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(57) Abstract: A work vehicle (10) includes a frame assembly (14) and an attachment assembly (16). The attachment assembly (16)
has an attachment end (26) which is pivotally connected to the frame assembly (14) and a distal end (27) which is contigured for re -
ceiving a variable load (L). One or more force sensors (34) sense a plurality of forces associated with the attachment end (26), with
each force sensor (34) providing an output signal representing at least one sensed force. An inclination sensor (36) senses an inclina -
tion associated with the frame assembly (14) relative to a horizontal reference. The inclination sensor (36) provides an output signal
representing the sensed inclination. An electrical processing circuit (40) is coupled with each force sensor (34), the inclination
sensor (36) and a controllable output (38). The electrical processing circuit (40) is configured for receiving the output signal from
each force sensor (34), determining a value of a couple at the frame assembly (14) which is associated with the sensed forces, com-
paring the couple with a threshold value which is dependent on the sensed inclination, and controlling the controllable output (38)
dependent on the comparison.
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TIPPI INDICATOR FOR A RK VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to work vehicles, and, more particularly, to a tendency of
a work vehicle to tip which has an extended attachment.

2. Description of the Related Art
[0002] Work vehicles can generally be thought of as vehicles which are primarily equipped to
do functional work. Such work vehicles can typically be found in the agricultural, construction,
industrial and forestry technology sectors. For example, an agricultural harvester is used to
harvest grain, a backhoe or excavator (also known as a track hoe) are used to dig and move dirt,
a front end loader is used to pick up and move various types of material, depending on the type
of attachment at the front end, a swather is used to cut and windrow crop, a crane is used to pick
up and move heavy loads, and a feller/buncher is used to cut down, cut to length, stack and move
trees. There are also many other types of work vehicles in these technology sectors.
[0003] For many types of work vehicles, and attachment assembly is pivotally connected to the
frame or chassis of the vehicle and used to perform a work task during operation. For example,
an excavator includes an upper frame which is pivotally mounted to a lower frame at a generally
vertical pivot axis. The lower frame includes a pair of ground engaging tracks which provide
motive force to the excavator. The upper frame includes among other things a power plant,
transmission and an operator cab. An attachment assembly includes an inboard boom arm which
is pivotally connected to the upper frame and an outboard boom arm which is pivotally
connected to the distal end of the inboard boom arm. A material bucket positioned at the distal
end of the outboard boom arm is operable to dig and move material such as dirt. As another

example, a front end loader includes a loader frame which is positioned at the front of the vehicle
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and pivotally connected to the frame of the vehicle. Such a front-end loader typically includes a
pair of boom arms which are pivotally connected to the loader frame, which in turn is rigidly
mounted to the chassis of the work vehicle.

[0004] Work vehicles including a pivotal attachment assembly, as described above, can be
more susceptible to tipping over during operation, depending on the magnitude of the variable
load at the end of the attachment assembly, the position of the attachment assembly relative to
the frame of the vehicle, and the slope of the ground on which the work vehicle is operating.
Work vehicles of conventional design rely on operator knowledge to prevent tipping over.
[0005] What is needed in the art is a work vehicle that is less susceptible to tipping over,

regardless of the operating conditions associated with a pivotal attachment assembly.

SUMMARY OF THE INVENTION

[0006] The present invention provides a work vehicle with a pivotal attachment assembly,
wherein an impending tipping condition is determined and a preventative action is taken, such as
a visual or audible indicator to an operator or automatic control of the attachment assembly.
[0007] The invention in one form is directed to a work vehicle including a frame assembly and
an attachment assembly. The attachment assembly has an attachment end which is pivotally
connected to the frame assembly and a distal end which is configured for receiving a variable
load. One or more force sensors sense a plurality of forces associated with the attachment end,
with each force sensor providing an output signal representing at least one sensed force. An
inclination sensor senses an inclination associated with the frame assembly relative to a
horizontal reference. The inclination sensor provides an output signal representing the sensed
inclination. An electrical processing circuit is coupled with each force sensor, the inclination

sensor and a controllable output. The electrical processing circuit is configured for receiving the
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output signal from each force sensor, determining a value of a couple at the frame assembly
which is associated with the sensed forces, comparing the couple with a threshold value which is
dependent on the sensed inclination, and controlling the controllable output dependent on the
comparison.
[0008] The invention in another form is directed to a method of operating a work vehicle
which includes a frame assembly and an attachment assembly having an attachment end which is
pivotally connected to the frame assembly and a distal end which is configured for receiving a
variable load. The method includes the steps of:

sensing a plurality of forces associated with the attachment end;

sensing an inclination associated with the frame assembly relative to a horizontal
reference;

determining a value of a couple at the frame assembly which is associated with the
sensed forces;

comparing the couple with a threshold value which is dependent on the sensed
inclination; and

controlling a controllable output, dependent on the comparing step.
[0009] An advantage of the present invention is that an onset of tipping in a work vehicle can
be detected, and some action taken to reduce or eliminate the tipping tendency.
[0010] Another advantage is that the tipping tendency can be determined with only minimal

additional sensors needed onboard the work vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above-mentioned and other features and advantages of this invention, and the

manner of attaining them, will become more apparent and the invention will be better understood
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by reference to the following description of embodiments of the invention taken in conjunction
with the accompanying drawings, wherein:

[0012] Fig. 1 is a free body diagram of a work vehicle in the form of an excavator on an
inclined ground surface;

[0013] Fig. 2 is a free body diagram of the attachment assembly on the excavator of Fig. 1;
[0014] Fig. 3 is another free body diagram of the attachment assembly shown in Figs. 1 and 2;
[0015] Fig. 4 is another free body diagram of the excavator shown in Fig. 1;

[0016] Fig. 5 is another free body diagram of the excavator shown in Figs. 1 and 4, with the
attachment assembly removed;

[0017] Fig. 6 is a free body diagram of the upper frame assembly on the excavator shown in
Figs. 1, 4 and 5;

[0018] Fig. 7 is a block diagram of an embodiment of a tipping indicator of the present
invention;

[0019] Fig. 8 is aperspective view of a lower frame assembly, less the track and idler
sprockets, which can be used on the excavator shown in Figs. 1 and 4-6;

[0020] Fig. 9 is a graphical illustration of the tipping limits of the excavator shown in Figs. 1
and 4-6;

[0021] Fig. 10 is a perspective view of another work vehicle in the form of a front end loader
with which the tipping indicator of the present invention can be used.

[0022] Corresponding reference characters indicate corresponding parts throughout the several
views. The exemplifications set out herein illustrate embodiments of the invention, and such

exemplifications are not to be construed as limiting the scope of the invention in any manner.
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DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention generally relates to a tipping indicator for a work vehicle which
determines when an impending tipping condition will occur, and either alerts an operator to the
impending tipping condition and/or takes or prevents some action to reduce or eliminate the
tipping tendency. In general, the work vehicle includes an attachment assembly with a boom of
some sort which is pivotally attached to a frame assembly of the vehicle. The frame assembly
can be, e.g., a unitary frame (rigid or articulated, such as a tractor) or a pivoting two part frame
(such as an excavator). The pivotal connection in turn can be one of two types, depending on the
type of frame construction. In the case of a unitary frame assembly such as a tractor with an
attached front end loader, the attachment assembly pivotally connects at a suitable connection
location with the frame assembly. In the case of a two part frame assembly, the attachment
assembly pivotally connects with an upper frame assembly, which in turn pivotally connects with
a lower frame assembly. In either case, the attachment assembly increases the tipping tendency
of the work vehicle because of the additional moment arm and forces exerted on the frame
assembly (base unit) of the work vehicle. In the descriptions below, an example of each type of
work vehicle will be described, with examples of other similar type work vehicles with which the
tipping indicator of the present invention can be used.

[0024] Referring now to the drawings, and more particularly to Fig. 1, there is shown a free
body diagram of a work vehicle in the form of an excavator 10 on an inclined ground surface 12.
The inclined ground surface 12 is at an angle 0 relative to a horizontal reference. The excavator
10 generally includes a frame assembly 14 and an attachment assembly 16. The frame assembly
14 is of the two part variety and includes a lower frame assembly 14A which is pivotally
connected with an upper frame assembly 14B about a vertical pivot axis 18. Although a work

vehicle with a two part frame assembly is shown in the form of an excavator 10, it is to be
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appreciated that such a work vehicle can take other forms which include an upper frame which
rotates relative to a lower frame, such as a crane, a sky lift or a feller/buncher.
[0025] The excavator 10 is considered to be on the sloped ground surface 12 at an angle 6 at a
threshold of tipping about the non-driven front idler sprockets 20 which carry the track 22, due in
part to a variable load L applied to the material bucket 24 of the attachment assembly 16. Forces
acting on the excavator 10 can be described as shown in Fig. 1, where:

my = mass of upper frame assembly;

my, = mass of lower frame assembly;

ma = mass of attachment assembly;

g = acceleration due to gravity;

Fcu = force of cylinder on upper frame;

Fau = force of attachment on upper frame;

L = external load; and

R = reaction force at the front track idler sprocket (tipping point).
[0026] The attachment assembly 16 includes an attachment end 26 which is pivotally
connected to the upper frame assembly 14B, and a distal end 27 which is configured for
receiving the variable load L. Considering the forces acting on the excavator 10 as shown in Fig.
1, and defining the mass of the attachment assembly 16 as shown in Fig. 2, the forces on the
attachment assembly 16 can be portrayed in in a simplified 2D representation, where:

mag = mass of attachment assembly.
[0027] By engineering statics analysis, the forces acting on the attachment assembly 16 and the
hydraulic cylinder 28 can be resolved to an equivalent force and couple (Fig. 3), where:

Fave = equivalent force of attachment assembly 16 forces on upper frame assembly

14B; and
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Mave = equivalent moment of attachment assembly 16 couple on upper frame assembly
14B.
These same forces are then transferred to the attachment location with the upper frame assembly
14B, and the attachment equivalent force and couple acting on the upper frame assembly 14B are
likewise represented by (Fig. 4), where:

Faue = equivalent attachment force on upper frame assembly 14B; and

Mave = equivalent attachment moment on upper frame assembly 14B.
[0028] The forces and moments acting on the frame assembly 14, including lower frame
assembly 14A and upper frame assembly 14B, can be summarized as represented below and

shown in Fig. 5:

2F«=0
-Favex —=Rx =0
EMTip Point = 0

-mrgr1 — mugrz2 — FAveyts — Favuextsa + Mave = 0
2Fy=0
-Favey —mug —mrg + Ry =0
[0029] Rearranging the equations it can be shown that at the threshold of tipping in a given
direction, the moment effect of the attachment assembly’s equivalent force plus couple is equal
to that due to the centers of gravity of the upper frame assembly 14B and lower frame assembly
14A:
2Mip Point = 0
-mrgr1 — mugrz2 — FAveyrs — Favuextsa + Mave =0
Maue - FavueyR3 - Favexts - mpgri — mugts

where
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Maue - Faueys - Favexts = the moment effect of the attachment force plus couple,
mrgr; — mygrs.
[0030] As the excavator 10 is brought to the threshold of tipping at increasing reach points of
the attachment assembly 16:
- The external load required to tip the excavator 10 decreases in proportion to the
tipping radius increase;
- The moment of the external load about the attachment pivot increases;
- The reduced external load results in a lower reaction force at the attachment pivot;
- The increase in the external load’s moment contribution to tipping the vehicle is
offset by a decrease in that of the reaction force of the attachment assembly 16 on
the upper frame assembly 14B; and
- The sum of the external load moment and reaction force moment on the excavator
10 remains constant.
[0031] Considering a free body diagram of the upper frame assembly 14B (Fig. 6) and
recalling that the moment effect of the attachment assembly’s equivalent force and couple is
equal to that of the upper and lower assembly centers of gravity, it can be shown that the moment
of the lower frame assembly 14A on the upper frame assembly 14B, Mry, is related to the force
transmitted through the center pivot:
2Mip Point = 0
-mrgr1 — mugrz2 — FAveyrs — Favuextsa + Mave =0
Mru = -mrgr1 — mugr2 — Faveyts — Favext4 + Mave.
[0032] It can therefore be concluded that at the threshold of tipping in a given direction, the
moment of the lower frame assembly 14A on the upper frame assembly 14B is related to the

force transmitted through the center pivot, independent of the position of the attachment
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assembly 16 or magnitude of external load.

[0033] Further, as the relationship represents a balance of the moment applied in a given
direction and the vehicle’s mass moment available to resist tipping in that direction, the concept
can be extended to conclude that the relationship between the moment of the lower frame
assembly 14A on the upper frame assembly 14 B is also not dependent upon the position of the
upper frame assembly 14B with respect to the lower frame assembly 14A. The only factor
affecting this value is the slope 8 upon which the excavator 10 is operating. Further, the value of
the moment exerted by the lower frame assembly 14A on the upper frame assembly 14B, by
comparison to its tipping threshold value, can reliably indicate the onset of tipping.

[0034] Extending this principle to the general case of tipping in any direction, measurement of
the moment and ground slope 0 in the lower frame assembly fore/aft and side/side axes, the
proximity to the onset of tipping can be predicted for any operating condition. It will be
appreciated that for determination of the moment, relevant forces may also be sensed/determined
in association with a relevant pivot joint.

[0035] Indication to the vehicle operator or inducement and/or prevention of vehicle control
can be achieved with traditional instrumentation and signal processing such as strain gauge
bending bridges located on the excavator pivotal connection 30, a dual- axis gravity reference
accelerometer located on the lower frame and a typical microprocessor-based vehicle controller
(described in more detail below).

[0036] For example, referring to Fig. 7, there is shown a block diagram of an embodiment of
the tipping indicator 32 of the present invention. In general, the tipping indicator 32 includes one
or more force sensors 34, an inclination sensor 36, and a controllable output 38, all connected
with an electrical processing circuit 40.

[0037] The one or more force sensors 34 can be any type of suitable force sensors which are
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used to measure relevant forces at the different pivot joint(s) on excavator 10. Fig. 7 illustrates
two force sensors 34, but the actual number can vary, depending on the application. The term
“force sensor” as used herein, is intended broadly to mean sensors which measure any type
parameter associated with forces, such as forces, moments, etc. Stain gauges are an example of
one type of force sensor. Strain gauges can also be used in a bending bridge which uses multiple
force sensors to determine a moment at a given location. Other types of force sensors are also
possible.

[0038] The inclination sensor 36 senses an inclination associated with the frame assembly 14
relative to the horizontal reference shown in Fig. 1. The inclination sensor 36 provides an output
signal representing the sensed inclination to the electrical processing circuit 40. In the illustrated
embodiment, the inclination sensor 36 is located on and senses an angle of inclination 0 of the
lower frame assembly 14A. However, the inclination sensor 36 can be located at other suitable
locations, such as the upper frame assembly 14B. Regardless of the exact location of the
inclination sensor 36, the sensed inclination is relative to the horizontal reference, which is
directly engaged by the lower frame assembly 14A, and therefore the sensed inclination relates
to the inclination of the lower frame assembly 14A. Further, it is also known for some
excavators to use an upper frame assembly 14B which is self-leveling relative to the lower frame
assembly 14A. An excavator configured with such a self-leveling frame assembly still senses an
inclination associated with the lower frame assembly relative to a horizontal reference.

[0039] Fig. 8 is a perspective view of the lower frame assembly 14A, less the drive sprocket,
idler sprocket and track, which can be used on the excavator 10 shown in Figs. 1 and 4-6. Fig. 8
shows an example of suitable placement locations for the force sensors 34 and inclination sensor
36 on the lower frame assembly 14A. In the illustrated embodiment, four force sensors 34 are

placed approximately 90° apart from each other at the fore-aft and side-to-side positions of the
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lower frame assembly 14A. The force sensors 34 can be in the form of instrumented bolts
around the periphery of the pivotal connection 30 of the lower frame assembly 14A, with internal
strain gauges which measure forces. It is also possible that the four sensors could be placed 90°
apart but at 45° positions relative to the fore-aft and side-to-side positions of the lower frame
assembly 14A. Further, it is also possible to use only two force sensors placed approximately
90° apart from each other on the lower frame assembly 14A, with the sensors being capable of
measuring both compressive and tensile forces to determine the direction and magnitude of the
applied forces to the pivot axis of the lower frame assembly 14A. It will be appreciated that
other types of force sensors, as well as placement locations, can be used to determine an
attachment force and couple at the pivot joint of the lower frame assembly 14A.

[0040] The controllable output 38 is under the control of electrical processing circuit 40 and
can be one or more devices which take some type of preventative action to inhibit or prevent
tipping of the excavator 10. For example, the controllable output 38 can be a visual and/or
audible indicator to an operator, such as a visual display and/or alarm in the operator cab of the
excavator 10. Alternatively, the controllable output 38 can be some type of actuator for
automatic controlling a preventative action, or preventing further movement of the attachment
assembly 16, such as the hydraulic cylinder 28. For example, the hydraulic cylinder 28 can be
controlled to retract the boom arms of the attachment assembly 16, or lower the material bucket
24 to the ground. Other types of controllable outputs are also possible. Fig. 7 shows a single
controllable output 38, but the tipping indicator 32 can also include multiple controllable outputs
38.

[0041] The electrical processing circuit 40 is coupled with the force sensor(s) 34, the
inclination sensor 36 and the controllable output(s) 38. The electrical processing circuit 40 is

configured for receiving the output signal from each force sensor 34, determining a value of a
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couple at the frame assembly which is associated with the sensed forces, comparing the couple
with a threshold value which is dependent on the sensed inclination, and controlling the
controllable output dependent on the comparison. It will be appreciated that for determination of
the moment, relevant forces may also be sensed/determined in association with a relevant pivot
joint. The electrical processing circuit 40 is also configured for determining a value of an
equivalent force associated with the sensed forces, comparing the equivalent force with a
threshold value, and controlling the controllable output dependent on the comparison of the
equivalent force. In the illustrated embodiment, the electrical processing circuit 40 is configured
as a digital controller, but could also be configured as an analog or hardwired processor or an
Application Specific Integrated Circuit (ASIC).

[0042] Some of the data and/or values which are used by the electrical processing circuit 40
can be calculated by the electrical processing circuit 40 and/or retrieved from a memory, such as
a look-up table. For example, the threshold values can vary depending on the slope 0 of the
ground surface. These different threshold values can be stored in a look-up table and the values
retrieved and used by the electrical processing circuit 40.

[0043] Fig. 9 is a graphical illustration of the tipping limits of the excavator 10 shown in Figs.
1 and 4-6. For operation on level ground, the result can be represented on a simple graph of the
vertical force and moment acting upon the center pivot. Comparing the measured moment to the
limit read from the moment curve at the point corresponding to the measured axial force, tipping
can be predicted. In the illustrated example, with a measured center pivot force of 200 kN, if the
side-to-side moment exceeds approximately 350 kNm, tipping over the side is indicated, whereas
tipping over the front idlers would not occur until the fore-to-aft moment reaches approximately
500 kNm. Tipping limits for slope operation should be de-rated in accordance with the

prevailing slope angles in each axis.
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[0044] Referring now to Fig. 10, there is shown a perspective view of another embodiment of a
work vehicle in the form of a front end loader 100 with which the tipping indicator 32 of the
present invention can be used. In contrast with the excavator 10, the front end loader 100 has a
unitary frame assembly 14 rather than an upper frame assembly 14B which rotates relative to a
lower frame assembly 14A. The unitary frame assembly 14 of course typically includes multiple
parts which are connected together, but does not include parts which intentionally move relative
to cach other, and in that sense can be considered unitary.

[0045] The attachment assembly 16 is in the form of a loader which includes a loader frame
102, boom arms 104, a material bucket 106 which can scoop and lift various materials, and
grapple hooks 108 which can be used to clamp a bulky material, such as a round hay bale 110.
The loader could also include a different type of attachment at the distal end, such as pallet forks,
an auger, etc. The loader frame 102 is rigidly connected to the frame assembly 14 of the front
end loader 100, typically using heavy fasteners such as bolts. The boom arms 104 are pivotally
connected to the loader frame 102 at pivotal connections 30 on cither side of the loader 16,
which creates an equivalent attachment force Faue and couple Maue at the pivotal connections 30
(refer to Fig. 3 of the excavator description above). This attachment force Faue and couple Mave
are transferred directly through the loader frame 102 to the frame assembly 14, which increases
the tipping tendency of the front end loader 100. In Fig. 10, the equivalent attachment force Fauve
and couple Maue are only shown on the left side of the loader frame for simplicity sake;
however, it will be appreciated that an equivalent attachment force Fauve and couple Maue also
exist on the right side of the loader frame at the pivot connection. Other than not having to
transfer the attachment force and couple back to another pivot joint, the statics analysis shown
and described above is the same. The front end loader can likewise include a tipping indicator

32 as described above to inhibit or prevent tipping of the front end loader 100.
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[0046] Other types of work vehicles having an attachment assembly which is pivotally
connected with a unitary frame assembly can also include a tipping indicator 32 of the present
invention. For example, a backhoe, skid loader or fork lift can also include such a tipping
indicator 32. Further, a work vehicle having an articulated frame assembly with frame parts
which pivot about a vertical pivot axis can also utilize the tipping indicator 32 of the present
invention. For example, an articulated wheel loader (not shown) would still have an attachment
assembly in the form of a loader as described above with reference to front end loader 100, and
utilize substantially the same statics analysis to determine the onset of a tipping condition.
[0047] While this invention has been described with respect to at least one embodiment, the
present invention can be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures from
the present disclosure as come within known or customary practice in the art to which this

invention pertains and which fall within the limits of the appended claims.
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WHAT IS CLAIMED IS:

1. A work vehicle (10), comprising:

a frame assembly (14);

an attachment assembly (16) having an attachment end (26) which is pivotally connected
to the frame assembly (14) and a distal end (27) which is configured for receiving a variable load
(L)

at least one force sensor (34) for sensing a plurality of forces associated with the
attachment end (26), each said force sensor (34) providing an output signal representing at least
one said sensed force;

an inclination sensor (36) for sensing an inclination associated with the frame assembly
(14) relative to a horizontal reference, said inclination sensor (36) providing an output signal
representing the sensed inclination;

a controllable output (38); and

an electrical processing circuit (40) coupled with each said force sensor (34), said
inclination sensor (36) and said controllable output (38), said electrical processing circuit (40)
being configured for receiving said output signal from each said force sensor (34), determining a
value of a couple at the frame assembly (14) which is associated with the sensed forces,
comparing the couple with a threshold value which is dependent on the sensed inclination, and

controlling the controllable output (38) dependent on the comparison.

2. The work vehicle (10) of claim 1, wherein the frame assembly (14) includes an upper
frame assembly (14B) pivotally connected with a lower frame assembly (14A) about a vertical
pivot axis, and wherein the determined couple is associated with the pivotal connection between

the upper frame assembly (14B) and the lower frame assembly (14A).
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3. The work vehicle (10) of claim 2, wherein the attachment assembly (16) has a couple
and an attachment force at the pivotal connection with the upper frame assembly (14B), and
wherein the couple determined by the electrical processing circuit (40) is located at the pivotal

connection between the upper frame assembly (14B) and the lower frame assembly (14A).

4. The work vehicle (10) of claim 2, wherein the inclination sensor (36) is configured for

sensing an inclination associated with the lower frame assembly (14A).

5. The work vehicle (10) of claim 2, wherein the at least one force sensor (34) includes at

least two force sensors positioned approximately 90° apart about the vertical pivot axis.

6. The work vehicle (10) of claim 5, wherein the at least two force sensors (34) include

four force sensors positioned approximately 90° apart about the vertical pivot axis.

7. The work vehicle (10) of claim 5, wherein the at least two force sensors (34) are strain

gauges.

8. The work vehicle (10) of claim 2, wherein the work vehicle (10) is an excavator, a

crane, a sky lift or a feller/buncher.

9. The work vehicle (10) of claim 1, wherein the couple determined by the electrical
processing circuit (40) is associated with the pivotal connection between the attachment

assembly (16) and the frame assembly (14).
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10. The work vehicle (10) of claim 9, wherein the pivotal connection between the
attachment assembly (16) and the frame assembly (14) has a generally horizontal pivot axis, and
wherein the at least one force sensor (34) includes at least two force sensors positioned

approximately 90° apart about the horizontal pivot axis.

11. The work vehicle (10) of claim 9, wherein the work vehicle (10) is a front end

loader, a backhoe, a skid loader or a fork lift.

12. The work vehicle (10) of claim 1, wherein the determined couple includes an effect
of a variable distance from the frame assembly (14) to the distal end (27) of the attachment

assembly (16).

13. The work vehicle (10) of claim 1, wherein the electrical processing circuit (40) is
further configured for determining a value of an equivalent force associated with the sensed
forces, comparing the equivalent force with a threshold value, and controlling the output

dependent on the comparison of the equivalent force.

14. The work vehicle (10) of claim 1, wherein the controllable output (38) comprises at

least one of an indicator and an actuator.

15. The work vehicle (10) of claim 14, wherein the indicator (38) includes at least one of

a visual indicator and an audible alarm.
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