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Inclinations. The second section extends to the rear edge of the floor and Is at an angle of inclination greater than the first section.

The opposing sidewalls of the body extend vertically from the floor are flared or taper along their length such that the body floor Is
wider at the rear of the body than it is at the front. The body Includes a tailgate pivotally attached to the sidewalls for rotation

between closed and opened positions In response to the bumping of the load by the body:.
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ABSTRACT

An open top body of an off-highway haulage vehicle is described for severe hauling
applications such as hauling of high density, abrasive material. The body has a floor divided into
at least two sections with first and second sections angled at different inclinations. The second
section extends to the rear edge of the floor and is at an angle of inclination greater than the first
section. The oppdsing sidewalls of the body extend vertically from the floor are flared or taper
along their length such that the body floor is wider at the rear of the body than it is at the front.
The body includes a tailgate pivotally attached to the sidewalls for rotation between closed and

opened positions in response to the bumping of the load by the body.
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SEVERE APPLICATION OFF-HIGHWAY TRUCK BODY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This patent application is related to co-pending U.S. Patent Application Nos.
09/593,647, filed June 13, 2000, 09/333,379, filed June 15, 1999, 10/286,095, filed November 1,
2002 and 10/374,803, filed February 25, 2003.

BACKGROUND OF THE INVENTION

[0002])  In mining and construction environments, heavy-duty off-highway trucks are uged to
haul a variety of materials such as, for example, coal, rock, ore, overburden materials. Some
environments expose the trucks to severe hauling conditions in which the material being hauled
i1s relatively dense (e.g., 2700+ Ibs./cubic yard) such as heavy metal ores (e.g., iron, gold and
copper ore) and oil sands such as those mined in northern Canada. These types of materials can
be extremely abrasive and cause severe wear on the inside of the bodies, particularly the floor
area and particularly on the rear portion of the floor were the most material flows over the floor,
thereby causing the most extreme floor wear. Moreover, material like the oil sands tend to be
extremely cohesive and dump as one homogenous mass or glob of material (e.g., often called a
“loaf” in the industry) that does not flake off or otherwise break apart and tumble as it is
dumped. As used herein, the phrase “abrasive material” is material often high in silica and or
material tending to be angular in composition and containing components such as silica having a
hardness (e.g., MOHS value, Vickers Pyramid Number) greater than that of the material
comprising the body hauling the matenial. ‘

[0003]  Typically, the sidewalls of a truck body are parallel to one another. For extremely
abrasive materials, the bodies are sometimes made so the sidewalls are not parallel and instead
taper away from one another from the front fo thé back of the body. By having the body
sidewalls farther apart at the back of the body than at the front, as material is dumped from the
body the material is relieved outwardly by the widening distance between the sidewalls as the

matenial flows from the body. Looking from the rear of the body, the body sidewalls appear to
funnel inwardly toward the front.
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[0004] Bodies exposed to these severe applications are found primarily on very large
capacity off-highway, haulage trucks such as those that have a payload of about 100 tons up to
400 tons and more. These trucks are typically equipped with open ended bodies - - 1.e., without
tailgates. The rear of the truck body is open for easy material discharge and to ease the body
loading process with loading shovel bucket’s swinging in through the rear of the truck body.
[0005] As material is dumped from a truck body, it flows from the front of the body toward
the back. As a natural result of this flow, the rearward portion of the body experiences more
material moving over its surface than does the forward portion of the body and thus the most
wear from any abrasion caused by the material flow. For hauling and dumping less abrasive
material such as coal, the length of the hauling vehicle’s body is not a serious problem with
respect to the extra wear experienced toward the rear of the body’s floor compared to the wear at
the forward portion of the body. However, for material that is relatively highly abrasive, the
disproportionate wearing of the rearward portion of the body 1s extreme and creates on going
maintenance problems that significantly shorten the useful life of the body. And if, the body
does not have a tailgate, its length is proportionally longer than necessary for statically
supporting the load. This body length is necessary to carry the required load and to minimize the
amount of material spilling out the open ended rear of the body as the truck travels along a
haulage road. Such haulage roads are all part of a mine or construction project and are on private
oroperty and unsuitable for any public transport or ‘ransit.

[0006} Spillage of material on these privately operated haulage roads can be extremely
costly. Spilt material often has sharp edges. Damage to the tires of the trucks traveling on the
haulage route is likely to occur as the trucks drive over such spilled material. The spilled
material may cut into the tires, substantially diminishing the tire life. Tires for large off-highway
truck haulage vehicles often cost in excess of $20,000 to $40,000 per tire. As such, the tires of
the vehicles represent a substantial investment that must be properly maintained and prbtected
for maximum tire life. Good tire life on off-highway truck haulage vehicles approaches 8,000
and sometimes as much as 10,000 operating hours. In operations where there are large amounts
of spilled material on the haulage roads, the operating hours per tire may drop as low as 1,000 to

2,000 hours per tire, which dramatically increases material haulage costs.



CA 02601413 2012-01-05

[0007] For trucks bodies without tailgates, the floor 1s typically angled upwardly at the rear
of the body in order to assist in retaining the loaded material in the body (i.e., often a “V” shaped
profile of the body when viewed from the side). In some bodies the loaded material retaining
ability of the body is enhanced by “duck tailing” the rear portion of the body, which means that
the body floor angle changes to a higher inclination angle at the rearward portion of the body in
order to make it more difficult for material to spill as it is transported. Typically a “duck tailed”
body has the last 1/3 to 1/5 portion of the body floor at such an angle to improve the body’s
ability load retention.

[0008] In low density material applications, these open-ended bodies are sometimes fitted
with tailgates as a means to increase their volumetric loading capacity. For low density mined
material such as coal, tailgates allow these very large trucks to carry greater volumes than
otherwise possible without the tailgates. And to further increase the volume, the inclination of
the rear of the floor is lowered. The higher volume of material does not overload the truck
because it is of relatively low density such that the total weight of the load is within the limits
specified for the truck chassis. An example of a body for an off-highway haulage vehicle with a

tailgate 1s shown in applicant’s U.S. Patent No. 4,678,235. The tailgate does tend to raise
the vertical elevation of the rear edge of the body over which a shovel bucket must clear

the rear of the body as it swings a loaded bucket into the body for dumping into the body.

BRIEF SUMMARY OF THE INVENTION

[0009] A body for handling highly abrasive material is designed to minimize the wear on the
rearward area of the body during the dumping of a load from the body. The floor length of the
body’s extension rearward is truncated and lowered with respect to conventional bodies that use
the lehgth of the body’s floor to inhibit material spillage. But, the body floor length can only be
shortened and lowered if the body still hauls the amount of material required to reach the rated
payload of the truck chassis and material spillage is minimized. Instead of relying on the length
of the floor for controlling material spillage, the body incorporates a tailgate, With the addition
“of a tailgate to the rear of the body, the body floor can be shortened and lowered and the rated
payload can still be carried. Those skilled in the art of designing dump bodies for large, off-
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highway trucks will appreciate that the addition of a tailgate to a body intended for hauling dense
material, which is what abrasive material often is, is contrary to conventional practice. In the
invention, however, the tailgate cooperates with other aspects of the invention to provide a dump
body that hauls and dumps abrasive material with less wear than that experienced by
conventional dump bodies without tailgates.

[0010] To reduce the wear on the floor at the rearward portion of the body, the floor is
angled downwardly with respect to the angle of the forward area of the floor. By angling the
floor downwardly at its rearward portion, the frictional force of the abrasive material as it flows
from the body during the dumping of a load is lessened. In a body whose rear portion of the
floor is tipped downwardly with respect to the front of the floor, material flows from the body
and over a point where the floor breaks away from one plane to another. As the material tflows
out the rear of the body, the trajectory of the material is influenced by the inclination of the

forward part of the body where the forward floor section has a different angle than the rearward

portion of the floor. The trajectory of the material tends to cause the material to overshoot the
rearward area of the shortened floor and free fall, thereby reducing abrasion to that area of the
floor. Moreover, the increased downward inclination of the rear floor section encourages the
material as it flows from the body to tumble instead of sliding, which further decreases the
abrasive wear on the floor.

10011} Additionally, by shortening the body’s floor, at full tilt of the body, the ground
clearance of the rear of the body to ground is substantially increased. By increasing the ground
clearance, there is less damage to the rear body edge from dumping the body into material
already on the ground. Furthermore, where material is being dumped over an embankment,
some areas require by regulation that a “dump berm”™ is at least as high as half the height of the
largest tire operating in the haulage vehicle fleet in order to avoid accidentally backing the truck
over the embankment. With conventional “V-shaped” or “duck tailed” bodies, this safety “dump
berm” is continually being dumped into, destroying the dump berm and requiring it to be
continually maintained with a piece of dozing equipment. With a body whose floor length is
shortened, the dumping of the rear of the body into the safety dump berm is either stopped or

minimized.
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[0012]  To still further reduce the wear of the body from hauling and dumping abrasive
material, the sidewalls of the body are flared outwardly from the front to the rear of the body.
The flared sidewalls provide an opportunity for the matenal to flow laterally as it is dumped,
which relieves the amount of friction experienced by the sidewalls. With the sides and bottom of
the load not fully supported as the material flows from the dump body, the load tends to
disintegrate as it flows from the body (e.g., distributes more evenly and breaks up in free fall),

particularly for cohesive materials that otherwise may tend to remain as a monolithic mass as
they are dumped.

[0013]  Hauling material that is extremely cohesive, such as the oil sands of Northern
Alberta, Canada is an example of a severe haulage application for which the body of the
invention is particularly appropriate. These o0il sands when hauled and dumped from a truck
body typically tend to dump as a single homogeneous mass, or glob, commohly referred to in the
industry as a “loaf.” A haulage vehicle incorporating the dump body of the invention has a floor
that drops away and body sidewalls that outwardly taper away from the trajectory of the loaf as it
is being dumped from the body, which encourages the unsupported material to free fall and break
up as it moves out of the body. Though cohesive, the loaf will separate and tend to tumble and
flow in smaller granulations of the material rather than dumping from the body as a substantially
single mass that grinds against the rear floor area and sidewalls of the dump body. In contrast,
conventional bodies tend to underpin the loaf being dumped over the full length of the truck
body, encouraging the cohesive material to exit the dump body as a homogeneous mass.

[0014]  The body is designed in keeping with the process and method described in co-
pending U.S. patent applications nos. 09/593,647, filed June 13, 2000, 09/333,379, filed June 15,
1999 and 10/286,095, filed November 1, 2002. In these applications, the load carried by the
body is modeled in three dimensions and then the body is designed to accommodate the shape of
the load. The body may be of several different types such as a dump body or a rear eject body.

An example of a rear eject body is shown in applicant’s co-pending U.S. patent application serial
no. 10/374,803, filed February 25, 2003.

According to an aspect of the present invention there is provided an open top

body of an off-highway haulage vehicle for hauling abrasive material, the body

comprising:
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a floor comprising at least two sections with a first forward section of the floor at
one inclination and a second rearward section inclined at a different inclination angled
more downwardly toward a ground surface than the inclination of the first section,

opposing sidewalls extending vertically from the floor and horizontally from a
front wall toward a rear of the floor such that the distance between the opposing sidewalls
increases from the front wall to the rear of the floor; and

a tailgate pivotally attached to the sidewalls for rotation between closed and
opened positions.

According to another aspect of the present invention there is provided a method of
making an open top body for an off-highway vehicle comprising:

(a)  modeling a shape of a load of heaped material in three dimensions
intended to be hauled by the open top body;

(b)  modeling the open top body to hold the heaped material, where the body
includes (1) a floor having a rearward surface whose downward inclination is greater than
a forward surface, (2) a tailgate for closing a rearward edge of the floor and (3) opposing
sidewalls that flare outwardly from one another from a front portion of the floor toward
the rearward edge;

(¢) designing the body to locate at a desired predetermined location a center
of gravity of the modeled shape of the load of heaped material; and

(d)  making the open top body.

According to a further aspect of the present invention there is provided a method
of dumping material from an open top body comprising:

tilting the body about an axis of rotation;

rotating a tailgate to an open position in response to the tilting of the body;

supporting material carried in the body at first and second angles of inclination
along a floor of the body as the bodly is tilted such that the material flows from an area of
the floor at a first angle to an area of the floor at the second angle of inclination, where
the second angle is greater than the first angle such that the second angle inclines the

floor more toward a ground surface than does the first angle; and



CA 02601413 2012-01-05

5b

laterally supporting the material carried by the body as it flows from the body as it

is tilted such that opposing sidewalls flare away from one another so as to relieve

pressure of the material bearing against the sidewalls.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0015]  Figure 1 is a perspective view of an off-highway haulage vehicle incorporating a
body according to one embodiment of the invention;

[0016]  FIG. 2 is the perspective view of the body of Figure 1 with the body shown in
isolation and with a silhouetted image of a load carried by the body;

{0017]  FIG. 3 is a side view of the off-highway haulage truck of Figure 1;

[0018]  FIG. 4 is top view of the body taken along the line 4-4 in FIG. 1, illustrating the
outward flaring of the sidewalls of the body from front to back;

[0019]  Figs. 5 illustrates the body of Figs. 1-4 in a full tilt position, showing material flowing
from the body over the rearward area of the body’s floor and showing the clearance of the body
from the ground; and

[0020]  Fig. Sais a schematic diagram of exemplary forces on the floor of the body fully
tilted for dumping a load, showing how the same force Fy at two areas of the floor having
different inclinations resulis in different forces into the floor and parallel to 1.

[0021]  While the invention will be described and disclosed in connection with a certain
preferred embodiment illustrated in the drawings, it is not intended to limit the invention to the
specific embodiment. Rather it is intended to cover all alternative embodiments and

' modifications falling within the spirit and scope of the invention as described herein.
DETAILED DESCRIPTION OF THE INVENTION

[0022]  Referring now more particularly to the drawings there is shown in FIGS. 1-5 a dump
body 10 for a heavy-duty off-highway truck 12 whose general design is in keeping with the
three-dimensional modeling of a load for the body and the dimensioning of the body to
accommaodate that load as described in co-pending U.S. patent application no. 09/593,647, filed
June 13, 2000 and U.S. patent application no. 09/333,379, filed June 15, 1999.

[0023]  The truck 12 includes a chassis 14 to which the dump body 10 is attached for pivotal
movement about an axis 56 between a lowered position for receiving and transporting a load of
material (FIGS. 1 and 3) and a raised position for dumping a load of material (FIG. 5). As
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shown in FIG. 1, the dump body 10 is generally constructed of steellpanels that define the shape
of the dump body and beams that form the structural framework for the dump body. The dump

body comprises sidewalls 16, a front wall or front slope 18, a floor 20 and a canopy 22 integrally
connected to the top end of the front slope 18 and extending over the cab 24 of the truck 12. The
truck chassis 14 is supported by a plurality of tires 26.

[0024]  For ease of 1llustration, only the body 10 is illustrated in its full three dimensions.

The truck 12 is shown in two dimensions only. However, a three dimensional illustration of the
truck can be seen 1n other patents such as applicant’s above-identified U.S. Patent No. Patent No.
4,678,235. In the illustrated embodiment, the truck 12 is generally symmetrical about its
longitudinal axis. Accbrdingly, as wi].l be appreciated by those skilled in the art of off-highway
haulage vehicles, many of the elements identified in the views of the drawing figures have
compiementary or mirror image elements arranged on the opposite side of the truck 12. As will
also be appreciated by those skilled in the art, reference to plural elements where only one is
shown in the drawings indicates that a oompl'ementary element 1s disposed on the side of the
truck 12 not shown (e.g., tires 26).

[0025] In keeping with the design approach described in the co-pending U.S. patent |
application nos. 09/593,647 and 09/ 333,379, the dump body 10 is designed so that the volumetric
capacity of the body matches the truck’s hauling capacity and loads in the dump body have a
centers of gravity that best match the intended load center of gravity and corresponding load
distribution contemplated by the design of the truck chassis 14. More specitically, the dump
body 10 is shaped and dimensioned to accommodate the correct volumetric load as well as to
maintain a weight distribution of the load that results in the load’s center of gravity being
proximate a predetermined location. In the illustrated embodiment, the preferred position for the
load’s center of gravity 1s based on a location assumed by the truck manufacturer in designing

the chassis for supporting the load. For illustration, the preferred position is illustrated as

vertical line 17 in FIG. 3. The actual center of gravity of the load should be positioned along the
vertical line 17. Preferably, the load’s center of gravity is as low as possible on the line 17.
{0026} The method of designing the body 10 utilizes a load profile that is based on a detailed
analysis of the actual material characteristics and loading conditions present in field haulage

environments, thereby taking into account factors such as the cohesiveness of the material to be
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hauled and the size; shape and gradation of the pieces of material and the matenal’s
abrasiveness. The details of the method for designing the body so as to take into account the
heaping characteristics of the material actually being hauled is described in detail in the
incorporated by reference , co-pending patent applications referenced above.

[0027]  In accordance with an important aspect of the invention, the design of the body 10 1s
in keeping with the load modeling approach of the above-identified co-pending applications and
further provides for design features that enable the body to successfully haul and dump abrasive
material without the body experiencing the otherwise excessive wear at its rearward portion of
the body. Specifically, in addition to the design parameters required in modeling the body in
keeping with the above-identified co-pending patent applications, the body 10 also requires (1)
downwardly tilting the floor 20 of the body at an area rearward of the bédy’s pivot axis, (2)
foreshortening the end of the body, (3) flaring the sidewalls such that the distance between the
opposing sidewalls increases from the front to the back of the body and (4) adding a tailgate to
the foreshortened rear end of the body.

[0028] Using the angles of material repose (i.e., front, rear and sides) data obtained from the
analysis of field haulage conditions, an approximate heap profile of the material to be hauled 1s
eenerated utilizing the individual average values for the front, rear and side angles of material
repose taken from the field data. Additionally, an initial dump body side height is established at
the point where the side angle of material repose contacts the body side for the body 10-and or as
set by mine operator parameters. The placement of the cenier of gravity of the approximate heap
profile along the truck chassis 14 is then determined and compared with the optimal location
along the chassis for the load center of gravity.

[0029]  Referring to FIG. 3, the angles of the floor lines 50 and 638, the lengths of the floor
lines and the front slope line 32 and the height of the sidewalls 16 are adjusted so that through an
iterative process, the center of gravity of the load is located as close as possible to the correct
truck chassis 14 load center of gravity while maintaining the desired body volume as defined by
the load model and the body physiéal parameters meets any operator imposed dimensional
limitations. In adjusting the various physical parameters of the body 10, it 1s preferable to keep
the center of gravity of the load as low as possible in order to provide the best truck chassis

stability. Accordingly, in the iterative process used to locate the center of gravity of the load 1n
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the desired position, it is generally preferable to focus on adjusting the height of the sidewalls 16
and the length of the floor 20, versus rotating the angles of the floor. For example, lowering the
height of the sidewalls 16 and lengthening the floor 20 moves the center of gravity rearward
relative to the chassis 14 and raising the height of the sidewalls and shortening the floor moves
the center of gravity forward relative to the chassis 14. Using the iterative process, the width of
the body 10 may also be adjusted with the height of the sidewalls 16, length of the floor 20 and
angle and height of the front slope 18 in order to minimize the overall load height profile. While
overall loading height of the dump body influences the size of the loading equipment that is
required, lower overall dump body loading heights improve truck stability and lessen the need
for larger loading equipment. Lower overall dump body loading heights also necessarily allow
the load material to be dropped into the dump body from a lower point, thereby minimizing the
impact force of the load material on the dump body. Obviously, the wider the body 10, the lower
the center of gravity. As a practical limit, however, the body 10 generally should not be
significantly wider than the overall width of the rear axle measured from the outer edges of the
rear tires 26 or as preset by the truck chassis manufacturer.

[0030] Based upon this approximate load profile and the data from field haulage conditions,
a three-dimensional model 38 (e.g. shown in FIG. 2) of the load heap is developed which
typically by experience will incorporate corner voids. To account for corner voids (corners of
the body where no hauled material is located) in the three-dimensional modeled load profile 38,
the transition areas between the sides and the front and the rear of the load are modeled based on
a gradual incremental blending of the side angle of material repose'40 to the front and rear angles.
of repose 34, 36 (which may or may not be different). After the corner voids are so modeled, the
modeled voids may then be compared to the information collected in the field and the corner
voids may then be adjusted so as to as closely as possible match the modeled corner voids with

the field-determined corner voids.

[0031] To this end, in one embodiment, the transitional areas between the front 34 and the
sides 40, and the rear 36 of the three-dimensional load model 38 are divided into a number of
equal segments as suggested by FIG. 2. In the particular embodiment of FIG. 2, the boundaries
of the transition areas between the sides 40 and the front 34 and rear 36 portions of the three-

dimensional load model 38 form 90° angles defined by the flat top or plateau 48 of the load
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model 38, with each of the transition areas being divided into nine equal 10° segments. In
another embodiment of the invention, the load model 38 is conical in shape rather then a series of
planar surfaces as illustrated in FIG. 2.

0032]  Each of the surfaces of the modeled load is extended using standard geometric
principles until it intersects a portion of the dump body 10 such as the sidewalls 16, front slope
18, canopy 22 and tailgate 52 as shown in FIG. 2. Specifically, end points are estabiished for
each of these planar surfaces by using the values of the angles of material repose for each of the

segments and the horizontal distance for each respective segment from the load plateau 48 which

may be oval in shape to the perimeter of the dump body 10 to calculate the horizontal and
vertical positions for the end points of the planes. Each surface is then extended to its respective
end points. Next, any portion of the surfaces that extends beyond the boundaries of the dump
body 10 is then “cut-off” or truncated at the point at which it intersects the dump body to define
the corner edges of the three-dimensional load model 38 as shown in FIG. 2. The completed
three-dimensional load heap profile 38 is shown in FIG. 2.

{0033] After the three-dimensional modeling of the material heap is completed, the center of
gravity of the resulting three-dimensional load model 38 is determined. - This center of gravity 1s
then compared to the center of gravity location contemplated by the chassis design (reference
line 17 in FIG. 3). If the center of gravity of the three-dimensional load model 38 1s in close
proximity to the center of gravity location contemplated by the chassis design then the design of
the dump body 10 is complete. It is generally desirable to have the load center of gravity as
close as is practical to the desired chassis location. While the distance will vary depending upon
the relative length of the wheelbase of the truck, in one preferred embodiment the center (5f
eravity will be considered sufficiently close to the desired location if it is within less than
approximately one to two inches from the desired location dependent on the haul road profile the
trucks will be operated on. Due to the inherent design characteristics of off-highway trucks (in
an empty condition an inordinate amount of the net weight of the truck is carried on the front
axle), in most circumstances, the center of gravity of the three-dimensional load profile should

not be allowed to be positioned slightly rearward of the center of gravity location contemplated

by the chassis design.
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10034} In the event that the center of gravity of the three-dimensional load model 38 1s not
close enough to the desired location, an iterative process generates a new three-dimensional
profile of the heaped load based on the data collected from the field loading/haulage
environment. Through adjustment of the parameters of the dump body (e.g., the dump body
floor angle, floor length, side height and tailgate position and height), the center of gravity of this
new three-dimensional heaped load profile is moved through the iterative process until it 1s in
close proximity to the desired location. These steps being repeated in an iterative fashion as
necessary until the location of the center of gravity of the three-dimensional load model is
approximately coincident with the anticipated center of gravity confemplated by the design of the
truck chassis 14.

[0035] The body illustrated in FIGS. 1-5 is preferably, but not necessarily designed using the
foregoing approach of modeling the dimensions of the body around a three-dimensional model
of the load. Regardless of the technique employed to dimension the body, it includes features
that enable it to reduce the amount of wear at the rearward portion of the body so that the body 1s
able to successfully over extended use haul and dump very abrasive material. In the body
illustrated in FIGS. 1-5, the material has a greater tendency to tumble over the rearward area of
the floor and thus is more likely to break up as it is dumped than in the prior art bodies that often
dumped cohesive material as a "loaf." Also, by encouraging the material to tumble, its abrasive
action on the floor is lessened. The abrasive action of the material as 1t 1s dumped 1s further
lessened with respect to conventional body floors because the pressure holding the material to
the floor is reduced by the increased angle of inclination downward in the rearward area of the
floor. By shortening the rearward area of the floor with the addition of a tailgate, there 1s less
body floor and sidewall area for the material to abrade. Moreover, the shortening of the body
allows for better ground clearance when tilting the body to dump a load. It also enables the body

to better clear a berm when it 1s dumping. The longer floors of conventional bodies tend to be

exposed to grinding action by the material because the greatest amount of material flows over the
most rearward area of the floor. Forward areas of the floor 20 are exposed to less abrasive action
because the material flows out of the body from front to back. This action naturally results in

more abrasion at the rear section of the floor 20 than at the front section.
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[0036] The rearward area 50 of the floor 20 is truncated with respect to conventional bodies
that extend the body’s floor to inhibit material spillage. When dumping a load of abrasive
material from the body 10, the material flows the most over the rearward area 50 of the floor 20,
thereby causing the most wear to that portion of the floor. Hence, foreshortening and lowering
of the rearward area 50 of the floor 20 results in a reduced surface area in contact with the
abrasive material, thereby reducing the wear of the floor 20.

[0037] Without compensating for the shortening of the floor length, the load center of gravity
is shifted forward and the volumetric loading capacity of the body 10 is reduced, which may
result in the vehicle operating under its weight capacity when fully loaded. Operating these off-
highway vehicles under their capacities increases the operating costs. Additionally,
foreshortening of the rearward area 50 tends to increase the frequency of material spillage,
which, as stated above, significantly increases haulage costs by reducing the useful life of the
tires 26. In keeping with the invention, the body 10 incorporates a tailgate 52 to provide a back
wall of the body that allows for haﬁlage of loads of increased volume and preferable at the rated
payload volume for the vehicle 12. The tailgate also inhibits spillage in a manner that is more
effective than the elongated floor of the conventional, open ended off-highway trucks.

[0038]} The addition of a tailgate may raise the elevation of the rear of the body. But by
providing a smaller angle of inclination at the rearward area of the body, the elevation of the top
of the tailgate is lowered, resulting in the top of the tailgate sitting on the rear edge of the body
floor at an elevation no higher than the extreme rear edge of a standard “V-Shaped” or “duck
tailed” body. _

[0039] As seen in FIGS. 1-3 and 5, the tailgate 52 is pivotally attached to the exterior bf the
sidewalls 16 in order to rotate between the closed and opened positions corresponding to pivotal
rotation of the body 10. Referring to FIG. 3, the tailgate pivot 54 is located forward (1.e., more
proximate to the cab 24) of the body-to-chassis pivot 56. The forward location of the tailgate
pivot 54 in relation to the body-to-chassis pivot 56 works to mechanically rotate the tailgate 52 1n
a counterclockwise direction (F1G.3) as the body rotates clockwise about the body-to-chassis
pivot to its fully dumped position shown in FIG. 5.

[0040] A chain 64 secured to the forward end 52¢ of each of the two sides 524 of the tailgate
52 maintains the end at a fixed position with respect the vehicle chassis 14. As the body 10 1s
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lifted by the action of hydraulic cylinders 65 in a conventional manner the pivot point 54 of the
tailgate 52 moves and is rotated upwardly and rearwardly, causing the tailgate to rotate about its
pivot point 54. When the body 10 is in its fully dumped and tilted position as shown in FI1G.35,
the tailgate 52 is rotated into an opened position. As the body 10 is lowered, the tailgate 52
rotates in a clockwise direction (as viewed in the figures) as the pivot 54 of the tailgate rotates
forward and is lowered with the lowering of the body.

[0041] To effectuate the rotation of the tailgate 52, the chain 64 mechanically connects the
tailgate 52 and the chassis 14 at points 52c¢ of the tailgate and 62 of the chassis 14. Details of the
connection are set forth in applicant’s issued U.S. Patent No. 4,678,235, The chain 64 is
threaded through a roller assembly 60 secured to a lower edge 66 of the sidewall 16 of the body
10. The roller assembly 60 biases the chain 64 away from the edge 66 of the body 10.
Alternatively, the chains 64 may be secured to extensions of the chassis or outriggers that allow
each of the chains 64 to extend substantially straight down from its attachment at the tailgate to
an attachment at the chassis. A still further alternative is to rotate the tailgate with a hydraulic
cylinder and a control system for it.

[0042]  Additionally, to further reduce the wear on the floor at the rearward portion.50 of the
body10, the rearward portion 50 is angled downwardly at a different inclination from the forward
portion or area 68 of the floor 20. In general, in its lowered position as illustrated in FIG. 3, the
rearward section 50 of the floor 20 is at an inclination that is angled downwardly toward the
ground with respect to the inclination of the floor section 68. By angling the rearward section
downwardly toward the ground with respect to the inclination of the floor section 68, material
flowing over the floor as the body is rotated into its dump position tends to shoot over the
rearward section 50 resulting in less wear to this section than if that section were at the same
inclination as the section 68 or at a higher angle of inclination. duck tailed (i.e., angled upwardly
toward the sky). As best seen in the schematic diagram of FIG. 5a, by angling the floor 20
downwardly at its rearward portion 50, there is less of a frictional force created by the weight of
dumping material as the body is tilted to dump the load. Because the floor is at a greater incline
in the rearward area, more of the weight is translated to a force parallel to the floor section 68,
resulting in a rolling tumbling of the material over section 50, which tends to reduce the friction

and abrasion on floor section 50. In short, the greater downward angle of floor inclination
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reduces the frictional force of the material against the floor 50 and increases the forces that tend
to roll the material, which rolling tumbling motion further reduces the abrasive action of the
material. ‘

[0043]  In FIG. 5a, the floor 20 is shown schematically in the fully tilted position of the body
10 illustrated in FIG.5. The two force vector diagrams demonstrate the different distribution of
the same force Fy at the two different areas of the floor 50 and 68. Because of the greater angle
of inclination, the force F ; in line with the floor 20 or parallel with the floor increases with the
greater inclination of the floor area 50. Correspondingly, the forces F; and F; are the friction
creating forces and F; decreases with the increased inclination of the floor 20 in area 50. Once
the dumped material reaches the rearward portion S0 of the floor 20, the change in the angle
from 0, to 9, of floor inclination reduces the frictional force F, to F5 , causing the material to
flow more freely and with less abrasion on the rear portion 50 of the floor 20 than if the rear
portion maintain the same inclination as the forward area 68 of the floor 20.

[0044]  There may be several breakpoints along the length of the floor 20 where the
inclination of the floor changes. In the illustrated embodiment of the open top body 10, the floor
20 has a single breakpoint transitioning the inclination of the floor from one area 68 having a
first angle of inclination (with respect to a reference such as a horizontal plane) to another area
50 having a second angle of inclination (with respect to the same reference). Material 80 in
FIG.5 flows from the body 10 and over a point 70 where the floor 20 breaks away from the plane
of the one area 68 to the plane of the other area 50 with a greater angle of inclination. As the
material 80 moves over the breékpoint, it tends to tumble as the force F, increases to F,. By
increasing the tumbling or rolling action of the material, the frictional abrasion on the floor
surface 50 1s reduced compared to what might otherwise occur if the material slides along the
surface. Furthermore, as the material flows out the rear of the body 10, its momentum tends to
give it a trajectory guided by the forward area 68 of the floor 20. The trajectory of the matenial
and 1ts momentum has a tendency for the material falling away from the floor in the rearward
area 50 since from the viewpoint of the material with its trajectory and momentum, the floor
appears to move away from the material as it passes over the breakpoint. If its momentum is

- great enough, the material 80 overshoots the rearward portion 50 of the floor during dumping of

the load. This overshooting of material effect tends to further reduce overall wear on the body
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10 by minimizing the material contact on the rearward floor portion 50 from the dumped
abrasive material 80.

[0045] Referring again to FIG. 3, because the rearward portion 50 is downwardly inclined in
relation to the forward portion 68 of the floor 20, the top edge 52a of the tailgate 52 typically
remains below the top edge 16a of the sidewall 16. The height of the tailgate 1s preferably
maintained at an elevation that is equal to or less than the elevation of the rear edge of the floor
for conventional bodies without tailgates, which is shown as a dashed line 81. By maintaining
the height of the tailgate to this elevation or less, the loading equipment servicing the vehicle 12
is not required to adjust or modify its loading process. In this regard, the loading shovel (not
shown) is able to maintain the same vertical elevation for positioning the load 1n the body 10 and
releasing it into the body almost as if there was no tailgate 52 on the body 10. .

[0046] By shortening the body’s floor 20, at full tilt of the body 10, the ground clearance 74
of the rear of the body 10 to ground 1s substantially increased, as suggested by FIG. 5. By
increasing the ground clearance, there 1s less damage to the rear body edge 72 from dumping the
body 10 into material 80 already on the ground. Furthermore, where material 80 is being

~ dumped over an embankment, a “dump berm” that 1s at least as high as half the height of the
largest tire operating in the haulagé vehicle fleet as generally required by government regulation
in order to avoid accidentally backing the truck over the embankment. With conventional “V-
shaped” or “duck tailed” bodies, this safety “dump berm” is continually being dumped into,
destroying the dump berm and requiring it to be continually maintained with a piece of dozing
equipment. With a body 10 whose floor length 1s shortened, the dumping of the body 10 into the
safety dump berm is either stopped or minimized.

[0047]  To still further reduce the wear of the body 10 from hauling and dumping abrasive
materials, the sidewalls 16 of the body are flared outwardly from front to the back of the body, as
best shown in FIG. 4. The flared sidewalls 16 relieve the pressure otherwise placed on the
sidewalls by the flowing material, which reduces the amount of friction experienced by the
sidewalls 16. With the sides and bottom of the load not fully supported as the material 80 is
dumped from the body 10, the load tends to break up and more evenly distribute across the floor
20, which further decreases the frictional forces and resulting abrasion on the floor and sidewalls

and also further encouraging a tumbling or rolling action of the material.
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[0048] The sidewalls 16 are tapered at an angle & with respect parallel lines separated by a
distance L in FIG. 4. The angle & 1s approximately Y2 degree or greater. Over the length of the
body 10, the tapering of the angle & widens the body 10 from a width L, at the front of the body
at the top of FIG. 4 to a width L, at the rear of the body at the bottom of the figure.

[0049] To the extent not otherwise expressively stated elsewhere in this document, all patent
applications and patents cited herein are hereby incorporated by reference to the same extent as if
each reference were individually and specifically indicated to be incorporated by reference and
were set forth in its entirety herein.

[0050]  The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to

cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted

?? <

by context. The terms “comprising,” “having,” “including,” and “containing’ are to be
construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise
noted. Recifation of ranges of values herein are merely intended to serve as a shorthand method
of referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value 1s incorporated into the specification as if it were
individually recited herein. All methods described herein can be performed in any suitable order
unless otherwise mdicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to
better illuminate the invention and does not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0051] A preferred embodiment of this invention is described and illustrated herein,
including the best mode known to the inventor for carrying out the in\?ention. Variations of this
preferred embodiment may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as
appropriate, and the inventor intends for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by applicable

law. Moreover, any combination of the above-described elements in all possible variations
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thereof i1s encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. An open top body of an off-highway haulage vehicle for hauling abrasive
material, the body comprising:

a floor comprising at least two sections with a first forward section of the floor at
one inclination and a second rearward section inclined at a different inclination angled
more downwardly toward a ground surface than the inclination of the first section,

opposing sidewalls extending vertically from the floor and horizontally from a
front wall toward a rear of the floor such that the distance between the opposing
sidewalls increases from the front wall to the rear of the floor; and

a tailgate pivotally attached to the sidewalls for rotation between closed and

opened positions.

2. The open top body of claim 1 wherein the first section of the floor extends from
the front wall to an area rearward of a vertical plane passing through a pivot and the

second section extends from an end of the first section to the rear of the floor.

3. The open top body of claim 1 wherein the tailgate is pivotally attached to the
sidewalls at a location forward of a pivot for rotating the floor and the tailgate 1s
mechanically connected to a chassis of the vehicle such that rotation of the floor about

the pivot cause the tailgate to rotate between the closed and opened positions.

4, The open top body of claim 2 wherein the second section of the floor supports the
tailgate.
5. The open top body of claim 3 wherein the tailgate includes side arms that are

pivotally supported on the sidewalls of the body with one end of each arm joined to a rear
wall of the tailgate and an opposing end of each arm mechanically connected to the

chassis of the vehicle.

6. The open top body of claim 1 including a pivot for rotating the tloor about a

chassis of the vehicle in order to cause the abrasive material being hauled to be dumped.
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7. A method of making an open top body for an off-highway vehicle comprising:

(a) modeling a shape of a load of heaped material in three dimensions
intended to be hauled by the open top body;

(b)  modeling the open top body to hold the heaped material, where the body
includes (1) a floor having a rearward surface whose downward inclination 1s greater
than a forward surface, (2) a tailgate for closing a rearward edge of the floor and (3)
opposing sidewalls that flare outwardly from one another from a front portion of the tloor
toward the rearward edge;

(c) designing the body to locate at a desired predetermined location a center
of gravity of the modeled shape of the load of heaped material; and

(d)  making the open top body.

8. The method of claim 7 including determining the dimensions of the body to

locate the center of gravity at a location that approximates a lowest possible position.

0. A method of dumping material from an open top body comprising:

tilting the body about an axis of rotation;

rotating a tailgate to an open position in response to the tilting of the body;

supporting material carried in the body at first and second angles of inclination
along a floor of the body as the body is tilted such that the material flows from an area ot
the floor at a first angle to an area of the floor at the second angle of inclination, where
the second angle is greater than the first angle such that the second angle inclines the
floor more toward a ground surface than does the first angle; and

laterally supporting the material carried by the body as it flows from the body as
it is tilted such that opposing sidewalls flare away from one another so as to relieve

pressure of the material bearing against the sidewalls.

10.  The method of claim 9 further comprising rotating the tailgate about an axis of

rotation mounted to a sidewall of the open top body.
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