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LIFT ARM SUSPENSION SYSTEM FOR A the lift arm assembly has moved more than a threshold 
POWER MACHINE amount and to deactivate the lift arm suspension system 

when it has determined that the lift arm assembly has moved 
CROSS - REFERENCE TO RELATED more than the threshold amount . 

APPLICATION 5 In another embodiment , a method is disclosed for pro 
viding ride control for a power machine having a frame and 

This Application is a Section 371 National Stage Appli - a lift arm assembly that is capable of being raised and 
cation of International Application No . PCT / US2013 / lowered with respect to the frame . The method includes 
035968 , filed Apr . 10 , 2013 and published as WO 2013 / activating a suspension system coupled to a lift arm actuator 
155178 on Oct . 17 , 2013 . 10 of the power machine and measuring a position of the lift 

arm assembly after activating the suspension system . The 
BACKGROUND measured position is compared to a stored position . The 

suspension system is deactivated when the difference 
Power machines or vehicles include various work between the measured position and the stored position is 

vehicles such as telehandlers , skid steer loaders , tracked 15 more than a predetermined movement threshold . 
loaders , excavators , and utility vehicles . Telehandlers and In yet another embodiment , a ride control system for a 
other power machines typically utilize a hydraulic system power machine having a frame and a lift arm assembly 
including one or more hydraulic pumps that provide pres - pivotally coupled to the frame is disclosed . The ride control 
surized hydraulic fluid to accomplish a number of tasks . system includes a selectively activated suspension system 
Examples of such tasks include powering travel motors in a 20 configured to couple allow movement to the lift arm of the 
drive system , positioning a lift arm assembly , rotating imple power machine and a controller . The controller is coupled to 
ments that may be coupled to the lift arm assembly with the suspension system and is configured to determine 
respect to the lift arm assembly , and providing hydraulic whether the lift arm has lowered more than a threshold 
fluid to actuators on certain implements for performing amount and to deactivate the suspension system in response 
functions related to the implement , and the like . 25 to determining that movement of the lift arm has lowered 

Some power machines , including some embodiments of more than the threshold amount . 
the power machines listed above , have axles that are rigidly This Summary is provided to introduce a selection of 
mounted to the frame of the machine . As such , they do not concepts in a simplified form that are further described 
have suspension systems between the frame and axles to below in the Detailed Description . 
absorb shock that can be introduced into the power machine 30 
when travelling over rough terrain . Some of these power BRIEF DESCRIPTION OF THE DRAWINGS 
machines utilize the mass of their lift arm assembly and any 
load that the lift arm assembly may be carrying , which can FIG . 1 is a left side view of a representative power 
include attached implements and any material in such an machine or vehicle having a lift arm assembly upon which 
implement , as a suspension system for absorbing such 35 disclosed embodiments can be practiced . 
shock . Suspension systems that utilize a lift arm assembly in FIG . 2 is a block diagram illustrating a lift arm suspension 
this manner are known as “ ride control systems ” or “ lift arm or ride control system of exemplary disclosed embodiments . 
suspension systems . " Ride control or lift arm suspension FIGS . 3 - 6 are schematic illustrations of hydraulic and 
systems include components that selectively allow the lift control system components of a lift arm suspension system 
arm assembly to move up and down slightly when raised 40 according to an example embodiment . 
above a fully lowered position as the power machine moves FIG . 7 is a flow diagram illustrating an example of a 
over rough terrain , thereby allowing the lift arm assembly to method of operating a lift arm suspension system of a power 
absorb shock and provide a smoother ride for the operator machine according to one illustrative embodiment . 
and for the load . FIG . 8 is a flow diagram illustrating an example of a 

Typical lift arm suspension systems utilize an accumula - 45 method of operating a lift arm suspension system of a power 
tor to store pressurized hydraulic fluid that aids one or more machine according to another illustrative embodiment . 
lift actuators to raise or lower the lift arm assembly slightly 
as the vehicle traverses the rough terrain , thereby providing DETAILED DESCRIPTION OF ILLUSTRATIVE 
ride control . However , under certain conditions in which the EMBODIMENTS 
accumulator is not sufficiently charged with pressurized 50 
hydraulic fluid , a large downward force on the lift arm Before any embodiments of the invention are explained in 
assembly can force hydraulic fluid from the one or more lift detail , it is to be understood that the concepts disclosed 
actuators into the accumulator , resulting in an uncom herein are not limited in their application to the details of 
manded lowering of the lift arm assembly . construction and the arrangement of components set forth in 

The discussion above is merely provided for general 55 the following description or illustrated in the following 
background information and is not intended to be used as an drawings . The concepts illustrated in these embodiments are 
aid in determining the scope of the claimed subject matter . capable of being practiced or of being carried out in various 

ways . The terminology used herein is for the purpose of 
SUMMARY description and should not be regarded as limiting . Words 

60 such as “ including , " " comprising , ” and “ having ” and varia 
In one embodiment , a power machine is disclosed . The tions thereof herein are meant to encompass the items listed 

power machine includes a frame and a lift arm assembly thereafter and equivalents thereof as well as additional 
pivotally coupled to the frame that is capable of being raised items . 
and lowered with respect to the frame . A selectively acti - A representative power machine 100 in the form of a work 
vated lift arm suspension system is operably coupled to the 65 vehicle known as a telehander is shown in FIG . 1 and is 
lift arm assembly . A controller is coupled to the suspension provided as one example of a type of power machine upon 
system . The controller is configured to determine whether which disclosed embodiments can be utilized . Other types of 
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power machines on which the disclosed embodiments can be accordance with disclosed embodiments . Controller 230 is 
practiced include various types of loaders , excavators , utility illustrated in FIG . 2 as a single control unit ; however , those 
vehicles , and the like . Power machine 100 includes a frame of skill in the art will recognize that multiple controllers can 
114 supported for movement over the ground by front and be used to implement various aspects of hydraulic system 
rear pairs of wheels 118 . An operator compartment 122 is 5 control , including lift arm suspension system control . For 
mounted to the frame 114 and includes operator controls 126 example , separate drive and work group controllers can be 
for controlling operation of the power machine 100 . Opera used , with each performing all or portions of the lift arm 
tor controls 126 can include any of a variety of different suspension system control in various embodiments . Illustra operator control device types , and the illustrated operator tion of a single controller does not limit disclosed embodi controls 126 generally represent the various operator control 10 ments to use of a single controller . Further , it will be types . An engine is mounted to the frame 114 and provides understood that controller 230 can include , or have associ a power source for moving the wheels 118 and also for other ated therewith , computer readable storage media or devices systems . The engine , represented generally at reference for storing computer - executable instructions which config number 130 , is typically positioned on a right side of power 
machine 100 next to operator compartment 122 , and there - 15 ure hent 122 and there . 15 ure controller 230 to implement the disclosed functions , 
fore is not visible in this figure . The engine 130 can be an le in this figure . The engine 130 can be an methods and structures . 
internal combustion engine , a hydraulic engine , etc . A lift O ne or more user input devices 220 are operably coupled 
arm assembly 134 , which in this embodiment includes a to controller 230 , using wireless or wired connections , to 
telescopic boom , is pivotally mounted to the frame 114 . An provide user input signals indicative of intentions to control 
implement 138 is attached to an implement carrier 140 that 20 the hydraulic system 210 of the power machine . The user 
is mounted to a distal end of the lift arm assembly 134 . The input devices 220 can be embodiments of operator controls 
implement 138 shown in FIG . 1 is representative of a wide 126 shown in FIG . 1 , for example joysticks , foot pedals , 
variety of different types of implements , for example includ - push buttons , soft keys on a touch screen display device , or 
ing a bucket , pallet forks , etc . , that can be attached to other types of user input devices that capable of providing 
implement carrier 140 . One or more lift arm actuators 142 25 signals when actuated to a controller for controlling power 
in the form of hydraulic cylinders are coupled between the machine . In illustrative embodiments , the user input devices 
frame 114 and the lift arm assembly 134 for raising and 220 includes a user - operated device for selecting or dese 
lowering the lift arm assembly 134 . One or more other lecting operation of the lift arm suspension system 200 . One 
actuators can also be included for performing tilt , boom or more user interface devices 222 such as display panels , 
extension , or other functions . Power machine 100 includes 30 indicator lights , audible alarms and the like are in commu 
a hydraulic system and a lift arm suspension system such as nication with the controller 230 to receive information about 
the one illustrated in example embodiments shown in FIGS . the status of the lift arm suspension system . Information can 
2 - 6 . While lift arm assembly 134 illustrated in FIG . 1 and be displayed to the operator in the form of lighted symbols , 
discussed above includes a telescopic boom mounted to the audible alerts , textual information , and so forth . 
frame 114 at a single location , other embodiments can 35 A lift arm position sensor 240 provides an input to 
include various different types of lift arm assemblies . For controller 230 indicative of the position of the lift arm 
example , in some embodiments , the lift arm assembly is of assembly 134 relative to the frame 114 . In some embodi 
a similar general configuration as the one shown in FIG . 1 ments , lift arm position sensor 240 is a device that is capable 
except that it is not a telescoping lift arm . In other embodi of measuring a rotational angle of the lift arm assembly 134 
ments , the lift arm assembly includes a pair of lift arms , 40 relative to a given reference , such as a plane or surface on 
mounted to the frame at two locations . This type of lift arm the power machine . In other embodiments , the lift arm 
assembly can include a telescoping lift arm or not . position sensor 240 measures the extension of the lift arm 

Referring now to FIG . 2 , shown is a block diagram actuator 142 . Any suitable sensor or device that can provide 
illustrating power machine 100 and components used in an indication of the position of the lift arm assembly relative 
providing a lift arm suspension system 200 incorporated into 45 to the frame to controller 230 can be employed . An illus 
a hydraulic system 210 in accordance with disclosed trative embodiment of the lift arm suspension system 200 is 
embodiments . A hydraulic system 210 of power machine provided in FIGS . 3 - 6 and discussed in more detail below . 
100 includes one or more hydraulic pumps that supply FIG . 3 - 6 are schematic illustrations of certain components 
hydraulic fluid under pressure to the hydraulic valves , of power machine 100 , including components of hydraulic 
motors and / or other hydraulic components of the hydraulic 50 system 210 , components of lift arm suspension system 200 , 
system and of the power machine . As illustrated , the hydrau - user input devices 220 and controller 230 . Lift arm actuator 
lic system 210 includes a lift arm actuator 142 in the form 142 is shown as a hydraulic cylinder having a base end 335 
of a hydraulic cylinder as shown in FIG . 1 , and components and a rod end 337 . A simplified hydraulic pressure source 
of lift arm suspension system 200 , described in more detail 300 is illustrated for discussion purposes , but those of skill 
below , which are configured to selectively employ the lift 55 in the art will recognize that the hydraulic pressure source 
arm assembly to absorb shock introduced into the power can include numerous additional components such as 
machine 100 when the power machine is operated over pumps , valves , etc . Hydraulic pressure source 300 as shown 
rough terrain . While the components shown and discussed includes a hydraulic pump 305 and a control valve 320 . 
herein are included for purposes of disclosing features of the Hydraulic pump 305 draws hydraulic fluid from a tank 315 
lift arm suspension system 200 , those of skill in the art will 60 and provides pressurized fluid to the control valve 320 . The 
understand that other lift arm actuators , various valves and control valve 320 , in the illustrative embodiment , includes a 
hydraulic control circuits , and other components can also be spool 322 moveable between a first position 302 , a second 
included in hydraulic system 210 . position 304 , and a third position 306 . In the embodiments 

A controller 230 , for example an electronic control unit shown in FIGS . 3 - 6 , the controller 230 is in communication 
( ECU ) or other type of machine controller , provides control 65 with a pair of valve actuators 324 and 326 that are capable 
signals for controlling various functions of hydraulic control of being actuated to move the spool 322 between the first , 
system 210 including lift arm suspension system 200 in second , and third positions 302 , 304 , and 306 . 
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In one embodiment , the valve actuators are electrically accumulator 350 . A suspension valve biasing mechanism 
actuated solenoid valves capable of providing pressurized 354 biases the suspension valve 340 to the first position 342 
hydraulic fluid to and / or evacuating pressurized hydraulic as shown in FIG . 4 . A suspension valve actuator 352 is in 
fluid from an end of the spool 322 to cause the spool to shift communication with the suspension valve 340 and is illus 
from one of the three shown positions to another . In addition , 5 tratively controlled by the controller 230 . When it receives 
biasing elements 308 and 310 provide forces against the an activation signal from the controller 230 , the suspension 
spool 322 to urge it toward a biased position , that is , the valve actuator 352 overcomes the biasing mechanism 354 to 
second position 304 . Thus , the biasing elements 308 and 310 move the suspension valve 340 into the second position 346 . 
will cause the spool 322 to move toward the second position In some embodiments , the suspension valve actuator 352 is 
304 when neither of the valve actuators 324 and 326 are 10 a solenoid valve that controls the introduction and / or evacu 
providing an actuating force to shift the spool 322 . The spool a tion of pressurized fluid for shifting the position of the 
322 is described above as being actuated in some embodi suspension valve 340 . In other embodiments other types of 
ments by solenoid valves ; in other embodiments , other actuators can be used . 
actuators can be employed . For example , an electrical linear A drain valve 364 is in communication between the rod 
actuator can coupled to and actuate the spool 322 . Although 15 end 337 of the lift arm actuator 142 and the tank 315 . Drain 
the biasing elements 308 and 310 shown diagrammatically valve 364 as shown in FIG . 4 is a two - position valve with 
as a pair of springs on either side of the spool 322 , it should a first position 368 and a second position 378 . Drain valve 
be appreciated that any biasing devices that can advanta 364 is biased toward the first position 368 by drain valve 
geously urge the spool 322 towards a biased position . In biasing member 382 that , in one embodiment , is a spring . A 
some embodiments , a single spring can be captured on one 20 drain valve actuator 366 is operably coupled to the controller 
side of the spool so as to resist movement in the spool in 230 to receive an actuation signal . When received , the 
either direction , in which case the single spring can act as the actuation signal causes the drain valve actuator 366 to apply 
biasing element against forces in either direction . While the an actuation force to the drain valve to overcome the drain 
biased position shown here is a centered position , in other valve biasing member 382 and move the drain valve 364 to 
embodiments , the biased position need not be a center 25 the second position 378 . In the embodiment illustrated in 
position . FIG . 4 , the actuation signal provided to the drain valve 

In FIG . 3 , the spool 322 of control valve 320 is shown in actuator 366 is common to a signal provided to the suspen 
the second position 304 , such that the hydraulic pump 305 s ion valve 340 , although in other embodiments , this is not 
is blocked from providing pressurized fluid to either of the the case the signal provided to the drain valve actuator 366 
base end 335 or the rod end 337 of lift arm actuator 142 . It 30 is a separate signal from controller 230 . As with the sus 
is in this position , as discussed in more detail below , that the pension valve 340 , when the lift arm suspension system 200 
lift arm suspension system is advantageously employed . is deactivated , the drain valve 364 is not activated and is in 

In FIG . 4 , the spool 322 is shifted to the first position 302 the first position , as shown in FIG . 4 . 
so that the hydraulic pump 305 is capable of providing In FIG . 4A , the suspension system is in activated state . 
pressurized hydraulic fluid to the base end 335 of the lift arm 35 The controller 230 has provided an activation signal to both 
actuator 142 along the path illustrated by arrows 330 . the suspension valve 340 and the drain valve 364 . Corre 
Pressurized hydraulic fluid is provided to the base end 335 spondingly , both the suspension valve 340 and the drain 
of the lift arm actuator 142 and an evacuation path is valve 364 are shown in their respective second positions 346 
provided from the rod end 337 of the lift arm actuator along and 378 . In addition , the spool 322 of control valve 320 is 
the path shown by arrows 322 to the control valve 320 and 40 shown in the first position 302 so that pressurized hydraulic 
through a drain line 334 to the tank 315 . When hydraulic fluid is provided to the base end 335 of the lift arm actuator 
fluid is provided to the lift arm actuator 142 in this arrange - 142 . With the suspension valve 340 in the second position , 
ment , the lift arm actuator is extended , which , in some the same pressurized hydraulic fluid is provided to the 
embodiments , causes the lift arm assembly to be raised . In accumulator 350 via a path indicated by arrows 348 to 
instances where the spool is shifted to the third position 306 , 45 charge the accumulator . 
the control valve 320 provides hydraulic fluid to the rod end Referring now to FIGS . 5 - 6 , the spool 322 is shown in the 
337 of the lift arm actuator 142 according to a flow path that second position 304 thereby blocking flow from the hydrau 
is the opposite of that shown by arrows 330 and 332 in FIG . lic pump 305 to the lift arm actuator 142 . The lift arm 
4 so as to retract the lift arm actuator . suspension system 200 is activated , and thus the suspension 

FIG . 4 also shows components of the lift arm suspension 50 valve 340 is in a second position 346 and the drain valve 364 
system 200 in a deactivated state . A suspension valve 340 is is in a second position 378 . Moving over rough terrain can 
in communication with the base end 335 of the lift arm introduce shock forces into the machine , which will cause 
actuator 142 . The suspension valve 340 is illustratively a the lift arm assembly to tend to move in an upward or 
selection valve that provides in a first position 342 , as shown downward direction ( i . e . raise or lower ) when the suspen 
in FIG . 4 , a one - way block in the form a check valve 344 that 55 sion system is active . When a force tends to urge the lift arm 
prohibits flow into an accumulator 350 . However , if the assembly in an upward direction , the lift arm assembly will 
accumulator is sufficiently charged to overcome the check move only if additional hydraulic fluid is introduced into the 
valve in the first position 342 , hydraulic fluid can be base end 335 of the lift arm actuator 142 . FIG . 5 shows the 
provided from the accumulator 350 to the base end 335 of flow path out of the accumulator 350 and into the base end 
the lift arm actuator 142 . Of course , when the spool 322 is 60 335 of the lift arm actuator 142 as shown by arrows 360 to 
in the first position 302 as in FIG . 4 , it is unlikely that the allow for such upward movement . Fluid also flows out of the 
pressure on the opposing side of the check valve 344 is rod end 337 of the lift arm actuator 142 along the path shown 
lower than the pressure at the accumulator 350 and in this by arrows 362 , through the drain valve 364 before returning 
configuration , then , the first position 342 effectively blocks to the tank 315 . 
charging of the accumulator 350 . The suspension valve 340 65 FIG . 6 shows the flow path 370 into the rod end 337 of the 
also has a second position 346 that provides an open path lift arm actuator 142 and the flow path 372 out of the base 
between the base end 335 of the lift arm actuator 142 and the end 335 of the lift arm actuator . When a shock force has been 
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introduced into the machine such that the lift arm assembly arm position sensor 240 is used to continuously ( or at a near 
has force on it to retract the lift arm actuator 142 , fluid is continuous approximating sampling rate ) measure the lift 
drawn in through the drain valve 364 and into the rod end arm assembly position as shown at block 610 . Then , at block 
337 of the lift arm actuator . Retraction of the lift arm 615 , the measured lift arm assembly position is compared to 
actuator 142 forces fluid out of the base end 335 of the lift 5 a previously stored lift arm assembly position . At block 620 , 
arm actuator along path 372 to the accumulator 350 . If the a determination is made as to whether the lift arm assembly 
accumulator 350 becomes fully charged , pressure will build has lowered by more than a predetermined amount number 
up until the load holding valve 376 is moved to allow flow of degrees , percentage , etc . ) within a time period ( e . g . , 
to return back to tank 315 via a port relief valve ( not shown ) between sampling periods ) based on the comparison in 
in valve 320 that bypasses the spool 322 . 10 block 615 . If the lift arm assembly has not lowered more 
As discussed above , if the accumulator 350 is empty and than the predetermined amount , the previously stored lift 

a load is added to the lift arm assembly , that load will cause arm assembly position is replaced in storage with the 
the lift arm assembly to lower to fill the accumulator if the measured lift arm assembly position at block 625 , and the 
suspension system is activated . The systems and methods monitoring returns to block 610 . If , however , it is deter 
discussed below recognize when the lift arm assembly is 15 mined that the lift arm assembly has lowered more than the 
being raised and lowered due to forces acting on it when the predetermined amount in the time period , then at block 630 , 
suspension system is activated , as opposed to commanded the lift arm suspension is automatically turned off by moving 
movement of the lift arm assembly from signals provided the valve 340 to the first position 342 as shown in FIG . 4 . 
from manipulated operator input devices 220 . While the FIG . 8 discloses a method 700 of operating a lift arm 
nature of the suspension systems discussed herein necessi - 20 suspension or ride control feature according to another 
tate that the lift arm assembly will move without com - illustrative embodiment . The method begins with lift arm 
manded signals , the systems and methods detect large suspension system in a deactivated or off condition , as is 
uncommanded movements and will deactivate the suspen - illustrated in block 702 . When the lift arm suspension 
sion system when it is determined that the movements are system is deactivated , it will not be activated until an 
outside of a predetermined window of movement , especially 25 operator requests that it be activated . In one embodiment , 
movements of the lift arm assembly in a downward direc - the operator requests activation of the lift arm suspension 
tion . In each of FIGS . 3 - 6 , lift arm position sensor 240 is system by manipulating one or more of the user input 
shown coupled to controller 230 through a hard - wired , devices 220 . At block 704 , the method checks to see if an 
wireless or network connection . As discussed above , lift arm operator has validly requested operation of the lift arm 
position sensor 240 provides a signal or data indicative of an 30 suspension system . If the operator has not made a valid 
angle of lift arm assembly 134 relative to a reference plane request for lift arm suspension system operation , the method 
or surface , which can be a plane or surface of the machine , returns to block 702 . If however , a valid request has been 
of the ground , or of other surfaces or planes . In accordance detected , the lift arm suspension system is turned on or 
with exemplary embodiments , controller 230 is configured activated , at block 706 . In addition , the position of the lift 
to continuously monitor , or to monitor at predetermined 35 arm assembly read by the lift arm position sensor 240 is 
close intervals so as to approximate continuous monitoring , stored in memory of controller 230 or in memory accessible 
the angle of lift arm assembly 134 and to compare the by controller 230 . In addition , the controller 230 can provide 
measured angle against a stored angle value . If an abnormal an indication of the lift arm suspension system being active 
occurrence of lift arm assembly lowering occurs , for via user interface 222 . 
example lowering by more than a predetermined number of 40 At block 708 , the suspension and drain valves are ener 
degrees or predetermined percentage within a predetermined gized . The method then checks to see if a lift arm assembly 
period of time ( e . g . , a set time period , a time period movement has been commanded at block 710 . If a lift arm 
corresponding to a sampling rate , etc . ) , then controller 230 assembly movement has not been commanded by an opera 
turns off the lift arm suspension function by causing valve tor through the manipulation of one or more user input 
340 to move to the state shown in FIG . 4 . This prevents any 45 devices 220 , the method continues to block 712 , where the 
of the hydraulic fluid being provided to base end 335 of actual position of the lift arm assembly , as measured by the 
actuator 142 from being diverted toward accumulator 350 . lift arm position sensor 240 , is measured against the stored 
Analysis has shown that this corrective action quickly slows lift arm assembly position . If the actual position is at least 
and stops the lowering of the lift arm assembly . Advanta - the stored position of the lift arm assembly less a threshold 
geously , disclosed embodiments provide both the benefits of 50 amount , the suspension system remains on and the suspen 
a ride control or lift arm suspension function , and the sion and drain valves are energized . In one embodiment , the 
benefits of limiting the total uncommanded movement of the threshold valve amounts to about four degrees of angular 
lift arm assembly , as are sometimes experienced in rough rotation of the lift arm assembly , but other values for the 
terrain scenarios . threshold can be used . If , however , the actual lift arm 

Referring now to FIG . 7 , provided is a first illustration of 55 assembly position is less than the stored lift arm assembly 
a method flow diagram 600 describing exemplary embodi position less the threshold , the lift arm suspension system is 
ments . As shown at block 605 , the lift arm suspension deactivated , as shown at block 702 . In some embodiments , 
function is first turned on and the lift arm assembly position the user interface 222 provides an audible and / or visual 
is stored in the controller 230 . It should appreciated that any indication that the lift arm suspension system has been 
time that the lift arm assembly is moved in a commanded 60 deactivated without input from the operator . 
movement , that is , in response to signals provided by user Returning to block 710 , if it is determined that the 
input devices 220 , the lift arm assembly position will be operator has commanded movement of the lift arm assem 
modified and stored in the controller 230 to represent the bly , the method next moves to block 714 to determine 
new commanded lift arm assembly position . As discussed whether the commanded movement is in the downward 
above , this can be accomplished using controller 230 to 65 direction . If so , the method moves to block 716 , in which the 
position valve 340 as shown in FIG . 4A to allow accumu - suspension and drain valves are de - energized and the stored 
lator to be filled . With the lift arm suspension turned on , lift lift arm assembly position is set to the actual lift arm 
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assembly position . The routine then goes back to block 710 2 . The power machine of claim 1 , wherein when the lift 
to check whether the lift arm assembly movement is still arm suspension system is activated , the controller is con 
commanded . As long as the down ( or lowering ) movement figured to store a lift arm position value , continuously 
is commanded , the suspension and drain valves remain monitor a lift arm position by comparing the lift arm position 
de - energized and the stored lift arm assembly position is set 5 to the stored lift arm position value , and determine whether 
to the actual lift assembly position . When lift arm assembly the lift arm assembly has moved more than the threshold 
movement is no longer commanded , the actual position and amount based on the comparison . 
stored position of the lift arm assembly are compared at 3 . The power machine of claim 1 , wherein the controller 
block 712 and , presuming that the actual lift arm assembly being configured to determine whether the lift arm assembly 
position at least as high as the stored lift arm assembly 10 has moved more than threshold amount comprises the 
position less the threshold , the suspension and drain valves controller being configured to determine whether the lift arm 
are then re - energized at block 708 . assembly has moved more than the threshold amount within 

If it is determined at block 714 that the commanded the predetermined time period . 
movement is not in the down direction , that is , it is in the up 4 . The power machine of claim 1 , wherein the controller 
( or raised ) direction , the stored position of the lift arm 15 is further configured to determine whether to deactivate the 
assembly is compared directly against the actual position of lift arm suspension system as a function of whether a 
the lift arm assembly at block 718 . If the actual position is movement of the lift arm assembly has been commanded . 
determined to be greater than or equal to the stored position , 5 . The power machine of claim 1 , wherein the controller 
the stored lift arm assembly position is set to the actual lift determines whether to deactivate the lift arm suspension 
arm assembly position at block 720 and the suspension and 20 system in response to a determination that the lift arm 
drain valves are energized at block 708 . If , however , the assembly has lowered more than the threshold amount . 
actual lift arm assembly position is less than the stored lift 6 . The power machine of claim 1 , and wherein the lift arm 
arm assembly position , the actual lift arm assembly position suspension system is a part of a hydraulic system that 
is compared to the stored lift arm assembly position less the comprises : 
threshold at block 712 . As long as the actual lift arm 25 a lift arm actuator operably coupled to the lift arm 
assembly position is greater than the stored lift arm assem assembly ; 
bly position less the threshold , the lift arm suspension a control valve in fluid communication with the lift arm 
system will remain active until the operator indicates , actuator and configured to control a fluid flow to and 
through manipulation of the operator input devices 222 , an from the lift arm actuator ; 
intention to deactivate the lift arm suspension system , at 30 a suspension valve operably coupled to the controller such 
which point the system will be deactivated until the operator that a position of the suspension valve is controlled by 
provides an additional input to re - activate the system . the controller ; and 

Although the subject matter has been described in lan an accumulator in selective fluid communication , through 
guage specific to structural features and / or methodological the suspension valve , with the lift arm actuator ; 
acts , it is to be understood that the concepts disclosed herein 35 wherein when the lift arm suspension system is activated , 
are not limited to the specific embodiments described . pressurized hydraulic fluid is allowed to flow between 
Rather , the specific features and acts described above are the accumulator and the lift arm actuator via the 
disclosed as example forms . For example , in various suspension valve . 
embodiments , different types of power machines can include 7 . The power machine of claim 6 , wherein the hydraulic 
the disclosed lift arm suspension systems . Also , in other 40 system further comprises a drain valve operably coupled to 
embodiments , the rod and base ends of the lift arm actuator the controller such that a position of the drain valve is 
can be reversed , different types of accumulators , valves or controlled by the controller , the drain valve providing a 
other components can be used , and other component hydraulic fluid flow path from the lift arm actuator to a drain . 
changes can be made . Other examples of modifications of 8 . The power machine of claim 7 , and wherein the 
the disclosed concepts are also possible , without departing 45 controller is further configured to energize the suspension 
from the scope of the disclosed concepts . valve and the drain valve to activate the suspension system 
What is claimed is : and to de - energize the suspension valve and the drain valve 
1 . A power machine comprising : to deactivate the suspension system . 
a frame ; 9 . A method of providing ride control for a power machine 
a lift arm assembly pivotally coupled to the frame and 50 having a frame and a lift arm assembly capable of being 

configured to be raised and lowered with respect to the raised and lowered with respect to the frame , the method 
frame ; comprising : 

a selectively activated lift arm suspension system oper activating a suspension system coupled to a lift arm 
ably coupled to the lift arm assembly ; actuator of the power machine ; 

a controller , coupled to the lift arm suspension system , 55 measuring a position of the lift arm assembly after acti 
configured to determine whether the lift arm assembly vating the suspension system , according to a lift arm 
has moved more than a threshold amount and to position sensor ; 
deactivate the lift arm suspension system in response to comparing the measured position to a stored position ; and 
determining that the lift arm assembly has moved from deactivating the suspension system when the difference 
a first position to a second position more than the 60 between the measured position and the stored position 
threshold amount within a predetermined period of is more than a predetermined movement threshold 
time and in response to determining that the movement during a predetermined period of time after activation 
of the lift arm assembly is an uncommanded movement of the suspension system . 
of the lift arm assembly ; and 10 . The method of claim 9 , wherein measuring the posi 

a lift arm position sensor operably coupled to the controller 65 tion of the lift arm assembly and comparing the measured 
and configured to provide an indication to the controller of position to the stored position is performed repeatedly while 
a position of the lift arm assembly . the suspension system is activated . 
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and 

11 . The method of claim 9 , wherein deactivating the measuring a position of the lift arm assembly ; 
suspension system in response to determining that move setting the stored position equal to the measured position ; 
ment of the lift arm assembly from the stored position to the 
measured position is beyond the predetermined movement activating components of the suspension system . 
threshold further comprises deactivating the suspension sys - 5 16 . A ride control system for a power machine having a 
tem if it is determined that the lift arm assembly has lowered frame and a lift arm assembly pivotally coupled to the frame , 
more than the threshold amount . comprising : 

a selectively activated suspension system configured to 12 . The method of claim 9 and further comprising : allow movement of the lift arm assembly of the power 
detecting a signal indicating a commanded lowering of machine ; 10 the lift arm assembly ; and a controller , coupled to the suspension system , configured 
deactivating the suspension system . to determine whether the lift arm assembly has lowered 
13 . The method of claim 12 and further comprising : more than a threshold amount and to deactivate the 

suspension system in response to determining that 
detecting a transition from a signal indicating commanded movement of the lift arm assembly from a first position 

lowering of the lift arm assembly to a signal indicating 15 to a second position within a predetermined period of 
one of a commanded raising of the lift arm assembly time is beyond the threshold amount and in response to 
and no commanded movement of the lift arm assembly ; determining that the movement of the lift arm assembly 

storing the position of the lift arm assembly ; is an uncommanded movement of the lift arm assem 
activating the suspension system coupled to a lift arm bly ; and 

20 a lift arm position sensor operably coupled to the con actuator of the power machine ; troller and configured to provide an indication to the measuring the position of the lift arm assembly after controller of a position of the lift arm assembly . 
activating the suspension system ; 17 . The ride control system of claim 16 and wherein the 

comparing the measured position to the stored position ; controller is further configured not to deactivate the suspen 
and 25 sion system in response to detecting that the movement of 

deactivating the suspension system when the difference the lift arm assembly is a commanded movement of the lift 
between the measured position and the stored position arm assembly and that the commanded movement of the lift 

arm assembly is in an upward direction . is more than a predetermined movement threshold . 18 . The ride control system of claim 16 and wherein the 14 . The method of claim 9 and further comprising replac indication to the controller of a position of the lift arm 
ing the stored position of the lift arm assembly with the 30 assembly is relative to the frame . 
measured position of the lift arm assembly when the com 19 . The ride control system of claim 16 and wherein the 
parison of the measured position and the stored position lift arm position sensor is further configured to measure a 
indicates that movement of the lift arm assembly from the rotational angle of the lift arm assembly relative to a given 
stored position to the measured position within a predeter reference . 
mined period of time was less than the predetermined 35 20 . The ride control system of claim 16 and wherein the 
movement threshold . lift arm position sensor is further configured to measure an 

15 . The method of claim 9 . wherein activating the sus extension of the lift arm actuator . 
pension system comprises : * * * * * 


