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ABSTRACT. The number of fatalities caused by tractor rollovers has decreased in recent 
years, but the number of fatal tractor rollover accidents with a folded-down rollover pro-
tective structure (ROPS) has increased. Operating a ROPS-equipped tractor in low over-
head clearance zones is difficult and sometimes impossible. The foldable ROPS (FROPS) 
was designed to solve the rigid ROPS problem, but lowering and raising a conventional 
FROPS is a time-consuming and strenuous process. After operators fold down a FROPS 
to pass a low overhead clearance zone, some prefer to leave it in the folded or inoperative 
position, increasing the risk of a rollover fatality. The actuation forces for raising and 
lowering a FROPS are not well known and may be influenced by actuation speed. A com-
pletely randomized block design with two blocks, five levels of speed, and multiple repli-
cations was conducted to investigate the effect of speed on actuation torque. The blocks 
were two sizes of tractor FROPS. The test included five levels of speed, including two levels 
of static measurement and three levels of dynamic measurement. A variable-speed motor 
system was used to control the speed for raising and lowering the FROPS. The actuation 
torque is a function of the FROPS upper part shape, dimensions, material density, turning 
acceleration, and friction. A theoretical model was developed to predict the actuation 
torque based on the FROPS shape, dimensions, and material density. For one ROPS, due 
to friction, the dynamic actuation torque was greater for raising and less for lowering than 
the theoretical torque. Indicator variable regression was used to analyze the effect of speed 
on actuation torque. Results showed that speed had a significant (p > 0.05) effect on actu-
ation torque. Although there were statistically significant differences between the dynamic 
actuation torques, these differences were relatively small and negligible compared to the 
differences between the static torques. 

Keywords. Actuating force, Foldable rollover protective structure, Safety, Standards, 
Tractor. 

ractor rollovers are the major cause of occupational death in U.S. agriculture 
(NIOSH, 2014). The most effective way to prevent deaths during rollover accidents 
is the combined use of a rollover protective structure (ROPS) and a seatbelt 
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(NIOSH, 2013). The ROPS is a structure that absorbs a portion of the impact energy gen-
erated by the tractor weight in a rollover accident. The ROPS decreases the possibility of 
severe injury by protecting the operator’s clearance zone. The number of fatalities caused 
by tractor rollovers has decreased in recent years, partially due to retrofitting more tractors 
with ROPS. The Swedish government has required ROPS on all tractors built after 1957; 
consequently, the number of fatal rollover accidents decreased from 15 in 1957 to 1 in 1990 
(Thelin, 1998). Since 1985, tractor manufacturers in the U.S. have equipped tractors with 
standardized ROPS (Ayers et al., 1994). The number of fatal rollovers has decreased using 
ROPS. The National Institute for Occupational Safety and Health (NIOSH, 2013) esti-
mated that if ROPS were placed on all U.S. tractors, the number of fatal rollover accidents 
could be decreased by 71%. However, in 2012, only 59% of agricultural tractors were 
equipped with ROPS (NIOSH, 2014). 

Overhead obstacles were reported as the most important reason for the operator not to 
install a ROPS (Spielholz et al., 2006). Working with ROPS-equipped tractors in low over-
head clearance zones, such as orchards and animal confinement buildings, is difficult and 
in some cases impossible. To facilitate tractor operation in low overhead clearance zones, 
foldable ROPS (FROPS) have been developed. The FROPS is usually made of two parts: 
the upper part or the turning frame, and the lower part, which is fixed to the tractor (fig. 1). 
The upper part is attached to the lower part using a pin at the pivot point. The height of a 
conventional FROPS can be decreased by folding the upper part downward. 

However, the FROPS only partially solves the problem of low clearance applications, 
and recent surveys have revealed a new issue. The number of fatal accidents and severe 
injuries in tractor rollover accidents with folded-down FROPS has increased in the last few 
years (NIOSH, 2015; Hoy, 2009; Pessina et al., 2015). In a March 2015 review of NIOSH 
Fatality Assessment and Control Evaluation (FACE) reports, there were no rollover fatal-
ities involving tractors with folded-down FROPS prior to 2003 (NIOSH, 2015). Since 
2005, 25% of rollover fatalities occurred with folded-down FROPS. Since 2010, 50% of 
reported fatal tractor rollover accidents occurred with folded-down FROPS. Although this 
is a small sample size, the trend is disturbing. A survey conducted by European Commis-
sion members showed that 40% of fatalities and serious injuries in tractor rollover accidents 

Figure 1. FROPS positions: (a) FROPS in the raised or protective position, (b) FROPS in the horizontal 
position, and (c) FROPS in the folded or inoperative position. 
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occurred when a FROPS was in the inoperative position (Hoy, 2009). Pessina et al. (2015) 
reported that 30% of tractor rollover fatalities in Italy from 2008 to 2014 resulted from a 
FROPS in the folded-down position. 

One possible explanation for leaving the FROPS in the folded-down position is that 
raising and lowering the FROPS is a time-consuming and strenuous process. After lower-
ing the FROPS to pass an obstacle, some operators prefer to leave the FROPS in the folded-
down position. 

An OECD working draft is being considered to regulate rear-mounted FROPS actuation 
forces (i.e., the forces for raising and lowering the FROPS). Based on the OECD working 
draft, the maximum actuation force should be less than 100 N, but this criterion could in-
crease by up to 50% for some points and for lowering the FROPS (OECD, 2014). The 
actuation force is measured at the grasping area on the upper part of the FROPS. An option 
exists to measure the torque for actuating the FROPS in 5° increments and then calculate 
the actuation force, knowing the upper part length. Although no recommendation is made 
in the working draft on the rotational speed of FROPS actuation, a maximum angular speed 
of 20° s-1 (3.3 rpm) has been recommended for testing an automatic locking system 
(OECD, 2014). 

Current FROPS actuation forces are not well known. Pessina et al. (2015) measured the 
actuation forces for raising front-mounted FROPS. They measured the static actuation 
force for 17 tractors at five angles (0°, 30°, 45°, 60°, and 90°) using a force gauge and a 
digital inclinometer. The results showed that the actuation forces for nearly all of the 
FROPS were greater than the 100 N criteria based on the OECD working draft. The influ-
ence of rotational speed on actuation force was not investigated. 

The aim of this study was to evaluate the effect of rotational speed on rear-mounted 
FROPS actuation torque. It was hypothesized that the raising and lowering speeds may 
affect the actuation torque. The effect of rotational speed on the actuation torque was in-
vestigated by actuating the FROPS at five speed levels that included two static actuation 
torque measurements. A theoretical model was developed to predict the actuation torque 
based on the geometry and material density of the FROPS. 

Materials and Methods 
The initial goal of this study was to measure the actuation torque as a function of the 

FROPS turning angle. The torque was measured at five speed levels that included two static 
torque levels. The procedure for the test included two steps: (1) developing the measure-
ment setup, and (2) conducting the experimental tests to evaluate the influence of rotational 
speed on actuation torque. 

Measurement Setup 
In the first step, a measurement system was developed to measure the actuation torque 

and the angle. Based on the OECD working draft, the actuation force can be determined 
by measuring the actuation torque and then calculating the force at the grasping area 
(OECD, 2014). The OECD working draft defined the upper posts of the FROPS as the 
grasping area. Because specific grasping points have not been explored accurately, and the 
torque can easily be used to calculate the force at each grasping point, the actuation torque 
was the preferred measurement rather than the actuation force. The measurement system 
included a power setup and a sensing setup (fig. 2). 
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Power Setup 
The actuation system was composed of a motor, platform, fork, speed controller, switch, 

and battery. A reversible gear motor (Groschop model PM801-PL73) was used to turn the 
upper part of the FROPS. The motor was mounted on a platform that was attached to the 
fixed section of the FROPS. The motor applied torque with a fork that gripped the upper 
part of the FROPS. The motor shaft was collinear with the pivot point of the FROPS 
(fig. 1). The speed controller (IronHorse model GSD1) was used to change the motor 
speed. The direction of the motor was controlled with a switch that was installed between 
the speed controller and the battery. The switch also controlled the start and stop of the 
turning process. The 12 VDC battery supplied the motor power (fig. 2). 

Sensing Setup 
The measuring system included angular displacement and torque measurement sensors. 

The turning angle is the relative angle of the upper part of the FROPS to the horizon, which 
is the Y direction in figure 1a. The turning range of the upper part is roughly 180° (fig. 1). 
The angle of the raised locked FROPS is usually less than +90° because the FROPS is often 
tilted rearward for better protection of the operator (fig. 1a). The turning angle is 0° when 
the upper part of the FROPS is in the horizontal position (fig. 1b). The angle of the com-
pletely folded FROPS is near -90° (fig. 1c). Usually, the FROPS is pinned in the lowered 
position before reaching -90°, which is called the lowered locking position. 

The angle of the upper part was measured with an accelerometer (Crossbow model 
CXL04LP3). The tilting angle of an object can be measured using an accelerometer be-
cause objects are subject to gravitational force (g). At the low rotational speeds evaluated, 
the effects of tangential acceleration and centrifugal acceleration on the accelerometer out-
put due to the circular motion of the upper part of the FROPS were negligible. The rela-
tionship between the angle and the acceleration depends on the installation direction. As 
the sensing axis (X) is parallel to the upper part of the FROPS, equation 1 can be used to 
calculate the tilting angle: 

 

Figure 2. Measurement setup.
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where 
 = tilting angle (degrees) 
Vout = accelerometer output (V) 
V0 = accelerometer output when sensing axis is horizontal (V) 
V/g = sensitivity (V s2 m-1) 
g = Earth gravity (9.81 m s-2). 
The sensitivity of the sensing axis (X direction) was 0.489 (V s2 m-1), and V0 was 

2.527 V. The sensor was attached to the top of the FROPS with a magnet. The magnet did 
not affect the sensor output. 

A reaction torque cell (Omegadyne model TQ420-2K) was used to measure the torque. 
The torque transducer had a maximum limit of 225 Nm. The torque transducer was attached 
between the motor and the fork. A data logger (Campbell Scientific model CR23X) read 
and saved the accelerometer and torque transducer outputs at 20 Hz sampling frequency. 

Experimental Test Design 
The experimental tests were based on a completely randomized block design. The test 

included two blocks with five levels of speed and multiple replications within each block. 
The blocks were two different FROPS models. The FROPS were selected from two differ-
ent weight categories of agricultural tractors. The first FROPS was Deere & Company 
model Se1 0095, which was designed for John Deere tractor models 4120, 4320, 4520, and 
4720. The second FROPS was FEMCO model 301013466, for use on John Deere tractor 
models 2210 and 2305. The weight of the upper part of the Deere and FEMCO FROPS 
was 219.8 N and 109.8 N, respectively. 

The five speed levels included three dynamic levels and two static levels. The speed 
levels were defined based on the motion of the ROPS. For the dynamic levels, the actuation 
forces were measured while the FROPS was continuously raised or lowered. For the static 
levels, the actuation forces were measured when the FROPS was stopped at a point or 
started moving from a static position. 

The dynamic speed levels for each FROPS are listed in table 1. Torque and angle meas-
urements were made while both raising and lowering each FROPS. Three replications were 
conducted for each dynamic test, except the high-speed Deere FROPS test. For safety con-
cerns, only two high-speed dynamic tests were conducted with the heavier Deere FROPS. 

Two concepts of static actuation torques were defined: holding torque and initiation 
torque. Holding torque was measured while the upper part of the FROPS was held at certain 
angles for at least 3 s. As the FROPS started its transition from static to dynamic movement, 
a sharp change in the torque values around the measured holding torque value was initially 
apparent. The initial value of the torque in the transient step was recorded as the initiation 
torque as the upper part of the ROPS was raised or lowered from a static position to 3.3 rpm 
(20° s-1). 

Table 1. Three levels of actuation speed (rpm) for raising and lowering the Deere and FEMCO FROPS. 
Values are means (standard deviations are shown in parentheses). 

FROPS 
Raising 

 
Lowering 

Low Medium High Low Medium High 
Deere 2.6 (0.4) 4.7 (0.1) 6.7 (0.7)  2.5 (0.2) 4.4 (0.1) 6.1 (0.9) 

FEMCO 0.9 (0.3) 7.1 (0.7) 9.3 (0.3)  0.7 (0.3) 4.6 (0.1) 7.3 (0.3) 
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Developing a Theoretical Model 
A mathematical model was developed to determine the theoretical actuation torque for 

the Deere and FEMCO FROPS. The FROPS actuation torque is a function of the weight, 
center of gravity (COG), turning acceleration of the upper part, and friction. The weight 
and COG of the upper part of the FROPS can be calculated from the shape, dimensions, 
and density of the upper part. The acceleration affects the inertial force and consequently 
the actuation torque. The friction force depends on the coefficient of friction and the normal 
force. The coefficient of friction is not a constant value and depends on several factors, 
such as the movement condition (static or dynamic) and contact surface properties. The 
model was developed based only on the shape, dimensions, and material density of the 
upper part of the FROPS. 

Results and Discussion 
The measured actuation torques for raising and lowering the Deere FROPS are shown 

in figure 3. The graph includes three replications of the lowest speed test and the theoretical 
torque. The measured torques tended to be greater than the theoretical torque for raising 
the FROPS and less for lowering the FROPS. Friction caused the differences between the 
theoretical model and the experimental test results. The vertical (about the horizon) com-
ponents of the friction force and weight were in the same direction and toward the ground 
during the raising process. However, the vertical components of the friction force and 
weight were in opposite directions during the lowering process. Thus, the actuation torques 
for raising the FROPS were greater than the measured resistive torques when lowering the 
FROPS. Roughly, the theoretical torque plus the torque due to friction was equal to the 
raising torque. Conversely, the theoretical torque minus the torque due to friction produced 

 

Figure 3. Actuation torques for raising (speed = 2.6 rpm) and lowering (speed = 2.5 rpm) for three replica-
tions with the Deere FROPS and the theoretical torque for raising and lowering. 
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the lowering torque. 
The upper part of the Deere FROPS leaned 12° rearward from the vertical in the upright 

locked position. Therefore, the lowering process started around the upper lock point, which 
was 78°, and moved down to the lower locked position at -71°. The raising process started 
at -71° and rotated with a constant rotational speed up to 78°. During lowering, the actua-
tion torque for the Deere FROPS was negative from 78° to 67° and then became positive. 
The point at which the actuation torque was equal to zero (about 67°) was called the break-
ing point. Before this point, the fork pushed the FROPS to overcome the friction. After the 
breaking point, the fork held the FROPS from folding. The peak point was defined as the 
angle at which the maximum torque occurred. The peak point for the Deere FROPS was 
approximately -13°. At that FROPS angle, the COG of the upper part was horizontal with 
the pivot point, as determined by the theoretical model. 

The theoretical and experimental test results for the FEMCO FROPS actuated at low 
rotational speed are shown in figure 4. The differences between the raising, lowering, and 
theoretical torques were small, which means that the dynamic friction resistance was low. 
There was a gap between the pivot point plates of the FEMCO FROPS; therefore, the nor-
mal force and consequently the friction were low. The FEMCO FROPS leaned 19° rear-
ward from the vertical in the upright locked position. Therefore, the lowering started at 
around 71° and rotated down to -71°. The actuation torques were positive for both raising 
and lowering. There was no breaking point for the FEMCO FROPS because there was 
minimal friction and no need to push the FROPS for lowering. The maximum torque oc-
curred at -8°, which coincided with the theoretical model results. Figures 3 and 4 show 
good repeatability of the measurement setup, based on similar results for three replications. 

Figures 5 and 6 show the results for raising and lowering the FROPS at three dynamic 
speed levels. The graphs show that the measured torques were similar for the three dynamic 
 

 

Figure 4. Actuation torques for raising (speed = 0.9 rpm) and lowering (speed = 0.7 rpm) for three replica-
tions with the FEMCO FROPS and the theoretical torque for raising and lowering. 
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Figure 5. Actuation torques for raising and lowering the Deere FROPS at three speed levels. 
 

 

Figure 6. Actuation torques (Nm) for raising and lowering the FEMCO FROPS at three speed levels. 
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speed levels. Analysis of variance (ANOVA) was conducted with SAS to examine the ef-
fect of speed on torque at the three dynamic speed levels. The maximum torque that oc-
curred at the peak point was selected for the statistical analysis. The peak angle was -13° 
for the Deere FROPS and -8° for the FEMCO FROPS. For the Deere FROPS, the average 
torque values between -12° and -14° from each treatment were calculated and used as the 
peak torque values. The average torque values between -7° and -9° were used for the 
FEMCO ROPS. The means were compared with Fisher’s LSD at the 5% significance level. 
The ANOVA results showed that speed affected the peak values of dynamic torque (p > 
0.05), but there was no obvious trend in the mean peak values. The differences in the peak 
values were less than 5% (table 2). 

During the raising of the FROPS from a static position, a peak of initial torque above 
the holding torque was apparent as the FROPS started its transition from static to dynamic 
movement. As the FROPS was lowered from its holding position, a substantial lowering 
of the torque was seen (fig. 7). The initial value of the torque in the transient step was 
recorded as the static initiation torque as the upper part of the ROPS was raised or lowered 
from a static condition to a rotational speed of 3.3 rpm (20° s-1). 

The results of the holding and initiation torque measurements for raising and lowering 
the Deere and FEMCO FROPS are shown in figures 7 and 8, respectively. The initiation 
torques at the peak point when raising the FROPS were 30% and 19% above the holding 
torques for the Deere and FEMCO FROPS, respectively. When lowering the FROPS, the 
initiation torques dropped by 33% and 25% from the holding torques for the Deere and 
FEMCO FROPS, respectively. The initiation torque values were higher for the Deere 
FROPS than for the FEMCO FROPS because the friction and weight of the Deere ROPS 

Table 2. Mean comparison of peak torques values.[a] 

Dynamic Speed 
Deere 

 
FEMCO 

Lowering Raising Lowering Raising 
Low 57.4 a 70.7 b  33.3 a 33.9 a 

Medium 56.7 a 72.4 a  32.5 b 33.2 b 
High 57.3 a 73.0 a  31.9 c 33.4 b 

[a] Values followed by the same letter are not significantly different (p > 0.05). 
 

 

Figure 7. Static holding and static transient torques for raising and lowering the Deere FROPS. 
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were greater than for the FEMCO FROPS. The inertial force is higher for a heaver FROPS 
than for a lighter one FROPS with the same acceleration. 

The static holding torque includes the moment of static friction and the weight of the 
upper part around the pivot point. The holding torques had a good agreement with the 
theoretical curves, considering the effect of friction (figs. 7 and 8). The initiation torque 
comprised the weight, dynamic friction, and inertial force effects. The inertial force, dy-
namic friction, and weight vectors were in the same direction for transient raising. The 
inertial and frictional force vectors were in the opposite direction of weight for transient 
lowering. 

An indicator variable regression was used to analyze the effect of speed on the actuation 
torque (T) as a function of angle (). Quadratic regression lines were fit separately to the 
five speed levels (figs. 9 through 12). The models explained more than 95% of the varia-
tions in the measured torques for almost all of the treatments (tables 3 through 6). Statistical 
analysis results showed that intercepts (p > 0.05), linear slopes (p > 0.05), and quadratic 
slopes (p > 0.05) were significantly different among speed treatments (tables 3 through 6). 
Therefore, speed had a statistically significant but small effect on actuation torque. 

Although there were statistically significant differences between the dynamic actuation 
torques, these differences were relatively small compared to the differences among the 
static torques, especially for the initiation treatments (figs. 9 through 12). The difference 
between the holding torque and dynamic torque for the Deere FROPS was greater than for 
the FEMCO FROPS due to the higher frictional force in the Deere FROPS. The difference 
between the holding torque and transient static torque was due to the effects of dissimilar 
friction forces and the inertial force. 

 

Figure 8. Static holding and static transient torques for raising and lowering the FEMCO FROPS. 
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Figure 9. Regression lines for lowering the Deere FROPS. 
 

Table 3. Regression equations for lowering the Deere FROPS. 
Treatment Equation R2 

Static holding T = -0.00982  0.1547 + 59.95 0.96 
Static initiation T = -0.01052  0.1290 + 41.33 0.98 

Dynamic low speed T = -0.00932  0.1928 + 55.69 0.98 
Dynamic medium speed T = -0.00972  0.1768 + 55.33 0.97 

Dynamic high speed T = -0.00932  0.2317 + 55.54 0.98 

 

 

Figure 10. Regression lines for raising the Deere FROPS. 
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Table 4. Regression equations for raising the Deere FROPS. 
Treatment Equation R2 

Static holding T = -0.00792  0.240 + 61.565 0.98 
Static initiation T = -0.00772  0.2614 + 80.574 0.95 

Dynamic low speed T = -0.00812  0.1826 + 69.743 0.96 
Dynamic medium speed T = -0.00902  0.2007 + 70.954 0.93 

Dynamic high speed T = -0.00922  0.2217 + 71.949 0.95 

 

 

Figure 11. Regression lines for lowering the FEMCO FROPS. 
 

Table 5. Regression equations for lowering the FEMCO FROPS. 
Treatment Equation R2 

Static holding T = -0.00452  0.0862 + 31.51 0.99 
Static initiation T = -0.00462  0.0663 + 24.51 0.96 

Dynamic low speed T = -0.00412  0.0979 + 32.34 0.99 
Dynamic medium speed T = -0.00402  0.1120 + 31.64 0.95 

Dynamic high speed T = -0.00412  0.1157 + 31.46 0.93 
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Figure 12. Regression lines for raising the FEMCO FROPS. 
 

Table 6. Regression equations for raising the FEMCO FROPS. 
Treatment Equation R2 

Static holding T = -0.00352  0.1397 + 31.80 0.99 
Static initiation T = -0.00322  0.1584 + 37.74 0.97 

Dynamic low speed T = -0.00432  0.0959 + 33.14 0.99 
Dynamic medium speed T = -0.00412  0.0987 + 32.63 0.98 

Dynamic high speed T = -0.00432  0.1053 + 32.63 0.96 

Conclusions 
A measurement setup was developed to measure the actuation torque and turning angle of 

the upper part of FROPS. The influence of rotational speed on the actuation torque of FROPS 
was investigated. Actuation torques were measured for three dynamic levels and two static 
levels for two different FROPS. The static levels included the initiation and holding torques. 
Experimental test results showed that the dynamic actuation torque for raising the FROPS 
was greater than when lowering if frictional resistance existed. A mathematical model was 
developed based on the dimensions, shape, and material density of the FROPS upper part. 
The developed model can predict the dynamic actuation torque for FROPS that have little 
friction. With friction, the theoretical torque at a given angle was between the measured rais-
ing and lowering torques. The static initiation torque was higher for raising the FROPS than 
for lowering. The initiation torque values for raising the FROPS at the peak points were 30% 
and 19% higher than the holding values for the Deere and FEMCO FROPS, respectively. 
The initiation torque values for lowering the FROPS decreased by 33% and 25% for the 
Deere and FEMCO FROPS, respectively, compared to the static holding torque. 

Regression analysis of indicator variables showed significant differences (p > 0.05) be-
tween quadratic regression parameters for the five speed levels. The torque-angle relation-
ships were modeled using nonlinear regression lines. Although the results showed that 
speed had a significant effect on actuation torque, the differences between the three regres-
sion lines for dynamic actuation torques were relatively small. The static and dynamic lev-
els were apparently different. The static initiation torque included the inertial force and was 
distinctly different from all other speed levels. 



 

298  Journal of Agricultural Safety and Health 

Acknowledgements 
We thank Dr. Arnold M. Saxton for assistance with the statistical analysis that greatly 

improved the manuscript. 

References 
Ayers, P. D., Dickson, M., & Warner, S. (1994). Model to evaluate exposure criteria during roll-over 

protective structures (ROPS) testing. Trans. ASAE, 37(6), 1763-1768. 
http://dx.doi.org/10.13031/2013.28265 

Hoy, R. M. (2009). Farm tractor rollover protection: Why simply getting rollover protective structures 
installed on all tractors is not sufficient. J. Agric. Saf. Health, 15(1), 3-4. 
http://dx.doi.org/10.13031/2013.25418 

NIOSH. (2013). Science blog: Preventing death and injury in tractor over-turns with roll-over 
protective structures. Washington, DC: NIOSH. Retrieved from http://blogs.cdc.gov/niosh-
science-blog/2009/01/05/rops/ 

NIOSH. (2014). Science blog: Agricultural safety. Washington, DC: NIOSH. Retrieved from 
http://www.cdc.gov/niosh/topics/aginjury/ 

NIOSH. (2015). Fatality assessment and control evaluation (FACE) program. Washington, DC: 
NIOSH. Retrieved from http://wwwn.cdc.gov/NIOSH-
FACE/Default.cshtml?state=ALL&Incident_Year=ALL&Category2=0001&Submit=Submit 

OECD. (2014). Standard codes for the official testing of agriculture and forestry tractors, sub-working 
group on rear foldable ROPS. TAD/CA/T/WD (2104)8/REV1. Paris, France: Organization for 
Economic Co-operation and Development. 

Pessina, D., Facchinetti, D., & Giordano, D. M. (2015). Narrow-track agricultural tractors: A survey 
on the load of hand-operated foldable roll-bar. In Proc. Intl. Conf. on Rural Health and Ragusa 
SHWA: Safety Health Welfare in Agriculture Agro-food and Forestry Systems. Catania, Italy: 
University of Catania. 

Spielholz, P., Sjostrom, T., Clark, R. E., & Adams, D. A. (2006). A survey of tractors and rollover 
protective structures in Washington State. J. Agric. Saf. Health, 12(4), 325-333. 
http://dx.doi.org/10.13031/2013.22012 

Thelin, A. (1998). Rollover fatalities: Nordic perspectives. J. Agric. Saf. Health, 4(3), 157-160. 
http://dx.doi.org/10.13031/2013.15353 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


