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FORKLIFT SCALE
Inventors:  Thomas S. Rice
Ben T. Siefker
Mitchell A. Tobias
Darin E. Foley
[0001] This application claims the priority benefit of U.S. Patent Application No.
12/105,889, filed April 18, 2008, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTIVE FIELD

[0002] The present invention is directed to a scale for use with a fork truck or forklift.
More particularly, the present invention is directed to a scale that can be mounted to a
forklift and used to weigh loads placed on the forks thereof.

[0003] A forklift is a well known type of industrial machinery. Typical forklifts include a
main truck portion that includes the engine/motor and other drivetrain components, a cab
or other seating/control area for an operator, a mast that is raised and lowered via
hydraulic power, a carriage that is connected and moves with the mast, and a pair of forks
that are connected to the carriage and used to pick up and move various loads.

[0004] Forklifts can be found in virtually any setting where objects, particularly heavy
objects, are moved on a regular basis. For example, in a factory setting, forklifts may be
used to move various equipment or supplies of materials. In a warehouse or a similar
setting, forklifts may be used to load/unload trucks or other shipping containers and to
move pallets of goods into various storage locations, such as on storage racks.

[0005] In certain settings, it is desirable or necessary to know the weight of the load
placed on the forks of a forklift. For example, when loading or unloading goods sold by
weight, it may be desirable or necessary to weigh the goods while on a pallet or while
associated with another shipping device. To this end, scales such as pallet scales are
often employed. In use, a forklift operator transports a load to the scale, sets the load on

the scale platform, and either lowers the forks sufficiently so as to offer no support to the
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load or withdraws to forks from the load such as by moving the forklift in a reverse
direction therefrom. Once the weight of the load has been determined, the forklift is re-
engaged with the load and the load is moved to the next destination.

[0006] While such a system and procedure functions to provide the weight of loads
transported by a forklift, it can be easily understood that such a system and procedure is
time consuming and requires captive floor space. That is, in addition to procuring one or
more suitable scales for weighing loads of interest, each scale must be placed in a
location having sufficient surrounding floor space to permit adequate access by a forklift.
Further, the use of such scales adds an additional step to the transportation of every such
load that must be weighed in this manner. Such an inconvenience might seem
insignificant in the case of a single load. However, when the multitude of loads that must
be transported and weighed in this manner are considered, it can be understood that such
a system and method is highly inefficient.

[0007] To this end, weighing of a load while the load is supported by the forks of a
forklift is a desirable capability. To this end, various scales for attachment to a forklift
have been developed. However, all of such scales of which applicant is aware suffer from
one or more deficiencies that render use thereof problematic. For example, certain of
such known scales produce a significant blockage of the operator’s view when the mast of
the associated forklift is in a raised position — a position typically occupied by the mast
during load transport. Others of such scales are difficult to install to a forklift and/or to
adjust once installed. Yet others produce inaccurate readings for one or various reasons,
such as due to flexure of the scale or to portions of the forklift to which the scale is
attached.  Still others require that a complicated and/or time consuming leveling
procedure be performed subsequent to scale installation and prior to use. A scale of the

present invention overcomes these deficiencies.
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SUMMARY OF THE GENERAL INVENTIVE CONCEPT

[0008] A forklift scale of the present invention allows a load to be weighed while
supported by the forks of an associated forklift. A forklift scale of the present invention is
designed for easy installation, without requiring any modification to the forklift.

[0009] A forklift scale of the present invention includes a rigid frame assembly adapted
for connection to the forklift. In certain embodiments, a scale of the present invention can
be installed to a forklift by simply removing the forks from the lifting carriage, and hanging
the frame assembly from the lifting carriage in place of the forks. The forks may then be
subsequently attached to the front of the frame assembly, such as in the same manner as
they are typically attached to the lifting carriage, or otherwise.

[0010] The frame assembly includes a front frame and a rear frame. The rear frame
mounts to the lifting carriage of the forklift. The front frame is associated with the rear
frame and includes structure for attaching and suspending the forks of the forklift
therefrom. The front frame is vertically displaceable with respect to the rear frame within
some restricted distance.

[0011]  The frame assembly forms a substantially hollow rectangle, thereby providing a
viewing window through which an operator can see when operating an associated forkilift.
Load cells are located laterally outward of the left and right sides of the viewing window.
The load cells are mounted between the front and rear frames, so as to react to loads
placed on the forks associated with a scale of the present invention.

[0012] When a load is applied to the forks, shear forces are produced. The resulting
shear-related downward displacement of the front frame with respect to the rear frame is
detected by the load cells. The outputs of the load cells are used to determine the load on
the forks.

[0013] Applying a load to the forks also produces a longitudinal bending moment. The

bending moment results in tension forces near the top of the frame assembly and
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compression forces near the bottom of the frame assembly. Specialized flexures
connected between the front frame and the rear frame are used to transfer these forces to
the rear frame. The flexures are designed to be strong enough to resist tensile and
compressive buckling, but torsionally weak enough in the vertical direction so as not to
interfere with downward displacement of the front frame when a load is placed on the
forks connected to the scale. The resistance of the flexures to vertical displacement of
the front frame may be adjusted, as is described in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In addition to the features mentioned above, other aspects of the present
invention will be readily apparent from the following descriptions of the drawings and
exemplary embodiments, wherein like reference numerals across the several views refer
to identical or equivalent features, and wherein:

[0015] FIG. 1a is a front perspective view of one exemplary embodiment of an
assembled forklift scale of the present invention;

[0016] FIG. 1b is a rear perspective view of the forklift scale of FIG. 1;

[0017] FIG. 2 is an exploded front perspective view of the forklift scale of FIG. 1;
[0018] FIG. 3a is a front perspective view of a front frame portion of the forklift scale of
FIG. 1;

[0019] FIG. 3b is a rear perspective view of a front frame portion of the forklift scale of
FIG. 1;

[0020] FIG. 4a is a front perspective view of a rear frame portion of the forklift scale of
FIG. 1;

[0021] FIG. 4b is a rear perspective view of a rear frame portion of the forklift scale of
FIG. 1;

[0022] FIG. 5 is a front elevation view of the forklift scale of FIG. 1;

[0023] FIG. 6 is a top plan view of the forklift scale of FIG. 1;
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[0024] FIG. 7 is a bottom plan view of the forklift scale of FIG. 1;

[0025] FIG. 8 is a left-side elevation view of the forklift scale of FIG. 1;

[0026] FIG. 9 is a right-side elevation view of the forklift scale of FIG. 1;

[0027] FIG. 10 is a cross-section of the forklift scale of FIG. 1, taken along line A-A
shown in FIG. 5;

[0028] FIG. 11 shows the forklift scale of FIG. 1 mounted to a forklift, with lifting forks
attached to the forklift scale;

[0029] FIG. 12a is a diagrammatic top plan view representing the urged bending of at
least a lower portion of a rear frame of a loaded forklift scale of the present invention
when provided with a solid lower flexure assembly;

[0030] FIG. 12b is a diagrammatic top plan view representing the urged bending of at
least a lower portion of a rear frame of a loaded forklift scale of the present invention
when provided with a split lower flexure assembly;

[0031] FIG. 13a is an enlarged perspective view of one embodiment of an assembled
two-part (split) flexure assembly that can be used on a forklift scale of the present
invention; and

[0032] FIG. 13b is an exploded view of one portion of the split flexure assembly of
FIG. 13a.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0033] One exemplary embodiment of a forklift scale 5 of the present invention can be
observed in FIGS. 1-10. This forklift scale 5 includes a frame assembly 10 comprising a
front frame 15 and a rear frame 20. The rear frame 20 mounts to the lifting carriage
(which may also be commonly referred to in the art as a lift bracket, fork carrier, etc.) of a
forklift. The front frame is 15 associated with the rear frame 20, but is vertically

displaceable with respect to the rear frame within some restricted distance.
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[0034] The rear frame 20 includes a pair of substantially parallel and spaced apart
upper and lower horizontal frame members 20a, 20b, that are connected by a pair of
substantially parallel and spaced apart vertical frame members 20c, 20d. Connection of
the frame members 20a, 20b, 20c, 20d is preferably via welding or some other technique
that results in an acceptably strong and rigid rear frame 20.

[0035] The front frame 15 also includes a pair of substantially parallel and spaced
apart upper and lower horizontal frame members 15a, 15b, that are connected by pairs of
substantially parallel and spaced apart vertical frame members 15¢c-15d, 15e-15f. A pair
of vertical end members 15¢g, 15h are also connected between the horizontal frame
members 15a, 15b. Connection of the vertical frame and end members 15a-15h to the
horizontal frame members 15a, 15b is preferably accomplished via welding or some other
technique that results in an acceptably strong and rigid front frame 15.

[0036] The front frame may also include a pair of cover plates P. When present, the
cover plates P may further stiffen the front frame 15, protect the load cells 40 and/or
impart a more finished appearance to the forklift scale 5. In this particular embodiment,
the cover plates P are disposed laterally of a central viewing window W (as described in
more detail below). As shown herein, the cover plates abut and may be attached to
various front frame elements.

[0037] In this embodiment, an upper flexure rail 26 extends upward from the front
frame 15. As shown, the upper flexure rail 26 is welded to an upper notch in the vertical
frame members 15¢-15d, 15e-15f and to the rear of the upper fork receiver 25a. As also
shown, a lower flexure rail 27 is welded to a lower notch in the vertical frame members
15¢-15d, 15e-15f and to the rear of the lower fork receiver 25b. Obviously, other
arrangements and points and methods of attachment are also possible.

[0038] The horizontal frame members 15a, 15b are associated with an upper and

lower fork receiver 25a, 25b that cooperate to receive and retain a pair of forks in a
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manner that would be understood by those of skill in the art. For example, in the
particular embodiment shown, the lower fork receiver 25b includes a notch N that
facilitates fork installation. The upper fork receiver 25a may be of the typical notched
design shown. The fork receivers 25a, 25b may be integral to the horizontal frame
members 15a, 15b or may be separate members that are welded or otherwise affixed
thereto.

[0039] The front frame 15 and rear frame 20 are connected by upper and lower flexure
assemblies 30, 35 (or flexures), the design and function of which is described in more
detail below. The upper flexure assemblies 30 are affixed to and connect a top face of the
upper horizontal frame member 20a of the rear frame 20 with the upper flexure rail 26 of
the front frame 15. The lower flexure assemblies 35 are affixed to and connect a bottom
face of the lower horizontal frame member 20b of the rear frame with the lower flexure rail
27 of the front frame. The flexure assemblies 30, 35 maintain a substantially parallel
relationship between the front frame 15 and rear frame 20.

[0040] A pair of vertically-oriented load cells 40 are interposed between the front frame
15 and the rear frame 20, such that the front frame is supported thereby. Various load
cells may be suitable for use with a forklift scale of the present invention, and such would
be understood by one of skill in the art. As shown however, this particular forklift scale 5
employs a S-type load cell that is suitable for measuring both tension and compression
forces. Preferably, the load cells 40 are located laterally outward of and substantially
equidistantly from the vertical centerline of the frame assembly 10. The load cells are
also preferably located at a sufficient distance from the vertical centerline of the frame
assembly 10 so as not to obstruct the central viewing window W. The central viewing
window W provides the forklift operator with improved visibility when the lifting carriage of
the forklift is in a raised position, and also while the lifting carriage is in a lowered position,

such as when engaging a load.
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[0041] As can be best observed in FIGS. 2 and 10, opposite ends of each load cell 40
are connected by mounting studs 45 between the front frame 15 and rear frame 20. In
this particular embodiment, an upper mounting stud 45 connects one end of its respective
load cell 40 to a load cell mounting member 50 associated with the rear frame 20.
Similarly, a lower mounting stud 45 connects the opposite end of its respective load cell
40 to a load cell mounting member 52 associated the lower flexure rail 27 of the front
frame 15. By this arrangement, vertical movement of the front frame 15 with respect to
the rear frame 20 is detected by the load cells 40.

[0042] The forklift scale 5 preferably, but not essentially, includes a hard stop(s) 125 or
some other element(s) to restrict vertical displacement of the front frame 15 to some
predetermined and acceptable amount. For example, if a forklift employing a scale of the
present invention is used to lift a load that is beyond the rating of the scale, the hard
stop(s) 125 may prevent damage to the scale that might otherwise occur as a result of
excessive displacement of the front frame 15. Such hard stop(s) 125 may be adjustable,
as shown, or may be of a fixed nature. Such hard stop(s) 125 may also include a resilient
bumper portion.

[0043] Various electronics associated with the load cells 40 are preferably placed
within an enclosure E that may be mounted at one or more locations on the front or rear
frame 15, 20. The enclosure E, or a similar enclosure, may also house electronics that
facilitate wireless transmission of signals from the load cells 40 to one or more receivers.
Such receivers may be mounted to the forklift and may also be located remotely
therefrom. An inclinometer (not shown) may also be provided to measure the inclination
of the lifting carriage so as to compensate forklift scale weight readings accordingly.
When present, an inclinometer may reside within the enclosure E, but could also reside

external thereto (such as on the front or rear frame).
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[0044] Mounting of a forklift scale of the present invention to a forklift may be
accomplished in various ways. This particular embodiment of the forklift scale 5,
however, makes use of a pair of mounting hooks 60, which would be quite familiar to one
of skill in the art. As would be understood by one skilled in the art, and as can be
observed in FIG. 11, these mounting hooks 60 will overlie and engage an upper fork
carrier 130 of a typical lifting carriage L when the forklift scale 5 is affixed to a forklift F.
Particularly, the mounting hook elements act to suspend the forklift scale 5 from the upper
fork carrier 130 of a lifting carriage L.

[0045] The forklift scale 5 may also include a pair of safety restraints 65 that are used
to prevent the forklift scale from being lifted from the lifting carriage of the forklift, and to
prevent or limit any separation between at least a lower portion of the forklift scale and a
lower fork carrier 135 of the lifting carriage. In this embodiment, the safety restraints 65
may be affixed to the lower horizontal frame member 20b of the rear frame 20 after the
forklift scale 5 is suspended on the lifting carriage L by the mounting hooks 60. As can be
seen in FIG. 11, the safety restraints 65 do not typically engage the lower fork mounting
member 135 of the lifting carriage L when the forklift scale 5 is suspended from the lifting
carriage.

[0046] Lateral movement of a forklift scale of the present invention with respect to the
lifting carriage of a forklift can be restrained in a number of ways, as would be understood
by one of skill in the art. In the particular embodiment shown, lateral restraint is
accomplished by a restraining element 137 that is affixed to or is formed on a back
surface of the upper horizontal frame member 20a of the rear frame 20. The restraining
element 137 engages a notch present in the upper fork carrier 130 of the lifting carriage L.
[0047] In an alternate embodiment of the present invention, a forklift scale may employ
a fork mounting structure such as that typically present on a forklift. More patrticularly, the

forklift scale 5 may include a pair of upper latch mechanisms 62 (see alternate latch
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mechanism shown in FIG. 1b), such as would be familiar to one skilled in the art. These
latch mechanisms 62 include spring-loaded pins or other elements that engage with
locating notches on the upper fork mounting member of a typical forklift lifting carriage.
These notches may be the same as or similar to, for example, the notches present on the
upper fork receiver 25a of the front frame 15. As with the embodiment described above,
such an embodiment of a forklift scale may also include a pair of safety restraints that are
used to prevent inadvertent dislocation of the forklift scale from the lifting carriage of a
forklift. The latch mechanisms may further inhibit lateral movement of such a forklift scale
on the lifting carriage of a forklift.

[0048] One or more lifting elements may be present on the frame assembly 10 to
assist with mounting the forklift scale 5 to a forklift. In this embodiment, an eye bolt 70 is
attached to the top of each vertical frame member 20¢, 20d of the rear frame 20 for this
purpose. Various other lifting elements may be employed in lieu of an eyebolt in other
embodiments of the present invention.

[0049] Once the forklift scale 5 has been secured to the lifting carriage L of a forklift F,
as described above and shown in FIG. 11, lifting forks 75 may be attached to the front
frame 15. As previously described, the front frame 15 of this embodiment of the forklift
scale 5 includes an upper and lower fork carrier 25a, 25b of substantially the same type
found on most forklift carriages. As such, the forks 75 are installed to the forklift scale 5
using the notch N in the lower fork carrier 25b to allow the upper mounting portion of the
fork to clear the upper fork carrier 256a. The forks 75 may subsequently be slid outward
and latched to the upper fork carrier 25a using a latching mechanism typically present on
each fork (such as the latching mechanism 62 described above).

[0050] As mentioned previously, a forklift scale of the present invention makes use of
a 3-point suspension design. As can be understood most clearly by reference to FIGS. 1b

and 11, once mounted to a forklift F, the rear frame 20 of the forklift scale 5 will contact
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and react with the lifting carriage L of the forklift in only three locations: at the location of
the two upper mounting elements 60 associated with the upper frame member 20a, and at
the location of a standoff 120 that extends rearward some distance from substantially the
centerline of the lower frame member 20b.

[0051]  With the forklift scale 5 mounted to the lifting carriage L of the forklift F, and the
lifting forks 75 mounted to front frame 15 of the forklift scale, the forklift can be used to
pick up and transport loads in typical fashion. As can be understood from the foregoing
description and accompanying drawing figures, when a load is placed on the lifting forks
75, the flexure assemblies 30, 35 of the forklift scale 5 permit a reactionary downward
displacement of the front frame 15 with respect to the rear frame 20. The forces
associated with this displacement are transferred to the load cells 40 and, as would be
clearly understood by one skilled in the art, produce an output signal that is indicative of
the weight of the load on the lifting forks 75. During downward displacement of the front
frame 15, the flexure assemblies 30, 35 also generally maintain the substantially parallel
relationship between the front frame and the rear frame 20.

[0052] It can be further appreciated that, especially due to the length of typical lifting
forks, differing load locations thereon may produce forces of various magnitudes that
materialize as tension forces near the top of the frame assembly 10 and compression
forces near the bottom of the frame assembly, as transmitted from the front frame 15 to
the rear frame 20 through the upper and lower flexure assemblies 30, 35. These forces
will be less severe when the load is located on the lifting forks at a position nearer the
forklift scale, and more severe when the load is located further from the forklift scale.
[0053] Significant tensile and compressive forces may be produced when lifting heavy
loads. In order to prevent these forces from distorting the frame assembly 10 (such as by
altering the parallel relationship between the front frame 15 and rear frame 20), the

assembled frame assembly must be sufficiently stiff. Without such stiffness, distortion of
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the frame assembly could result in erroneous weight indications, such as by affecting the
readings of the load cells 40.

[0054] While the frame assembly of a forklift scale of the present invention must be
stiff, it must simultaneously allow for some amount of vertical displacement of the front
frame 15 when loaded. Use of flexure assemblies, such as the exemplary flexure
assemblies 30, 35, allows for the construction of a sufficiently stiff frame assembly 10 that
still permits the desired vertical displacement between the frames 15, 20. The flexure
assemblies 30, 35 help to maintain the substantially parallel relationship between the
frames, and also act to transmit forces from the front frame to the rear frame (which is
securely affixed to the lifting carriage of the forklift). As shown herein, the flexure
assemblies 30, 35 are preferably, but not necessarily, located on the forklift scale 5 in a
manner and/or in a position that allows for easy access to the load cells 40.

[0055] Further, and as shown in FIGS. 12a-12b, when a load is present on the lifting
forks associated with a mounted forklift scale of the present invention, the resulting forces
imparted to the forklift scale generally urge a bending of at least a lower portion of the rear
frame 20 thereof around the point of contact between the standoff 120 of the forklift scale
and the lifting carriage L of the forklift. Because one or more flexure assemblies 35 are
rigidly coupled between the rear frame and the front frame of the forklift scale, this
bending force exerted on the rear frame tends to impart a like torque (i.e., in-plane
torsional force) to at least each of the lower flexure assemblies.

[0056] These in-plane torsional forces are represented in FIGS. 12a-12b as arrows T1
and T2, respectively. FIG. 12a represents a forklift scale of the present invention having
solid lower flexure assemblies. FIG. 12b represents a forklift scale of the present
invention having split lower flexure assemblies. As would be understood by one skilled in
the art, the torsional resistance of the split flexure assembly of FIG. 12b is less than that

of the solid flexure assembly of FIG. 12a. As such, the torsional force T1 associated with

12
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the forklift scale of FIG. 12a is greater than the torsional force T2 associated with the
forklift scale of FIG. 12b (i.e., T1>T2).

[0057] Employing a flexure assembly that exhibits low torsional resistance is desirable,
as such a flexure assembly permits a vertical displacement of the front frame of the forklift
scale that is generally unaffected by the torsional forces experienced by the flexure
assemblies. That is, employing (at least lower) flexure assemblies with low torsional
resistance substantially prevents any bending moment induced in the rear frame from
interfering with the vertical movement of the flexure assemblies. As such, the vertical
displacement of the front frame and the readings produced by the load cells are also
unaffected.

[0058] The tensile strength, and bending, buckling and torsional resistance of the
flexure assemblies 30, 35 can preferably be adjusted. The amount of tensile resistance,
bending resistance, buckling resistance and/or torsional resistance of a flexure of the
present invention, may be calculated and/or experimentally determined, and both
techniques would be understood by one skilled in the art.

[0059] As can be best observed in FIGS. 13a-13b, this particular embodiment of the
flexure assembly 30 is of split design, meaning that the flexure assembly actually includes
two individual flexures: a main flexure 80, and a secondary flexure 100. In this
embodiment, the main flexure 80 and the secondary flexure 100 are of a different size and
strength, although such does not have to be the case.

[0060] The main flexure 80 employs a primary flexure plate 85 having three mounting
holes 90 for securement thereof to the upper flexure rail 26 of the front frame member 15
and a top surface of the upper horizontal frame member 20a of the rear frame 20 by
means of flexure clamp bars 110 and associated threaded fasteners 115. Secondary
stiffening plates 95 are affixed to both a top and bottom surface of the primary flexure

plate 85, in this case by a number of rivets 105. The secondary stiffening plates 95 act to
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increase at least the bending and buckling resistance of the main flexure 80. Other main
flexure construction techniques could also be employed, such as modifying the thickness
of the primary flexure plate 85 and/or secondary stiffening plate(s) 95, employing a
different number of secondary stiffening plate(s), using materials of a different modulus,
employing primary and/or secondary stiffening plates of different geometries, etc. In this
manner, the tensile strength, bending resistance, buckling resistance and/or torsional
resistance of the main flexure 85 can be adjusted as needed.

[0061] The particular secondary flexure 100 shown is smaller and less rigid than the
main flexure 80. In this embodiment, the secondary flexure 100 is constructed by splitting
a primary flexure plate 85 as used in the main flexure 80 and eliminating the secondary
stiffening plates 95. As with the main flexure, similar alternative secondary flexure
construction techniques could also be employed. As with the main flexure 80, such
alternative construction techniques allow such mechanical characteristics of the
secondary flexure 100 to be adjusted as needed.

[0062] While not essential to the present invention, the use of individual flexures of
split construction or otherwise dissimilar tensile strength, bending resistance, buckling
resistance and/or torsional resistance allows such overall mechanical characteristics of a
resulting flexure assembly to be adjusted to a greater degree than would be possible with
a single flexure element. More specifically, flexure assemblies can be constructed to
provide sufficient resistance to the compression (buckling) or bending forces likely to be
encountered during use on a particular forklift scale, while simultaneously exhibiting very
low in-plane torsional resistance.

[0063] The use of a 3-point suspension design eliminates the complicated and/or time
consuming setup procedures that must be performed to balance the reaction loads
subsequent to the installation and prior to the use of a forklift scale employing a 4-point

suspension design. More specifically, with a dual load cell 4-point scale design, it must be
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assured that equal loading is applied at each contact point. Equal loading is generally
achieved by manipulating an adjuster associated with each contact point and, since
manipulation of an adjuster at one contact point can affect loading at another contact
point, this can be a time consuming process. Additionally, any deviation from an adjusted
arrangement during use of the scale, such as due to a loose adjuster or to repositioning
due to impact, etc., can produce inaccurate weight readings. Due to the single lower
reaction point of a forklift scale of the present invention, however, there is no need to
perform such a setup procedure and therefore, also no concern that the initially installed
position of the forklift scale will change during use.

[0064] While an exemplary embodiment of a forklift scale has been shown and
described herein in an attempt to better illustrate the general concept of the present
invention, it is to be realized that derivations of such a forklift scale may be possible
without departing from the scope of the present invention. For example, various frame
designs may be employed, such that the individual members thereof are dissimilar in size,
shape, position, orientation and/or number to those shown and described herein.
Interconnection of such frame members may also occur by other means. Mounting of a
forklift scale to a forklift, and/or connection of forks to the forklift scale, may also be
accomplished in a different manner from that shown herein. Different flexure designs
and/or constructions may also be utilized. For example, flexures comprised of different
materials and/or flexures of varying thickness may be used in conjunction with or in lieu of
the flexures shown. Other changes would be apparent or may become apparent to those
skilled in the art. Therefore, while a certain embodiment(s) of the present invention is
described in detail above, the scope of the invention is not to be considered limited by
such disclosure, and modifications are possible without departing from the spirit of the

invention as evidenced by the following claims:
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WHAT IS CLAIMED IS:

1. A forklift scale comprising:

a rear frame adapted for attachment to a lifting carriage of a forklift;

a front frame associated with said rear frame, said front frame being
vertically displaceable with respect to said rear frame and adapted to receive and
retain at least one lifting fork;

a pair of load cells interposed between said rear frame and said front frame,
a first end of each load cell connected to said rear frame, a second end of each
load cell connected to said front frame;

at least one upper flexure assembly connecting a top portion of said front
frame to a top portion of said rear frame; and

at least one lower flexure assembly connecting a bottom portion of said
front frame to a bottom portion of said rear frame;

wherein said rear frame is adapted to contact said lifting carriage at only
three points.

2. The forklift scale of claim 1, wherein said front frame and said rear frame are
constructed so as to produce a centrally located viewing window through said scale.

3. The forklift scale of claim 1, wherein said first end of said load cell is an upper end
of said load cell, and said second end of said load cell is a lower end of said load cell.

4. The forklift scale of claim 1, wherein said load cells are connected to said front and
rear frames by elongate mounting studs.

5. The forklift scale of claim 1, wherein said front frame includes an elongate and
substantially horizontally-oriented notched fork carrier for receiving and retaining at least
one lifting fork.

6. The forklift scale of claim 1, further comprising a pair of mounting hooks located on

a back surface of said rear frame, said mounting hooks for engaging an upper fork carrier
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on said lifting carriage and suspending said rear frame therefrom, said mounting hooks
comprising two of said three points of contact between said rear frame and said lifting
carriage.

7. The forklift scale of claim 1, further comprising a standoff extending rearward from
a lower portion of said rear frame, said standoff comprising the third of said three points of
contact between said rear frame and said lifting carriage.

8. The forklift scale of claim 1, further comprising at least one hard stop for limiting
the vertical displacement of said front frame.

9. The forklift scale of claim 1, further comprising at least one safety restraint for
preventing removal of said forklift scale from said forklift carriage and for inhibiting
separation of a bottom portion of said rear frame from said lifting carriage.

10.  The forklift scale of claim 1, further comprising a telemetry device for wirelessly
transmitting digital signals from said load cells to a remote receiver.

11.  The forklift scale of claim 1, wherein said at least one lower flexure assembly is of
split design.

12.  The forklift scale of claim 1, further comprising a restraining element associated
with an upper member of said rear frame, said restraining element designed to engage a
notch in an upper fork carrier of said lifting carriage and to thereby restrain lateral
movement of said forklift scale.

13. The forklift scale of claim 1, further comprising a pair of restraining elements
associated with an upper member of said rear frame, said restraining elements each
including a latch having a spring-loaded pin designed to engage a notch in an upper fork
carrier of said lifting carriage when said latch is actuated and to thereby restrain lateral
movement of said forklift scale.

14. A forklift scale comprising:

a frame assembly, said frame assembly further comprising:
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a rear frame adapted for attachment to a lifting carriage,

a front frame associated with and substantially parallel to said rear
frame, said front frame being vertically displaceable with respect to said
rear frame and adapted to receive and retain at least one lifting fork,

at least one upper flexure assembly connecting a top portion of said
front frame to a top portion of said rear frame, and

at least one lower flexure assembly connecting a bottom portion of
said front frame to a bottom portion of said rear frame,

a pair of load cells interposed between said rear frame and said
front frame, a first end of each load cell connected to said rear frame, a second
end of each load cell connected to said front frame;
wherein said rear frame is adapted to contact said lifting carriage at only
three points.
15.  The forklift scale of claim 14, wherein said frame assembly is constructed so as to
provide a centrally located viewing window through said frame assembly.
16.  The forklift scale of claim 14, wherein said first end of said load cell is an upper end
of said load cell, and said second end of said load cell is a lower end of said load cell.
17.  The forklift scale of claim 14, wherein said front frame includes an elongate and
substantially horizontally-oriented notched fork carrier for receiving and retaining at least
one lifting fork.
18.  The forklift scale of claim 14, further comprising a pair of mounting hooks located
on a back surface of said rear frame, said mounting hooks for engaging an upper fork
carrier on said lifting carriage and suspending said rear frame therefrom, said mounting
hooks comprising two of said three points of contact between said rear frame and said

lifting carriage.
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19. The forklift scale of claim 14, further comprising a standoff extending rearward
from a lower portion of said rear frame, said standoff comprising the third of said three
points of contact between said rear frame and said lifting carriage.

20. The forklift scale of claim 14, further comprising at least one hard stop for limiting
the vertical displacement of said front frame.

21.  The forklift scale of claim 14, further comprising at least one safety restraint for
preventing removal of said forklift scale from said forklift carriage and for inhibiting
separation of a bottom portion of said rear frame from said lifting carriage.

22.  The forklift scale of claim 14, further comprising a telemetry device for wirelessly
transmitting digital signals from said load cells to a remote receiver.

23.  The forklift scale of claim 14, wherein said at least one lower flexure assembly is of
split design.

24.  The forklift scale of claim 14, further comprising a restraining element associated
with an upper member of said rear frame, said restraining element designed to engage a
notch in an upper fork carrier of said lifting carriage and to thereby restrain lateral
movement of said forklift scale.

25. A three-point suspension forklift scale comprising:

a rear frame;

a front frame associated with and substantially parallel to said rear frame,
said front frame being vertically displaceable with respect to said rear frame and
adapted to receive and retain at least one fork;

a pair of load cells interposed between and connecting said rear frame and
said front frame, an upper end of each load cell connected to said rear frame, a
lower end of each load cell connected to said front frame;

at least one upper flexure assembly connecting an upper flexure member of

said front frame to a top portion of said rear frame, and at least one lower flexure
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assembly connecting a lower flexure member of said front frame to a bottom
portion of said rear frame, at least said lower flexure assemblies offering greater
resistance to tensile and compressive deformation than to torsional deformation;

at least one hard stop for limiting the vertical displacement of said front
frame;

a pair of mounting hooks located on a back surface of said rear frame, said
mounting hooks for engaging an upper fork carrier on said lifting carriage and
suspending said rear frame therefrom, said mounting hooks comprising two of
three points of contact between said rear frame and said lifting carriage; and

a standoff extending rearward from a lower back portion of said rear frame,
said standoff comprising a third of three points of contact between said rear frame
and said lifting carriage.

26.  The forklift scale of claim 25, wherein said front frame and said rear frame are
constructed so as to produce a centrally located viewing window therethrough.

27.  The forklift scale of claim 25, further comprising at least one lower safety restraint
for preventing removal of said forklift scale from said forklift carriage and for inhibiting
separation of a bottom portion of said rear frame from said lifting carriage.

28.  The forklift scale of claim 25, further comprising a telemetry device for wirelessly
transmitting digital signals from said load cells to a remote receiver.

29. A three-point suspension forklift scale comprising:

a frame assembly, said frame assembly further comprising:

a rear frame having at least two spaced apart and substantially
parallel upper and lower horizontal frame members connected by at least
two spaced apart and substantially parallel vertical frame members,

a front frame having at least two spaced apart and substantially

parallel upper and lower horizontal frame members connected by at least

20



WO 2009/129440 PCT/US2009/040917

two spaced apart and substantially parallel vertical frame members, said

front frame substantially parallel to said rear frame and vertically

displaceable with respect thereto, said front frame adapted to receive and
retain at least one lifting fork,

at least one hard stop for limiting the vertical displacement of said
front frame,

at least one safety restraint for preventing removal of said forklift
scale from said forklift carriage and for inhibiting separation of a bottom
portion of said rear frame from said lifting carriage, and

a centrally-located viewing window passing through said front frame
and said rear frame,

a pair of load cells interposed between and connecting said rear frame and
said front frame, an upper end of each load cell connected to said rear frame, a
lower end of each load cell connected to said front frame;

a pair of spaced apart upper flexure assemblies connecting an upper
flexure member of said front frame to a top portion of said rear frame, and a pair of
spaced apart lower flexure assemblies connecting a lower flexure member of said
front frame to a bottom portion of said rear frame, said flexure assemblies offering
greater resistance to tensile and compressive deformation than to torsional
deformation;

a pair of mounting hooks located on a back surface of said rear frame, said
mounting hooks for engaging an upper fork carrier on said lifting carriage and
suspending said rear frame therefrom, said mounting hooks comprising two of

three points of contact between said rear frame and said lifting carriage; and
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a standoff extending rearward from a lower back portion of said rear frame,
said standoff comprising a third of three points of contact between said rear frame
and said lifting carriage.

30. The forklift scale of claim 29, further comprising a telemetry device for wirelessly

transmitting digital signals from said load cells to a remote receiver.

22



WO 2009/129440

1/16

PCT/US2009/040917

FIG. 1a

15b




WO 2009/129440

MOUNT

2/16

PCT/US2009/040917

FIG. 1b




WO 2009/129440 PCT/US2009/040917
3/16

15

FIG. 2




WO 2009/129440 PCT/US2009/040917
4/16

P
15h




WO 2009/129440 PCT/US2009/040917
5/16

FIG. 4a

20c
60

FIG. 4b

20b




PCT/US2009/040917

WO 2009/129440

6/16

<9 Y4 Y qse <9
Vj // \
o \
d d
/// \\
wo
usl 0 651
\ 1 1 1 1 1 1 1 1 g
mmN\ 1«__L_L_L_L_L_ ‘Toooo
/ \ *
v
oL 0€ 0¢ /




PCT/US2009/040917

WO 2009/129440

7/16

9 OId

mv/ LI ! LI LI M‘ T LI LI ! H-.\-UﬂmN
L N
oL ©6660. ) ©8688,/ [ h
i = =t/
@@@@@ @m@@@
ou\ \ 8\ cH \ 8 /

egl

114

ol



PCT/US2009/040917

WO 2009/129440

8/16

Q_‘l'

g9

L "9Old

©0806| ‘oo @ |® @
© © o (o} © © o%

@ @ ° [.] o o ° @ @ OOOMVO
©00/00 Y s

/]

qse N LC qsi

3



WO 2009/129440 PCT/US2009/040917
9/16

FIG. 8



WO 2009/129440 PCT/US2009/040917
10/16

FIG. 9



PCT/US2009/040917
11/16

WO 2009/129440

| ___— 25a
| — 45
(27

// _ \
N, 22

/@M-mﬁ% H:WW@WEH : gu

FIG. 10

AN




WO 2009/129440

PCT/US2009/040917
12/16

75

130

135

FIG. 11




WO 2009/129440
13/16

T
(2]
\ Pl
\ |
Y |
_,\ A
/:
g — |
| A==~
| |
,' |
| | [T~
o
o
N

PCT/US2009/040917

15

FIG. 12a



WO 2009/129440
14/16

|
|
R

120
|

|
|
I

\

15

PCT/US2009/040917

FIG. 12b



WO 2009/129440 PCT/US2009/040917
15/16

0
™
o
™

N\

105 90
FIG. 13a




q¢l "Oid

SO0l




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings

