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Description

TECHNICAL FIELD

[0001] The present invention relates to a pivoting load-
bearing assembly including a force sensor arranged to
measure a force in a particular direction, for example, to
measure a clamping force in a load clamp for a lift truck,
such as a carton clamp for use in handling large house-
hold appliances packed in corrugated cardboard cartons,
or a paper roll clamp for handling large paper rolls in
warehouses.
[0002] Lift trucks used for handling goods in warehous-
es may be equipped with specialized load clamping at-
tachments intended to grip various types of loads secure-
ly. A lift truck may have a specialized paper roll clamp or
a carton clamp including a pair of upright generally planar
clamp arm assemblies extending forward from the lift
truck and supporting generally parallel, opposed clamp
pads. The clamp arms of load clamps are movable toward
or away from each other laterally of the lift truck in order
to grip or release a load.
[0003] As for carton clamps, while most cartons or sim-
ilar containers have parallel upright sides, because of the
nature of the goods inside the carton and other packing
material within the outer skin of a carton, while it is gen-
erally desired to provide an even clamp force distribution,
that may be difficult to achieve because of various me-
chanical factors. In some situations, it may be desirable
to provide pressure against the exterior of a carton of a
certain type in an uneven distribution, such as by provid-
ing greater pressure near the bottom of a carton and less-
er pressure near the top of the part of the carton engaged
by the clamp arm assembly. Similarly, it may be desirable
to provide a certain distribution of clamping pressure on
the other types of loads such as paper rolls. For some
loads, such as large tires, it may be important to know
the total force exerted by a load clamp. In these and other
situations, it would be useful to know how much pressure
is actually applied to a load as it is being grasped. While
it has been known to calibrate lift trucks and control force
by controlling hydraulic pressure, it is desired to have an
actual clamping force measurement available during op-
eration.

BACKGROUND ART

[0004] It is desirable for the clamp pad or clamp pads
of a carton clamp to be free to at least a small extent, in
order to accommodate clamp arm deflection and conform
better to the shape of a carton and, to some extent, the
contents of the carton. This capability is addressed in
prior art Ehmann (U.S. Patent Nos. 2,681,162 and
2,684,387), Link (U.S. Patent No. 3,643,827), Farmer
(U.S. Patent No. 4,145,866), and Farmer, et al. (U.S.
Patent Nos. 2,844,403 and 3,145,866), for example,
which disclose clamp pads mounted on carton clamp
arms in ways which allow a small amount of articulation.

[0005] Dosso et al. (U.S. Patent No. 8,517,440) dis-
closes a lift truck clamping attachment for handling car-
tons in which clamping pads are mounted so as to be
adjusted so that the pressure provided by the clamp pads
provides a desired distribution of the clamping pressure
on the packages to be hoisted and transported. <insert
page 2a>
[0006] It is known that strain gauges can be incorpo-
rated in large shackle pins or pivot pins or axles support-
ing, for example, sheaves for load-carrying cables of
cranes, to provide electrical signals representative of a
load to which such a shackle pin or axle is subjected, but
use of such a strain gauge arrangement in a smaller pivot
pin or axle may not be practical, and is quite costly, may
require greater manufacturing precision than is desirable
in the fit of such a pin to a set of bores in which the pin
is to located, and may compromise the strength of the
pivot pin in situations where relatively small forces are to
be used yet are desired to be measured accurately. Ad-
ditionally, such load pins are not well adapted to use in
situations where bending forces in other than the direc-
tion of interest may be applied to such pins.
[0007] It is therefore desired to have a pivoting load-
carrying assembly including an arrangement in which a
force exerted in a particular direction by the load-carrying
assembly can be measured in an isolated manner.

SUMMARY OF INVENTION

[0008] As disclosed herein, a sensing device is provid-
ed in connection with at least one and advantageously
more than one of a plurality of pivoting load-bearing as-
semblies such as clamp pad support assemblies to
measure the force exerted in a particular direction by a
particular clamp pad support assembly. Force values can
be considered as a basis for adjustment of a clamp pad
support assembly or particular ones of a set of them. In
some embodiments of the pivoting load-bearing assem-
bly, an adjustment of a radial distance between a pivot
axis and the attachment of a clamp pad or the like may
be provided.
[0009] As one aspect of the present invention, a mount-
ing assembly for a load-clamping member is provided in
which there is a pivoting support assembly including a
bearing block and a pivot pin extending through the bear-
ing block; a support member arranged to provide support
for the pivoting support assembly in an axial direction
and to transmit a clamping force in a radial clamping-
force direction with respect to the pivot pin; a clamping-
force isolating arrangement in the pivoting support as-
sembly arranged to isolate and transmit clamping force
from the support member to the pivoting support assem-
bly in said clamping-force direction separately from pro-
viding support in the axial direction; and a force sensor
in the pivoting support assembly located so as to meas-
ure the clamping force and arranged to provide a signal
representative of the clamping force.
[0010] EP 2 636 620 A1 discloses an apparatus mount-
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ed on a forklift for moving layers of goods from and onto
pallets. The apparatus features a support frame and a
fixture for mounting the apparatus to a forklift truck. The
apparatus also features clamps for positioning a skirt of
a suction box against the layer and valves for controlling
the vacuum provided by the suction box to the layer.
[0011] As another aspect, there is provided a pivoting
load-bearing assembly including a force-measuring sen-
sor, comprising a pivoting support assembly including a
bearing block and a pivot pin extending through the bear-
ing block; a support member arranged to provide support
for the pivoting support assembly and to transmit force
in a radial direction with respect to the pivot pin to the
pivoting support assembly, the pivoting support assem-
bly being located in a receptacle defined in the support
member and being fastened to the support member by
the pivot pin; a force-isolating arrangement, arranged to
isolate and transmit the force in a radial direction from
the support member to the pivoting support assembly
separately from providing support to the pivoting support
assembly; and a force sensor located in the pivoting sup-
port assembly, between the bearing block and the pivot
pin, so as to measure said force in a radial direction and
to provide a signal representative of the amplitude of that
force.
[0012] Also provided is a load grasping assembly for
a lift truck, comprising a clamp arm adapted to be mount-
ed on a lift truck; a clamp pad; a pivoting clamp pad sup-
port assembly carried by the clamp arm and connected
to and supporting the clamp pad, the clamp pad support
assembly being mounted so as to pivot through a limited
angle with respect to the clamp arm and including a force
sensor mounted in such a way as to sense in isolation a
force exerted by the pivoting clamp pad support assem-
bly in a predetermined direction while the load grasping
assembly grasps a load, and to provide a an electrical
signal representative of a magnitude of the force exerted
in the predetermined direction.
[0013] As yet a further aspect, a method is provided
for adjusting a load grasping assembly for a lift truck
equipped with a load grasping assembly including a
clamp arm, a clamp pad mounted to the clamp arm
through a pivoting clamp pad support assembly, and a
force sensor included in the clamp pad support assembly,
the method comprising providing a test load body having
a predetermined configuration, grasping the test load
body with the load grasping assembly, obtaining a signal
from the force sensor representative of the force exerted
in a predetermined direction by the pivoting clamp pad
support assembly, determining from the signal a magni-
tude of a grasping force exerted in the predetermined
direction by the pivoting clamp pad support assembly
while grasping the test load body, and in response, ad-
justing a clamping force applied by the clamp arm.
[0014] A method is also provided of utilizing signals
from each of a plurality of force sensors in respective
ones of a group of pivoting clamp pad support assemblies
supporting a clamp pad to determine whether the distri-

bution of forces exerted through the pivoting clamp pad
support assemblies is appropriate, and, in response ad-
justing a distance adjustment included in at least one of
the pivoting clamp pad support assemblies and thereby
adjusting the distribution of forces exerted through the
plurality of clamp pad support assemblies to support the
clamp pad.
[0015] The foregoing and other features of the inven-
tion will be more readily understood upon consideration
of the following detailed description of the invention, tak-
en in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 is a side elevational view of a clamp arm as-
sembly for a lift truck, including clamp pads mounted
on the clamp arm assembly with the use of adjustable
pivoting clamp pad support assemblies.

FIG. 2 is a sectional view of one of the adjustable
pivot assemblies included in the clamp arm assem-
bly, taken along line 2-2 in FIG. 1, at an enlarged
scale.

FIG. 3 is a sectional view of the adjustable pivot as-
sembly shown in FIG. 2, taken along line 3-3 in FIG.
1, at an enlarged scale.

FIG. 4 is an exploded isometric view of the clamp
arm and clamp pad assembly shown in FIG. 1, taken
from the upper left front.

FIG. 5 is an exploded isometric view of a portion of
FIG. 4 including one of the adjustable pivoting clamp
pad support assemblies, at an enlarged scale.

FIG. 6 is an exploded isometric view of a bearing
block and associated parts of an adjustable pivoting
clamp pad support assembly such as the ones
shown in FIGS. 1, 3, and 5.

FIG. 7 is a diagrammatical view of a system incor-
porating the adjustable pivoting clamp pad support
assemblies.

FIG. 8 is an isometric view of a clamp assembly and
a test body useful for checking the adjustment of the
pivoting clamp pad support assemblies.

FIG. 9 is an isometric view of a carton clamp assem-
bly together with a set of cams equipped with force
sensors, used to calibrate the force sensors in the
adjustable pivoting clamp pad support assemblies.

FIG. 10 is a perspective view of a layer picker clamp
fork lift attachment incorporating the adjustable
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clamp pad support assemblies, shown grasping a
selected number of layers of a stack of cartons of
canned goods.

FIG. 11 is a perspective view of one clamp arm as-
sembly for a layer picker such as that shown in FIG.
10.

FIG. 12 is an elevational view of the clamp arm as-
sembly shown in FIG. 11.

FIG. 13 is a sectional view taken along line 13-13 of
FIG. 12, showing the locations of adjustable pivoting
clamp pad support assemblies.

FIG. 14 is an exploded isometric view of a portion of
FIG. 4 including an alternative embodiment of one
of the adjustable pivoting clamp pad support assem-
blies, at an enlarged scale.

FIG. 15 is a sectional view of one of the adjustable
pivot assemblies of alternate construction included
in the clamp arm assembly, taken along line 2-2 in
FIG. 1, at an enlarged scale.

FIG. 16 is a perspective view of the bearing block
shown in FIG. 14, showing cavities in which strain
gauges are mounted in the bearing block.

FIG. 17 is a top plan view of the bearing block of FIG.
14.

FIG. 18 is an elevation view of bearing block shown
in FIG. 14.

FIG. 19 is a bottom plan view of the bearing block
shown in FIG. 14

FIG. 20 is a sectional view, taken along line 20-20
in FIG. 18, showing the arrangement of strain gauges
and interconnection with an integrated circuit ar-
ranged to receive information from the strain gauges.

FIG. 21 is a sectional view taken along line 21-21 of
FIG. 17, showing strain gages attached to a surface
of a measurement portion of the bearing block de-
fined by slots in the bearing block and blind cavities
in the sides of the bearing block.

DESCRIPTION OF EMBODIMENTS

[0017] Referring first to FIG. 1 of the drawings, in a
load clamp assembly that includes one embodiment of
the subject matter disclosed herein a carton clamp arm
assembly 10 for a lift truck includes transversely oriented
horizontal members 12 adapted to be attached to a front
of a lift truck (not shown), to permit the clamp arm as-
sembly 10 to move transversely with respect to the lift

truck, so that an opposed pair of such clamp arm assem-
blies 10 can move toward or away from each other to
grip or release a load. Carried on the transverse members
12 is a clamp arm 14 that extends forward from the lift
truck on which the clamp arm assembly 10 is mounted
for use. A load stabilizer 16 is mounted on the outer ends
18 of the clamp arm 14, attached to the outer ends 18
by coaxial pins 20 defining a substantially vertical pivot
axis of a hinge-like connection. The stabilizer 16 thus can
pivot about the coaxial pins 20, to allow for deflection of
the clamp arm 14 or misalignment of a package to be
gripped. The stabilizer 16 may be a substantial steel
member with a generally vertical central trunk portion and
respective sets of multiple horizontal finger-like members
24 extending forwardly and rearwardly from the trunk.
While three finger-like members 24 are shown in each
direction here, there may be two to five finger-like mem-
bers in various applications.
[0018] A load-contact pad, such as a carton clamp pad,
may be a unitary member (not shown) or may, as shown,
have the form of two large generally rectangular and sub-
stantially flat load-contact pad members 28 and 30 of a
split load-contact pad. The load-contact pad members
28 and 30 are carried respectively on the rearwardly-
extending and forwardly-extending finger-like horizontal
members 24 of the load stabilizer 16. Each of the load-
contact or carton clamp pad members 28 and 30 is at-
tached to the load stabilizer 16 by three adjustable piv-
oting clamp pad support assemblies 32, also called ad-
justable pivot assemblies, each of which is mounted with-
in a receptacle 34 defined by a respective one of the
finger-like horizontal members 24. Each of the recepta-
cles 34 may be an opening extending through the re-
spective finger-like portion 24 of the stabilizer 16.
[0019] Referring also to FIGS. 2, 3, and 4, a spring 22
is mounted on one of the finger-like portions 24 of the
load stabilizer 16 and presses against an inner face of
the clamp arm 14, tending to rotate the load stabilizer 16
about the coaxial pins 20, while a pair of stop members
26 mounted on the clamp arm 14 limit angular movement
of the load stabilizer 16 to a slightly toed-out attitude.
[0020] For each of the separate carton clamp pad
members 28 and 30 a pivot axis is defined by respective
pivot pins 36 extending vertically through coaxially
aligned bores 38 in the respective finger-like members
24 supporting the clamp pad 28 or 30 and securing the
respective adjustable pivoting clamp pad support assem-
blies 32 in the receptacles 34.
[0021] As shown best in FIG. 5, each receptacle 34
may include a pair of opposed upper and lower horizontal
bearing faces 40 between which a respective adjustable
pivoting clamp pad support assembly 32 is located, and
the bores 38 for the pivot pins 36 extend through the
bearing faces 40.
[0022] Referring also to FIG. 6, each adjustable pivot-
ing clamp pad support assembly 32 includes a bearing
block 42 defining a pivot pin bore 44 to receive a pivot
pin 36. A pair of threaded bores 46 extends through a
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flat base or inner face 48 of the bearing block 42 in a
direction perpendicular to the axis of the pin bore 44. An
adjustment collar 50, which has external threads and
which may have a portion shaped to be engaged by a
wrench, is threaded into each of the bores 46 as may be
seen in FIG. 2 and acts as a positioning member, as is
described below.
[0023] The pressing, or grasping pressure forces ex-
erted inwardly by the pivoting support assemblies 32 urg-
ing the clamp pads 28 and 30 toward each other are
carried from each finger-like horizontal member 24 of the
clamp arm 14 and transmitted by the bores 38 and the
respective pivot pin 36. The pressing, or clamping, force
is transmitted from each pivot pin 36 to a load tube 52
fitted in the pin bore 44 of the bearing block 42. The load
tube 52 fits snugly but rotatably about the pivot pin 36. A
central portion 56 of the load tube 52 fits within the pin
bore 44 of the bearing block 42 and nearly in contact with
an interior surface of the pin bore 44, and is located and
oriented so as to receive a fastener such as the screw
54 in a small hole 58 that may be provided in the outer
surface of the central portion 56 to keep the load tube 52
in its intended location and orientation in the bearing
block 42. The load tube is still free, however, to move
radially a small distance within the bore 44 as will be
explained presently. Outer end portions 60 of the load
tube 52, extending from the central portion 56 toward the
upper and lower faces 62 of the bearing block 42, are
slightly smaller in exterior diameter 64 than the interior
diameter 66 of the pin bore 44, to provide a radial space
between the end portions 60 and the interior of the pin
bore 44, where the pivot pin 36 and the load tube 52 may
flex under load without bearing on the interior surface of
the pin bore 44. It will be understood that the load tube
52 might instead be of a constant size along its end por-
tions 60 and central portion 56, in which case the interior
diameter of the pin bore 44 surrounding the end portions
60 could be larger to provide radial clearance around the
load tube 52.
[0024] A cavity 70, which may be cylindrical, extends
into the bearing block 42 from the outer face 48 and in-
tersects with the pin bore 44. A central axis of the cavity
70 is oriented in the direction of forces that it is desired
to measure, and the cavity 70 needs to extend deeply
enough so that all the forces exerted in the direction of
interest are carried through the central portion 56 of the
load tube 52 to the plunger 72. At the same time, the
cavity 70 needs to be shallow enough to leave the central
section 56 of the load tube 52 able to receive forces in
directions other than along the central axis of the cavity
70, so that those forces can be carried from the bearing
block 42 to the finger 24 of the load stabilizer 16 or an
equivalent member of a load clamp assembly of another
type.
[0025] A plunger 72 is fitted slidably within the cavity
70 and may have a concave cylindrical inner end surface
74 that fits against and conforms to the shape of the ex-
terior surface of the central part 56 of the load tube 52,

so that inwardly-directed, load-grasping forces of the re-
spective fingerlike member 24 are carried through the
pivot pin 36 and the central part 56 of the load tube 52
and are applied to the plunger 72.
[0026] A force-transmitting outer end 76 of the plunger
72 has a contact surface 78 which may have a concave,
large-radius, spherical shape and which may be sur-
rounded by a shallow rim 80.
[0027] A button-like force-sensing or load cell 82 may
have a centrally located contact portion including a con-
tact face 84 that may have a large radius convex spherical
contact surface that corresponds with the shape of the
contact surface 78, and that rests against and may be
centered on the contact surface 78 of the plunger 72,
while the load cell 82 is held in a central location by the
rim 80. An oppositely-located base surface 86 of the load
cell 82 rests against an interior face of a retainer plate
88 that is fastened to the inner face 48 of the bearing
block 42 by suitable fasteners such as screws 90 extend-
ing through corresponding holes in the retainer plate 88
into respective threaded bores in the inner face 48 of the
bearing block 40. A shim 92 may be provided in an ap-
propriate thickness to establish sufficient space for the
load cell 82, yet assure that the retainer plate 88 has
positive contact with and through the load cell 82, the
plunger 72, and the central part 56 of the load tube 52 to
the interior surface of the pin bore 44, so that forces di-
rected inwardly, in a clamping direction, by the pivot pin
36 are carried in isolation to the bearing block 42 through
the load tube 52, the plunger 72, the load cell 82, and
the retainer plate 88, and can thus be sensed by the load
cell 82. At the same time, however, the plunger 72 is
intended to ensure that only the compressive load-clamp-
ing forces are transmitted to the load cell 82, while forces
in other directions, such as load-lifting vertical forces, are
carried to the bearing surfaces 40 through the upper and
lower faces 62 of the bearing block 42. Thus, the load
cell 82 will measure only forces in the direction in which
the plunger 72 is free to move in the cavity 70.
[0028] The load cell 82 may be a subminiature indus-
trial compression load cell available from various sourc-
es, such as OMEGA Engineering, Inc., of Stamford, Con-
necticut. One acceptable load cell has a diameter 94 of
about 19 mm and a thickness or height 96 of about 6.5
mm and may be obtained in an appropriate capacity, de-
pending upon the clamping force desired to be applied.
A load cell 82 having a capacity of 2230 N, for example,
may be used, or a load cell which has a similar size and
a capacity of, for example, 4450 N may also be used. A
signal conductor 98, including a suitable wire or wires,
extends from the load cell and passes through an opening
1.00 provided through the bearing block 42 to carry an
electrical signal representative of the pressure exerted
on the load cell 82 by the retainer plate 88 and the plunger
72 when the clamp arm assembly 10 is exerting inwardly
directed clamping force upon a load. The signal conduc-
tor 98 for the type of load cell 82 described above, for
example, includes a pair of excitation wires and a pair of
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signal conducting wires.
[0029] A flat spacer plate 104, which may have a shape
similar to that of the outer face 48 of the bearing block
42, defines a pair of bores 106 that are coaxially aligned
with the bores 46 in the bearing block 42. Fasteners such
as flat head screws 108 may be countersunk in and ex-
tend through a supporting plate portion 110 of the clamp
pad 28 or 30, through the bores 106 in the spacer plate
104, and be engaged in threaded bores 112 defined by
the collars 50, holding the spacer plate 104 tightly against
the inner ends 120 of the collars 20. A lock-washer 114
and a self locking nut 116 may be provided on the flat
head screw 108 and tightened against the collar 50 to
retain the screw 108 with the clamp pad 28 or 30 held
tightly against the spacer plate 104 as shown in FIG. 2
and to keep the spacer plate 104 from moving with re-
spect to the collar 50. The spacer plate 104 defines an
opening 118 somewhat larger than the retainer plate 88,
so that the spacer plate 104 can be close to or rest flush
against the face 48 of the bearing block 42, with the re-
tainer plate 88 in the opening 118.
[0030] As shown in FIG. 2, an inner end 120 of the
adjustment collar 50 extends proud of the outer face 48
of the bearing block 42, and keeps the spacer plate 104
an adjustable distance 122 away from the inner face 48
of the bearing block 42. Thus, as shown in FIG. 2, a radial
distance 124 between the axis of the pivot pin 36 and the
support plate 110 of the clamp pad 30 is defined by the
location of the spacer plate 104 against the inner end 120.
[0031] As shown best in FIGS. 2, 3, and 5, and also in
an enlarged, exploded view in FIG. 6, with the adjustable
pivoting clamp pad support assemblies 32 all assembled
as is the one shown in FIG. 2, both of the clamp pad
members 28 and 30 are parallel with the central axes
defined by the pivot pin bores 38 and pin bores 44 and
thus are positioned so as to provide equal pressure along
the entire height of the respective clamp pad 28 or 30
against a vertical side of a carton to be gripped by the
carton clamp. The orientation of, and to some extent the
shape of, each clamp pad 28 or 30 may be changed,
however, by adjusting the clamp pad support assemblies
32 to vary the spacing, that is, the radial distance 124,
between the clamp pad plate portion 110 and the central
axis of the respective pivot pin 36 and pin bore 44, as
shown in FIG. 2. The adjustable support assemblies 32
may be adjusted by loosening the lock nuts 116 and the
screws 108, relieving pressure from the adjustment col-
lars 50. The collars 50 may then be backed out from or
screwed in farther through the threaded bores 46 in the
bearing block 42 toward the spacer plate 104. The inner
end 120 of each collar 50 bears against the spacer plate
104 and establishes a selected position of the adjacent
part of a clamp pad support plate 110 by varying the gap
distance 122 between the spacer plate 104 and the inner
face 48 of the bearing block 42, within a range of available
positions determined by the lengths of the collars 50 and
the resulting distance 122 to which each can be made to
protrude beyond the inner face 48 of the bearing block

42. With the screws 108 tightened, the lock nuts 116 may
be tightened against the lock washers 114 and the de-
pressed face 126 of the respective collar 50. This keeps
the spacer plate 104 positioned tightly against the inner
ends 120 of the collars 50, establishing and maintaining
the gap 122 between the bearing block 42 and the spacer
plate 104, and thus establishes the radial distance 124.
[0032] The signal conductor 98 may be connected
electrically to a system controller 128 of the lift truck
equipped with a clamp arm assembly 10 incorporating
the load-sensing adjustable pivoting support assembly
32, as shown in FIG. 7. In response to receiving signals
from one or more pivoting clamp pad support assemblies
32 representing the force transmitted in a predetermined
direction by each of those one or more pivoting clamp
pad support assemblies 32, the controller 128 may adjust
the amount of hydraulic or other mechanical force applied
to the clamp arm assembly 10 on which the load-sensing
adjustable pivoting clamp pad support assemblies 32 are
mounted.
[0033] In a more general sense, then, a pivoting sup-
port assembly 32, equipped with a load cell and a pivot
pin 36 and a load tube 52 fitting against a plunger carried
so as to be movable radially with respect to the pivot pin,
in the direction in which an applied force is desired to be
measured, and wherein the pivot pin has radial clearance
to allow some flexure of its end portions adjacent to the
central portion, permits accurate measurement of forces
actually exerted in the direction of interest in pivoting
force-applying mechanisms where the pivot pins are too
small to incorporate a strain gauge arrangement safely
or economically.
[0034] The adjustable pivoting support assembly 32
has been described above with respect to its use in a
load clamp assembly 10 in the form of a carton clamp
arm assembly 10, as shown in FIG. 10. The adjustable
pivoting support assembly 32 may also be used in other
applications where it is desired to measure in isolation
the forces exerted in a particular direction, such as a ra-
dial direction relative to a pivot shaft, as in other types of
load grasping clamp equipment such as, for example, a
layer picker clamp assembly.
[0035] As shown schematically in FIG. 7, information
such as an electrical signal from each of the load cells
82 is transmitted by the signal conductors 98 to the cen-
tral controller 128 that can utilize or give an indication of
the force exerted at a particular time by each pivoting
clamp pad support assembly 32, and a closed loop feed-
back system can use the value of the clamping force as
thus measured to provide the desired amount of clamping
force to handle the load to be grasped. An operator input
and display unit 130 may be associated with the controller
128. The controller 128 may control a hydraulic fluid
pump and valving system 132 connected operatively to
hydraulic rams 134 incorporated in the clamp arm as-
sembly 10. Alternatively, other types of motors such as
pneumatic cylinder and piston assemblies or electric mo-
tors and appropriate power sources may be used instead
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of a hydraulic system.
[0036] As illustrated in FIG. 8, a clamp arm assembly
10 may be tested or checked routinely by having a test
body 136 of known dimensions and rigid construction
and clamping it with a predetermined total clamping force
exerted by the clamp arm assembly 10. The force sensed
by the load cell 82 of each of the several pivoting clamp
pad support assemblies 32 is transmitted to the central
controller 128. This allows the distribution of forces ex-
erted by the several pivoting clamp pad support assem-
blies 32 to be evaluated. If it is observed that clamping
forces are not distributed as desired, as when one of a
related pair or group of the pivoting clamp pad support
assemblies 32 is exerting too great a load, the collar
members 50 may be backed out through the bearing
block 42 of that one of the pivoting clamp pad support
assemblies 32 after loosening the associated lock nut
116, allowing the related portion of the clamp pad 28 or
30 to move back or protrude less.
[0037] Especially where a lift truck is to be used to
clamp loads that are of a routinely consistent configura-
tion, the adjustable pivoting support assemblies 32 de-
scribed above provide force measurement during actual
clamp assembly operation that can allow the load grasp-
ing mechanism to be adjusted to provide optimum pres-
sures distributed as desired along the surface of the loads
to be grasped and lifted.
[0038] A set of hydraulic rams 140, each equipped with
a force sensor (not shown) may be used between the
clamp arms 14 of the clamp assembly 10, with each ram
140 aligned with one of the pivoting clamp pad support
assemblies 32, as shown in FIG. 9, to calibrate the load
cells 82.
[0039] It may be important to have an actual force
measurement available in other related mechanisms in
order to prevent overloading a clamp arm of a forklift unit.
The force measurement may be used to determine that
forklift arms are not overloaded by their use to lift and
move large, heavy loads.
[0040] With some modifications, the pivoting support
assembly 32 can be used to measure forces applied be-
tween a load and load engagement surface of many types
of forklift attachments. It can be used to balance clamping
forces applied to a load, to limit forces applied to a load,
to selectively distribute forces applied to a load, to warn
of excessive forces, to sum several forces applied to de-
termine the total of applied forces, or even to sum forces
on different load-engaging surfaces and applied in differ-
ent directions.
[0041] For example, in tire-handling lift truck attach-
ments intended to lift and rotate large wheels and to
mount such wheels on large machines such as earth-
moving equipment, pivoting clamp pad support assem-
blies 32 including load cells 82 can be used to ensure
that a tire handling clamp is not subjected to excessive
forces by increasing the inflation pressure in a tire being
held in such a tire handling attachment.
[0042] As another example, it may be desirable to have

an accurate representation of clamping forces applied
by other load handling mechanisms such as a layer picker
forklift attachment 144 as shown in FIG. 10, where it is
important to have sufficient force to grasp the load and
it is also important not to use too much force.
[0043] As shown in FIGS. 11, 12, and 13, a clamp arm
assembly 148 included in such a layer picker attachment
144 may have a pair of horizontal motors 150 such as
hydraulic rams to move a pair of vertical legs 152, to
which a clamp pad 154 is attached by a pair of pivoting
clamp pad support assemblies 32 supported on and free
to pivot about a horizontal pivot shaft 156 extending be-
tween the legs 152. Load cells 82 in the pivoting clamp
pad support assemblies 32 can be used in a manner
similar to that described above to ensure that sufficient
but not excessive forces are applied to a load such as a
layer of cases of soft drink cans as shown in FIG. 10.
[0044] Referring to FIGS. 14, 15, 16, 17, 18, and 19,
in another embodiment of the pivoting load bearing as-
sembly with force sensors, the pressing or clamping forc-
es urging the clamp pads 28 and 30 toward each other
is determined by measuring the resulting strain in the
bearing blocks of the adjustable pivoting clamp pad sup-
port assembly 32. The bearing block 200 defines an elon-
gate rectangular base beam 202. A pair of threaded bores
46, one proximate each end of the base beam 202, ex-
tends through the base beam and normal to an inner face
208 of the bearing block. The bearing block 200 also
defines a pivot pin bore 204 preferably located midway
between the threaded bores 46 in the base beam 202
and having a longitudinal axis normal to a longitudinal
axis 206 of the base beam. The pivot pin bore 204 re-
ceives a pivot pin 36 to pivotally secure the bearing block
200 to the finger-like member 24 of the stabilizer 16.
[0045] Located between the threaded bores 46 and
the pivot pin bore 204 are pairs of coaxial blind sensor
cavities 216, 218, and 220, 222 extending from opposing
sides of the base beam 202 toward the longitudinal cen-
tral axis 206 of the base beam, in a direction generally
parallel to the pivot pin bore 204. In addition, referring
also to FIGS. 20 and 21, the base beam 202 of the bearing
block 204 defines a pair of laterally extending elongate
slots 224, 226 each coaxial with one of the pairs of coaxial
sensor cavities 216, 218 and 220, 222. The ends 230 of
the slots 224, 226 and the ends of the blind sensor cav-
ities 216, 218, 220, 222 define opposing sides of plural
measurement portions 232 of the base beam 20 having
substantially smaller cross-sections and moments of in-
ertia than adjacent portions of the base beam. Strain
gauge assemblies 240 for measuring the strain in the
measurement portions 232 are preferably attached to the
surfaces at the ends of the respective blind sensor cav-
ities 216, 218, 220, 222.
[0046] The inner face 208 of the pivot block 200 pref-
erably includes a relieved portion 210 located midway
between the ends to the base beam 202 to receive a
circuit board 212. A blind central cavity 214 which may
be cylindrical preferably extends into the bearing block
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200 in a direction perpendicular to the axis of the pivot
pin bore 204 from approximately the center of the relieved
portion 210 of the inner face 208 of the bearing block.
Preferably, the bearing block 200 also defines a passage-
way 242 connecting an end portion of the base beam to
the central cavity 214 to enable connection of a signal
conductor 98 to the circuit board 212 in the relieved por-
tion 210 of the inner face 208 and plural passageways
244 connecting the central cavity to the respective ones
of the sensor cavities 216, 218, 220, 222 to enable leads
246 of the strain gauge assemblies 240 to be connected
to the centrally located circuit board.
[0047] As illustrated in FIG. 15 and described above,
an adjustment collar 50, having external threads, and a
threaded bore 112 and which may have a portion shaped
to be engaged by a wrench, is threaded into each of the
bores 46. The threaded ends of the adjustment collars
50 bear on a spacer plate 250 having a pair of bores 252
coaxially aligned with the bores 46 in the bearing block
200. Fasteners 108 engaging and passing through the
supporting plate 110 for the clamp pad 28 or 30 extend
through the bores 252 in the spacer plate 250 and are
threaded into the threaded bores 112 of the collars 50.
The fasteners 108 secure the clamp pads 28, 30 to the
bearing block and clamp the spacer plate 250 between
the supporting plate 110 and the ends of the adjustment
collars 50. A nut 116 and a washer 114 lock each of the
fasteners 108 in the threaded bore 112 of the respective
adjustment collar 50. The inner ends 120 of the adjust-
ment collars 50 extend proud of the inner face 208 of the
bearing block 200 maintaining a gap 254 between the
inner face 208 of the bearing block 200 and the spacer
plate 250. As described in detail above, the orientation
and, to some extent, the shape of each clamp pad 28 or
30 may be changed by rotating the adjustment collars 50
of the clamp pad support assemblies 32 to vary the width
and or shape of the gap 254 between the spacer plate
250 and the fingerlike member 24 of the clamp’s stabilizer
16.
[0048] The pressing or clamping force exerted on the
carton or other clamped load by the clamp pads 28, 30
is transmitted from each finger-like member 24 to the
respective pivot pin 36 in the pivot pin bore 204 at the
center of the base beam 202 of the respective bearing
block 200. The base beam 202 transmits the clamping
force, through the adjustment collars 50, to the spacer
plate 250, the clamp pad supporting plate 110 and the
clamp pad 28 or 30 where it is resisted by the clamped
load. The base beam 202 is substantially a centrally load-
ed simply supported beam of varying cross-sections and
moments of inertia. Since the cross-sections and mo-
ments of inertia of the measurement portions 232 are
substantially less than the cross-sections and moments
of inertia of the adjacent portions of the base beam 202,
the highest stresses and measurable strains are experi-
enced by the measurement portions when the center of
the pivot block is deflected toward the clamp pad 28, 30
by the pivot pin 36. The strain produced by the bending

is sensed by the strain gauge assemblies 240 attached
to the walls of the measurement portions 232. Preferably,
the strain gauge assemblies comprise plural strain gaug-
es such as a gauge rosette typically comprising two,
three, or four strain gauges with relative orientations of
30°, 45°, 60°, or 90°. Three gauge rosettes with two gaug-
es oriented normal to each other and the third gauge
oriented at 45° are common and enable the measured
strains to be resolved for the principal strains and their
directions. The outputs of the strain gauge assemblies
240 attached to the pivot bearing block 200 are preferably
input to an integrated circuit (IC) 260 attached to the cir-
cuit board 212. The IC 260 preferably resolves the strains
sensed by the plural strain gauges to isolate the bending
strain induced by the pivot pin 36 in the measurement
portions of the bearing block 200 and preferably amplifies
an analog output signal representing and, preferably,
proportional to the clamping force applied to the load. As
illustrated in FIG. 7, the output signal from the various
load cells, comprising the measurement portions 232 of
the bearing blocks 200, the strain gauge assemblies 240
and the ICs 260, is transmitted via the signal conductors
98 to a central controller 128 which can indicate the force
exerted by each pivoting clamp pad assembly 72 or which
utilize the signal in a feedback system to control the
clamping force applied to the clamped load.
[0049] The terms and expressions which have been
employed in the foregoing specification are used therein
as terms of description and not of limitation, and there is
no intention, in the use of such terms and expressions,
of excluding equivalents of the features shown and de-
scribed or portions thereof, it being recognized that the
scope of the invention is defined and limited only by the
claims which follow.

Claims

1. A mounting assembly for a load-clamping member
of a lift truck, comprising:

(a) a pivoting support assembly (32) including a
bearing block (42, 200) and a pivot pin (36) ex-
tending through the bearing block (42, 200);
(b) a support member (24) arranged to provide
support for the pivoting support assembly (32)
in an axial direction with respect to the pivot pin
(36) and to transmit a clamping force to the piv-
oting support assembly (32), in a radial clamp-
ing-force direction with respect to the pivot pin
(36); and
characterized by
(c) a force sensor (82, 240) in the pivoting sup-
port assembly (32) located so as to measure a
clamping force exerted through the bearing
block (42, 200) by the pivot pin (36), the force
sensor (82, 240) being arranged to provide a
signal representative of the clamping force.
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2. The mounting assembly of claim 1 further comprising
a clamping-force isolating arrangement (224, 226,
260) in the pivoting support assembly (32) arranged
to isolate and transmit clamping force from the sup-
port member (24) to the pivoting support assembly
(32) in said clamping-force direction separately from
providing support to the pivoting support assembly
(32) in said axial direction with respect to the pivot
pin (36).

3. The mounting assembly of claim 2, wherein said
clamping-force isolating arrangement (224, 226,
260) includes a load tube (52) fitted on and surround-
ing said pivot pin (36) within said bearing block (42,
200), the load tube (52) having a central portion (56)
fitting in a pivot pin bore (44) defined in said bearing
block (42, 200) and a pair of opposite end portions
(60) extending from said central portion (56) and hav-
ing radial clearance within the pivot pin bore (44),
and wherein said force sensor (82, 240) is located
and retained within a cavity (70) defined in the bear-
ing block (42, 200).

4. The mounting assembly of claim 3 including a plung-
er (72) located in said cavity (70), between said cen-
tral portion (56) of said load tube (52) and said force
sensor (82, 240), and wherein said plunger (72) is
shaped to fit within a portion of said cavity (70) in
which translational movement of said plunger (72)
is limited to movement in said radial clamping-force
direction, whereby force exerted on said pivot pin
(36) in said direction is carried by said plunger (72)
from said central portion (56) of said load tube (52)
in said radial clamping-force direction to said force
sensor (82, 240) and therein through said force sen-
sor (82, 240) to said bearing block (42, 200) so as
to urge said bearing block (42, 200) in said radial
clamping-force direction.

5. The mounting assembly of claim 3 further including
a retainer member (88) holding said force sensor
(82, 240) in said cavity (70) and close enough to said
central portion (56) of said load tube (52) that force
of at least a minimum amount exerted by said pivot
pin (36) in said radial clamping-force direction is
transmitted through said force sensor (82, 240).

6. The mounting assembly of claim 1, wherein the piv-
oting support assembly (32) is located in a receptacle
(34) defined in the support member (24) and is fas-
tened to the support member (24) by the pivot pin
(36), and wherein the pivot pin (36) is held by the
support member (24).

7. The mounting assembly of claim 1, wherein the force
sensor (82, 240) comprises a strain gauge (240) ar-
ranged to output a signal representing a magnitude
of a strain induced in the bearing block (42, 200) by

the pivot pin (36).

8. The mounting assembly of claim 1, wherein the bear-
ing block (42, 200) comprises a base beam (202)
including a first portion defining a first cross-section
and a second portion (232) defining a second cross-
section, said second cross-section having a lesser
moment of inertia than a moment of inertia of the first
portion.

9. The mounting assembly of claim 8, wherein the force
sensor (82, 240) comprises a strain gauge (240) ar-
ranged to output a signal representing a magnitude
of a strain induced by the pivot pin (36) in the second
portion (232) of the base beam (202) of the bearing
block (42, 200).

10. The mounting assembly of claim 9, wherein the force
sensor (82, 240) further comprises an electrical cir-
cuit to resolve the signal from the strain gauge (240)
to isolate the strain induced in the second portion
(232) of the base beam (202) by the pivot pin (36)
and output a signal representing the clamping force
exerted by the pivot pin (36) on the bearing block
(42, 200).

Patentansprüche

1. Montagebaugruppe für ein Lastklemmelement eines
Gabelstaplers, umfassend:

(a) eine schwenkbare Stützbaugruppe (32), die
einen Lagerblock (42, 200) und einen Gelenk-
bolzen (36), der sich durch den Lagerblock (42,
200) hindurch erstreckt, beinhaltet;
(b) ein Stützelement (24), das angeordnet ist,
um eine Stütze für die schwenkbare Stützbau-
gruppe (32) in einer axialen Richtung bezüglich
des Gelenkbolzens (36) bereitzustellen und um
eine Klemmkraft an die schwenkbare Stützbau-
gruppe (32) in einer radialen Klemmkraftrich-
tung bezüglich des Gelenkbolzens (36) zu über-
tragen; und
dadurch gekennzeichnet, dass
(c) sich ein Kraftsensor (82, 240) in der
schwenkbaren Stützbaugruppe (32) befindet,
um eine Klemmkraft zu messen, die durch den
Lagerblock (42, 200) hindurch von dem Gelenk-
bolzen (36) ausgeübt wird, wobei der Kraftsen-
sor (82, 240) angeordnet ist, um ein Signal be-
reitzustellen, das die Klemmkraft darstellt.

2. Montagebaugruppe nach Anspruch 1, weiter umfas-
send eine Klemmkraft isolierende Anordnung (224,
226, 260) in der schwenkbaren Stützbaugruppe
(32), die angeordnet ist, um eine Klemmkraft von
dem Stützelement (24) auf die schwenkbare Stütz-
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baugruppe (32) in der Klemmkraftrichtung, geson-
dert von der Bereitstellung einer Stütze an die
schwenkbare Stützbaugruppe (32) in der axialen
Richtung bezüglich des Gelenkbolzens (36), zu iso-
lieren und zu übertragen.

3. Montagebaugruppe nach Anspruch 2, wobei die
Klemmkraft isolierende Anordnung (224, 226, 260)
ein Lastrohr (52) beinhaltet, das an dem Gelenkbol-
zen (36) innerhalb des Lagerblocks (42, 200) ange-
baut ist und diesen umgibt, wobei das Lastrohr (52)
einen zentralen Abschnitt (56) aufweist, der in eine
Gelenkbolzenbohrung (44) passt, die in dem Lager-
block (42, 200) definiert ist, und ein Paar von entge-
gengesetzten Endabschnitten (60), die sich von dem
zentralen Abschnitt (56) erstrecken und einen radi-
alen Abstand innerhalb der Gelenkbolzenbohrung
(44) aufweisen, und wobei sich der Kraftsensor (82,
240) innerhalb eines Hohlraums (70), der in dem La-
gerblock (42, 200) definiert ist, befindet und zurück-
gehalten ist.

4. Montagebaugruppe nach Anspruch 3, die einen Kol-
ben (72) beinhaltet, der sich in dem Hohlraum (70)
zwischen dem zentralen Abschnitt (56) des Last-
rohrs (52) und dem Kraftsensor (82, 240) befindet,
und wobei der Kolben (72) geformt ist, um innerhalb
eines Abschnitts des Hohlraums (70) zu passen, in
dem eine translatorische Bewegung des Kolbens
(72) auf eine Bewegung in der radialen Klemm-
kraftrichtung begrenzt ist, wobei die auf den Gelenk-
bolzen (36) in dieser Richtung ausgeübte Kraft durch
den Kolben (72) von dem zentralen Abschnitt (56)
des Lastrohrs (52) in der radialen Klemmkraftrich-
tung an den Kraftsensor (82, 240) und somit durch
den Kraftsensor (82, 240) an den Lagerblock (42,
200) derart getragen wird, um den Lagerblock (42,
200) in die radiale Klemmkraftrichtung zu drängen.

5. Montagebaugruppe nach Anspruch 3, die weiter ein
Rückhalteelement (88) beinhaltet, das den Kraftsen-
sor (82, 240) in dem Hohlraum (70) und nahe genug
des zentralen Abschnitts (56) des Lastrohrs (52) hält,
wobei diese Kraft von wenigstens einer Mindest-
menge, die durch den Gelenkbolzen (36) in der ra-
dialen Klemmkraftrichtung ausgeübt wird, durch den
Kraftsensor (82, 240) übertragen wird.

6. Montagebaugruppe nach Anspruch 1, wobei sich die
schwenkbare Stützbaugruppe (32) in einem Behäl-
ter (34) befindet, der in dem Stützelement (24) defi-
niert und durch den Gelenkbolzen (36) an dem Stüt-
zelement (24) befestigt ist, und wobei der Gelenk-
bolzen (36) von dem Stützelement (24) gehalten
wird.

7. Montagebaugruppe nach Anspruch 1, wobei der
Kraftsensor (82, 240) einen Dehnungsmessstreifen

(240) umfasst, der angeordnet ist, um ein Signal aus-
zugeben, das eine Größenordnung einer Dehnung
darstellt, die in dem Lagerblock (42, 200) durch den
Gelenkbolzen (36) erzeugt wird.

8. Montagebaugruppe nach Anspruch 1, wobei der La-
gerblock (42, 200) einen Grundträger (202) umfasst,
der einen ersten Abschnitt, der einen ersten Quer-
schnitt definiert, und einen zweiten Abschnitt (232),
der einen zweiten Querschnitt definiert, beinhaltet,
wobei der Querschnitt ein geringeres Trägheitsmo-
ment aufweist, als ein Trägheitsmoment des ersten
Abschnitts.

9. Montagebaugruppe nach Anspruch 8, wobei der
Kraftsensor (82, 240) einen Dehnungsmessstreifen
(240) umfasst, der angeordnet ist, um ein Signal aus-
zugeben, das eine Größenordnung einer Dehnung
darstellt, die durch den Gelenkbolzen (36) in dem
zweiten Abschnitt (232) des Grundträgers (202) des
Lagerblocks (42, 200) erzeugt wird.

10. Montagebaugruppe nach Anspruch 9, wobei der
Kraftsensor (82, 240) weiter einen elektrischen
Schaltkreis umfasst, um das Signal von dem Deh-
nungsmessstreifen (240) zu lösen, um die in dem
zweiten Abschnitt (232) des Grundträgers (202)
durch den Gelenkbolzen (36) erzeugte Dehnung zu
isolieren und ein Signal auszugeben, das die von
dem Gelenkbolzen (36) auf den Lagerblock (42, 200)
ausgeübte Klemmkraft darstellt.

Revendications

1. Ensemble de montage pour un élément de serrage
de charge d’un chariot élévateur, comprenant :

a) un ensemble de support pivotant (32) incluant
un bloc d’appui (42, 200) et un axe de pivote-
ment (36) s’étendant à travers le bloc d’appui
(42, 200) ;
b) un élément de support (24) agencé pour four-
nir un support pour l’ensemble de support pivo-
tant (32) dans une direction axiale par rapport à
l’axe de pivotement (36) et pour transmettre une
force de serrage à l’ensemble de support pivo-
tant (32), dans une direction de force de serrage
radiale par rapport à l’axe de pivotement (36) ; et
caractérisé par
c) un capteur de force (82, 240) dans l’ensemble
de support pivotant (32) situé de façon à mesu-
rer une force de serrage exercée à travers le
bloc d’appui (42, 200) par l’axe de pivotement
(36), le capteur de force (82, 240) étant agencé
pour fournir un signal représentant la force de
serrage.

17 18 



EP 3 140 239 B1

11

5

10

15

20

25

30

35

40

45

50

55

2. Ensemble de montage selon la revendication 1 com-
prenant en outre un agencement d’isolation de force
de serrage (224, 226, 260) dans l’ensemble de sup-
port pivotant (32) agencé pour isoler et transmettre
une force de serrage de l’élément de support (24) à
l’ensemble de support pivotant (32) dans ladite di-
rection de force de serrage séparément de la four-
niture de support à l’ensemble de support pivotant
(32) dans ladite direction axiale par rapport à l’axe
de pivotement (36).

3. Ensemble de montage selon la revendication 2, dans
lequel ledit agencement d’isolation de force de ser-
rage (224, 226, 260) inclut un tube de charge (52)
ajusté sur et entourant ledit axe de pivotement (36)
à l’intérieur dudit bloc d’appui (42, 200), le tube de
charge (52) ayant une portion centrale (56) s’ajustant
dans un alésage d’axe de pivotement (44) défini
dans ledit bloc d’appui (42, 200) et une paire de por-
tions d’extrémité opposées (60) s’étendant de ladite
portion centrale (56) et ayant un jeu radial à l’intérieur
de l’alésage d’axe de pivotement (44), et dans lequel
ledit capteur de force (82, 240) est situé et retenu à
l’intérieur d’une cavité (70) définie dans le bloc d’ap-
pui (42, 200).

4. Ensemble de montage selon la revendication 3 in-
cluant un piston (72) situé dans ladite cavité (70),
entre ladite portion centrale (56) dudit tube de charge
(52) et ledit capteur de force (82, 240), et dans lequel
ledit piston (72) est formé pour s’ajuster à l’intérieur
d’une portion de ladite cavité (70) dans laquelle le
mouvement de translation dudit piston (72) est limité
au mouvement dans ladite direction de force de ser-
rage radiale, selon lequel la force exercée sur ledit
axe de pivotement (36) dans ladite direction est por-
tée par ledit piston (72) de ladite portion centrale (56)
dudit tube de charge (52) dans ladite direction de
force de serrage radiale audit capteur de force (82,
240) et à l’intérieur à travers ledit capteur de force
(82, 240) audit bloc d’appui (42, 200) de façon à for-
cer ledit bloc d’appui (42, 200) dans ladite direction
de force de serrage radiale.

5. Ensemble de montage selon la revendication 3 in-
cluant en outre un élément de retenue (88) retenant
ledit capteur de force (82, 240) dans ladite cavité
(70) et assez proche de ladite portion centrale (56)
dudit tube de charge (52) cette force d’au moins une
quantité minimum exercée par ledit axe de pivote-
ment (36) dans ladite direction de force de serrage
radiale est transmise à travers ledit capteur de force
(82, 240).

6. Ensemble de montage selon la revendication 1, dans
lequel l’ensemble de support pivotant (32) est situé
dans un réceptacle (34) défini dans l’élément de sup-
port (24) et est fixé à l’élément de support (24) par

l’axe de pivotement (36), et dans lequel l’axe de pi-
votement (36) est retenu par élément de support
(24).

7. Ensemble de montage selon la revendication 1, dans
lequel le capteur de force (82, 240) comprend une
jauge de contrainte (240) agencée pour émettre un
signal représentant une amplitude d’une contrainte
induite dans le bloc d’appui (42, 200) par l’axe de
pivotement (36).

8. Ensemble de montage selon la revendication 1, dans
lequel le bloc d’appui (42, 200) comprend une poutre
de base (202) incluant une première portion définis-
sant une première section transversale et une
deuxième portion (232) définissant une deuxième
section transversale, ladite deuxième section trans-
versale ayant un moment d’inertie inférieur à un mo-
ment d’inertie de la première portion.

9. Ensemble de montage selon la revendication 8, dans
lequel le capteur de force (82, 240) comprend une
jauge de contrainte (240) agencée pour émettre un
signal représentant une amplitude d’une contrainte
induite par l’axe de pivotement (36) dans la deuxiè-
me portion (232) de la poutre de base (202) du bloc
d’appui (42, 200).

10. Ensemble de montage selon la revendication 9, dans
lequel le capteur de force (82, 240) comprend en
outre un circuit électrique pour résoudre le signal de
la jauge de contrainte (240) pour isoler la contrainte
induite dans la deuxième portion (232) de la poutre
de base (202) par l’axe de pivotement (36) et émettre
un signal représentant la force de serrage exercée
par l’axe de pivotement (36) sur le bloc d’appui (42,
200).
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