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Tractor Overturn Hazards

DennisJ. Murphy, Professor of Agricultural Engineering

No other farm machineis so identified with the
hazards of production agriculture as the tractor. The
rubber-wheeled, row-crop tricycle tractor of the 1930s
revolutionized production agriculture. The tractor had
the speed, power, flexibility, adaptability, and
handling ease that helped move farming from the
horse power erainto the machine power era. The later
additions of hydraulics, the three-point hitch, direct
engine-driven power take-off (PTO), and variable shift
transmissions firmly established the tractor as the
primary machine in modern farming.
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The central concept in tractor stability/instability is
Center of Gravity (CG). A tractor’'s CG isthe point
where dl parts balance one another. For example, when
atwo-whed drivetractor issitting with al wheelson
level ground, the CGistypically about 10 inches (25.4
cm) above and two feet (0.6 m) in front of the rear axle,
and in the center of the tractor body. Thisresultsin
approximately 30 percent of the tractor weight on the
front axle, and 70 percent on therear axle. For four-
whed drive and center-articul ated tractors, the CG is
located dightly more forward. Added weights also effect
the CG.

For atractor to stay upright, its CG must stay within
the tractor’ s stability basdline. Stability basdlinesare
imaginary lines drawn between points where tractor tires
contact the ground. Theline connecting the rear tire
contact pointsisthe rear stability basdline, while the lines
connecting the rear and front tires on the same side are
the side stability basdlines. Front stability baselines exist
but have limited use in stability/ingtability consderations,
and are not normally included in such discussons. See
Figure 1 for acompleteillustration of atractor's CG and
stability basdines.

While atractor's CG does hot move, itsrelationship

with stability basdinesmay change. Thismost often
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Figure 1. The stability baselines of a tricycle and a wide
front-end tractor, respectively.

occurs asthetractor movesfrom aleve position onto a
dope. A changing CG-gtability basdline relationship
meansthe tractor is moving toward an ungtable position. If
the CG-gtability basdline relationship changes significantly
(e.g. tractor CG vector moves beyond the stability
basdine), thetractor rollsover. Tractor CG actionis no
different from the CG action on any other mobile vehicle.
What differsisthat tractors have ahigher CG when
compared to most other vehicles, such as automobiles and
trucks. Thehigher CG on modern tractorsisan inherent
design characterigtic and relates to their operation over
crops, residue, and rough terrain. Changing tractor design
so that their CG is significantly lowered would largely
defeat the purpose for having farm tractors.

When atractor is on an incline, the distance
between the tractor’s CG and stability baselineis
reduced. If equipment, such as afront-end loader, a
round bale lifting fork, or a chemical side saddle tank
Is mounted on the tractor, the additional weight shifts
the CG toward that piece of equipment. As mounted
equipment israised, the CG israised. AsFigure 2
illustrates, a higher CG decreases tractor stability. In
many normal working situations, ground terrain and
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mounted equipment combine to reduce the distance
between the equipment’ s CG and stability baselines.

Other factorsimportant to tractor stability/
instability include centrifugal force (CF), rear-axle
torque (RAT), and drawbar leverage (DBL). Each of
these factors works through the CG. Saying this
another way, each of these factors may cause the
tractor’s CG to go beyond the tractor’ s stability
baseline and overturn.

Centrifugal Force

Centrifugd forceisthe outward force nature exertson
objectsmovinginacircular fashion. Within the context of
tractor gability/ingability, CFisthat forcetryingtoroll the
tractor over whenever thetractor isturning. Centrifuga
forceincreases both astheturning angle of the tractor
becomes sharper (decreases), and asthe speed of thetractor
increasesduring aturn. The CF increaseisdirectly
proportiona to the turning angle of the tractor. For every
degreethetractor isturned tighter, thereisan equal amount
of increased CF.

The reationship between CF and tractor gpeed,
however, isnot directly proportiona. Centrifugal force
variesin proportion to the square of the tractor’s speed. For
example, doubling tractor speed from 3 mph to 6 mph
increases the strength of centrifugd force four times (22 =2
x 2=4). Tripling tractor speed from 3 mphto 9 mph
increases CF ninetimes (32=3x3=9).

Centrifugd forceisoften afactor in tractor Sde
overturns. When the distance between thetractor’sCG and
Sde gability basdineisaready reduced from beingona
hillsde, only alittle CF force may be needed to push the
tractor over. Centrifugd forceiswhat usudly pushesa
tractor over when thetractor isdriven too fast during aturn,
or during road travel. During road travel rough roads may
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result in the tractor’ sfront tiresbouncing and landing ina
turned position. Over correcting steering if the tractor Sarts
to veer off theroad is another example where CFisafactor
inddeoverturns. Thelocation of CG and amount of CF are
points of stability/ingtability information tractor operators do
not have a ther disposd.

Rear-Axle Torque

Rear-axle torque involves energy transfer between the
tractor engine and the rear axle of two-wheel drive
tractors. Engaging the clutch of such tractorsresultsin
atwisting force, called torque, to therear axle. This
torque isthen transferred to the tractor tires. Under
normal circumstances the rear axle (and tires) should
rotate and the tractor will move ahead. Inlay terms, the
rear axleis said to be rotating about the tractor chassis. If
the rear axle should be unable to rotate, the tractor chass's
rotates about the axle. Thisreverserotation resultsin the
front-end of the tractor lifting off the ground until the
tractor's CG passes the rear stabiility basdline. At this
point the tractor will continue rearward from its own
weight until it crashes into the ground or other obstacle.
The most common examples of this happening arewhen
therear tractor tiresare frozen to the ground, aretuck ina
mud hole, or are blocked from rotating by the operator.

A tractor may overturn from rear axle torque before an
operator redizesthat the overturn isimminent. Remember
that the CG of atractor isfound closer to the rear axle than
the front axle. Because of this, atractor may only haveto
rear to about 75 degreesfrom alevel surface beforeits CG
passes the rear stability basdline and continues on over.
Thisposition iscommonly caled the “ point of no return”
(seeFig. 3). Research has shown that atractor may reach
this positionin 3/4 of asecond, and that it may take an
operator longer than thisto successfully stop the rearward
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Figure 2. A higher CG allows a side overturn to occur more quickly.



motion. There are many tractor operating Situationswhere
thereiseven lessthan 3/4 of a second to recognize and
successfully react to an impending rear overturn. For
example, when atractor isinadeep hole, or istraveling up
agteep incline, the digtance between the tractor' sCG and
rear sability basdineisnarrowed. If excessiverear axle
torqueis applied, the tractor will reach the* point of no
return” more quickly. Figure4illugtratesthis Situation.
Four-whed drivetractorsareless susceptibleto the rear
axletorque hazard than two-whed drive tractors because
torqueis gpplied to both thefront and reer axlesand tires.
Also, moreweight iscarried on thefront axle, moving the CG
forward. Thesefeatureslessen thetendency of the front of
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Figure 3. The "point of no return” during a rear turnover
may be reached in 3/4 of a second.
(Source: Agricultural Safety, Deere and Company, Inc.

four-wheded drivetractorsto lift off theground. But, once
the front end doeslift, thereislittle practicd difference
between two- and four-wheded drive tractors

Drawbar leverage

Drawbar leverage is another principle of stability/
ingtability related to rear overturns. When atwo-wheel
drivetractor ispulling aload, itsrear tires push againgt the
ground. Simultaneoudly, the load attached to thetractor is
pulling back and down againg the forward movement of the
tractor. Theload issaid to be pulling down becausetheload is
reging on the earth’ ssurface. Thisbackward and downward
pull resultsin the reer tires becoming apivot point, with the
load acting asaforcetrying totip thetractor rearward. An
“angleaf pull” iscreated between the ground ssurfaceand the
point of attachment onthetractor. Figure5illudratesthese
points. The heavier theload, and the higher the“ angle of
pull,” themore leverage theload hasto tip the tractor
rearward.

A tractor, including its drawbar, is designed to sefely
counteract the rearward tipping action of pulled loads.
When loads are atached to atractor a any point other than
itsdesigned location, the design of thetractor for pulling
loadsisdefeated. A tractor pulling atree stump can be used

Postions of CG as
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Figure 4. the CG moves toward the tractor's rear stability
baseline when the tractor is headed up a hill, or if rear
wheels are below normal ground surface, such as when stuck
in soft ground.

asan exampleto show the effects of safe and unsafe
hitching. Assumptionsfor thisexampleincude atree sump
that does not budge, alog chain that does not bregk, and a
tractor with properly ballasted (weighted) tiresand an

engine that does not stall.

Suppose thetractor is hitched safely, that is, thelog
chain wrapped around the tree stump is attached to the
tractor drawbar. Thetractor isengaged and beginsto pull
on the stump. When the tree stump does not pull loose,
the tractor will react in one of two ways. The most
expected reaction will be adipping (spinning) of the rear
tires. Thiswill continue until the operator stops the
tractor. The second reaction may also involve adipping
of the rear tires, but the dipping may be neither smooth nor
consgtent. That is, they may dip with ajerking motion,
and onetire may dip more than the other. Either one of
these conditions may lead to alifting of the front end of the
tractor.

When the front end of the tractor lifts, the rear
drawbar of the tractor will lower. Thisisafunction of
tractor geometry. The higher the front end raises, the lower
therear drawbar isdriven. Asthe drawbar lowers, the
“angle of pull” and the leverage the load hasto tip atractor
rearward isalso lowered. By design, aload will dways
loseits ability to tip atractor rearward before thetractor’'s
CG reachesthe rear Sability basdine. Astheload losesits
ability to continueto tip the tractor rearward, the front end
falsback to the ground. If thetractor operator doesn't stop
the pulling action, the entire process will repest itsdlf,
resulting in abouncing of thetractor’ sfront end.

On the other hand, hitching unsafely, for exampleto a
point higher than the drawbar, increases the “angle of pull”
and leverage of aload. Asthetractor tipsrearward, these
might not reduceto aharmlesslevel beforethetractor'sCG
reachesthe rear sability basdine. Whenaload ishitched to
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Figure 5. The "angle of pull" isrearward and downward.
The point at which the rear tires contact the ground
becomes the pivot point.

arear axle, the*angleof pull” and leverage do not reduce as
the front end rai ses because the location of the hitch point
(rear axle) stays congtant throughout the rearward tip. A
higher hitch point also increases the pressure of the rear tires
againg theground. Thismay prevent the rear tiresfrom
dipping. When therear tires stop dipping, rear axletorque
will beginlifting the front end. Accident reports suggest that
most cases of improper hitching are associated with pulling
and dragging nonmobile objects such astree sSumps, logs,
fence pogts, boulders, nonwhed ed equipment such aslarge
livestock feeders and tanks, and farm equipment mired in
mud. Thetractor operator isoften tempted to hitch above
the drawbar to lift the load while pulling it. Figures6
and 7 illustrate safe and unsafe hitching.

Tractorstrying to pull aload up aninclinetakeless
leverageto flip rearward because the tractor' sCG is closer to
the rear sability basdine. Itisaso possbletoflip atractor
rearward when the load is properly hitched to the drawbar.
Thismay happen when severa factorsoccur. If the
tractor is headed up anincline at too fast aspeed and the
load, such asalargelog, suddenly digsinto the ground, the
rearward pull may beso quick and strong thet the momentum
generated by the rearward lift may result in arear overturn.
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Figure 6. An example of safe hitching. The drawbar will
lower if the front end rises. This reduces the "angle of pull”
and therisk of arear overturn.

Figure 7. An exanple of unsafe hitching. The"angle of pull" does
not lower if thefront end rises, increasing therisk of arear overturn.

Roll-Over Protective Structure
and Seat Belt

Theroll-over protective structure (ROPS) and seat belt,
when worn, are the two most important safety devicesto
protect operators from death during tractor overturns. Itis
important to remember that the ROPS does not prevent
tractor overturns. Rather, it preventsthe operator from
being crushed during an overturn. Towork asdesigned,
the operator mugt stay within the protective frame of the
ROPS. This meansthe operator must wear the seet belt.
Not wearing the seat belt may defeat the primary purpose
of the ROPS.

A ROPS often limits the degree of rollover, which
may reduce the probability of injury to the operator. A
ROPS with enclosed cab further reducesthe likelihood of
seriousinjury because the operator is protected by the
sdes and windows of the cab. Thisassumesthat cab doors
and windows are not removed.
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