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Abstract:

A lift arm structure (230) for a power machine with a frame (210) can include a lift arm (234) and an
electrical lift actuator. The lift arm can be configured to be movably secured to the frame to extend
along a lateral side of the frame. The electrical lift actuator can be secured to the lift arm within a
pocket defined by the lift arm and can be configured to extend and retract between the lift arm and
the frame of the power machine to raise and lower the lift arm.
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LIFT ARM ARRANGEMENTS FOR POWER MACHINES
CROSS-REFERENCE TO RELATED APPLICATIONS

160061} This application claims priority to provisional patent applications no. 63/292,679, filed

December 22, 2021, and no. 63/240,151, filed September 2, 2021, both of which are

mcorporated herein by reference.
BACKGROUND

{66302} This disclosure is directed towards lift arms. More specifically, the present disclosure
is directed towards an clectrically powered 1ift atm for a power machine that operates in whole

or in part under elecirical power.

[B803] Power machines, for the purposes of this disclosure, include any tvpe of machine that
generates power for the purpose of accomplishing a particular task or a vanety of tasks. One
type of power machine 1s a work vehicle. Work vehicles, such as loaders, are generally self-
propelled vehicles that have a work device, such as a lift arm (although some work vehicles
can have other work devices) that can be manipulated to perforo a work function. Work
vehicles ioclude loaders, excavators, wtilidy velucles, tractors, and tronchers, 10 naoe a fow

examples.

[0004] Conventional power machines can include hydraulic svstems and related comyponents
that arc configured {o use output from a power source {€.g., an internal combustion engine} to
perform different work functions. More speeifically, hyvdraulic motors may be configured to
power movement of a power machive, and bydraulic actuators {¢.g., hwdraulic cvlinders) may
be used to move a hift arm structure attached to the power machine, to il or otherwise move

an implement connected to the 1ift arm structure, or execute other operations.

{0805} The discussion above 1s merely provided for general background mformation and 15 not

mitended to be used as an aid 1o determining the scope of the claimed subject matter.
SUMMARY

[6006] Some oxamples of the present disclosure provide a power machine for movably
opcrating an implement. The power machine can inclede a mam framce {¢.g., that supports an
operator station and a It arm structure. The hift aro structure can include a ift arm extending
along a lateral side of the frarne. A proximal end of the 1ft arm can be movably secured to the
frame at a rear portion of the frame. The power machine can further include an mmplement

carrier movably secured 1o the distal end ofthe [ift arm, and an electrical it actuator.
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{6007} In some cases, an electrical 1ift actuator can be secured at a first end to the rear portion
of a framc and at a second end to a lift arm. The clectrical lift actuator can be disposed within
a 1t actuator pocket defined by the framme and can be configured to be controliably extended

and retracted to raise and lower the Lift arm.

{0008] Some examples of the present disclosure provide a Uft amm structure for a power
machine with a frame. The Lift arm structure can include a Lift arm and an electrical lift actmator.
The It arm can be configured to be movably sceurcd to the frame to oxiond along a lateral

side of the frame.

[B009] In some cases, an electrical hift actuator can be secured to a ift arm within a pocket
defined by the hift amm and can be configured to oxtend and rotract betweon the ift arm and a
frame of a power machine to raise and lower the ift arma. I some cases, an elecinical Lift
actuator can be secured at a first end to a frame and at a second end to a main beam, within a

pocket defined 1 the mam beam.

[0010] Some examples of the present disclosure provide a lift arm structure for a power
machine having a frame. The Iift arm structure can melude a mamn beam and a 1ift actuator. The
main beam can extend along a lateral side of the power machine from a first end proximate a

rear of the power machine to a second end proximate a front of the power machine.

[6611] Some examples of the present disclosure provide a power machine that can mehide a
frame e g that supports an operator station}, a hft arm movably secured to the frame to extend
alonyg a lateral side of the frame, an electrical 6kt actuator, an electrical bft actuator, and a power
aource that can be configured to power the electnical tilt actuator and the electrical Itht actuator.
The electrical t1lt actuator can be secured to the lift arm and an mmplement carrier and can be
configured to be controllably extended and retracted to change an attitude of an mplement
carrier. The electrical Bt actuator can be secured at a first end to the frame (¢.g., within a first
pocket) and at a second end to the Lift ann (e.g., within a second pocket), the electrical Lift
actuator, and can be configured to be controlably extended and retracied to raise and lower the

1ift arm.

{8001} Some examples of the present disclosure provide a power machineg {or movably
operating an implement. The power machine can imclude a frame {(e.g., that supports an
operator station), a hft amm structure supported by the frame. The bft amm structure can melude:
a ift amm oxtonding along a lateral side of the frame, with a proxamal end of the Lt amm

movably secured to the frame at a rear portion of the frame; an implement carrier movably
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secured to the distal end of the Lift arm; and an elecirical Tift actuator secured at a first end to
the rear portion of the frame and at a second end to the hift arm, the electrical lift actuator being
disposed within a hift actuator pocket defived by the frame and beng configured to be
controliably extended and retracted to raise and lower the Iift arm. A motor end of the clectnical
Iift actuator can be pivotally coupled to the frame at a first connection within the Lft actuator
pocket and an extendable end of the clectrical Lift actuator can extend out of the Lft actuator
packet to pivotally couple with the 1ift arm at a second connection. At least one of the first

connection or the second connection can be a clevis-joint connection.

{8802} In some examples, at all operational orientations of'the hift arm. a motor of the electrical
Iift actuator can be located behind one or more of the first connection or the second connection,
relative o a front-to-back direction of the power machine.

{80063} In some examples, the hift arm can define a Hift arm axis corresponding to one or more
of a neutral axis of a main beam of the hft arm, or a center line of the main beam of the ift
arm. A rotational axis of the second connection can be disposed along or above the Lift anm
axis.

{8004] In some examples, a rotational axig of the second connection can be disposed closer to
a top surface of the Lift arm thao to a bottom surface of the [t arm.

{6605} In some examples, the electnic hft actuator can not extend below the hft actuator pocket.

{8806} In some examples, a bottom side of the Lift actuator pocket can angle upward proximate
the rear portion of the frame to provide a departure angle of at least 235 degrees.

{63067} In some examples, the sceond connection can be disposed rearward of a drve shaft of
the loader.

{8008} In somc cramples, the ft amm can dofine a Bt arm longth botween a rear prvotal
connection to the frame and a front pivotal connection to the mnplement carrier. The second
connection can be disposed along a rear half of the It arm length.

{0009} In some examples, the second connection can be disposed along a rear third of the Lift
aro length.

{6619} In some examples, when the lift arm is in a fully lowered orientation, the second
connection can be disposed rearward of an axle of a rearmost idler of a tractive clement of the
toader.

{60311} In some examples, the electrical 1ift actuator can have a fold-back motor configuration.
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{6612} In somce examples, cach of the first and second connections can be a clevis-jomt

connection.

{001 3] Somc oxamples can provide a bt arm structure for a powoer machine with a frame. The
Bft ann stoucthwre cap inchide: a bft arm configured to be movably secured to the frame to
extend along a lateral side of the frame; and an ¢lectrical 1ift actuator secured to the Hft arm
within a pocket defined by the lift arm, the clectrical lift actuator being configured to extend
and retract bobween the it arm and the framc of the power machme to raise and lower the it
arm. The electrical 1ift actuator can be rotatably secured to the 1t arm with a pinned connection
within the pocket, with the pimmed connection defining an awis of rotation that can be on or

above a centerline of the bft arm.
{6314} In some examples, the electrical Lift actuator can be a ball screw actuator,

{0018} In some examples, the electrical 1ift actuator can have a fold-back motor configuration,
with a motor that is behind a hall screw relative to a front-to-back direction of the power

machine.

{8016} In some examples, the pinned connection within the pocket can be formed by a clevis-

joint connection.

186617} In somo cxamples, the pocket can be defined as a recess that opens downwardly
between side walls that extend downward from a main portion of Lift arm and that includes a
forward end and a rearward end. With the 11t amm in a fully lowered configuration, the clectrical

Iift actuator can extend withun the pocket closer to the forward end than to the rearward end.

6318} In some cxamples, at least a portion of the electrical Lift actuator can be received within
the pocket 1o be shiclded on a laterally exterior side and a laterally interior side by the side

walls.

{6819} Some cxamples can provide a power machine for movably operating an tmplement.
The power machine can include a frame (e.g.. that supports an operator station), a It anm
structure supported by the frame. The Iift arm structure can melude a Bft army, an implement
carner, and an electrical tilt actuator. The Lift arm can extend along a lateral side of the frame,
with a proximal end of the 11t army movably secured to the framie at a rear portion of the frame
and a distal end of the ift arm including a tilt actuator pocket. The tmplement carvier can be
movably secured to the distal end the Iift arm. An electrical tilt actuator can be secured to the
Lift army within the tilt acteator pocket, the electrical tilt actuator being configured to be

controliably extended and retracted to change an attitude of the implement cammer.
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[6028] In some examples, the clecineal tilt actuator can be secured to the ift arm by a pinned
connection within a proximal end of the tilt actuator pocket. In some oxamples, the pinned

connection can be a clevis-joint connection.

0021} In some examples, the tilt actuator pocket can suppost the clectrical tult actuator at least

partly outboard of the operator station, in a lateral direction.

[0622] In some cxamples, clectrical wires can be configured for providing clectncal control
and power signals. A first subset of electrical wires can extend through an interior volume of
the Lift arm to a connector for controlling and powering an voplement, the connector being

disposed at the distal end of the hift arm.

{6023} In some examples, the connector can be configured to receive slectnical contacts at one

o1 more of a top surlace of the 11 arm or a laterally exterior side of the [t aron

{8624} In some examples, the tilt actuator pocket can include an interior opemng that connecis

the interior volume of the Lift arm with the tilt actuator pocket.

[825] In some examples, the electrical tilt actuator can extend along a laterally extenor side

of the 1ift amm.

{0626} In some examples, the electrical tilf actuator can be laterally aligned with a mamn beam

of the 1ift arm.

j8027] In some examples, a portion of the clectrical tilt actuator can extend to a latcrally
wterior side of the main beam.

{6028} In some examples, a clevis-joint connection between the electrical tilt actuator and the
hft arm can be aligned, 1n a front-to-back direction of the power machsne, with a lateral side

wall of the main beam.

{0029} 1o some examples, the tilt actuator pocket can be formed within a lower beam of the lift
arm that can be coupled to and can extend downward from a main beam of the hft arm at the
distal end of the it arm. In some examples, the tif actuator lower beam can include an inner
feg and a lateral jou that connects the mamn beam with the mner leg. The electrnic talt actuator

can cxtond substantially along a laterally extonior side of the mner leg.

18834} Io some examples, at least part of a pivot jomt between the electric tilt actuator and the

lift arm can be laterally aligned with the main beam.
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{8831} In some examples, the pivot joint between the electric tilt actuator and the 1ift arm can
mehide a clevis-joint conngction between the electrical tilf actuator and the Hf arm within the

tilt actuator pocket.

[032] In some examples, at least a portion of the clectrical tilt actuator can be received within
the 1t actuator pocket 1o bie shiclded by the tilt actuator pocket on front, rear, top. latorally

exterior, and laterally mterior sides.

[6033] Some examples can provide a hft arm structire for a power machine with a frame. The
Iift arm structure can include a Uft arm, an vuplement carrier, and an clectrical tilt actuator
secured to the ift arm. The Uft arm can be configured to be movably secured to the frame to
gxteond along a lateral side of the frame. The imploment carricr can be movably scoured to the
It arm. The electrical tilt actuator can be secured to the lift arm within a tilt actuator pocket
defined by the hift arm, the tilt actuaror pocket heing disposed spaced apart from the mplement
carrier along a tilt-actuator portion of the hft arm that can extend between the implement carrior
and a main portion of the Iift arm, and the electrical tlt actuator being configured to be
controliably extended and retracted to change an attitude of the unplement carrier.

{80834 In some examples, the electrical tilt actaator can be a ball screw.

[60G35] In some examples, the electrical tdt actuator can have a fold-back motor contiguration.
{6036} In some examples, a motor end of the electrical tilt actaator can be secured to the lift
arm with a pinned connection within the tilt actuaror pocket, with a motor of the electrical tilt

actuator extending rearward of an extendable portion of the electrical tiit actuator, within the
tilf actuator pocket.

{6637} In some examples, the pioned connection to secure the electrical tlt actuator to the hift
arm can be a clevis joint supporied at opposing lateral sides of the tilt actuator pocket.

{6038} In some cxamples, a support plate of the clevis joint can extend proud of the tlt-actuator
poriion of the Iift arm to a laterally interior side of the Iift arm.

{8039] In some examples, the tilt actuator pocket can be a recess that opens dowawardly and
includes an internal taper toward an upper end of the recess, when the lift arm can be tn a fully
towered position.

[8049] In some examples, at least a portion of the electrical 11t actuator can be received within
the tdt actuator pocket to be shiclded on a laterally exterior side, a laterally intorior side, a front

side, a rear side, and a top side.
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{6041} In some examples, the electrical 6t actuator can be rotatably coupled to the Bt arm by

a pinned connection within the tilt actuator pocket.

8842} Some examples can provide a Iift arm structure for a power machine having a frame.
The 1t arm structure can nchude a main beam, a lower beany, and a tilt actuator. The main
beam can extend along a lateral side of the power machine from a first end proximate a rear of
the power machine to a second end proximate a froot of the power machine. The lower beam
can be coupled at a knce 1o the sceond ond of the main beam, and can oxtend downwardly from
the main beam to an mplement carrier. The tilt acteator can be secured at a first end to the
lower beam and at a second end to the implement carrier, can extend along a laterally exterior
gide of the lower bearmm and can be configured to extend and retract to change an attitude of the

implement carrier relative o the lower beam.
{8843} In some examples, the tilt actuator can be an electnical tilt actuator.
{8044} In some examples, the il actuator can be secured within a tikt actuator pocket.

{0045 {o some cxamples, the gt actuator can be scoured at the first end by a clovis-joumt

connection within the tilt actuator pocket.

{6046} In some cxamples, the lower beam can include an inwver leg and an inward jog
connccting the mam beam with the mner leg so that the wwmer leg can be offsct latorally wnward
from the main beam. The tilt actuator can extend substantially along a laterally exterior side of

the inner leg, outside of the tilt actuator pocket.

{80471 Somc cxamples can provide a power machme with a frame {(c.g., that supports an
osperator station), a Lift arm movably sccured to the frame to extend along a lateral side of the
frame, and an electrical tt actuator, sccured to the Lift arm and an mmplement carmner. The
clectrical tilt actuator can be configured 1o be controllably extended and retracted to change an
attitude of an implement carrier. An electnical 1ift actuator can be secured at a first end to the
frame and at a second end to the ift arm, the clectrical Iift actuator bemg configured to be
controllably extended and retracted to raise and lower the Iift arm. A power source can be
configured to power the elecincal tilt actuator and the clectrical lift actuator. The clectrical tilt
actuator can extend within a tilt actuator pocket defined by the $ift arm proximate a front portion

of the frame and can extend along a laterally exterior side of the It arm.

{8048] This Summary and the Abstract are provided to mtroduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. The Swomary and

the Abstract arc not intended to identify key featurcs or essential features of the claimed subject
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matter, nor are they imiended to be used as an aid in determiung the scope of the claimed
subjoct matter.

BRIEF DESCRIPTION OF THE DRAWINGS
160491 FIG. 1 15 a block diagram illustrating fimetional systems of a representative power
machine on which examples of the present disclosure can be advantageously practiced.
[B039] FIG. 2 15 a perspective view showing generally a front of a power machine on which
examples disclosed in this specification can be advaniageously practiced.
{6051} FIG. 3 1s a perspective view showing generally a back of the power machine shown in

FIG. 2,

83321 FIG. 4 is a block diagram illustrating components of a power system of a loader such
2 g it & 3

as the Joader of Files. 2 and 3.

{3537 FIG. 5 15 a side plan view showing certain components a power machine n the form of

an electrically powered compact tracked loader according to examples of the disclosure.

[6654] FIG. 6 is a wop plan view of the power machine of FIG. 5, with tilt and hit actoators

shown m phaniont.

{B055] FIG. 7 1s porspective view of an example hift actuator in the form of an clecirically
powered ball screw actuator inn a fold-back, clevis-joint configuration according to examples

of the disclosurc.

[8636] FIG. 8 15 a 1s a side plan partial view of a rear end of the power machine of FIG, §,

mcluding the Hft acteator of FIG. 7.

88571 FIG. 9 18 a rear cross-sectional partiad view of a rear end of the power machine if FIG.
5, taken along line IX-IX m FIG. 8, showing the connection between a It arm and the hift

actuator of FIG, 7.

{6658} FIG. 10 is a partial side plan view of a front end of the power machine of FIG. 5,

mohiding the ¢ actuator.
[B0S9] FIG. 11 18 a partial top view of the front end of the power machine of FIG. 5.
{0666} FIG. 12 1s a partial front plan view of the front end of the power machine of FIG, 5.

[6061] FIG. 13 1s a partial front plan view of a top portion of the front end of the power machine

of FIG. 10 with a portion of a lift am remaoved.
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[60662] FIG. 14 iz a partial perspective view of the top portion of the front end the power

machine of FIG. 11,

jB63] FIG. 15 1s a partial perspective view of the front end of the power machine of FIG. §

showing an auxaliary power connector on a 1ift arm of the power machine.

{6864} FIG. 1615 another partial perspective view of the power machine of FIG. 5 showing the

auxibiary powor connoctor.
DETAILED DESCRIPTION

jB635] The concepts disclosed in this discussion are described and slustrated with reference to
excmplary implomentations. These concepts, however, are not limited in their application to
the details of construction and the arrangement of components in the iHlustrative examples and
are capable of being practiced or being carried out i various other ways. The terminology in
this document 1s used for the purpose of description and should not be regarded as lmiting.
Words such as “imcludimg,” “compmising,” and “having” and vadations thorcof as used hercn
are meant to encompass the items listed thereaficr, equivalents thereof, as well as addstional

Hems.

{6066} As used hereim m the context of a power machine, unless otherwise defived or imited,
the torm “lateral” refors 1o a dircction that oxionds at least parily to a left or a nght side of a
front-to-back reference hine defined by the power machine. Accordingly, for example, a lateral
side wall of a cab of a power machine can be a left side wall or a right side wall of the cab,
relative to a frame of referenge of an operator who is within the cab or 15 otherwise oriented to
operatively engage with controls of an operator station of the cab. Simnlarly, a “centerling” of
a power machine refers to a reference line that extends in a front-to-back direction of a power
machine, approximately halfivay between opposing lateral sides of an outer spatial envelope

of the power machine.

{8667} Algo asused herein, unless otherwise defined or himited, the torm “extends substantially
along” (and the like) indicates that more than half of an clongate (or other maximuny) length
of the described component extends along a reference structure. In particular, a inear actuator
that extends substantially along a particular structure can be viewed as extending along the
structure in a duection of actuation of the actuator for more than halt of an operationally fully
retracted length of the binear actuaior (¢.g., 75% of the length, 93% of the length, cic)).
Similasly, seference to “substantially all” of a length, widih, or other dimension of a component

mdlicates at least 90% of the dimensicon {.8., B5%, 98%, 99%, 100%).
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{6068} Alse as used heremn, unless otherwise defined or limited, two componenis or other
clements that are described as “substantially aligned™ overlap, relative t¢ a particular reference
direction {¢.g., a front-to~-back dircction), across more than half of a dimension of at least one
the components. Components that are descenbed herein as “vertically aligned” are aligned at a
common vertical distance from a common reference {e.g., two components, cach having
portions located at a particular height above a ground plane that is a defined by support surfaces
of tractive elements of a power machine). Components that are described herein as “laterally
aligned” are located at a common lateral distance from a common reference {e.g., a centerline
of a power machine}, on the same lateral side of a centerline of the power machme. Thus. for
example, for an actuator that 1s substantially laterally aligned with a ift aom, at least halfof a
lateral width of the actuator s spaced from a centerline of the selevant power machine at a
common lateral distance (or range of lateral distances) as g corresponding portion of the Lift
arm. Or, i other words, as viewed from a front-to-back clevation view or a top-to-bottom plan
view, at least half of the lateral width of the actuator overlaps relative 1o a lateral direction with
the relevant portion of the [ift arm As another example, for an actuator that 1s vertically aligned
with a reference hine {or correspondmg plane) at a particular front-to-back location, at keast part
of the actuator (¢.g., 2 pivot connection point thereof) 1s located at a cornmon vertical height
with the reference e at the particular front-to-back location {¢.g., a pivot conucction pout of

an actaator is on a reference line).

{6069} While the power machines disclosed herein may be emabodied in many different fonus,
several specific oxamples arc discusscd hercin with the undorstanding that the cxamples
described in the present invention are {0 be considered only exemplifications of the principies
described herein, and the invention 15 not intended to be hmited to the examples dlustrated.
Throughout the disclosure, the tcoms “about” and “approximately” ragan plus or minus 3% of

the mumber that each term precedes, unless otherwise specified.

10079} Some discussion below describes improved compounents and configurations for power
machings, including components and configurations that use electrical {e.g., as opposed to
hydraghic) power to operate certarn power machine components or otherwise implement certan
power machine functionality. In some examples, clectrically powered components can be
mounted to a frame of a power machine to selectively move work elements of the power
machine, includmng hift arms or implement camviers. Tn some examples, electrically powered
componenis can provide motive power for a power machine, including for tracked power

machines {¢.g.. compact tracked loaders).
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{8671} Correspondingly, some examples can provide improvements over conventional power
machines, including power machings that use hydraulic components for certain operations. For
example, use of electrical compounents {¢.g., motors and actuators) to execcute particular
functions, mstead of conventional hvdraulic components, can mmprove overall precision,
controb, and speed of certain power machine operations. Further, the use of electrical
components can also reduce overall component size, potential for fadure, and general
oaibtenance requiremients as compared o conventional hydraulic svstems. However, some
aspects of the technology disclosed below can be advantageocusly employed in power machines

for which some {or all} of the relevant components are hydranhically operated.

{8072} Continuing, some examples can provide improved structural arrangements for power
machine actuators, and electrical components (e.g., motors and other actuators) in particular.
For example, some mnplementations can include {ifis arms with tlt actuators {including any
associated maotors) that are in al least pactal aignreny, i a frond-lo-back direction, with a oain
portion of the Lift arm, rather than being positioned cntirely to a laterally interior side of the Lift
arm. In some examples, tlt actuators can be positioned to extend along laterally exterior
portions of a hift arm. In some cascs, these types of arrangement can allow the tilt actuators to
be mounted so as to wmcerease operator visibility and ease of access (e.g., providing additional

space around a cab for operator egress and ingress).

16073] Relatedly, some oxamples can provide structural advantages for supporting,
maimtaming, and operating actuators and  other components. For example, some
mplementations can include 1iff arms with pockets (e.g., with metal panel housings) that can
at {feast partly enclose associated actuators. For some such configurations, the ¢t actuator
pockets can additionally provide stable and robust support for pinned {(or other} connections as
can support particularly stable operation of tilt {or other) actuators, Furthor, 1n somc ¢ascs, the
tiit actuator pockets can at least partly shield the tilt actuators from debris or undesired contact,
while also allowing for casy access to the it actuators for mamtenance. Moreover, i 5016
cases, the shape of hift arme (¢.g., exierior profiles of tilt actuator pockets) can be configured
to improve visibility of an attached implement for an operator. Thus, for example, exterior
walls of tilt actuator pockets may he oriented so ag to improve forward visibility while stilf

providing appropriate support for a tilt actuator.

{B3874] Addinonally, some examples can include power assemblies that can provide improved
accessibility, power routing, or weight distribution relative to conventional designs. For

exarople, some implementations can include clectncal systems with control or power wiring
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that 1s efficiently routed through structural features of a power machine, including side walls
of a housing for an actuator and within 1t arms or other structures. Further, clectrical
connectors (g, an clectncal connector for a powered mmplement) can be provided ona top or
an outboard side of a housing having a pocket for an actuator. In some cases, these and similar
arrangements can provide for efficient instaliation and signal routing, and can aiso help to

protect signal hines {e.g., lines for power or control) from pinch points or adverse contact.

{6675} Other bonetits will also be apparent from the discussion below, mcluding bonefits
relating to the ortentation of traction motors, to control of actuators and attachment mechanisms
{c.g., for implements), and to spatial considerations {e g, relative to clearance for operator

gtations}.

{60376} These concepts can be practiced on various power machings, as will be described
helow. A representative power machine on which the examples can be practiced 1s illustrated
i diagram form in FIG. T and one example of such a power machine is tlustrated in F1Gs. 2-
3 and described below before any examples are disclosed. For the sake of brevity, only one
power machme is discussed. However, as meontiongd above, the cxamples below can be
practiced on any of a nuntber of power machines, inchuding power machines of different tvpes
from the representative power machine shown in FiGs. 2-3. Power machines, for the purposes
of this discussion, include a frame, at least one work element, and a power source that can
provide power 1o the work clement to accomplish a work task. One type of power machine 1s
a selt-propelied work vehuacle. Self-propelled work vehicles are a class of power machines that
mchude a frame, work element, and a power source that can provide power to the work element.
At least one of the work clements 18 a motive system for moving the power machine under

power.

{6077 The examples of the disclosure are presented below 1n the context of compact tracked
loaders, with electnical components and other relevant components arranged on and secured to
a frame. In some examples, electrical components and related systems according 1o the
disclosure can be uscd with other tvpes of power machincs, includimg with articulated powoer
machines and with gon-articulated power machines with tractive elements other than tracks
{te., wheels). In addition, some examples of the disclosure are presented in the context of
glectrical sub-assemblies for controlling work functions, such as by controlling actuators to
maneuver one or mors implements. In some examples, electrical sub-assemblics according to
the disclosure can also be configured for other uses. such asto control other features, actuations,

or moverments of power machines.
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[60678] FIG. 1 ilustraies a block diagram that illustrates the basic systews of a power machine
100 upon which the examples discussed below can be advantageously incorporated and can be
any of a sumber of different types of power machines. The block diagram of FIG. { weotifies
various systems on power machine 100 and the relationship between vanious components and
systems. As mentioned above, at the most basic fevel, power machines for the purposes of this
discussion include a frame, a power source, and a work element. The power machine 100 has
a frame 110, a power source 120, and a work element 130, Because the power machine 100
shown m FEG. 1 1s a self-propelled work vehicle, it also has tractive clements 140, whnceh are
themselves work elements provided to move the power machine over a support susface, and an
operator station 130 that provides an operating position for controlling the work elements of
the power machine. A control system 160 is provided to mteract with the other systems to
perform various work tasks at least i part in response to control signals provided by an
operator.

16679] Coertam work vehicles have work cloments that arce capable of performing a dedicated
task. For example, some work vehicles have a hft arm to which an implement such as a bucket
15 attached such as by a pinning arrangement. The work clement, 1.e., the lift arm, can be
manipulated to position the implement for the purpose of performing the task. The implement,
0 some instances, can be positioned relative to the work element, sech as by rotating a bucket
relative to a kift arm, to further position the tnplement. Under normal operation of such a work
vehicle, the bucket 1s miended o be attached and under use. Such work vehicles ruay be able
to accept other implements by disassembling the wnplement/work clomoent combination and
reassembling another implement in place of the original bucket. Other work vehicles, however,
arc intended to be used with a wide varniety of implements and have an implement mterface
such as implement interface 170 shown i FiG. 1. At its most baste, tmplement tmterface 170
is a conmection mechamsm between the frame 110 or a work element 130 and an implement,
which can be as simple as a connection point for attaching an tmplement directly to the frame

110 or a work elernent 130 or more complex, as discussed below,

{6688} On some power machines, implement interface 170 can include an implernent carrier,
which is a physical stnictiure movably attached to a work element. The unplement carrier has
engagement features and locking features to accept and sceure anv of a number of implements
to the work element. One characteristic of such an wplement carvier is that once an implement
1s attached to it, 1t 1s fixed to the mmplement (e, not movable with respect to the implemoent)

and when the mmplement camrier is moved with respect to the work element. the inplement
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moves with the inplement carrier. The term implement carner as used herein is not mercly a
pivotal connection point, but rather a dedicated device spocifically infended to accept and be
sccured to vanous different implements. The waplement carder stself 158 moundable to a work
clement 130 such as a lift amm or the frame 110, Implement interface 170 can also include one
or more power sources for providing power to one or more work elements on an implement.
Some power machines can have a plurality of work element with implement inierfaces, cach
of which may, but need not, have an mplement carrier for receiving implements. Some other
power machines can have a work element with a plurality of implement interfaces so that a
single work element can accept a plurality of tmplements simultaneously. Each of these

mnplement mterfaces can, but need not, have an imploment carrier.
>

{8881} Frame 110 1inclades a physical strnecture that can support various other components that
are attached thereto or positioned thereon. The frame 110 caninclude any number of individual
componerds. Souwe power machies have fraomes that are ngid. That is, no part of the fame 1s
movable with respect to anothor part of the frame. Other power machines can have at least one
portion that is capable of moving with respect to anocther portion of the frame. For example,
excavators can have an upper frame portion that rotates with respect o a lower frame portion.
Other work vehicles have articulated frames such that one portion of the frame pivots with

respect to another portion for accomplishing steering fumctions.

16082] Frame 110 supporis the power source 120, which s capable of providing power to one
ormore work ¢lements 130 mcluding the one or more tractive elements 140, as well as, m some
mstances, providing power for use by an attached mmplement via mmplement mterface 170
Power from the power source 120 can be provided directly to any of the work elements 130,
tractive clements 140, and mmplement interfaces 170, Altematively, power from the power
source 120 can be provided to a control system 160, which i turn selectively provides power
to the elemeants that are capable of esing it to perform a work function. Power sources for powe

machines typically include an engine such as an intemal combustion engine and a power
conversion system such as a mechamcal transmuission or a hvdraulic system that is capable of
converting the output from an engine into a form of power that is uvsable by a work element.
Other types of power sources can be incorporated into power machines, including electrical

sources or a combination of power sources, known geverally as hyvbrid power sources.

{083} FIG. 1 shows a single work element designated as work element 130, but various power
machines can have any number of work elements. Work elements are typically attached to the

frame of the power machine and movable with respect 1o the frame when performing a work
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task. In addinion, tractive clements 140 are a special case of work element m that their work
function is generally to move the power machine 100 over a support surface. Tractive eloments
140 are shown separate from the work clement 130 because many power machines have
additional work elements besides tractive eloments, although that 1s not always the case. Power
machines can have any mumber of tractive elements, some or all of which can receive power
from the power source 120 to propel the power machme 100, Tractive clements can be, for
example, wheels attached to an axde, track assemblies, and the like. Tractive clements can be
mounted to the frame such that movement of the tractive element 1s imited to rotation about
an axle (30 that steering is accomplished by a skadding action} or, alternatively, pivotally
omwrunted to the frame to accomphish steeriog by pivoting the tractive clement with respect to

the frame.

[§4384] Power machine 100 mehudes an operator station |50 that includes an operating position
from which an operator can control operation of the power machine. In soroe power machines,
the operator station 130 15 defined by an onclosed or partially onclosced cab. Somc power
machines o which the disclosed examples may be practiced may not have a cab or an operator
compartment of the type described above. For example, a walk belund loader may not have a
cab or an operator compartment, but rather an operating position that serves as an operator
station from which the power machine is property operated. More broadly, power machines
other than work vehicles may have operator stations that arc not necessarily simular to the
operaling positions and operator compartments referenced above. Further, some powe
machines such as power machme 100 and others, whether or not they have operator
compartments or operalor positions, may be capable of being operated remotely (e, from a
remotely located operator station) instead of or in addition to an operator station adjacent or on
the power machine. This can include applications where at least some of the operator-
controlied funchions of the power machime can be operated from an operating position
asscciated with an implement that is coupled to the power machine. Alternatively, with some
power machines, a remote~control device can be provided (1.e., remote from both of the power
machine and any implomeoent to which 1s 1t coupled) that s capable of controthing at foast some
of the operator controlled fumctions on the power machine.

[0085] FIGs. 2-3 illustrates a loader 200, which is one particular example of a power machine
of the tvpe lustrated in FIG. 1 where the examples discussed below can be advantageously
employed. Loader 204 is a track loader and more particularly. a compact tracked loader. A

track loader 1s a loader that has endloss tracks as tractive eloments {as opposed to wheels).
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Track loader 200 15 one particular example of the power machine 100 illustrated broadly in
Fit3. 1 and discussed above. To that end, features of loader 200 described below inchude
reforence sumbers that are gencrally sundar to those used in FIG. {1 For example, loader 200
1s described as having a frame 210, just as power machine 100 has a frame 110, Track loader
200 1s descrnibed herein to provide a reference for understanding one environment on which the
cxamples described below related to track assemblies and mounting elements for mounting the
track assemblies to a power machine may be practiced. The loader 200 should not be considered
hmiting especially as to the deseription of features that loader 200 may have descnibed herein
that are not essential to the disclosed examples and thus may or may not be included i power
machives other than loader 200 upon which the examples disclosed below may be
advantageousiy practiced. Unless specifically noted otherwise, examples disclosed below can
be practiced on a vasiety of power machines, with the track loader 200 being only one of those
power machines. For example, some or all of the concepts discussed below can be practiced
on many other types of work vehicles such as various other loaders, excavators, trenchers, and

dozers, to name but a few examples.

{8086} Loader 200 includes frame 210 that supports a power system 220, the power sysiem
being capable of generating or otherwise providing power for operating various functions on
the power machine. Frame 210 also supports a work element in the form of 2 11t amm structure
230 that is powered by the power system 220 and can perform various work tasks. As loader
200 1s a work vehicle, frame 210 also supports a traction svstem 244, which 1s also powered
by power system 220 and can propel the power machine over a support surface, The hft arm
structure 230 in tum supports an implement carrier 272, which can receive and secure various
mplements 1o the loader 200 for performing various work tasks. The loader 200 can be
operated from an operator station 235 from which an operator can manipulate various control
devices to cause the power machine to perform various fimetions. A control systern 260 is

provided for controlling the various functions of the leader 200,

{06871 Varous power machines that can mclude and/or interacting with the examples
discussed below can have vanous different frame components that suppost various work
clements. The elements of frame 210 discussed herein are provided for tllustrative purposes
and should not be considered to be the only type of frame that a power machine on which the
examples can bo practiced can omploy. Frame 210 of loader 200 includes an undercarriage or
fower portion 211 of the frame and a mainframe or upper portion 212 of the frame that is

supported by the undercarmage. The mamframe 212 of loader 200 1g attached to the
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undercarriage 211 such as with fasteners or by welding the undercarriage to the mainframe.
Mainframe 212 includes a pair of upright portions 214 located on either side and toward the
rear of the mainfraroe {ondy ove s shown 1 FiG. 2} that support a hift aro structure 230 and to
which the Iift arm structare 230 s pivotally attached. The bft arm structure 230 1s illustratively
pinned to each of the upright portions 214, The combnation of mounting features on the
upright portions 2 14 and the lift arm structure 230 and mounting hardware (including pins used
to pint the lift ano structure to the mwainframe 212) are collectively referred to as joints 216 {one
ia located on each of the upright portions 214} for the purposes of this discussion. Jounts 216
are aligned along an axas 218 so that the hift anm structure is capable of pivoting, as discussed
below, with respect (o the frame 210 about axis 218, Other power machines may not mclude
upright portions on either side of the frame or may not have a ft arm structure that 1s mountable
1o upright portions on either side and toward the rear of the frame. For example, some power
machines may have a single arm, mounted to a single side of the power machine orto a front
or rear end of the power machine. Other machines can have a plurality of work elements,
mecluding 2 plurality of hft amms, cach of which 1s mounted to the machine in s own
configuration. Frame 210 also supports a parr of tractive elements 242 on either side of the

loader 200 (only one is shown in FIG. 2), which on loader 200 are track assemblies.

JB888] The bft arm structure 230 shown i FIG. 11 one example of many different types of
Iift arm stractures that can be attached to a power machine such as loader 200 or other power
machines on which examples of the present discussion can be practiced. The aft amua structure
230 has a pair of 1ift arms 232 that are disposcd on opposing sides of the frame 210, A first cad
232A of each of the [ift arms 232 is pivotally coupled to the power machine at joints 216 and
a second end 2328 of cach of the lift arms is positioned forward of the frame 210 whenin a
lowered position as shown in FIG. 2. The Lift armm structure 230 is movable (e, the hift am
structure can be raised and lowered} under control of the loader 200 with respect to the frame
210, That movement {i.¢, the raising and lowering of the 14t arm stractare 230) 15 descrbed
by a travel path, shown generally by arrow 233, For the purposes of this discussion, the travel
path 233 of the bt arm structure 230 19 defined by the path of movemont of the second cnd
2328 of the Iift arm structure.

(D089} Each of the Lift arms 232 of Lift arm structure 230 as shown in FIG. 2 includes a fst
portion 2344 and a second portion 2348 that is pivotally coupled to the frst portion 234A.
The first portion 234A of cach hift arm 234 1s pivotally coupled to the frame 210 at once of the

joints 216 and the second portion 2341 extends from its conngction o the first portion 2344
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to the second end 2328 of the 1t arm structure 230. The 14t arms 232 are each coupled to a
cross member 236 that is attached to the first portions 234A. Cross member 236 provides
mercased structural stability to the bft amm structure 230, A pau of actuators 238 {only one s
shown 1 FIG, 1), which on loader 200 are hyvdraulic cvlinders configured to receive
pressurized flund from power system 220, are pivotally coupled to both the frame 210 and the
feft arms 234 at prvotable joints 238A and 238B, respectively, on either side of the loader 200,
The tilt actuators 238 are sometimes referred to mdividually and collectively as lift cvhinders.
Actuation (1.e., extension and retraction) of the tilt actuators 238 cause the Iitft arnm structure
230 to pivet about joints 216 and thereby be raised and lowered along a fixed path illustrated
by amrow 233, Each of a pair of control links 217 (only one 1s shown) are pivotally mounted 1o
the frame 210 and one of the hift anms 232 on either side of the frame 210, The contro} links
217 help to defime the fixed travel path of the [ift arm structure 230, The hift anm structore 230
shown in FIG. 2 s representative of one type of lift arm structure that mav be coupled to the
power machine 100, Gther bft arm structures, with different geometrics, components, and
arrangements can be pivotally coupled to the foader 200 or other power machines upon which
the examples discussed herein can be practiced without departing from the scope of the present
discussion. For example, other machines can have 1ift arm stractures with Lift arms that cach
has ong portion {as opposcd to the twoe portions 234A and 2348 of it arm 234} that (s pivotally
coupled to a frame at one end with the other end being posttioned in front of the frame. Other
fift arm stouctures ¢an have an extendable or telescoping Lift arm. Stll other Lift arm structures
can have several (i.e., more than two) portions segments or portions. Some hft arms. most
notably hft armis on excavators but also possible on loaders, may have portions that are
controliable to pivot with respect to another segment instead of moving in concert (L.¢., along
a pre-determined path) as is the case in the Bft arm structure 230 shown in FIG. 2. Some power
machines bave Lift aro structures with a single lift aow. such as 18 known m excavators or even
some loaders and other power machines. Other power machines can have a plurality of lift arm

structures, ¢ach being independent of the other{s).

16699 An oxemplary mplement ntorface 27018 provided at a sccond ond 234B of the hft amm
234, The mmplement interface 270 mcludes an implement carrier 272 that is capable of
accepting and securing a variety of different mnplements to the lift anm structure 230, Such
mmplements have a machine interface that is configured to be engaged with the implement
carrier 272 The implement carvier 272 s pivotally mouanted to the second end 234B of the it

arm 234 Implement carrter actuators {¢.g., filt actuators) are operably coupled between second

SUBSTITUTE SHEET (RULE 26)



WO 2023/034572 PCT/US2022/042460

CA 03220521 2023-11-27

=16

end 2328 of the 1tft arm structure 230 and the implement carrier 272 and are operable o rotate

the implement carrier with respect to the 1t arm structure 230

{0091 The mploment mtorface 270 also mwcludos an implomoent power source 235 available
for connection to an nplement on the 1ift anm structure 230. The implement power source 235
includes pressurized hvdravlic fluid port to which an implement can be coupled. The
pressurized hydraulic fluid port selectively provides pressurized bydraulic fluid for powering
one or more functions or actuators on an imploment. The mplement power source can also
imchude an electrical power source for powering electrical actuators and/or an electronic
controller on an mmplement. The clectrical power source 235 also exemplardy mncludes
electrical conduits that are in communication with a data bus on the loader 200 to allow
commuutication between a controller on an implement and electronic devices on the loader 200.
1t should be noted that the specific implemont power source on loader 200 does not include an

clecinical power source,

{6692} The lower frame 211 supports and has attached to it the pair of tractive elements 242,
wlentified 10 FHGs. 2-3 as loft track assembly Z40A and right track assembly 2408, Each of the
tractive elements 242 has a track frame 242 that is coupled to the lower frame 211, The track
frame 243 supports and is surrounded by an endless track 244, which rotates under power to
propel the loader 200 over a support surface. Various elements are coupled to or otherwise
supported by the track frame 243 for engaging and supporting the endless track 244 and cause
it to rotate about the track frame. For example, a sprocket 246 15 supported by the track frame
243 and engages the endless track 244 to cause the endless track to rotate about the track frame.
An idier 245 15 held agawnst the track 244 by a tensioner (not shown) to matntain proper tension
oun the track. The track frame 243 also supports a plurality of rollers 248, which engage the
track and, through the track, the support surface to support and distribute the weight of the

foader 200,

{6693} Upper frame portion 212 supports cab 250, which defines, at least in part, operator
comparbment or station 255, A secat 258 1s provided within the cab 250 in which an operator
can be scated while operating the power machine. While sitting in the seat 238, an operator
will have access to a plurality of operator input devices of the control system 260 (cg.,
1ovsticks) that the operator can manipulate to conlrol various work functions, such as

manipulating the Lift arm structure 230, the traction svstem 240, and so forth.
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{8694} Display devices are provided in the cab o give indications of information relatable to
the operation of the power machines in a form that can be sensed by an operator, such as, for
example audible and/or visual mdications. Audible mdications can be made 1o the form of
buzzers, bells, and the Like or via verbal communication. Visual indications can be made in the
form of graphs, kghts, icons, ganges, alphanumeric characters, and the hke. Displavs can be
dedicated to providing dedicated indications, such as warning lights or gauges, or dynanuc to
provide programmable information, including programomable display devices such as monitors
of varous sizes and capabilites. Display devices can provide diagnostic mfonmation,
troubleshooting nformation, mstructional wformation, and various other types of imformation
that assists an operator with operation of the power machioe or an toplement coupled to the

power machine. (ther information that may be useful for an operator can also be provided.

{0095] FIG. 4 illustrates power system 220 in more deotail. Broadly speaking, power system
220 1ncludes one or more power sources 222 thatl can generate and/or store power for operatimyg
various machine fanctions. On loader 200, the power svstem 220 includes an mtornal
combustion engine. Other power machimes can inchude clectric generators, rechargeable
batterics, various other power sources or any combination of power sources that can provide
power for given power machine components. The power system 220 also mcludes a power
conversion system 224, which is operably coupled to the power source 222, Power conversion
system 224 is, o turn, coupled to one or more actuators 226, which can perform a function on
the power machine. Power conversion systeras i vanious power machines can include various
components, including mechanical transoussions, hvdraulic systems, and the hike. In some
cases, the power conversion system 224 of power machine 200 nclades a hydrostatic drive
pump 224A, which provides a power signal to drive motors 2264, 226B, 226C and 226D, The
four drive motors 226A, 226B, 226C and 226D, m turn, are cach operably coupled to four
axles, 228A 228B, 2280 and 228D, respectively. Although not shown, the four axles are
coupled to the wheels 242A 2428, 244A and 2448 respectively. The hydrostatic drive pump
224 A can be mechanically, hydraulically, and/or electrically coupled to operator input devices
to roccive actuation signals for controlling the drive pump. The power conversion systom also
mchides an implement pump 224B. which is also dnven by the power source 222, The
moplement pump 2248 18 configured to provide pressurized hydravhic flud to a work actuator
circuit 237. Waork actuator circuit 237 is in comnnunication with work actuator 239, Waork
actuator 239 is representative of a plurality of actuators, including the 1ift eylinder, tilt cylinder,

telescoping oylinder, and the like. The work actuator circuit 237 can inclade valves and other
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devices to selectively provide pressurized hydraulic fluid o the various work actuoators
represenied by block 23% in FIG. 4. In addition. the work actuator circuit 237 can be configured

to provide pressurized hydraulic fluid to work actuators on an attached mnplement.

{6896] The description of power machine 100 and loader 200 above is provided for illustrative
purposes, to provide Hllustrative environments on which the examples discussed below can be
practiced. While the examples discussed can be practiced on a power machine such as &
eencrally descenbed by the power machime 100 shown m the block diagram of FIG. 1 and more
particelarly on aloader such as track loader 200, unless otherwise noted or recited, the concepts
discussed below are not intended to be limited i their application to the envircnments

specifically desenibed above.

{60397} In conventional arrangements, the tift actuators 23% may use hydraulic components {(i.¢,
hyvdranhic actuators or motors), which can result in certamn mefficiencies. For example, the use
of hvdraulic actuators may result in somewhat imprecise execution of certain operations, may
require frequent maintenance and related activities (e g, to address leakage of hydraulic fliad,
wear of scals, ¢tc.), may impose undesired size requirements, and may exhubit Linuted
performance capabilitics {e.g., relative to actuation speed, responsivencss o operator
commands or external factors, etc). Complex control of hydraulic actuators may also be
difficulf, imchuding for synchronized operation of the tilt actuators and associated power
machime work elements. Thus, although conventional power machines that use hydraulic
actuators can provide substantial power and functionality, mcluding for motive power and to
operate Hft arms and implements, optimal performance relative to mulople design constrainis

may be difficult to achieve.

{0098] Examples of the disclosure can address one or more of the issues noted above, or others.
For example, some implementations can use electnical systems for motive power or for other
operation of work elements. including 11t aro structures and implements. In some examples,
such electrical svstems can be readily swapped for hvdraulic systems on pre-existing power
machine strocturcs, such as by replacing hvdrauhic oylinders and motors with cloctrical
actuators and motors, thereby potentially improving multiple aspects of machine performance
with little or no required adaptation of existing power machine frames or other support

stractures.

{60991 As also noted above, the use of clectrical components in some examples (c.g., instead

of hydraulic components) can help to improve overall svstem functionality, including relative
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to precision and complexity of contral for work elements. For example, clectrical actuators can
gencrally provide enhanced motion-control capabilities as compared 1o hydraulic actuators,
mcludiog with regard to precise positioning of components (e g, precise extepsion of hift or ult
actuators) and complex simultancecus control of multiple clectnical components {c.g.,
simultaneous control of multiple drive motors or work actuators). Use of electrical components
can also help to reduce maintenance frequency and dimunsh potential for component failures,
including through the eluvination of hydraulic leakage and of components that are prone to
substantial wear {e.g., seals). As a result, using electrical systems as opposed to hydraudic
systems can reduce the overall cost and time required to maitain power machimes. Morcover,
in some instances, hydeaulic systems require more components and space than coraparably
capable electrical svstems. As a result, using electrical svstems as opposed to hvdraulic systemns
can reduce the required spatial footprint on a power machine for these systems, with
corresponding  benefits for overall system design. For example. power machines that
extensively use electrical systems rather than hydraulic systems can be more compact or more
accessible for users, or can be more easily equipped with additional components for enhanced

functionality.

[100] As another issue, including for power machines with electrical actuators, conventional
Bft armm designs may present obstructions to visthnbiy for operators, may be sobject to
inefficient loading or stress distributions during use, and mav be somewhat oxposed to
environmental objects and debris, m addition to presenting significant packaging challenges
relative to other components of a power machine. Some examples prosented herein can provide
mmproved Lift arm stroctares, including as may coliectively address the issues noted above. In
some cases, the improved Lift arm structures may be particularly beneficial for use with
clectrical actuators {c.g., electrical tilt actuators) to provide improved loading, shielding,

visibility, and overall packaging.

10101} FlGs. 3 and 6 illustrate an example arrangement of componenis for an clectrically
powered power machine 300, which 1s one particular example of the power machme 100
iHustrated broadly in FIG . 1 and discussed above, and selative to which the examples discussed
herein can be advantageousty emploved. The power machine 300 s simidar in some ways to
the loader 200 described above and like sumbers represent similar parts unless otherwise
indicated below. For example, like the loader 200, the power machine 300 includes a frame

310, a Lift arm structure 330, and a traction system 340,
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{8102} As shown wny Fi(s. 5 and 6, the frame 310 s substantially similar to the frame 210 of
the power machine 200, although the specific elements of the frame 310 discussed herein are
provided for iHustrative purposes and are not inteoded to represent the onby type of frame for
a power machine on which the examples of thas disclosure can be used. Generally, the frame
310 includes a rear frame end 310A opposite a front frame end 310B and is generally
symmetrical about a longitudinal plane 313 {o.g., a central vertical plane of the power machine
300). The frame 310 15 configured to support a cab 359 that is similar to the cab 250 of power
machine 200 and can correspondingly include an operator station 3535 from wiuch an operator
can mamipulate various control devices {i.e., an oporator control system) to cause the power
machine 300 to perform various work fimetions. Similar (o the operator station 235 (see FIG.
2}, the operator station 3533 can mcelude an operator scat and a plurality of operator input
devices, for example, a joystick, although other operator input devices can inclade other control
fevers or other dovices of known configurations that an operator can manipulate to control

various machine fimctions.

{0183} The frame 310 15 also configured to operatively support the bt structure 330. In the
tHustrated example, the [ift arm structure 330 includes two Lift arms 332 that are symmetrically
configured on opposing lateral sides of the frame 310 {eg.. on opposing sides of the
fongitudinal plane 313). Accordingly, discussion of one of the 1ift arms 332 herein generally
applies to the other of the 1ift arme 332, In some examyples, a different number of lift arms {e.g.,

only one lift arm) may be provided, or lift arms may not be synumetrically configured.

{8104} As illastrated in FIG. 5 in particular, the Lift arm 332 extends beiween a proximal end
332A {c.g.. a first end) located near the rear end 310A of the frame 310 and a distal end 3108
{e.g., a second end} located near the front end 3108 of the frame 310, Put another way, the first
end 332A of the hift arm 332 1s disposed closer to the rear end 310A of the frame 310 than to
the front end 3108 of the frame 310 and the second end 3328 of the Lift arm 332 is disposed
closer to the front end 310B of the frame 310 than to the rear end 310A of the frame 310,
Additionally, the lift arm 332 generally includes a first portion 334 A that 18 pivotally coupled
tr the frame 310 at a joint 316A and a second portion 3348 that extends from a pivotal
connection to the first portion 234A af joint 3168 toward the second end 2328 of the Lift arm
steucture 230. Thus, the It structure 330 1s generally configured to operate as a vertical path
Iift structure that can rase and lower an implement along a non-radial path. In other examples,
other configurations (e.g.. other linkage arrangements) can be used, or a ift structure may be

configurcd to operate as a radial path Lift structure.
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{81051 A second (e.g., distal) portion of a lift arm can be configured as a generally elongate
member that can made of one or more sections. For example, in the dlustrated example, the
second poriion 3348 of the Hft arm 3372 includes thuee sections that are fixedly coupled together
to form a main beam of the Iift arm 332, namely, a first or rear beam portion 339A a sccond
or middie beam portion 3398, and a third or front beam portion 339, The first beam portion
3394 s disposed near the rear end 310A of the frame 310 and includes the joint 3168 so that
the first beam portion 3394 is coupled to the first porfion 3344 of the 1t arm 332, The first
beam portion 339A s also fixedly coupled to (e.g., welded to or integrally formed with) the
second beam portion 3398 opposite the jomt 316B. The second beam portion 339B extends
generally toward the front end 310B of the frame 310, from its connection with the first beam
portion 3394, to connect with the third beam portion 339C proximate the front end 3108 of
the frame 310, Ag iustrated, the second beam portion 339B is configured as a generally
straight, generally hollow beam, but other examples may include various bends or other
features and geometries. The third beam portion 339C is fixedly coupled (e g., welded) to the
second beam portion 3398 near the front end 310B of the frame 310, and s configured to

support a work element.

[106] In gencral, a lift arm can define a lift anm axis that extends generally along a main beam
or main section of the lift arm, from a rear end of the Iift arm to a front end of the Lift arm. For
example, as dlustrated in FIGS. 5 and 8, the sccond beam portion 3398 defines a neutral {e.g.,
central or centroid) axis 337 of the second portion 3348 (and of the 1aift arm 332, gencrally),
which runs contrally along the fongth of the sccond portion 334B (.c., along a length taken
between the first beam portion 339A and the third beam portion 338C). In other examples,
where a main beam of a lift amm is curved, the neutral axis can be correspondingly curved to
follow along a local center or centroid of the Iift arm. In vet other examples, the hift arm axas
can be defined in other ways. For example, a bft anm axis can be defined as a center line that
follows local midpoints between upper and lower edges of a main beam of a lift arm for a

fength of the main beam.

{8167} With continued reference to FIGs. 3 and 6, the frame 310 can also be configured to
support a variety of other components. For example, sinilar to the frame 210 of power machime
200, the frame 310 suppotts a power source 333 (sce FIG. 6) that is configured to provide
power for executing functions on the power machine 300, wmcluding operations using the
traction system 340 and the [ift arm stoucture 330, In the illustrated example, the power source

335 15 an clectrical power source {¢.g.. a battery) that provides clectrical power for operation
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of the traction systern 340, the Bft amm structure 338, and other subsysiems of the power
machine 300. The power source 335 can include a control module (not shown) configured to
controf the distribution of clectrical power to other electrical devices of the power machine
300, including motors, near actuators, and vanous work elements, as further discussed below.
Further, in some examples, a control module can be configured to receive signale from other
clectnical devices, to allow feedback-based or other control of various devices or the power

machine 300 10 general.

{0108} Ag generally discussed above, electrical actuators can be usefully emploved for non-
tractive operations of a work machine. However, in some cases, size and other constraints that
are mherent to certain electrical actuators may increase the difficulty of providing optimal
physical reach, mechanical advantage, rear visibility, etc. for a hift arm assembly. For example,
clectrical actuators tend io be longer than hydravlic actuwators with sumilar capacity or
capabilities, with imereased dead-band length (e, the part of overall actuator length that
cxceods the longth by which the actuator can be oxtended). Some oxamples of the discloscd
techniology can address this issue, mcluding by improving the mounting locations and other
aspects of mounting configuration for clectrical hft actuators. For example, some
mnplementations can use clevis-type connections alone or in combination with fold-back motor
configurations or improved mounting locations on a man frame or a ift amm to generally

improve packaging and performance for electrncally actuated 11 arms.

[0109] For example, with continued reference to FIGs. 3 and 6, electrically powered Lift
actuators 338 and electrically powered 6t actuators 373 can be used to execute various
functions with the Iift arm stracture 330, In the ustrated example, the hift actuators 33¥ and
the tilt actuators 373 are supported on opposing lateral sides of the frame 319 so as to be
substantially symmetrical about the longitudinal plane 213 of the power machine 300
Accordingly, discussion of one of the Iiff actuators 338 or one of the alt actuators 373 herem
generally also applies to the other of the respective 1ift actuators 338 and @t actuators 373 In
other examples, different nuwmbers of It actuators and/or tiit actuators may be provided, or

thev may not be svmmetrically configured.

{91198} With additional reference to FIG. 7, an example configuration of the Lift actuator 338
1s shown 1n greater detail, As illustrated, the Lift actuator 338 15 configured as an electrically
powered ball screw actuator that can be controllably extended ¢ g, by an operator via a control
module) to raise and lower the hift arm 332 along a travel path {e.g., simular to the travel path

233 as shown in FIG. 23 The hfE actuator 338 includes an electncal motor 341 and an
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extendable portion configured as a ball screw 342, which are operatively connected (o one
angther via a gearbox 343, More specifically, the lift actuator 338 is in a fold-back motor
configuration wherein each respective moior 341 and ball screw 342 exiend parallel to one
another from the same side of the gearbox 343 That 1s, the ball screw 342 extends away from
the gearbox 343 to define an extension axis 344 of the Lift actuator 338, and the motor 341
extends parallel to and in the same direction as the extension axis 344, The ball screw 342 s
configured to hnearly extend and retract along the extension axis 344 when powered by the

motor 341 via the gearbox 343,

{8111} Although ball screws and fold-back motor configurations may be particularly beneficial
relative to Hft arm structures discussed herein, in other examples, other configurations are
posaibie. For example, a hft actuator can be another type of electrical actuator, including alead
scrow, belt driven, or other geared actuator, or can mchide with motors with m-lne or

perpendicular configurations.

{6112} As also discussed below, a It actuator can further include one or more mounting
features (1.¢., connection structures) to pivotally secure and operatively couple the [ift actuator
between, for example, a frame and a lift am of a power machine. Although a lift actuator can
include various {vpes of connection structures, some arrangements may provide particular
stability and utility for clectrical actuators, including when implemented in combination with
other principles discussed herem. For example, as illustrated i F1G. 7, the ift actuator 338
mcludes an upright flange 345 {e.g., similar 1o a pillow block structure} coupled with and
extending from the gearbox 343 opposite the motor 341 and the screw 342, The Hlange 345 is
stationary relative to the gearbox 343 and 1s configured fo receive a bushing or a beanng 346

that s configured to rotatably couple with, for exanple, the frame 310,

{63113} In some cases, the flange 345 can be configured so that the bearing 346 1s substantially
aligned with the extension axis 344 In some cases, the flange 3435 may be removably coupled
or integrally formed with the gearbox 343. Further, n the illustrated example, the bearnmg 346
13 configurcd as a sphorical bearing that can allow for morc axial displacement (Gc.,
misalignment) than other conventional approaches, and can help to prevent induced side-
Inading on the body of an associated actuator. In some examples, other types of bearings and

bushings mayv also be use

161 14} The Lift actuator 33% firther includes an extendableo ond 348 that can be extonded and

retracted with the ball screw 342 to move hinearly relative to the gearbox 343 In the illustrated
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example, the extendable end 348 has a sphernical beanng 349 that 1s configured o rotatably
couple with, for exarmple, the Lift arm 332, although other tvpes of ends, bearings. and/or
bushings may also be used. The bearnog 349 1s configured sumilarly to the bearing 346 m the

iustrated example, although other configurations are possible.

{9115] With additional reference to FIGs. 8 and 9, the 1ift actuator 338 is secured o the frame
3160 within a |4t actuator pocket 336 that is disposed proximate the rearend 310A ofthe frame
310, The hift actuator 338 15 positioned so that it 18 in lateral alignment with an associated hift
arm 332 of the lift arm stractare 330 (1.e., 18 disposed vertically above or below the lift arm 332
at a common lateral displacement from a centerline of the machine 300}, In the Hlustrated
example m particular, as shown in FIG. 9, the Lift actuators 338 are posittoned within the huft
actuator pocket 336 in lateral alignment with the hift arm 332, so that the extension axas 344 is

]
I
i

coplanar with a noutral axis 337 of the kit arm 332 {or a conter line of the hift arm 332).
Additonally, the It actuator 338 15 beneficially onented within the Bt actuator pocket 336 50
that the motor 341 15 posttioned within the Iift actuator pocket 336 and located rcarward of the
ball screw 342 (i.e., closer to the rear end 3 10A of the frame 310} at all operational positions

of the Lift arm 332 {c g., throughout the entire travel path of the Lft arm 3323

{0116} For example, by mounting the lift actuator 338 in this manner, the frame 310 can be
configured to include an angled lower-rear surface 315 so that a bottom side of the lift actuator
pocket 336 angles upward proximate the rear end 310A of the frame 310, That 15, the angled
lower-rear surface 315 of the hift actuator pocket 336 angles wpward, moving toward the rear
end 310A, relative to ahorizontal plane defined by a bottom of the frame 310 or by level ground
on which the power machme 304 rests. The inclusion of the angled surface 315 can mcerease a
departure angle 317 (sce FIG. 5) of the power machine 300 (1., an angle between the ground
and a line drawn between the rear of the track and the bottom of the frame m the rear of the
machine} as compared to conventional designs with otherwise suilar configurations.
Additonally, as also discussed below, such an arrangement can also allow tor a relatively large
actuator 1o be fitted to the power machine 300, which can increase the overall range of motion
of the Lt armm structure 330 and provide improved load handling capabidities (e g, ncreasing
hft arm gpeed and acceleration, and increasing a maximum allowable load) Generally, an
clectrical Lift actuator arranged as disclosed herein can allow for a departure angle of at least

2

I

i

S degrees.

{81171 Relatedly, positioning a lift actuator withun a 1ift actuator pocket can provide advantages

over conventional mounting configurations. For example, by posttiomng the motor 341 within
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the Hift actuator pocket 336, sensitive motor components (e.g., clectrical components) can be
protected from damage, including from external impacts, with the lift actuator pocket 336
providing lateral and rear shielding for the motor 341, Likewise, further protection of the motor
34§ may be achieved when the motor 341 15 disposed belund the ball screw 342 as a result of
the fold-back configuration. Furthermore, positioning the motor 341 within the hft actuator
pocket 336 can allow for particubarky efficient routing of, for example, electrical power, control
signal wire {e.g., control cables), and cooling lines (vot shown). In this arrangement, the wires
can also be protected from damage, as lengths of the wires can be run completely or
substantially intemal to the power machine 300, and thus may not be exposed to the exterior
of the power machine 300, Moreover, pinch points that may catch and damage the wires can
be reduced or chimunated. In particular, some examples can include high voltage wires (i.e.,
cables or other wirgs for signals of 40V or more), that can extend within a Ift arm for
substantially all of a length of the wires or of a portion of the lift arm. In some examples, high
voltage or other wires can be entirely enclosed along all or substantially all of a fength of a
maimn beam or other portion of a Iift arm, including within a fully enclosed volume defined by
a body of the Lift arm or by a partly enclosed volume defined by a body of the hift arm in
corpbination with an attached cover. In other configurations, other cornponents, for example,
bydraubic hincs, of the power reachue 300 can be run through a It amm and joto a pocketin a

similar manner.

{6118} In other examoples, a It actuator can be mounted to a power machine differently. For
cxample, a hft actuator may be connocted to difforent parts of a frame or a it amm and can be
oriented differently (e.g.. inverted from the orientation shown in FIG. 8). Additionally, a lift
actuator may sometimes pot be secured within a Lift acmator pocket, for example, in retrofit
applications where an cleciric It actuator 1s used to replace a conventional hydraulic Iift

actuator.

101191 A Lift actuator can be operatively coupled between a frame and a Hft arm of a power
machine so as tomove {e.g., lift) the Lift arm relative to the frame. For example, 1o the illustrated
configuration, the it actuator 338 1s pivotally coupled to the frame 310 withun the 11ft actuator
pocket 336 at a lower {¢.g.. first) pivot connection 319 and to the iftarm 332 at an upper {e.g.,
second) pivot connection 321, The pivot connection 319 is configured as a pinned, clevis~joint
connection, and the Lift actuator 338 15 positioned so that the beanng 346 can receive a pin
319A supported by inboard and outboard sides of the hift actuator pocket 336, to form the

pivoting connection 319 and thereby aliow the 1ft actuator 338 to pivot relative to the frame
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310. The pin 319A can be secured on the exterior of the hift actuator pocket 336 by a plate or
collar 3198 to prevent the pin 219A from disengaging from the lift actuator 3338 during

operaiion or can be otherwise secured using varous known arrangements,

{9128} With particolar reference to FIG. 9, the pivot connection 321 s also configured as a
pinned, clevis-joint connection, with the extendable end 343 positioned so that the bearing 349
is in axial alignment with each of an outboard collar 321 A and an inboard collar 321B on the
it arm 332, Accordingly, a pin 3210 can thon be mnserted through cach otfthe first collar 3214,
the sccond collar 321 B, and the bearing 349 to form the sceond pivot connection 321, which
allows the Lift actuator 338 and the Lift arm 332 to pivot relative to one another. In some
examples, one or both of the first collar 321 A and the second collar 3218 can be configured as
a ltocking collar to prevent a corresponding pin from disengaging from the Lift actuator 3338
during operation. For examaple, in the ilustrated contiguration, only the first collar 321A s

configured as a locking collar,

{6121} In some examples, pinped clevis-jomnt connections, including those described above,
can allow for an electrical [t actuator to be readdly installed in place of a hydraulic Itft actuator,
mnchiding in operations 1o convert of fepurpose a power machine or power machine frame for
clectrically powered operations. Further, particularly for pivotal connections between Itht
actuators and frames of power machines, clovis-joint connections <an provide notable
improvemends i placement of a 11ft actuator of a given size, as can improve departure angle
and available range of movement for a 1ift arm. In other examples, however, electrical hft
actuators can be secured to a power machine frame in other ways {e g using different types of

connections).

{3122] In some cases, the position of a connection between a Lift am and a Bft arm actuator
can provide benefits for electrical Tt actuators (and ather types of actuators, m some cases).
In that regard, in some examples, the posttion of a connection between a bft arm and a Lift amm
actuator can be beneficially located along a heighit of a power machine. For example, with
conttnucd reference to FIGES. 8 and 2, the upper pivot conncction 321 is disposcd within the
1ift arm 332, thereby increasing a misunum straight-line distance {¢.g., a distance taken with
the 1ift arm 332 i a fully lowered posttion) between a rotational axis 319C of the pivot
connection 319 {e.g., an axis of the pin 319A% and a rotational axis 32112 of the pivot connection
321 {e.g., an axis of the pin 321C), as compared with conventional mounting configurations

{c.g., whercin a It actuator 15 mounted below a lift aroy).
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[8123] In some examples, as shown in FIG. 8 in particular, the second pivot connection 321
can be provided so that the corresponding rotational axis 3215 is at or above the neutral axis
337 of the bt arm 332 or another relevant reference axis {e.g., center ine of the ift arm 332).
Put another way, the rotational axas 321D can be disposed so that the neutral axas 337 intersects
the rotational axis 321D or so that the neutral axis 337 passes between the rotational axes 319C)
321D (.., so that the rotational axis 319C of the first pivot conmection 319 and the rotational
axts 321D of the sccond pivot covnection 321 are on opposite sides of the neutral axis 337
when viewed from a lateral side of the power machine 360). Relatedly, the rotatnional axis 321D
of the sccond pivot connection 321 can be benceficially disposed af a mudpoint between a local
top side of the Bt arm 332 and a local lower side of the Ift anm 332, as measured along the
extension direction of the Iift actuator 338, or closer to the local top side of the Iift arm 332

than to the local lower side.

{6124} Furthennore, the position of a connection between a BfUarms and a bt aron actuator can
be beneficially located along a length of a power machine or a Iift arm. For example, as
ithastrated i FIGS. 5 and 8, the upper rotational axis 321D can be disposed so that it is rearward
of a rotational axis of a rearmost idler 347 of a tractive clement of the traction system 340 (see
FIG. 5). In other configurations, for example, on a wheeled power machine, the rotational axis
321D of the second pivot conmection 321 can be disposed rearward of an axle of a rear wheel
of the power machine 300 {or, similarly, rearward of a rear axle of a quad-track or other power

machine)

[8125] In some examples, it may provide favorable kinematics and otherwise improve
performance, while also improving the protective value of pockets for Iiff arm actuators, to
locate a pivotal connection between a 1ift actuator and a Lft arm toward 3 rear portion of the
Ift arm. For example in some configurations, the rotational axis 321D of the second pivot
connection 321 can be disposed along a rear half] a rear third. or a rear quarter of the 1t arm
332 or of a portion thereot (e g, the second portion 3348 or main beam of the 1ift arm 332). In
some examples, it may be similarly useful to dispose the rotational axug 321D 1o remam
rearward of the operator station 330 or an axis of a drive shaft (¢ g, a drive shaft 351 of a
tractive element of the traction system 344, as shown in FIG. 5) of a power machine for all

orientations of the lift anm 3372

{3128] As a resulf of the different configurations discussed above, alone and in various
combinations, a power machine can generally be fitted with larger 11t actuators than may be

possible with conventional designs, which may, for example, provide mereased power and
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allow for an moercased range of motion of a hft arm. Additionally, the improved Tt actuator
configurations discussed hercin ¢an also provide a power machine with an increased
mechanical advantage as compared to somne conventional designs, as may also umprove overall

power machine utility.

{9127 In some ¢ases, with a lift actuator in lateral aligniment with an associated ift arm (e.g.,
disposed vertically below, as shown), the lift arm can be configured to receive at least a portion
of the it actuator, as can improve prolection of corfain components and range of motion of a
Lt army in general. For example, with continged reference to FIGs. 8 and 9, the Iift arm 332
inchides a pocket 323 that is configured to receive a distal end of the ball screw 342 and the
extendable end 348 within the Iift arm 332 1o form the second pivot connection 321, More
specifically, in the ilustrated example, the first beam portion 339A ncludes opposing flared
lateral side portions 325 that extend as sidewalls below the main body of the main portion 3348
of the 1l arm, on toboard and outboard sides of the pocket 323, o define the lower opening
331 that opens info the pocket 323 and allow the ball serow 342 to pivot frecty within the hift
arm 332. In that regard, the flared portions 325 and the pocket 323 are sized and shaped to

]

ensure that the ball screw 342 does not contact the Lift arm 332 throughout an entire range of
travel of the hift anm 332 (e, along an entire travel path}. Additionally, the second beam
portion 3398 mncludes a recessed profile 327 at a proximal end thereof {see FIG. 8} to ensure
that the extendable end 348 also does not contact the 1t arm 332 throughout an entire range of

travel of the hft arm 332,

[8128] As also similarly discussed relative to the Iift arm 332 generally, it may be beneficial
in some cases to locate a Lift actuator to extend through a particular part of 2 pocket wn a lift
arm at a particular orientation of the Lift arm. For example, as shown in FIG, 8 in particular, the

ball screw 342 of the hift actuator 338 extends through a forward half of the pocket 323 when

the 1ift arm 332 is in the fully lowered configuration.

6129} Providing an opemng within a lift arm to receive a hft actuator can also provide benefiis
m some configurations. For oxample, by mehuding flared portions arcund an oponing, larger
Lift actuators can be fitted to a power machine. Additionally, the 1ift arm can thereby provide
pratective shiclding for any components disposed within the ift amm, including, for example,
a bearing of an extendable portion of the Lift arm that forms part of the pivot connection with

the Iitft arm.
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{6138 Contimung, with reference to FIG. 10, the tilt actuator 373 18 secused to the 1ift arm 332
near the front 332B of the second portion 3348 of the Lift armn 332 and proximate the front
frame end 310B. More specifically, the tilt actuator 373 1 secured and extends within a tlt
actuator pocket 380 formed mn the third beam portion 339C of the hft arm 332, so that it 191
fateral alignment with the second beam portion 3398 (c.g., 3 main beam} of the Lift arm 332
In some cases, a tilt actuator can be substantially laterally aligned with a main beam of a Lift
aror. That is, at least half of a width {e¢.g., a dimension takeo perpendicular to the longitudinal
plane 313, as shown in FIG. 6) of the tilt actuator may be in lateral alignment with a main
portion of a hift arm.

{8131} A wilt actuator can be configured to operatively connect between a hift arm of a ift amm
structure and an implement carrier or tmplement. In particular, and as will be discussed in
greater detail below, the tilt actuator 373 1s rotatably coupled between the hift arm 332 and an
mplernent carner 372 (see FIG. 6), which 15 generally stunifar to the imaplement carrer 272
{scc FIG. 2} In thas regard, the alt actuator 373 15 configured to controllably rotatc the
implement carrier 372 and any attached implement relative to the hft arm structure 330, Thus,
for example, a control modulde can electronically control operation of the tilt actuators 373, as
powered by the power source 335, m order to selectively change an attitude of an mmplement
secured to the tmplement carrier 372 with respect to the Iift ann 332, In some examples, an
implement may be directly attached to a 1t arm structure, rather than being attached to a Lift
arm structure viz an implement carnier. In such cases, the tilt actuator 373 can be used 1n a
similar manncr to adjust the attitude of an moploment directly, rather than by adjusting an

atiitnde of an implement carrier.

10132} Reforring now to FIGs, 10-15, in the illustrated example, the tlt actuator 373 ig
configured as an electrically powered ball screw actuator, whach is similar to the Iift actuator
338 described above {see FIG. 7). In particular, cach tilt actuator 373 includes a motor 374
{i.e., an clectrical motor) and an extendable portion configured as a ball screw 373, which are
operatively connected to one another via a gearbox 376, More specifically, the tilt actoators
373 are in a fold-back motor configuration wherein gach respective motor 374 and screw 373
extend parallel to one another from the same side of the gearbox 376 {gec Fi{F. 13), with the
maotors 374 beneficially located rearward of the screws 375, That is, the screw 375 defines and
extends away from the gearbox 376 along an extension axis 377 (see FIG. 12) and the motor
374 extends parallcl to and in the same dircction as the serew 375, The scrow 375 1s configured

to lincarly extend and retract along the extension axis 377 when powered by the motor 374 via
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the gearbox 376, More specifically, the motor 374 can be controlled by commands from a
condrof module (1.e., in response to operator input), therehy controlling the extension and

retraction of the screw 375,

{9133} Although ball screws and fold-back motor configurations may be particudarly beneficial
relative 1o Iift arm structures discussed hergin, in other oxamples, other configurations are
possible. For cxample, a tilt actuator can be another tvpe of electrical actuator, including a lead
screw, belt driven, or other gearcd actuator, or can melude with motors with n-line or
perpendicular configurations. Moreover, a ilt actuator may be otherwise arranged differenty

than illostrated, mchiding with in-line motor configurations.

{9134} Although a tilt actuator can melude various connection stracturcs to pivotally sceare
the tilt actuator to a Iift arm, some arrangements may provide particular stability and utility for
clectrical actuators, including when mplemented 1n combination with other principles
discussed herein {¢.g., the disclosed lateral alignments, pocket-mounted configurations, ¢te.)
For example, as also shown for the illustrated configuration of FIGs. 13 and 14, each ult
actuator 373 mcludes an upright flange 378 {e.g., similar to a pulow block structure) coupled
with and extending from the gearbox 376 opposite the mwotor 374 and the screw 375, The flange
378 1s stationary relative to the gearbox 376 and is configured to receive a bushing or bearing
379 that is configured to rotatably couple with a portion of the respective {ift arm 232, Here,
the bearing 379 1s configured as a sphenical bearing that can allow for some axial displacement
{i.c., rusalignment) or can help to prevent induced side-loading on the body of an associated
actuator, although other types of bearings and bushings may also be used. The flange 378 may
be removably coupled or integrally formed with the gearbox 376,

{3135] Addrionally, each of the tilf actuators 373 further mnchudes an extendable end 381
thsposed af a distal end of the screw 375 (e an and of the sorew 375 disposad furthest away
from the gearbox 376}, Here the exiendable end 381 includes a similar spherical bearing 382
that is configured to rotatably couple with the implement carvier 372, although other types of
cnds, bearings, and/or bushings may also be uscd. The oxtendable ond 381 can be oxicndod and
retracted with the screw 375 to move lincarly relative to the gearbox 376 and thereby, via the

spherical bearing 382, adjust the attitude of the implement camier 372

{6136] With continued reference to Fi(as. 10-14, the third beam portion 339 (1.¢., the second
cod 3328 of the 1itft avar 332) includes a leg 334C (e.g., an inver leg) of the 1ift arm 332 and an

mward jog 383 that extends between the second beam portion 3398 of the lift arm 332 and the
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leg 334C {¢.g., an inner leg) of the It arm 332, As shown in the illustrated example, the mward
J1og 383 and the leg 334C can be wntegrally formed with one angther. Further, the inward iog
383 1s configured so that the leg 334C of the Iift arow 332 18 geoerally positioned closer to the
tongitudinal plane 313 of FIG. 6 (e, more laterally smward) than the second beam portion
3398 (e.g., a main beam) of the Lift arm 332 In other words, the leg 334C is generally offset
faterally inward from the second beam portion 3398, In particular, in the illustrated example,
the tnward jog 383 angles downward and laterally inward from the sscond beam portion 3398
to connect with the feg 3340, The leg 334C 1s shown as being generally paraliel to the second
beamn portion 3398, as viewed from the front, bul it mayv also be laterally angled (i.c., not

parallel) relative to the second beam portion 3398,

{81371 As shown in the illustrated example, the inward jogs 383 and the legs 334C can be
ntegrally formed with one another. Taken together, the mward jogs 383 and the legs 334C
form a lower bearn as a front portion of the It aroe 332, which is coupled with the neain beam
or sceond portion 3348 of the ift arm 332 at a bent koee of the Lift anm 332, Here, the front
portion of the lift arm 332 is welded to the second portion 3348 but other configurations are
possible. For example, a front portion of a lift arm may be fastened to a second portion of the

1ift arm to allow the front poriion to be replaced with a different front portion or other structure.

[€4138] As mentioned above, the third beam portion 339C of the lift amn 332 is generally
configured to couple with and support the tilt actuator 373 0 the desired orientation for rotating
the implement camrier 372 {see FIG. 6) to adjust the attitude of the implement carrier 372
relative to the Iift arm 332, Correspondingly, the third beam portion 33890 of the Bift arm 332
is coupled with and extends downwardly from the front-most part of the second beam portion
3398 of the it arm 332 (1.¢,, an end of the second beam portion 339B that is nearest the second
end 332B of the Lift arm 332). In this way, the third beam portion 339C of the 1ift arm 332 15
the Iowest portion of the Hift arm 332 when the lift arm 332 is in its lowest configuration (see.
FIG. 3) so that the implement carrier and implement can be positioned near or in contact with

a support surface {e.g., the ground).

[0139] The inward jogs 383 of the third beam portion 339C of the Iift arm 332 can provide
beneficial ft arm geometrics in some cases. For example, the mward jog 383 can allow the ult
actuator 373 1o extend along a laterally exterior side of the leg 334C of the Iifi arm 332, without
excessively extending the lateral footprint of the 1ft arm structure 330. Bocause the tilf actuator
373 can be mounted to extend laterally outward of the leg 334C, the available lateral space near

the mmplement camvier 372 and a fromt frame end 3108 can be increased, as compared to
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conventional arrangements. This increased lateral space can provide operators with more room
to cnter and ¢xit the power machine 300, Additionally, as will be discussed below, operator
visibility can be improved. Further, the ult actuator 373 can be posttioned below and o
substantial lateral alignment with the second beam portion 3398 of the 1ift arm 332, which can
reduce moments and other stresses on the 1t arm 332 dee to joading, thereby providing fora
more efficient operation of the Bft arm structure 330 and the power machine 300 generally,
Relatedly, the tilt actuator 373 can also be coupled higher and further rearward towards the
second beam portion 3398 of the Lift arm 332, allowing for unproved mechanteal advantage
and increased actuator stroke length.

(3140 In some cases, a tilt actuator pocket can be formed at an mward jog. A tlt actuator
pocket can provide a variety of benefits for mounting tilt actuators, 1ncloding by improving
structural strength as well as shiclding actuators, including any associated ¢ounnectors and/or
cables, from debriy or damage from cortamn iopacts. With continued reference 1o F1Gs, 10-14,
in the tlustrated cxample, the tilt actuator pocket 380 is disposcd generally in front of and
below the second beam portion 3398 of the ift arm 332 and laterallyv exterior to the leg 334C

of the respective Lift arm 332,

{141} The tilt actuator pocket 380 18 configured to form a protective housing that at least
partially surrounds {i.¢., encloses) the tilt actuator 373, More specifically, the ikt actuator
pocket 380 1s formed as downward opemng recess that receives at least a portion of the ult
actuator 373, Accordmngly, the tlt actuator pocket 380 15 configured o recetve at least part of
the corresponding it actuator 373 therein, with a width and a length of the alt actuator pocket
380 being correspondingly sized. In particular, in the illustrated example, an iiderior of the tilt
actuator pocket 380 has a first width (i.e., a dunension perpendicular to the longitudinal plane
313) that s larger than a corresponding first width of the motor 374 of the tilt actuator 373, and
a second width (t.e., a dimension that is parallel to the longitudinal plane 313) that 1s larger

=
i
i

than a corresponding second width of the tilf actuator 373, Thus, as further discussed below, at
least a portion of the it actuator 373 can be received within the 1ilt actuator pocket 380 to be
shiglded on fiont, rear, lateral, and top sides thereof daring operation, thereby helping to reduace

ot prevent impacts on the 11t actuator 373 and also provide improved debns or water shiclding.
(8142} In some examples, the tilt actuator pocket 380 may inchide an mierior opening 384 (se¢
FIG. 13} that receives and opens into the second beam portion 339B of the 1ift arm 332, Because
the second beam portion 339B of the Lift arm 332 s hollow, power and/or signal cables (not

shown} for the tilt actuator 373 can thus be run through the second beam portion 3398 of the
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Iift armm 332 and into the 6lt actuator pocket 380, In this arrangement, the cables can be
protected fromy damage, as they can be run completely or substantially intemal to the power
machioe 300, and thus may not be exposed to the exterior of the power machine 300. Relatedly,
pinch points that may caich and damage the cables can be reduced or eliminated. In other
examples, other components, for example, hvdravdic bines, of the power machine 300 can be

run through a lift arm and into a pocket in a similar manner.

103143} A tilt actuator pocket can have a vancty of shapes and 1s conbigured to gencrally shacld
the front, back, and both lateral sides of the respective tilt actuator, particularly along an apper
portion of the tilt actuator. In the llustrated example, the tilt actuator pocket 384 includes a
first, laterally outward wall 385 generally opposite a second, laterally mward wall 386, and a
third, front wall 387 generally opposite a fourth, back wall 388, all of which ars coupled with
and extend generally downward from a fifth or top wall 389 to provide an wnward taper toward
the top wall 389 The laterally outward wall 3835 s coupled with gnd extends between cach of
the sceond portion 3348 of the Iift arm 332, the top wall 389, and the front wall 387 and thus
provides a structural connection between the second and third beam portions 3398, 339C (¢,
between the second beam portion 3398 and the leg 3340, The laterally mward wall 386 15
coupled with and extends between cach of the front wall 387, the hack wall 388, and the top
wall 389 and thus also provides a structural connection between the second and third beam
portions 3398, 339C. The front wall 387 is coupled with and extends between each of the
faterally cutward wall 385, the laterally inward wall 386, and the top wall 389, The back wall
388 1s coupled with and extends between cach of the sceond portion 3348 of the ift anm 332,
the laterally inward wall 386, and the top wall 339. In other examples, the alt actuator pocket
380 can be formed from more or less panels and/or other portions of the Hift arm 332, In that
regard, the vanous panels that define the tilt actuator pocket 380 may also be arranged and

comected differently.

10144} Fach of the respective walls of the tilt actuator pocket 380 can be comprised of one or
more panels (1.¢., portions) that are coupled with one another. For example, the top wall 389
mchides a first, rear top panel 38%A, and a second, front top panel 389B that is angled
downward and forward from the rear top pancl 389A, the laterally inward wall 386 mehides a
first, lower laterally inward panel 386A and a second, upper laterally inward panel 3868
extending upward and laterally outward from the laterally inward panel 386A, and the front

wall 387 includes a first, lower front pancl 387A and a sccond, upper front pancl 387B.
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[8145] Additionally, the walls that make up a 6t actuator pocket can be sized to provide
varving amounts of protection for the tilt actwator. That is, a tilt actuator pocket may fully
enclose a tdt actuator for at least a portion of a length of the 6t actuator (1.¢., a length taken
along an axis of extension of the uilt actuator). For example, m the itlustrated configuration, the
flange 378, gearbox 376, and a portion of each of the motor 374 and the serew 373 are enclosed
by the ult actuator pocket 380, As a result, comparatively sensitive electric connections and
related components can be particulardy well protected by the tilt actuator pocket 380 from
possible damage, including due to contact or water ingress. Further, the particular configuration
ithustrated can also help to reduce overall Lift anm weight and snprove access for maintonance.
Siralarly, substantially all of the laterally interior side of the gl actuaior 373 13 protecied from
contact by the laterally nward wall 386 of the tilt actuator pocket 380 and the extension of the
leg 334C beyond the tilt actuator pocket 380. In other examples, the various walls of the tilt

actuator pocket 380 may enclose more or less of the tilt actuator 373.

10146} In some cascs, tilt actuator pockets or sinular other mounting configurations for a tilt
actuator can help to reduce or chiminate interference with a bine of sight of an operator relative
to an implement or other reference frame. For example, with reference to FIG. 12 i particufar,
the upper front pancl 3878 is obliquely angled between the lower front pancl 3874 the front
top panel 3898, and the upper lateraliy nward panel 386B. More specifically, the upper front
panel 3878 1s angled downward from a perspective moving from back to front of the power
machine 300, and laterally outward relative to the longitudinal plane 313, Thus, the Ift amm
332, and more specifically the imward jog 383, may not substantially protrude {¢.g., may not
protrude at all} into a field of view of the operator (1.¢.. as partially represented by line of sight
3903 that may be defined by a reference operator height (e.g., 5.0 ft. to 6.3 fi, inclusive) and a
reference implement width (see FiGs. 6, 11, and 13). With the upper front panel 3878 onented
as shown, an operator may be able to see all or substantially ali of the (¢ g, an entive) width of
a cutting edge of a bucket attached to the hift arm structure 330 (sce FIG. 6), which may not be
possible with electrical actuators attached to conventional hft arm designs. In other examples,
hift arms and the vanous pancls that compnse the tilt actuator pockets mav be configured
differently to achieve similar results. For example, tilt actuator pockets can alternatively or

additionally include cut-cuts or recesse

o

[{147] In addition to other benefits described above and below, filt actuator pockets may be
beneficial for reducing weight of a Lift arm structare while maintaining appropriate stnuctural

ntegrity of the Lift anm structures. In this regard, for example, some tilt actuator pockets in Lift
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arms can be formed to partly melude walls (e g, for shielding rather than structural sapport
between [ift arm portions) that are made of separate, lighter material than the material of other

parts of the 1t amms.

{9148} As well as providing an otherwise beneficial 1ift ann geometry and protection for a tilt
actuator, an inward jog and an associated tlt actuator pocket can also provide useful mounting
features and configurations for tilt actuators. Specifically, with reference to F1Gs, 13 and 14,
the tilt actuator 3773 13 rotatably coupled {¢.g., by a pinned conncection} to the it amm 332 withun
and at a proximal end of each of the tilt actuator pocket 380, thereby placing the tult actuator
373 10 a relatively protected position. In the dlustrated example, a first attachment strachure
392 15 provided in the tilt actuator pocket 380, near the mward jog 383, to rotatably couple to

the moior and gearbox end of the tilt actuator 373 at the flange 378,

{8149} In some examples, particular configuratinns of attachment structures for tilt actuators
mayv be particularly beneficial, and in some cases, particulardy for use with electrical tilt
actuators. In this regard, m the dlustrated example, the first attachment structure 392 is
configured as a double-sided pinned connection, with a clovis joint formed for the tilt actuator
373 by a pair of bosses 393 extending laterally inward into the tilt actuator pocket 380 from
cach of the laterally outward wall 385 and the laterallv inward wall 386. The bosses 393 are
aligned with one another to define a pivot axis 396 of the first attachment structure 392.
Additionally, the bosses 393 are spaced from one another within the tilt actuator pocket 380 to
allow the flange 378 and the corresponding bearing 379 to be disposed between the bosses 393,
Thus, the pin 394 can be mserted through the bosses 393 and the beanng 379 of the Gt actuator
373 to secure the tift actuator 373 m the tilt actuator pocket 380, When the pin 394 1g received
bv the bearing 379, the bearing 379 is aligned with the pivot axis 396, In that regard, the pin
394 can be fixed relative to the bosses 393 so that the relative rotation of the tilt actuator 373
about the pivot axis 396 1s provided solely by the beanng 379, This arrapgement. as facilitated
by the location and geometry of the corresponding pocket{s), can belp to reduce adverse
moments or torsional siresses on relevant components, although other configurations, including

methods for securing a tilt actuator in a pocket are also possible.

{0150} In some cxamples, a clevis-joint arrangement t© sccuwre an clecinical actnator can
provide additional bencfits. For example, referring to FIG. 13, the clevis-jomnt connection
between the tilt actuator 373 and the third beam portion 339C {e. g, at the bearing 379 and the
flange 378, 1n particular) can be laterally aligned with a lateral side wall of the second beam

portion 33913 {e. g, the laterally mterior side wall of the second beam portion 3398, as shown).
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This arrangement can help to provide improved stability and loading of electrical (or other) tilt
actuators, while also allowing for improvements in shielding. as gencrally discussed above.
Further, in some cases, the structural supports for a clevis~joint connection can also help to
provide improved visibihity, For example, with the illustrated arrangement, a support wall for
the boss 393 can stand proud of the wall 386 (and the panel 3868 in particular) with a relatively
small profile, thereby cusuring appropriate structural support for the talt actuator 373 while also
facilidating a relatively substantial ocutward angling of the wall 386 and a corresponding
increase in vigthility, Simnlasly, a clevis-oint arrangement can help to facilitate improved
packaging by allowing a tilt actuator to extend only laterally to the wside of a laterally exterior

boundary of a Lift arm structure as a whole {e.g.. as shown for the it actuator 373 and the It

arm structure 330 1w FIG. 13} so that the tilt actuator does not increase the overall lateral

footprint of the hft arm structure.

{6151} Turomng now o FiGs, 15 and 16, 6l actuator pockets can also provide beneficial
arrangoments of auxiliary connectors to supply power to powered implemeonts. In the dlustrated
example, the top wall 389 of the tilt achuator pocket 330 includes an electrical connector 398,
Duce to the tilt actuator pocket 380 being mternally conneocted with the seoond beam portion
3398 of the Iift arm 332, power cables (not shown) for the electrical connector 398 can be run
wternally {e.g., within the second beam portion 3398 of the Lift anm 332} to protect them from
damage, pinch points, etc. Furthermeore, by placing the electrical connector 398 on the top wall
389, 1t may be easier for an operator to use the clecincal connector 398, as compared to
conventional designs m which the conncetor may be i more confined space. In some
examples, a guard 399 may be provided to protect the electrical connector 398 from damage.
In other oxarmples, an ¢lectrical connector can be provided on other portions of a pocket or 1ift
arm generally, for example a front wall, a laterally exterior wall, a back wall, or a laterally
wterior wall of a tilt actuator pocket. Furthermore, other types of connectors may be provided

in a similar manner, including, for example, a hvdraulic connector.

[0152] Thus, examples of the disclosed power machine and components thereof can provide
mmprovements over conventional designs. For example, the quick response and precise controd
provided by clectrical actuators can allow work ¢lements, including traction elements, Lift arms,
and implement carriers, to be adjusted quickly and accurately, meluding with complex and
adaptable control stratogics as unplemented by electronie control modules. Further, electnical

actuation and control can, in some instances, simphfy automated implementation of repetitive
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or iterative movements of work elements, while also reducing the need for maintenance and

climinating problems associated with leakage of hvdraulic fluid and other related issues.

[#183] Although the presont invention has boen desceribed with roforcnce to proferred
exaniples, workers skilled in the art will recognize that changes may be made 1o fonn and detail
1o the disciosed examples withowut departing frony the spirit and scope of the concepts discussed

herein,
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WHATIS CLAIMED IS

L. A power machine for movably operating an implement, the power machine

COTHPIisIing:
a trame that supports an operator station; and
a lift arm structure supported by the frame, the bift am structure inchuding:

a lifL amm exiending along a lateral side of the frame, with a proxireal eod of the
it arm movably secured to the frame at a rear portion of the framme and a distal end of
the it arm mcloding a tilt acteator pocket;

an taplement carrier movably secured to the distal end the 1ift aroy and

an electrical tilt actuator, secured (o the hift arm within the &l actuator pocket,
the electrical tilt actuator being configured to be controllably extended and retracted to

change an attitude of the umplement carmrier

2. The power machine of claim 1, wherem the clectrical tilt actuator s secured to

the Lift amo by a pioned connection within a proximal ond of the tilt actuator pocket.

3. The power machine of claam 2. wherein the pinmned connection is a clevis-jomt
conpection.
4. The power machine of claim 1, wherein the il actuator pocket supports the

electrical tilt actuator at least partly outboard of the operator station, in a lateral divection.

5. The power machine of claim |, further comprising electrical wires configured

for providing eloctrical control and power signals,

wherein a first subset of electrical wires extends through an intenior volume of
the Lift arm 1o a connector for controlling and powering an inplement, the connector being
disposed at the distal end of the hft arm.

6. The power machine of claim 5, wherein the connector is configured o receive
clectrical contacts at one or more of a top surface of the Lift arm or a laterally exterior side of
the 1ift arm.

7. The power machine of claim 6, wherein (he 4l actuator pocket includes an

nterior opening that connects the interior volume of the Iift arm with the tilt actuator pocket.
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8. The power machine of claim 1, wherein the elecinical tilt actuator extends along
a lateraily exterior side of the Lift arm.
9. The power machine of claim §, whercin the clectrical tilt actuator is laterally

aligned with a main beam of the Lift arm.

16, The power machine of claim 9, wherein a portion of the clectrical tit actuator

extonds to a laterally intonor side of the main beam.

1L The power machine of claim 9, wherein a clevis-joint connection between the
electnical tilt actuator and the bft amm s ahgned, in a front-to-back direction of the power

machine, with a lateral side wall of the main beam.

12. The power machine of claim |, wherein the tilt actuator pocket 1s formed within
a lower beam of the Iift arm that 1s coupled to and extends downward from a main beam of the
Lift arm at the distal end of the Lift arm.

13, The power machine of claim 12, wherein the lower beam includes an inner leg

and a lateral jog that connects the main beam with the inner leg; and

wheremn the electric tilt actuator extends substantially along a laterally exterior side of
the inner leg.

14. The power machine of claim 12, wherein at least part of 3 pivot joint between
the electric tilt actuator and the hift arm 15 laterally aligned with the mam beam.

15, The power machine of clapm 14, wheren the pivot joint between the electric tilt
actuator and the 1t aro includes a clevis-joint connection between the clecirical tlt actuator
and the hift anm witlin the Gt actuator pocket.

16. The power machine of claim 1, whercin at least a portion of the clectncal tilt
actuator is received within the tilt actuator pocket 1o be shiclded by the tilt actuator pocket on
front, rear. top, laterally exterior, and laterally internior sides.

17. A Lift arm structure for a power machine with a frame, the lift arm structure
COMpPising:

a lift arm configured to be movably secured to the frame 1o extend along a lateral side

of the frame;

an impleoment carrier movably secured to the Lift arm; and
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an efectrical tilt actuator secured to the hift arm, within a tilt actuator pocket defined by
the Lift arm, the tilt actuator pocket being disposed spaced apart from the implement carrier
along a tilt-actuator portion of the Lift arm that extends between the implement camier and a
mam portion of the hit arm, the electncal il actuator being configured to be controliably

extended and retracted to change an attitude of the implement carrier.

I8, The hift arm structure of claim 17, wherein the electrical tilf actuator is 3 ball
SCICW.

19, The Iift amm structure of claim 17, wherein the clectrical ikt actuator has a fold-

back motor configuration.

20, The bt arm structure of claim 19, wherein a motor end of the clectrical tilt
actuator 1 secured to the hil aroy with a pinned connection within the Gl actuator pocket, with
a motor of the electrical Gt actuator extending rearward of an extendable portion of the

clectrical tilt actuator, within the tilt actuator pocket.

zl The Lift arme structuce of claim 20, wherein the pmned conncction to scourc the
electrical ilt actuator 1o the 1ift arm s a clevis joint supported at opposing lateral sides of the

tthf actuator pocket.

22. The Lift aom structure of claim 21, wherein a support plate of the clovis jomt
extends proud of the tilt-acteator portion of the hift arm o a laterally interior side of the lift
arm.

23, The power machine of clawn 17, wherein the tilt actuator pocket 1s a recess that
ospens downwardly and ncludes an interpal taper toward an upper end of the recess, when the

fift arm s 10 a fully lowered position.

24. The power machme of claim 23, whorcin at loast a postion of the clectrical tilt
actuator s received within the tilt actuator pocket to be shielded on a laterally exiderior side, a
taterally interior side, a front side, a rear side, and a top side.

25. The power machine of claum 23, whorein the electrical tilt actuator s rotatably
coupled to the Ith arm by a puwed connection within the tilt actuator pocket.

26. A Bft arm structure for a power machine having a frame, the IRt arm structure
comprising:

a mam beam extending along a lateral side of the power machine from a fivst end

proximate a rear of the power machine to a second end proximate a front of the power machine;
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a lower beam coupled at a knee to the sccond end of the main beam, the lower beam

extending downwardly from the main beam to an implement carrter; and

a tilt actuator sccurcd at a fivst ond to the lower beam and at a scoond ond 1o the
implement carrier, the 1ilf actuator extending along a laterally extenior side of the lower beam
and being configured to extend and retract to change an attitude of the unplement carmier

relative to the lower bean.

27. The bt anm structure of claim 26, wherein the 6t actuator 1s an clectrical alt
actuator.
28, The Lift arm structurs of claim 26, wherein the it actuator is secured within a

tift actuator pocket.

29, The it arm structure of claim 28, wherein the tilt actuator 1s secured at the first
end by a clevis-jomnt connection within the tilt actuator pocket.

30. The hift arm structure of claim 28, wherein the Jower beam includes an imner leg
and an mward jog connecting the main beam with the inner leg so that the mnner leg s offset

laterally inwarnd from the main beam; and

wherein the tilf actuator extends substantially along a laterally exterior side of the inner
feg, outside of the tilt actuator pocket.

31, A power machinge comprising:

a frame;

an operator station supported by the frame;

a lift arm movably secured o the frame to extend along a lateral side of the frame;

an electrical tilt actuator, secured to the Ift arm and an implement camrier, and the
clectrical tilf actuator boing configured to be controllably extended and retracted to change an

attitude of an implement carmer, and

an electrical 1ift actuator, secured at a first end to the frame and at a second end to the
Iift arm, the electncal Iift actuator bemng configured to be controllably extended and retracted
to raise and lower the lift amm; and

a power source that 1s configared to power the clectrical tilf actaator and the electrical

it actuaior;

SUBSTITUTE SHEET (RULE 26)



WO 2023/034572 PCT/US2022/042460
45

wherein the clectrical tlt actuator extgnds within a tilf actuator pocket defined by the
Lift arm proximate a front portion of the frame and extends along a laterally exterior side of the

bift aom.
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