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TELESCOPING LOADER LIFT ARM

BACKGROUND OF THE INVENTION

[0001] The present application is based on and claims the
benefit of U.S. provisional patent application Serial No.
60/355,209, filed Feb. 8, 2002, the content of which is
hereby incorporated by reference in its entirety.

[0002] The present invention relates to telescoping lift
arms that may be used for loader arms, either in pairs or as
an individual, single boom, and which have a bell shaped
cross section that permits an inner lift arm to slide or
telescope relative to an outer lift arm and to be guided along
linear bearings. The clearance of guide surfaces between
inner lift arm and outer lift arm can be changed to adjust for
wear without disassembly and replacement of the linear
bearings.

[0003] Telescoping lift arms have been well known, and
used in various applications, including front end loaders,
crane booms, and the like. Various lift arm cross sections
have been used for the telescoping lift arms, but the ability
to adjust the fit or wear surface clearance of the sliding
bearings or wear pads used after the bearings have fully
seated, or have become worn, has been difficult. Replace-
ment of bearings is usually necessary from time to time
during use. This results in down time of the equipment, as
well as extra expense for maintenance.

[0004] Rollers have been utilized for supporting the inner
lift arm section, but rollers also become worn and are
difficult to adjust.

SUMMARY OF THE INVENTION

[0005] The present invention relates to a telescoping lift
arm assembly having inner and outer lift arm sections that
are channel shaped and are formed so the inner section
slidably nests in the outer section. The sliding arm channel
have cross sections that flare out along the lower side edges.
The lift arms thus have essentially “bell shaped” cross
sections. The lower side of the inner telescoping lift arm is
closed to form a tube that is supported relative to the lower
edge portions of the outer lift arm sections only. There is
clearance between the lift arm tubes at the top of the inner
sections.

[0006] The flared lower wall portions of the inner lift arm
tube have outer surfaces that are supported through linear
bearings on complementary shaped inner surface portions of
the outer lift arm section. The inner lift arm section is closed
with a generally flat or planar bottom plate that is fixed in
place and supported on an outer adjustable, and preferably
removable lower plate forming the bottom wall of the outer
lift arm tube.

[0007] The removable bottom plate of the outer lift arm
tube can be adjustably clamped in place, with low coefficient
linear bearing or wear pads between the bottom plates of the
inner and outer lift arm tubes, and between the flared lower
edge portions of the lift arm tubes. The linear bearings
provide low friction, non binding support. The bottom plate
of the outer lift arm tube will be moved toward the inner tube
as it is tightened in place. Shims are used to positively
position the outer lift arm bottom plate and permit tightening
the adjusting bolts without directly affecting the load on the
linear bearings.
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[0008] The clearances of the linear bearings that are
between guide surfaces of the inner and outer lift arm tubes
can be adjusted. The adjustment of the bottom plate of the
outer lift arm section can be made to compensate for wear
on the linear bearings or wear pads.

[0009] The removable bottom plate or wall of the outer lift
arm tube also makes assembly of the two nesting arm tubes
easy, as well as permitting easy installation, adjustment and
replacement of the linear bearings or wear pads. The outer
adjustable and removable bottom plate permits the inner lift
arm tube to be slipped up into the open bottom of the outer
lift arm tube, and with the linear bearings also installed, the
bottom plate is put into place and adjusted, preferably with
shims, to provide the appropriate loading of the linear
bearings between the two telescoping lift arm tubes.

[0010] The bottom plate wall may have notches on its
edges, the side walls of the outer lift arm have inturned tabs
that fit into the notches to positively position the bottom
plate in longitudinal directin and to prevent it from moving
with the inner lift arm when the inner lift arm tube tele-
scopes.

[0011] The extension and retraction of the inner lift arm
tube is done in a conventional manner with a double acting
hydraulic cylinder connected between the two telescoping
tubes and positioned within the lift arm tubes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic side elevational view of a
typical skid steer loader having a telescoping loader arm
boom made according to the present invention, with parts
broken away;

[0013] FIG. 2 is an exploded perspective view of a pair of
a lift arm assembly of the present invention;

[0014] FIG. 3 is a top plan view of the lift arm assembly
of lift arm of the present invention;

[0015] FIG. 4 is a sectional view of a first cross sectional
shape of the lift arm taken on lines 4-4 in FIG. 1;

[0016] FIG. 5 is a cross sectional view taken on line 3-3,
but showing a modified cross sectional shape for the lift arm;

[0017] FIG. 6 is a cross sectional view of a modified lift
arm;

[0018] FIG. 7 is a fragmentary perspective view of the left
lift arm, showing an outer end of an outer boom tube or
housing shown in FIG. 6; and

[0019] FIG. 8 is a cross sectional view of a lift arm of a
still further modified form.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] FIG. 1 is a schematic representation of the skid
steer loader indicated at 10 that has a frame 12, and drive
wheels 14 for propelling the loader across the ground. Frame
12 supports an operator’s cab 16, and an engine compart-
ment 18 for housing the engine (not shown). The frame 12
also includes boom support plates or frame members 20 on
which a telescoping lift arm assembly 22 is pivotally
mounted on pivots 36. The lift arm assembly 22 comprises
individual lift arms 24 and 26, one pivoted on each of the
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opposite sides of the skid steer loader. The two lift arms are
identical except that one is on the right hand side and the
other is on the left hand side.

[0021] The lift arm assembly 22 is made up of individual
inner lift arm tube 42 held in an outer, complentory shaped
outer arm tube 40. The inner tubes 42 are held together with
a suitable cross member 28 at the forward ends of the inner
lift arm tubes or sections 42. The outer end of lift arm
assembly 22 is raised and lowered by pivoting the lift arm
assembly about the pivots 36 with hydraulic cylinders 30
that have base end pivots 32 connected to the vehicle frame,
and rod ends connected at pivots 34 to the lift arms 24 and
26. The actuators 30 are controlled in a conventional manner
using suitable valves in the hydraulic system of the skid steer
loader.

[0022] The telescoping lift arms 24 and 26 are identical in
cross section and the telescoping lift arm 24 will be shown
in most detail. Each of the telescoping tubular lift arms
includes the main outer lift arm tube or housing 40 and the
telescoping inner lift arm tubes 42. The inner lift arm tubes
42 telescope relative to the outer lift arm tubes 40 as an inner
assembly 29. The lift arm tube 42’s fit inside the outer lift
arm tubes 40 and slide longitudinally relative thereto. The
assembly 29 of the inner lift arm tubes is moved as a unit
through the use of double acting hydraulic actuators 44 in a
conventional manner. The hydraulic actuators 44 in FIGS. 1
and 2 are merely representative of the types of actuators that
can be used for telescoping movement of the inner lift arm
tubes.

[0023] As shown, the base ends of actuators 44 are
mounted to the outer lift arm housings or tubes on pins 44A,
so that the actuators 44 pivot up and down with the outer lift
arm tubes 40. Each actuator 44 has a rod end pivotally
connected with pins 48 to the inner lift arm tubes 42 so that
upon extending and retracting the actuators or cylinders 44
with a suitable valve 45, the inner lift arm tubes 42 can be
extended and retracted as desired. The inner lift arm tube
assembly 29, as shown, has a tool or accessory attachment
connection plate 52 at its outer or forward ends. Depending
side frames 53 that are fixed to the inner lift arm tubes 42 and
the frames are connected with a cross member 28. The
attachment plate is pivotally mounted to the lower ends of
the side frame 53 and controlled with control cylinders S3A.
Also note that the cross member 28 can be used for mount-
ing a hydraulic valve.

[0024] The cross sections of the outer lift arm tubes or
housings and the inner telescoping tube lift arm tubes of the
present invention provide several advantages, including the
ability for quick adjustment for wear and also for ease of
assembly. In FIG. 4, one lift arm 24 of the assembly 22 is
illustrated in cross section. The outer lift arm housing 40, as
shown, forms an interior chamber 56, in which the inner lift
arm tube 42 is housed for telescoping. A part cylindrical
upper portion 54 of outer lift arm tube 40 joins planar
spaced, parallel side walls 58 on opposite sides of the inner
lift arm tube 40. The walls 58 have lower flared out guide
panels 60 that extend laterally outwardly from a central
bisecting plane 62, on both sides of the outer lift arm tube
40 to provide support surfaces 60A on the inside of the flared
out guide panels 60. The guide panels 60 then join down-
wardly extending flanges 64, the planes of which are parallel
to walls 58 and plane 62 and perpendicular relative to a
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plane 68 that is perpendicular to the plane 62. As can be seen
in FIGS. 1, 2 and 3, the guide panels 60 extend from the
front of the outer lift arm tubes rearwardly to support the
desired length of the inner lift arm tube when the inner tube
is retracted and to provide support for the inner tube as it is
extended.

[0025] Each inner lift arm tube 42 nests in the respective
outer lift arm tube and has a semi-cylindrical upper wall
portion 70. The part cylindrical wall extends around a
central axis 180°, to join side walls 72 parallel to and spaced
slightly inwardly from the planar side walls 58 of the outer
lift arm tube 40. The inner lift arm tube 42 has outwardly
flared, planar walls or flanges 74 below or inside of the guide
panels 60. The walls or flanges 74 that flare outwardly are
parallel to the guide panels 60 of the outer lift arm tube 40,
and have outer upwardly facing surfaces 74A that face the
inner surfaces 60A of the guide panels. The flanges 74
extend for the full longitudinal length of the inner lift arm
tube 42.

[0026] The inner lift arm tube 42 then is enclosed with a
bottom plate 76 that has angled side flanges 78 that are
welded to the undersides of walls or flanges 74 to form a
rigid tube with a bell shaped cross section.

[0027] When the inner lift arm tube 42 is positioned in the
outer lift arm tube 40, it can be seen that the maximum width
of the part cylindrical portion 70 of the inner lift arm tube 42
is less than the width between the wall panels 58, so the
upper part cylindrical section 70 of the inner lift arm tube
will slip up into the outer lift arm tube or housing 40 from
the bottom, when a removable bottom support or retaining
plate 82 is removed from the outer lift arm tube. The bottom
plate 82 has upturned side walls or flanges 83 that are
parallel to and spaced to the outside of the flanges 64 of the
outer lift arm section 40. The flanges 60 of the outer lift arm
tubes 40 have clamping flanges 78 welded thereto and the
flanges have lips 79 that extend laterally outwardly to
overlie the upper edge surface 83A of flange 83 attached to
the bottom plate 82.

[0028] The clamping flanges 78 extend from the front of
the outer lift arm tubes about one-half the length of the outer
lift arm tube, which is sufficient to stabilize the inner lift arm
assembly as it is extended and retracted. Linear bearings or
wear pads 80 and 80A are positioned between the surfaces
60A and 74A on each side of the lift arm assembly 24. Wear
pads 80A are secured on top of and at the rear of the walls
74 with dowel pins, as can be seen in FIGS. 2 and 3. The
wear pads 80 are secured to panels 60 at the front of the outer
lift arm tube 40 with dowel pins.

[0029] The short wear pads or linear bearing provide wear
bearings to guide the properly positioned inner lift arm tubes
42 relative to the outer lift arm tubes or housings 40. These
linear bearings 80 and 80A are short and used to support the
inner lift arm assembly as it moves. They can be at more
than two longitudinally spaced intervals if desired.

[0030] Also, the wear pads or linear bearings are below the
neutral axis of the lift arm tubes under bending loads. The
neutral axis is approximately along a plane 68A shown in
FIG. 4.

[0031] The lift arm assembly 24 is completed by adjust-
ably securing the removable bottom support plate 82 to the
upper portion of the lift arm tube 40 using bolts, and shims
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as will be explained. The support plate 82 is parallel to the
bottom plate 76 of the inner lift arm tube 42. The bolt 94 for
plate 82 retain spaced short linear guide bearings 84 in and
84A in longitudinal position for slidably guiding the inner
lift arm tubes. The linear guide bearings are positioned by
plate 82 for supporting the bottom plate 76 of the respective
inner lift arm tubes.

[0032] A collar 40C is provided at the end of outer lift arm
tube for reinforcing the side walls of the outer tube and
adding rigidity to the side walls of the outer tube.

[0033] The linear guide bearings can be constructed in
different forms as shown. In either form the inner or upper
surface 82A of removable plate 82 of each outer lift arm tube
40 holds the linear bearings 84 and 84A in position to
provide a support for the respectively inner lift arm tube 42
to hold it in place.

[0034] Linear bearings 80 and 84 are shown in FIG. 4 and
linear bearing 84A and 80A are as shown in FIG. 2. The
linear bearings provide guides for the inner lift arm tube,
with the linear bearings or wear pads 84 and 84A carrying
the major loads or forces, and the linear bearings 80 and 80A
forming reaction surfaces for keeping the inner lift arm tube
properly positioned and preventing “play” or looseness in
the sliding action. The linear bearings 80, 80A and 84 and
84A can be self-lubricating composite materials, or can be
polytetrafluoroethylene or similar low coefficient of friction
material.

[0035] The removable support plate 82 has side walls or
flanges 83 that are parallel to the wall sections 64, and a
series of bolts 94 on the opposite sides of the lift arms 24 and
26 are provided in openings through the outwardly extend-
ing lips 79 of the reaction flanges 78 on each upper lift arm
tube 40 and through openings in the bottom plate 82. The
edges of the linear bearings 84 and 84A can be notched to
fit around the bolts 94 to hold the bearings from sliding in
use. The edges of the walls or flanges 83 facing the lips 79
support shims 96 that are used to correctly space wall 82 so
the flanges 74 of inner lift arm tube 42 on each side of the
assembly are maintained at the proper spacing or clearance
from guide panels 60 so the linear bearings carry the
necessary loads. The inner and outer tubes are not clamped
tightly and are shimmed so they are not loose, when bolts 94
are tightened fully. The bolts 94 are under the correct tension
to maintain the spacing and not work loose.

[0036] There are several shims 96 of proper thickness and
as the linear bearings wear, the bolts 94 can be loosened and
one or more shims removed. The bolts 96 can be retightened
to provide adjustment. The adjustment will ensure that the
inner lift arm tube does not have “play” but is properly
guided.

[0037] As can be seen in FIGS. 2 and 3, the bolts 94 can
be spaced at regular intervals along the flared guide panels
60 to provide adequate tightening and smooth sliding sup-
port for the inner lift arm tube. The shims 96 have U-shaped
notches to slide over the bolts 94 so they can be removed
outwardly, but are held in place and are clamped as the bolts
94 are torqued to full tightness.

[0038] FIG. 5 shows an alternative cross section lift arm.
The outer lift arm housing 140, as shown, forms an interior
chamber 150, in which an inner lift arm tube 142 is housed
for telescoping. A part cylindrical upper portion 154 of outer
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lift arm tube 140 joins planar spaced, parallel side walls 158
on opposite sides of the inner lift arm tube 140. The walls
158 have lower flared out guide panels 160 that extend
laterally outwardly from a central bisecting plane 162 on
both sides of the outer lift arm tube 140 to provide support
surfaces 160A on the inside of the flared out guide panels
160. The guide panels 160 then join inwardly extending
flanges 164, the planes of which are inclined inwardly at an
angle relative to the central bisecting plane 162 and relative
to a plane 168 that is perpendicular to the plane 162.

[0039] Each inner lift arm tube 142 nests in the outer lift
arm tube and has a part-cylindrical upper wall portion 170.
The part-cylindrical wall extends around a central longitu-
dinal axis more than 180°, to form a necked down section
formed by inwardly indented wall portions 172 inside of and
spaced from the planar side wall panels 158 of the outer lift
arm tube 140. The inner lift arm tube 142 has outwardly
flared, planar walls or flanges 174 below the necked down
portions 172. The walls or flanges 174 flare outwardly and
are parallel to the guide panels 160 of the outer lift arm tube,
and have outer upwardly facing surfaces 174A that face the
inner surfaces 160A of the outer lift arm tube.

[0040] The inner lift arm tube 142 then has rounded lower
corner edge portions 176, that are integral with inwardly
turned support flanges 178 that are parallel to the plane 168,
and generally perpendicular to central bisecting plane 162.
These support flanges 178 are coplanar and extend toward
plane 162. The support flanges 178 can be welded together
where their edges meet in the center, or left unattached. The
flanges 178 form a bottom wall of the inner lift arm tube.
The angle of the plane of the flared panels 160 and the
outwardly flared walls 174 relative to flanges 178 can be
selected as desired, and as shown, the angle indicated by
double arrow 179 is about 35°.

[0041] When the inner lift arm tube 142 is positioned in
the outer lift arm tube 140, it can be seen that the maximum
width of the part cylindrical portion 170 of the inner lift arm
tube 142 is less than the width between the outer lift arm
wall panels 158, so the upper part cylindrical section 170 of
the inner lift arm tube will slip up into the outer boom tube
or housing 140 from the bottom or when a removable bottom
support or retaining plate 182 is removed from the outer lift
arm tube.

[0042] Linear bearings or pads 180 and 180A are posi-
tioned between the surfaces 160A and 174A on each side of
the lift arm assembly 124 and provide wear bearings to guide
the properly positioned inner lift arm tube 142 relative to the
outer lift arm tube or housing 140. These linear bearings 180
and 180A can be continuous along the length of the lift arms,
or can be at longitudinally spaced intervals, as desired.

[0043] The lift arm 124 is completed by securing the
removable bottom support plate 182 to the upper portion of
the lift arm tube 140 at a desired position. The support plate
182 has its main planar panel parallel to the flanges 178, and
the plate 182 retains linear guide bearings 184 and 184A in
position on the surfaces 178A of the flanges 178, as shown.

[0044] The linear guide bearings 184 and 184A can be
constructed in different forms as shown. In either form, the
inner or upper surface 182A of removable plate 182 bears
against the bearings 184 and 184A and provides a support
for the inner lift arm tube 142 to hold it in place.
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[0045] In one form, the linear bearing 184A joins the
linear bearing 180A at a junction section to form a linear
bearing assembly 190 has a junction section 192 that joins
linear bearings 180A and 184A. The bearings at the top and
bottom thus can be one sheet that is bent to provide bearings
between the load carrying, and relatively sliding surfaces.

[0046] On the right hand side of FIG. 5, linear bearings
180 and 184 are separated, but in either case the linear
bearings provide guides for the inner lift arm tube, with the
bearings 184 and 184A carrying the major loads or forces,
and the linear bearings 180 and 180A forming reaction
surfaces for keeping the inner lift arm tube properly posi-
tioned.

[0047] The removable support plate 182 has side flanges
194 which are bent downwardly so they are parallel to the
guide panels 160 and perpendicular to the wall sections 164.
A series of bolts 196 and 198 on the opposite sides of each
lift arm are provided in openings through the outwardly
flared guide panels 160 and the flanges 194 of the support
plate 182. The bolts 196 and 198 also pass through the edges
of the linear bearings 180, 180A, 184 and 184A to hold them
from sliding in use. As shown, lock nuts 196 A and 198A can
be tightened so that the support plate 182 is moved up
against the panels or flanges 178 and this will move the
outwardly flared walls 174 so that surfaces 174A bear
against linear bearings 180 and 180A. The support plate has
a die formed seat or projection 194D around each opening
for the bolts 196 and 198 to provide a seat surface for the
nuts 196A and 198A. The seat for the nuts also can be
provided with a specially shaped washer. Shims can be
provided between the flanges 194D and the edges of flanges
164 for proper spacing.

[0048] Shims can be added or removed and the bolts 196
and 198 can be tightened against remaining shims to provide
adjustment to provide take up and tightening of the inner lift
arm tube 142 relative to the support surfaces of outer lift arm
tube or housing 140 as wear occurs. The adjustment will
ensure that the inner lift arm tube does not have “play” but
is properly guided.

[0049] The bolts 198 and 196 can be spaced at regular
intervals along the flared panels 60 as shown in FIG. 6 to
provide adequate tightening movement and smooth sliding
support for the inner lift arm tube 142.

[0050] FIG. 6 illustrates a modified cross section of the lift
arm assemblies. The lift arm assemblies. The lift arm
assembly indicated at 224 in FIG. 4 has an outer lift arm
tube or housing 200, and an inner lift arm tube 202 that nest
together and which will telescope longitudinally. The lift
cylinder 44 is illustrated in position, inside the inner lift arm
tube 202. In this form of invention, the lift arm tube or
housing 200 has a part cylindrical upper portion 204, with
elongated generally vertical, spaced side walls 206, which
form a deep inverted U-shape. The side walls 206 are
parallel to the central longitudinal dividing plane of the lift
arm indicated at 208. Outwardly flared wall panels 210,
which correspond to the guide panels 60 in FIG. 4 and 60
in FIG. 5, join the vertical wall sections 206 and flare
outwardly at an angle relative to the central longitudinal
vertical plane 208. Also the panels 210 are inclined at an
angle relative to a plane indicated at 212 that is perpendicu-
lar to the plane 208. Plane 212 is approximately shown along
the neutral bending axis of the lift arm. The flared panels 210
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are joined to bent in flanges 214, that extend inwardly
toward the central plane 208, at a selected, suitable angle.

[0051] The inner lift arm tube 202 has a part cylindrical
top portion 218, that is spaced from the inner surface of the
top part cylindrical portion 204 of the outer lift arm tube or
housing 200. The inner lift arm tube 202 has vertical side
wall panels 220 joining the part cylindrical section 218,
which side wall panels extend parallel to and are spaced
from the interior surfaces of walls 206 of the outer lift arm
tube. The hydraulic cylinder 44 (numbered as before) is
mounted between the wall panels 220 on the pin 44A.

[0052] In this form of the invention, the inner lift arm tube
is also bell-shaped in cross section, and has outwardly
extending flanges 222 at the lower ends of the wall panels
220, which are parallel to the wall panels 210. The inner
surfaces 210A of the wall panels 210 face outer surfaces
222A of the inner lift arm tube flanges 222. The flanges 222
have in-turned edge portions or rails 224 that join inwardly
directed support flanges 226 which extend in toward the
central plane 208. The flanges 226, as can be seen, are
perpendicular to the plane 208 and parallel to the plane 212.
The flanges 222 and wall panels 210 are inclined relative to
both the vertical and horizontal planes. The flanges 226 are
made as one continuous bottom wall panel, and the inner
tube can be a integrally drawn or formed.

[0053] Linear bearings 228 are provided between the
surfaces 210A and 222A, on cach side of the lift arm and
provide for a sliding bearing for telescoping the inner lift
arm tube 202 relative to the outer lift arm tube 200.

[0054] The inner lift arm tube 202 is retained in place and
is adjusted in position with a bottom support wall or retainer
plate 232 that is parallel to the flanges 226. Linear bearings
234 are positioned between the outer or lower surfaces 226 A
of the inner tube support flanges 226, and the upper surface
232A of the support or retainer plate 232. The plate 232 also
has edge flanges 235 that extend longitudinally and are
parallel to the planes of the panels 210 and the flared out
flanges 222.

[0055] Suitable bolts 236 and 238 pass through apertures
in the panels 210 and the flanges 235 on opposite sides of the
lift arm. The bolts have nuts 236A and 238A. By tightening
the nuts 236A and 238A, the inner lift arm tube 202 is moved
upwardly as shown in FIG. 6, and can bear against shims or
stops, if desired, so that the flanges 222 are loaded against
the linear bearings 228 and are retained by the panels 210,
as well as establishing the position of the inner lift arm tube
relative to the outer lift arm tube in the vertical direction.
The linear bearings 234 support the inner lift arm tube 202.
As shown in FIG. 7, the bottom plate 234 can have notches
on opposite sides and the flanges can have tabs 210T that fit
into the notches to keep the parts from sliding longitudinally.
A reinforcing collar 240 can be used at the outer end of the
outer lift arm tube 200 for support of the side walls 206.

[0056] A heavier bar 242 also can be provided at the outer
end of bottom wall 232 for deflection control and increasing
rigidity. The bar 42 can be held in place with cap screws.
Also support ears 245 on the inner lift arm tube used for the
rod end pin 44B of the cylinder 244 will abut on collar 240
for a positive stop for retracting the inner lift arm tube.

[0057] In this form of the invention again the inner lift arm
tube has a generally “bell” shaped cross section with lower
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ends of the side walls flared out and then curled back in
along support panels or flanges that are perpendicular to the
longitudinal vertical central plane of the boom. Wear adjust-
ment is easily accomplished by having the adjustable bottom
support plate and the lift arm can be assembled by taking the
support plate 232 off and slipping the inner lift arm tube into
the outer boom tube, and then clamping the support plate
232 against the bearings 234 to support the inner lift arm
tube 202.

[0058] FIG. 8 shows a further modified form of the lift
arm cross section, employing essentially the same bell-
shaped cross section configuration, with the lower edge
portions of the lift arm tubes flared outwardly to provide
support surfaces that are inclined relative to the central plane
of the lift arm. The lift arm assembly 24B includes an outer
lift arm tube 250, and a telescoping inner lift arm tube 252,
that nests inside the outer lift arm tube, and which will
telescope longitudinally relative to the outer lift arm tube as
previously explained.

[0059] In this form of the invention, the outer lift arm tube
250 has a rounded upper portion or wall 254 that has
generally rounded edges 256, and vertical walls 258 that
extend along the sides of the lift arm. The walls 258 are
spaced apart and parallel, and the lower edge of the walls
258 of the outer lift arm tube 254 flare outwardly to form
guide panels 260. Guide panels 260 are flared out at a
desired angle relative to the central longitudinal plane 262 of
the outer lift arm tube. The guide panels 260 are joined to
substantially vertical wall sections 264 that extend down-
wardly a desired length. The planes of wall sections 264 are
spaced laterally outwardly from the planes of the associated
walls 258 a desired amount.

[0060] The inner lift arm tube 252 has a rounded upper
portion 266 that fits below the upper wall 254 of the outer
lift arm tube. The inner lift arm tube 252 also has parallel
vertical walls 268 that are parallel to and spaced inwardly
from the walls 258 of the outer lift arm tube. The lower ends
of the walls 268 have integral, outwardly inclined flanges
270 that are parallel to the wall panels 260. The upper
surfaces 270A of the flanges 270 are parallel to the inner
surfaces 260A of the panels 260 on the outer lift arm tube.
Linear bearings 272 are positioned between the flange
surfaces 270A and the inner surfaces 260A of the panels 260,
as previously shown in the other forms of the invention. The
bell-shaped inner lift arm tube 252 has rounded lower
corners 274 that join inwardly turned support flanges 278
that are perpendicular to the central longitudinally bisecting
plane 262, and parallel to the plane indicated at 280, that is
perpendicular to the plane 262.

[0061] The bell shaped end portions are formed by the
flanges 270 and rounded portions 274 that fit between the
side wall 164 that depend down from the panels 260.

[0062] The inner lift arm tube 252 in this form of the
invention also can be assembled with the outer lift arm tube
by slipping the inner lift arm tube up through the bottom
opening of the outer boom tube 250. The inner lift arm tube
is held in place with a retainer cross plate 282 that supports
linear bearing pads 284 on its upper surface 282A. The pads
284 being in turn support inner surface 278A of the flanges
278.

[0063] The cross support plate 282 is adjustably held in a
suitable manner between the walls 264. The cross plate 282
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has flanges 288 that fit inside walls 264 and which can be
clamped with a long bolt 290. The bolt can tightly clamp the
walls 264 and 264A together. A spacer can be used over bolt
290, and shims also can be used between flanges 264 and
264A and flanges 288. The inner surfaces 260A wedge the
linear bearings 272 down against flanges 270. This moves
the inner lift arm tube 252 against linear bearings 284 and
retainer plate 282. The adjustments for wear and original fit
are easily made.

[0064] The inner lift arm tube 252 can be extended and
retracted relative to the outer lift arm section using a
hydraulic cylinder 44, as previously shown.

[0065] The various forms of the cross section of the lift
arm all permit assembly by inserting the inner lift arm tube
from the lower side of the outer lift arm tube, and then
closing the bottom of the outer tube with a support or
retainer plate that holds inner lift arm tube close to the wear
pads on the flared walls or flanges of the bell-shaped inner
lift arm tube as the fasteners are tightened.

[0066] Conventional telescoping lift arm structures have
wear pads that support the inner lift arm structure on its top
and bottom surfaces. During heavy lifting the top located
wear pads concentrate compressive forces on the top sur-
faces between the inner and outer lift arm tube structures.
Stresses in the lift arm tubes due to bending are increased at
the wear pad contact points in conventional telescoping lift
arms. It should be noted that in the forms of the present
invention utilizing a bell shaped cross section, all the loads
are carried near the lower side of the lift arms. The wear pads
or linear bearings are loaded in compression below the
neutral bending axis of the lift arms. Compressive stresses in
the lower lift arm tube structures due to bending are coun-
teracted by the contact tensile stresses of the wear pads and
there is no compound loading on the upper part of the
cylindrical sections of the lift arm tubes.

[0067] In the preferred form, mating surfaces of the bot-
tom plate and outer lift arm tube side walls are shimmed so
fasteners can be fully tightened. This will provide a clamp-
ing that holds the linear bearings properly loaded between
the flanges of the outer and inner lift arm tubes for sliding
fitting.

[0068] While the bottom supports or retainers have been
called walls or plates, the supports could be made as several
cross straps spaced along the length of the lift arms and
individually adjustable.

[0069] 1t should be noted that in the form of the invention
in FIGS. 1-4, the inner lift arm tube 42 is made in two parts.
The upper inverted U-shaped channel and the bottom wall
76 are separately formed. The bottom wall 76 is welded in
place. This allows better dimensional control, and a flat
bottom surface for a bearing contact surface. The short
bearing pads at the front and rear of the flared sections of the
outer lift arm tube permits operation even when there is
some deflection or bending of the inner lift arm tube from
loads when extended. The front and rear bottom bearing 84
and 84A are secured by the bolts 94. The top front bearing
pads 80 are secured with dowel pins to the outer lift arm tube
and the rear top pads 80A are secured to the top surface of
the inner lift arm tube by dowel pins.

[0070] Although the present invention has been described
with reference to preferred embodiments, workers skilled in
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the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

What is claimed is:

1. A telescoping lift arm assembly having a longitudinal
axis and comprising an outer lift arm tube, and an inner lift
arm tube, the outer lift arm tube having side wall portions
that are spaced apart, and are joined by a top wall, and the
outer lift arm tube having a lower side, the side wall portions
having outwardly flared panels extending at oblique angles
relative to a central longitudinal plane bisecting the space
between the side wall portions, an inner lift arm tube fitted
between the side wall portions of the outer lift arm tube and
having outwardly flared flanges parallel to the panels on the
outer lift arm tube, and the inner lift arm tube having support
surfaces at a lower side thereof, and a support plate mounted
to the lower side of the outer lift arm tube and engaging the
support surfaces of the inner lift arm tube to slidably hold the
inner lift arm tube with the outwardly flared flanges adjacent
the outwardly flared panels of the outer lift arm tube.

2. The telescoping lift arm assembly of claim 1, wherein
the support surface of the inner lift arm tube comprises a
generally planar surface of a cross wall joined to lower
portions of the outwardly flared flanges of the inner lift arm
tube.

3. The telescoping lift arm assembly of claim 2, wherein
the cross wall has edge flanges angled from a plane formed
by the generally planar surface of the wall, the edge flanges
being welded to the outwardly flared flanges of the inner lift
arm tube.

4. The telescoping lift arm assembly of claim 2 and
bearings positioned between the outwardly flared flanges of
the inner lift arm tube and the inner surfaces of the out-
wardly flared panels of the outer lift arm tube.

5. The telescoping lift arm assembly of claim 1, wherein
the outer lift arm tube define an open space between the side
walls thereof having an open side, and the support plate
closing the open side of the outer lift arm tube.

6. The telescoping lift arm assembly of claim 5, wherein
the support plate is mounted with fasteners that clamp the
support plate to the outer lift arm tube in position to support
the inner lift arm tube within the open space of the outer lift
arm tube.

7. The telescoping lift arm assembly of claim 5, wherein
movement of the support plate causes the outwardly flared
flanges of the inner lift arm tube to move relatively toward
and away from the outwardly flared panels on the outer lift
arm tube.

8. The telescoping lift assembly of claim 5, wherein said
support plate has flanges on its edges that are generally
parallel to the outwardly flared panels of the outer lift arm
tube, and fasteners passing through the outwardly flared
panel and the flanges of the support plate, the fasteners
having axes generally perpendicular to the planes of the
panels of the outwardly flared outer lift arm tube and the
flanges of the inner lift arm tube to provide direct clamping
force between the support plate and the inwardly turned
flanges of the inner lift arm tube, and between the outwardly
flared flanges of the inner lift arm tube relative to adjacent
walls of the outer lift arm tube.

9. The telescoping lift arm assembly of claim 1 and a
hydraulic actuator connected between the inner lift arm tube
and the outer lift arm tube.
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10. A telescoping lift arm assembly comprising an outer
tube having side walls that flare outwardly at lower portions
of the side walls, a bell shaped cross section inner tube
nested in the outer tube with outwardly extending portions
forming the bell shape nesting with the outwardly flared side
walls, and a support plate secured to the outer tube to
slidably support the inner tube with the outwardly extending
portions forming the bell shape slidably guided by the
outwardly flared side walls of the outer tube.

11. The telescoping lift arm of claim 10 wherein there are
linear wear pads between the surfaces supporting the inner
tube relative to the outer tube.

12. The telescoping lift arm of claim 10, and fasteners for
adjusting the support plate to urge the outwardly flared
portions forming the bell shape of the inner tube toward
inner surfaces of the flared portions of the side walls of the
outer tube.

13. The telescoping lift arm of claim 12, wherein the
support plate and outer tube have facing surfaces, and
removable shims between the facing surfaces, the facing
surfaces moving together to clamp the shims when the
fasteners are tightened.

14. The telescoping lift arm of claim 13, wherein the
support plate extends laterally beyond the side walls of the
outer tube, a bracket having a lip fixed to and extending
laterally from the outwardly flared portions of the outer tube,
the fasteners passing through the lip and edge portions of the
support plate.

15. A telescoping arm assembly having a longitudinal
axis, comprising an outer arm and an inner arm, the outer
arm having a longitudinally extending outer arm side wall
portions that are spaced apart and joined by a top wall, the
outer arm having a lower side, the outer arm side wall
portions having outwardly flared panels adjacent the lower
side extending at oblique angles laterally outwardly relative
to a central longitudinal plane bisecting the space between
the outer arm side wall portions, the inner arm fitted between
the outer arm side wall portions and having inner arm side
wall portions complementary in shape to the outer arm side
wall portions, including inner arm side wall outwardly flared
panels adjacent to the outwardly flared panels of the outer
wall. The inner arm having a laterally extending support
wall at a lower side thereof, and a removable support plate
mounted to the lower side of the outer arm to slidably
support the inner arm support wall and support the inner
panel inner flared panels nesting adjacent the outer panels.

16. The telescoping arm assembly of claim 15, wherein
the support plate is adjustably mounted to adjust the spacing
between the inner flared panels and the outer flared panels.

17. The telescoping arm assembly of claim 16 and linear
bearings positioned between the support wall and the sup-
port plate and between mating surfaces of the inner and outer
flared flanges.

18. The telescoping arm assembly of claim 17, wherein
the support plate is mounted to the outer arm with fasteners
that clamp the support plate to the side walls of the outer
arm.

19. The telescoping arm assembly of claim 15, wherein
the support wall of the inner arm has a planar center portion
supported by the support plate and side flanges extending
upwardly and outwardly, and welded to the inner arm side
wall portions.

20. The telescoping arm assembly of claim 17, the arm
having a first end pivotally mounted to frame of a prime
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mover a power actuator for pivoting the arm assembly to
raise and lower a load at a second end of the arm assembly,
the arm assembly thereby being subjected to bending loads
and having a neutral bending axis above the linear bearings.

21. A telescoping arm assembly comprising an outer arm
having an inverted U-shape with spaced longitudinal outer
side walls that have planar flanges that flare outwardly at
lower portions of the side walls, a bell shaped cross section
inner arm nested in the outer tube including planar wall
flared sections forming the bell shape nesting with and
slidably guided by the planar outwardly flared flanges of the
outer arm side walls.

22. The telescoping arm assembly of claim 21 and a
plurality of wear pads between selected adjacent surfaces of
the inner arm and outer arm.

23. The telescoping arm assembly of claim 21, wherein
the inner arm has a lower support wall extending between
the planar flared wall sections, the outer arm having a
support plate extending between and supported on the outer
side walls. The inner arm has a lower support wall extending
bet and fasteners for securing the support plate to the outer
arm inner tube toward the flared portions of the side walls.

24. The telescoping arm assembly of claim 23, and
fasteners for securing the support plate to the outer arm to
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adjustably hold the inner tube with the planar flared wall
sections toward the planar flanges of the outer arm side
walls.

25. The telescoping arm assembly of claim 24, wherein
the support plate is adjustable relative to the outer arm side
walls to change the spacing between mating surfaces of the
inner arm planar flared wall sections forming the bell shape
and the planar flanges of the outer arm.

26. The telescoping arm assembly of claim 22, wherein
the telescoping arm assembly is mounted on a loader and is
operable to lift loads which place bending loads on the arm
assembly the arm assembly having a neutral bending axis,
and the linear bearings being positioned on a lower side of
the neutral bending axis.

27. The telescoping arm assembly of claim 21, wherein
the inner arm and outer arms have the planar flanges and
planar wall sections extending for a longitudinal length and
a plurality of wear pads between the planar flanges and
planar wall sections, the wear pads being located adjacent
front and rear ends of the planar flanges and being longitu-
dinally spaced apart to provide support for the inner arm.





