 2014 recommendations 
for improved stability, handling and crashworthiness performance 
requirements”, this recommendation is inappropriate and premature. In the US, 
public comments have been submitted in response to the NPR and the 
comment resolution process must occur. Very often, such CPSC "NPRs" are 
not acted upon, for lack of supporting data and basis (e.g., 2005 ATV NPR; 
2009 ROV NPR; etc.). An NPR is merely an announcement that discussion is 
open. 

− Some SSVs are not ROVs, but MOHUVs or LSVs. In the U.S., the standard 
that applies to MOHUVs is the OPEI B71.9 (2012), and the standard that 
applies to LUVs is SAE J2258. 

 

D. ATV REQUIREMENTS 

The QBPP Summary report recommends that: 

“12. Any Quad bike sold in Australia should comply with the ANSI/SVIA 1-2010 Industry 
voluntary standard as a minimum, and upgraded as per the recommendations of this, and 
the supporting Part 1 and Part 2 reports for improved stability and handling performance 
requirements.”  

The comments are that: 

− It is appropriate that any ATV sold in Australia should comply with the 
ANSI/SVIA 1-2010 Industry mandatory (not, as the QBPP authors appear to 
believe, merely voluntary) standard. 

− To the extent it is suggested that the requirements of that standard would be 
“upgraded as per the recommendations of this [and] the supporting Part 1 and 
Part 2 reports for improved stability and handling performance requirements”, 
reference is made to the comments above concerning the testing upon which 
that recommendation is made. 

− The recommendation refers to “Part 1 and Part 2 reports for improved stability 
and handling performance requirements”, but the QBPP Part 1 and Part 2 
reports do not include any such requirements. 

 

E. SSV DYNAMIC ROLLOVER TEST 

The QBPP Summary report recommends that: 

“15. Industry consider the standard against which occupant containment and protection 
are evaluated against [sic], and upgrade the ANSI/ROHVA 1-2011 to include a dynamic 
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rollover crashworthiness test for Side by Side Vehicles for occupant containment and 
protection.”  

The comment is that: 

− This would depend on whether there are any accident data (not just the QBPP 
authors’ opinion) indicating that current ANSI/ROHVA requirements are not 
adequate and need extension/improvement. 

 

F. ROAD AND TERRAIN ASSESSMENT 

The QBPP Summary report recommends that: 

“16. A self-assessment be carried out by farms/workplaces with sloped and/or rugged 
terrain access roads on farms and terrain to aid in the selection of a vehicle best suited 
to the task and workplace. Access roads on farms and terrain over which Quad bikes 
travel should be speed limited taking into consideration the vehicle’s TTR and dynamic 
handling characteristics. Vehicle distributors should consider this information in making 
recommendations to prospective purchasers.”  

The comments are that: 

− Those are NOT the only factors that need to be taken into account when 
selecting the most appropriate vehicle. Purchasers also consider relevant 
factors such as cargo needs, number of persons aboard (for SSVs), herding 
compatibility, vegetation type and density, standing water areas, existence of 
long slopes (as opposed to short slopes), visibility over uneven terrain, external 
hand reach (as in crop and orchard tending), etc. 

 

G. MOBILE FARM EQUIPMENT INCIDENT DATA COLLECTION 

The QBPP Summary report recommends that: 

“18. A co-ordinated Australia wide comprehensive data collection and reporting, of 
mobile farm equipment injury and fatal incidents, including explicit details of make, model, 
year (MMY) to enable on-going evaluation of safety performance be established.”  

The comments are that: 

− To be useful, such data collection would also need to include presence of 
attachments and modifications, exact make and model of attachments, and 
cargo, which can have much larger effects than MMY. 

− Additional data are needed as well, including number of occupants, their ages, 
their specific injuries, their personal protective equipment (helmets, boots, 
gloves, etc.), rest positions and orientations of the occupants and vehicle(s), 
terrain type, terrain slope, obstacles involved, and many others. 
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H. NEW PURCHASES SHOULD HAVE CONTAINMENT AND RESTRAINTS OR ELSE 
OPD’S SHOULD BE FITTED TO NEW ATV’S  

The QBPP Summary report recommends that: 

“21. OPDs. SSVs or other fit-for-purpose vehicles with appropriate restraints and 
containment should be considered in the first instance when purchasing new vehicles for 
the workplace. In the circumstances where Quad bikes have been assessed as acceptable 
in the workplace, new Quad bike purchases should be fitted with OPDs prior to sale, 
noting they are likely to offer a net safety benefit in slow speed crashes typical of most 
farm use.”  

The comment is that: 

− This recommendation is inappropriate and has no valid basis. DRI test-validated 
simulation results83 indicate CPDs may be more harmful and have a net risk 
(not a "net benefit"). No research to date has found a statistically significant 
net benefit for any OPDs across a wide range of real world overturn conditions. 

 

I. REPLACE EXISTING ATVs WITH SSVs OR ELSE FIT OPDs TO EXISTING ATVs 

The QBPP Summary report recommends that: 

“22. OPDs. Wherever possible and practical, the replacement of existing Quad bikes with 
SSVs with appropriate restraints and containment should be considered. Where it has 
been assessed that existing Quad bikes are still acceptable or cannot be replaced, then 
OPDs be retrofitted to existing on-farm Quad bikes noting they are likely to offer a net 
safety benefit in slow speed crashes typical of most farm use.”  

The comments are that: 

− This recommendation is inappropriate and it is premature to express preference 
for SSVs versus ATVs. There are no data in Australia (or anywhere else) 
indicating that ATVs have higher or lower fatality rates than SSVs. 

 
− There is no valid, scientific evidence establishing that fitting CPDs to ATVs 

results in a net safety benefit. Test-validated simulation results84 indicate the 
opposite is the case, i.e., at low speeds and helmeted, CPDs may be more 
harmful and have a net risk (not a "net benefit"). 

  

                                        

83 Zellner et al (2014); Zellner et al (2015). 
84 Zellner et al (2014); Zellner et al (2015). 
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