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OUTDOOR POWER EQUIPMENT VEHICLE ADAPTED FOR PERFORMING
WORK OPERATIONS ON TURF SURFACES
Technical Field
[001] This invention relates to an outdoor power equipment vehicle that is adapted for
use on turf surfaces for performing various operations needed for establishing, maintaining and

renovating such turf surfaces.

Background of the Invention

[001] Tractors are well known for performing various agricultural operations on farm
fields. These operations involve tilling the soil, planting seeds, applying fertilizer to the growing
crop, and finally harvesting the crop. Such tractors are also versatile by incorporating a rear
three point hitch and a power take off (PTO) at the front or rear or both ends thereof. This
allows many different types of attachments to be used in conjunction with the tractor to perform
many different types of agricultural operations. Moreover, the tractor is powered by an engine
typically having from 20 to over 600 horsepower to be able to push or pull heavy loads in
difficult terrain or soil conditions.

[002] In addition, in order to allow such a tractor to also perform some functions of a
truck, tractors have been additionally designed to carry a rear mounted bed or box for containing
and transporting various materials therein. Such materials could be transported on the tractor to
a desired location and then be dumped from the bed or box in the manner of a dump truck. One
such combined tractor and truck is disclosed in U.S. Patent 5,647,441. A similar commercially
available combined tractor and truck is known as the Tructor®.

[003] However, such tractors are not well suited for operating on turf surfaces
characterized by a surface planted with grass, such as the fairways and tees of golf courses, parks
and other large common areas in cities or on commercial properties, sport fields, and the like.
The tires, the weight distribution, the two or four wheel mechanical traction drive system, and

the steering geometry of a typical tractor are prone to damaging or tearing up turf surfaces. In
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addition, it can be difficult to maneuver tractors in small spaces without turf damage.
Accordingly, utility tractors have limited use for performing operations on turf surfaces due to
turf damage.

[004] Instead, the outdoor grounds maintenance industry has developed various
specialized utility vehicles, such as the Toro® Workman®, that perform various operations
required on turf surfaces without damaging the turf surface. These small utility vehicles have a
front operator compartment that carries a driver and a passenger in a side-by-side seating
arrangement. A bed is provided on the vehicle behind the operator compartment for carrying
various equipment, supplies, tools, and the like, which are useful in establishing, maintaining,
renovating and grooming landscapes and ground or turf surfaces. Various turf grooming or
working attachments, such as sprayers, mowers, spreaders, topdressers, aerators, and the like,
may be coupled to or carried on the vehicle according to the operation the user wishes to
perform.

[005] While utility vehicles of this type are turf friendly, they have their own
drawbacks. For one thing, they are generally underpowered for performing some types of
operations. For example, utility vehicles do not have enough power to transport heavy loads or
to adequately drive certain attachments. In addition, they lack the standard three point linkage
found on an agricultural tractor. Thus, while performing well on turf surfaces, utility vehicles
cannot crossover and perform the types of operations typically performed by tractors.
Accordingly, grounds maintenance users who typically operate on turf surfaces but who might
have other surfaces that would benefit from a larger tractor would need to purchase and have on
hand both types of vehicles.

[006] The need for both types of vehicles is obviously disadvantageous in terms of the
cash costs to purchase and maintain both types of vehicles, one for use on turf surfaces and
another for use on non-turf surfaces. In addition, it poses various problems in terms of the
training and expertise required from the operators to properly and safely operate both vehicles.
Separate operators might well be required for each type of vehicle. Thus, there is a need in the
grounds maintenance art to provide a single vehicle having the power and versatility attributes of
a small tractor combined with the turf friendly attributes of a utility vehicle. This invention is

directed to that need.
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Summary of the Invention

[007] One aspect of this invention relates to an outdoor power equipment vehicle for
performing grooming or working operations on a ground or turf surface. The vehicle comprises
a frame carrying a prime mover and being supported for movement over the ground by a pair of
front wheels and a pair of rear wheels. At least one pair of wheels is steerable and at least one
pair of wheels is driven by a traction drive system powered from the prime mover. The frame
has a three point linkage for carrying a rate dependent attachment whose operation on the surface
is dependent upon maintaining a ground speed of the vehicle in a fixed relationship to an
operational speed of an implement on the attachment that performs the operation on the surface.
A control is manually operable by an operator of the vehicle to send a first signal and a second
signal. A control system receives the first and second signals and automatically maintains the
fixed relationship between the ground speed and operational speed of the implement between
receipt of the first and second signals.

[008] Another aspect of this invention relates to an outdoor power equipment vehicle
for performing grooming or working operations on a ground or turf surface. The vehicle
comprises a front end that carries a prime mover, an operator compartment behind the prime
mover, and an area behind the operator compartment on which a bed or box may be mounted.
The frame is supported for movement over the ground by a pair of front wheels and a pair of rear
wheels. At least one pair of wheels is steerable and at least one pair of wheels is driven by a
traction drive system powered from the prime mover. The frame has a plurality of locations
including at least a three point linkage and at least one other location for mounting a plurality of
attachments to the frame with the attachments having different implements for performing
different grooming or working operations on the surface. A microprocessor based control
system stores a menu based, interactive setup procedure to allow an authorized person to setup
each of the attachments for use on the vehicle by creating an operational profile for each
attachment. The control system runs such setup procedure when an authorized person signals to
the control system that the authorized person wishes to setup a particular attachment. A visual
display and data input device is operatively linked to the microprocessor for displaying on a

screen to the authorized person a plurality of choices that must be made and a plurality of
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operational parameters that must be set by the authorized person for the particular attachment to
be operated by the vehicle. The visual display and data entry device has data entry inputs that
must be manipulated by the authorized person in conjunction with information displayed on the
screen to select a desired choice or set a desired value for a parameter. The selections and
settings entered by the authorized person are communicated back to and are stored in the control
system in the operational profile for the particular attachment for subsequent use by the control
system whenever the particular attachment is coupled to the vehicle.

[009] Yet another aspect of this invention relates to an outdoor power equipment
vehicle for performing grooming or working operations on a ground or turf surface. The vehicle
comprises a frame carrying a prime mover. The frame is supported for movement over the
ground by a pair of front wheels and a pair of rear wheels. At least one pair of wheels is
steerable. The pairs of front and rear wheels are driven by a hydraulic drive system powered
from the prime mover through a front hydraulic traction circuit and a rear hydraulic traction
circuit, respectively. The front and rear traction circuits are independent of one another. An
attachment is coupled to the frame for performing a grooming or working operation on a ground
or turf surface. A control system is provided for controlling pressure in the front and rear
traction circuits to achieve a targeted ground speed with both circuits targeting pressure that
produces equal torque to the respective front and rear pairs of wheels being driven thereby. The
control system monitors through a feedback control loop either the pressure in the traction
circuits or the torque driving the front and rear pairs of wheels to detect a misbalance
therebetween and then adjusts the pressure in at least one of the traction circuits in a manner that
returns the circuits to balance therebetween.

[010] An outdoor power equipment vehicle for performing grooming or working
operations on a ground or turf surface. The vehicle comprises a frame carrying a prime mover.
The frame is supported for movement over the ground by a pair of front wheels and a pair of rear
wheels. At least one pair of wheels is steerable by an operator through the operation of a
steering wheel. At least one pair of wheels is driven by a traction drive system powered from
the prime mover. The frame has a three point linkage for carrying an attachment for performing
the grooming or working operations on a ground or turf surface. The three point linkage is
capable of being raised and lowered relative to the frame by at least one actuator carried on the

frame and coupled to the three point linkage. A control is adjacent the steering wheel and is
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manually operable by an operator of the vehicle to raise and lower the three point linkage by up
and down motions of the control respectively. The control is positioned beneath the steering
wheel and is close enough to a rim of the steering wheel that the operator may actuate the control
in both its up and down motions using one or more fingers on one hand of the operator that is
gripping the rim of the steering wheel without releasing the one hand of the operator from the

rim of the steering wheel.

Brief Description of the Drawings

[011] This invention will be described more completely in the following Detailed
Description, when taken in conjunction with the following drawings, in which like reference
numerals refer to like elements throughout.

[012] Fig. 1 is a front perspective view of one embodiment of an outdoor power
equipment vehicle according to this invention;

[013] Fig. 2 is a rear perspective view of the vehicle of Fig. 1, with the engine hood
removed therefrom to particularly illustrate the front mounted engine of the vehicle;

[014] Fig. 3 is a bottom plan view of the vehicle of Fig. 1;

[015] Fig. 4A is an enlarged perspective view of a portion of the operator compartment
of the vehicle of Fig. 1, particularly illustrating the steering and operational controls used by the
operator;

[016] Fig. 4B is an enlarged perspective view of a portion of Fig. 4A, particularly
showing the paddle control used by the operator to enter and exit a work operation;

[017] Fig. 5 is a diagrammatic view of the vehicle of Fig. 1, particularly showing a
dump box carried thereon which dumps to the rear;

[018] Fig. 6 is a diagrammatic view similar to Fig. 5, but showing a dump box which

dumps to the side;

[019] Fig. 7 is a control diagram of the hydraulic traction drive system of the tractor of
Fig. 1;
[020] Fig. 8 is an enlarged perspective view similar to Fig. 4A of a portion of the

operator compartment but taken from the opposite side thereof and with various side walls

thereof having been removed to illustrate a portion of the control system of the vehicle;
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[021] Fig. 9 is a top plan view of an information center comprising both a visual
information display and a data entry device; and

[022] Figs. 10-13 are flow charts representing a setup procedure to allow a plurality of
different attachments to be used on vehicle 2 and properly operated by an operator and/or a

microprocessor based control system.

Detailed Description

[023] One embodiment of an outdoor power equipment vehicle 2 according to this
invention is illustrated in Fig. 1. In the context of this invention, the term “vehicle” is intended
to cover a mobile, self-propelled machine that is controlled by an operator who is directly carried
on the vehicle in a seated or standing position, or who is supported on a trailing sulky or similar
device, or who stands or walks on the ground adjacent to the vehicle during some operations, or
who operates the vehicle remotely. In other words, the “vehicle” need not necessarily directly
carry the operator though it is preferred that it do so.

[024] Vehicle 2 comprises a chassis 4 that supports a prime mover such as but not
limited to a front mounted engine 6. While engine 6 may have various sizes, an engine in the 40
to 74 horsepower range is preferred. Chassis 4 is supported for rolling over the ground by a pair
of front wheels 8 and a pair of rear wheels 10. Vehicle 2 of this invention places engine 6 more
forwardly on chassis 4 than does a Workman® utility vehicle. As shown in Fig. 3, the center of
gravity (c.g.) of engine 6 is forward of the laterally extending rotational axis R of front wheels 8
when vehicle 2 is traveling straight ahead.

[025] An operator compartment 12 is preferably located on chassis 4 behind front
wheels 8 and between front and rear wheels 8, 10. Operator compartment 12 includes an
operator seat 14 on which the operator sits while driving vehicle 2 and/or while operating any
attachments. As best shown in Fig. 2, operator compartment 12 includes a center console 16
with operator seat 14 being positioned on one side thereof, such as the left side. Operator
compartment 12 includes enough room on the other side of center console 16 for mounting a
second seat (not shown in Fig. 2) to allow vehicle 2 to carry a passenger along with the operator.
The addition of a second seat to conveniently carry a passenger is another distinction between

vehicle 2 of this invention and a typical tractor in this power range. Each side of vehicle 2
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includes a step 18 for allowing the operator and the passenger if present to conveniently step up
into operator compartment 12 to reach their respective seats. As further shown in Figs. 2 and 3,
operator compartment 12 terminates forwardly of rear wheels 10 of vehicle 2.

[026] A standard three point linkage 20 is carried on the rear of chassis 4. Linkage 20 is
a typical three point linkage having a top central link 24 and a pair of lower laterally spaced links
26 that are pivotally connected to the rear of chassis 4. The rear ends of the top and lower links
24, 26 have pivot connections for allowing various attachments to be mounted thereto either
directly or through some type of quick attach mounting system. One or more hydraulic cylinders
(not shown) coupled to three point linkage 20 and powered by a hydraulic system (not shown) on
vehicle 2 allow the operator to lower and raise the attachment into and out of a working position,
respectively. As shown in Fig. 2, a drawbar 21 is also mounted on the rear of chassis 4 for
towing some types of attachments behind vehicle 2.

[027] A power takeoff shaft (PTQ) 22 is also carried on the rear of chassis 4. PTO 22
provides a mechanical source of power that can be used to power or drive an attachment when
one is mounted on three point linkage 20. PTO 22 can be manually engaged and disengaged by
the operator using a PTO switch 23 in the operator compartment (See Fig. 9) when operating
some types of attachments. In addition to being manually controlled, PTO 22 is further
automatically engaged and disengaged by a control system 35, a portion of which is shown in
Fig. 9, when operating other types of attachments as will be described in more detail hereafter.
[028] Control system 35 comprises one or more microcomputer based electronic control
units (ECU). By way of example only, control system may comprise a master ECU (not shown)
that controls and coordinates the operation of other subsidiary ECUs which serve to control the
operation of various components on vehicle 2 after receiving operational instructions from the
master ECU. Referring to Fig. 9, the portion of control system 35 that can be seen is a subsidiary
ECU 33 that controls the operation of engine 6. In some cases, such subsidiary ECU’s may be
integrated into the components they control, such as a motor controller that is often built into the
motor it controls. Additionally, the ECU’s that form the control system may have two way
communications with one another.

[029] In addition, vehicle 2 also carries a hydraulic system of a type well known in the
art to provide pressurized hydraulic fluid through connecting hoses for powering the traction

drive system of vehicle 2 and for powering any hydraulically powered components which are
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present on any attachment that is coupled to vehicle 2, e.g. the hydraulic lift and lower cylinders
of a loader having a dump bucket, or the hydraulic motors powering the cutting blades of a
mowet, etc. In this latter regard, the hydraulic system of vehicle 2 includes one or more sets of
hydraulic hose connectors, such as the set of connectors 28a, 28b at the rear of vehicle 2 as
shown in Fig. 2, for powering any hydraulically powered components or implements on a rear
mounted attachment. The hydraulic system of vehicle 2 may also include a similar set of
hydraulic hose connectors (not shown) at the front of vehicle 2 in substitution for or in addition
to the rear connectors 28a, 28b for powering any hydraulically powered components or
implements on a front mounted attachment, such as the aforementioned loader. The hydraulic
system and/or the hydraulic flow therethrough can be manually activated and deactivated either
in a work mode or a float mode by a hydraulic system lever 29 in the operator compartment (See
Fig. 2) or automatically by control system 35. Movement of lever 29 out of neutral additionally
provides infinitely adjustable rates of hydraulic flow through the hydraulic system depending on
how far lever 29 is moved.

[030] The term “‘attachment” as used herein is intended to refer to a device or assembly
that carries an implement or implements for performing a ground or turf grooming or working
operation. There are many types of such attachments well known in the ground and turf
maintenance art. Vehicle 2 is intended to mount and operate most or all of these attachments.
[031] As shown in Figs. 5 and 6, the space between the rear end of operator
compartment 12 and the rear end of chassis 4 can be utilized for the installation of a dump bed or
box 30 thereon. As shown in Fig. 5, dump box 30 can be arranged to dump to the rear.
Alternatively, as shown in Fig. 6, dump box 30 can be arranged to dump to the side. Vehicle 2
can be built and supplied to a customer with either style of dump box being permanently carried
thereon depending upon the customer’s wishes. Alternatively, dump box 30 can be made to be
quickly installable or removable from the rear end of chassis 4 to allow a customer to have both
types of dump boxes on hand to permit the customer to switch between the two dump boxes
when one is more useful than the other for a particular task.

[032] As a further alternative, a dump box 30 could be pre-installed on the rear of
chassis 4, either permanently or removably, that would permit the same dump box to dump either
to the rear or to the side. In this situation, dump box 30 would be carried on a subframe (not

shown) that is pivotal relative to chassis 4 about a longitudinal fore-and-aft axis along one side of
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chassis 4. The subframe and its fore-and-aft pivot would additionally be carried on a main frame
(not shown) that is pivotal relative to chassis 4 about a laterally extending axis along the rear end
of chassis 4. To dump to the rear, the main frame would be elevated by one or more first
actuators (not shown) to rotate both the main frame, the subframe and dump box 30 together
upwardly about the rear pivot of the main frame to chassis 4 to allow the material contained in
dump box 30 to flow outwardly to the rear thereof through a rear tailgate. To dump to the side,
the main frame would not be elevated but would remain in place on chassis 4 in a horizontal
position. One or more second actuators (not shown) pivotally connected between the main frame
and the subframe would be used to rotate only the subframe and dump box 30 carried thereon
about the fore-and-aft pivot of the subframe to the main frame to allow the material contained in
dump box 30 to flow outwardly to the side thereof through a side tailgate. The appropriate
tailgate would be unlocked, either manually or automatically, depending upon whether the
operator wishes to dump to the rear or to the side. Side dump and rear dump could be reversed
in this design as to which is on the main frame and which is on the subframe.

[033] Turning now to Fig. 3, vehicle 2 has a four wheel drive hydraulic traction system
that comprises a front electronically controlled hydrostatic axle 32 and a rear electronically
controlled hydrostatic axle 34 that drive front wheels 8 and rear wheels 10, respectively. Each
axle 32, 34 has left and right output shafts that provide a differential action during turns of
vehicle 2 between the left and right wheels in each pair of wheels 8, 10. Axles 32, 34 are
electronically controlled by control system 35. As the operator presses down on an accelerator
pedal 36 in operator compartment 12, control system 35 receives a speed signal input from a
sensor associated with accelerator pedal 36. Control system 35 separately controls the front and
rear axles to provide a ground speed as set by the position of accelerator pedal 36.

[034] In addition, vehicle 2 has a four wheel steering system that provides steering
during turns of vehicle 2. The steering system is controlled by the operator through manipulation
of the steering wheel 38 in operator compartment 12. Front wheels 8 and rear wheels 10 are
each individually pivotal for steering purposes about generally vertical axes indicated at y in Fig.
3 under the control of individual steering linkages 40 which are controlled by the position of
steering wheel 38. Preferably, the steering system is designed to provide vehicle 2 with

Ackerman type steering in which the individual wheels turn at different angles during a turn.
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This keeps each wheel 8, 10 turning about a common point to minimize the turning radius
without damage to the turf.

[035] The Applicants have also found that damage to the turf can be minimized and
vehicle 2 can maintain more efficient traction by continuously balancing the pressure between
front and rear axles 32, 34. The front and rear hydraulic traction circuits are independent from
each other. Each traction circuit has its own speed feedback, pressure feedback, current
feedback and hydraulic supply circuit. When the operator presses accelerator pedal 36 to propel
vehicle 2, the front and rear traction circuits are instructed by control system 35 to target the
same ground speed and maintain the same ground speed, regardless of the drive ratios for each
circuit. Since the front and rear hydraulic traction circuits are independent from each other,
tolerance stack up, tire pressure, rolling radius of a tire, weight distribution on vehicle 2 (heavy
front or rear attachment), and the difference in front to rear turning radius could result in one of
the axles doing more work than the other. As a result, while both axles 32, 34 are producing the
same ground speed, various misbalance scenarios can arise, €.g. the rear traction circuit could be
solely responsible for propelling vehicle 2 while the front axle is asserting an unnecessary load
onto the system (or vice versa).

[036] To overcome this problem, each axle 32, 34 can include a hydraulic pressure
sensor (not shown) linked to control system 35 for continuously reporting to control system 35
the hydraulic pressure in the corresponding traction circuit. Control system 35 constantly
monitors the front and rear hydraulic traction pressures. If one traction circuit is doing more
work than the other, the traction pressure of that circuit will be higher. Control system 35 will
compensate by causing the lagging axle having the lower pressure to do more work while
reducing the work load in the other axle. As a result, the front and rear traction circuits will be
kept in balance and produce less turf damage as compared to hydrostatic traction drive systems
without such compensation.

[037] Such a traction pressure compensation or balancing feature would be useful on its
own even without four wheel steering. However, when the traction pressure balancing feature is
provided in an addition to a four wheel steering system, as in one embodiment of the present
invention, the result is a vehicle that has been optimized for operations on a turf surface. With
both features in place, front and rear wheels 8, 10 of vehicle 2 are both steered and driven in a

manner that substantially reduces the possibility of gouging, tearing or scuffing of the turf
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surface while maintaining substantial traction in difficult conditions such as turning while
driving+ downhill.

[038] Fig. 7 illustrates one possible implementation of the hydraulic traction drive
system of this invention, including the use of the traction pressure compensation feature as
described above. The torque produced by axles 32, 34 could be measured and used instead of
pressure in the traction compensation feature to achieve the same traction system improvement
benefits as described above. The block labeled SmartPower Reduction describes a ground speed
adjustment that is made in accordance with engine loading as described in U.S. Patent 8,880,300,
which patent is hereby incorporated by reference.

[039] Referring now to Fig. 4A, the operator console 42 in front of the seated operator
contains a mode selector 44 comprising a rotary knob which allows the operator to select various
operational modes of vehicle 2. The modes comprise an automotive high mode, an automotive
low mode, an attachment mode, an inch mode, a setup mode and potentially additional modes.
[040] In the automotive high and low modes, the full range of accelerator pedal 36 will
be available to the operator, but the maximum ground speed for vehicle 2 is different, e.g. 21
mph versus 8§ mph. Thus, when the operator is pulling or carrying a load on vehicle 2, the
operator can select the automotive low mode to limit the ground speed from the higher ground
speed permitted in automotive high to ensure safety when transporting the load. The automotive
low mode also changes the hydraulic motor displacement in the traction system to provide more
torque for more capably transporting a heavy load. In the automotive low mode, the operator can
still floor accelerator pedal 36 and hold it continuously depressed, but vehicle 2 will never
exceed the safe speed of 8 mph for pulling or carrying a load. When vehicle 2 is simply being
transported from one place to another without being loaded, the operator can select automotive
high to allow a substantially higher transport speed. Again, the operator selects one mode or the
other simply by turning mode selector 44 from one position to another. The maximum speeds
available in automotive high or low can be selectively adjusted downwardly from the preset
maximum speeds that are input during the setup mode to whatever lower speeds the operator or
owner of vehicle 2 may choose to establish instead of using the preset maximum speeds
originally preset in control system 35. Moreover, the preset maximum speeds as preset in
control system 35 may have values other than 21 mph or 8 mph with the maximum speed in the

automotive high mode set higher than the maximum speed in the automotive low mode.

-11 -



WO 2018/148268 PCT/US2018/017210

[041] The attachment mode is selected by the operator through manipulation of mode
selector 44 when the operator is using vehicle 2 in conjunction with an attachment to perform
some type of ground or turf grooming or working operation. The attachment mode allows the
operator to select the attachment that will be carried on and operated by vehicle 2 from a menu of
the attachments that have been previously setup in control system 35. This selection is done on a
visual data entry device, such as a touch screen, by scrolling through the menu of possible
attachments and by selecting the attachment that is intended to be used from that list. The same
data entry device can be used to setup a particular attachment for use in a setup process that will
be described hereafter. Once the operator has selected a particular attachment from the list as the
one that will be carried on and operated by vehicle 2, the operational profile or instructions for
operating vehicle 2 with such attachment will be used by control system 35.

[042] The types of attachments which can be used on vehicle 2 comprise a rate dependent
attachment in which the proper operation of the attachment is closely related to the speed of PTO
22 driving the implement on the attachment and the ground speed of vehicle 2, such as turf
aeration, turf fertilization, spraying, and the like. A rate dependent attachment, particularly an
aerator that is carried on three point linkage 20 and is driven by PTO 22, is the most demanding
attachment typically used on vehicle 2 in terms of correlating the operation of the attachment to
the operation of vehicle 2. A non-rate dependent attachment is one in which the proper operation
of the implement on the attachment is generally dependent on the speed of the PTO with the
ground speed of vehicle 2 being variable in relation to the speed of the PTO as long as sufficient
PTO and ground speeds are present, such as mowing and debris blowing. Finally, some
attachments can be operated while vehicle 2 is stationary and only PTO 22 is operated to drive
the implement on the attachment, such as a generator, a pump for pumping water out of golf
course bunkers, a wood chipper, and the like. This invention permits much easier operation in
the rate dependent attachment mode as will be explained hereafter.

[043] Mode selector 44 can be additionally positioned to select the inch mode. In the inch
mode, the operator dismounts vehicle 2 and uses a tethered or vehicle mounted control to cause
vehicle 2 to inch or creep forward or in reverse at a very low ground speed as the operator stands
on the ground safely clear of vehicle 2. In addition, three point linkage 20 can be raised and
lowered in the inch mode to help align three point linkage 20 with the corresponding pivot

connections on the attachment as vehicle 2 creeps toward or away from the attachment. The inch
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mode is useful primarily in coupling the attachment to three point linkage 20 of vehicle 2 or
when removing the attachment from three point linkage 20. In addition, PTO 22 may be
operated while in inch mode by pressing and holding a PTO run button on the inch mode
controller.

[044] Besides mode selector 44, there is a paddle control 46 located on the other side of
steering wheel 38 from mode selector 44. Paddle control 46 is pivotally mounted on the control
console 42 for pivotal up and down motion. Paddle control 46 is formed as a portion of a
circular arc and is normally spaced below the corresponding curved side of the rim of steering
wheel 38 as shown in Fig. 4A. When an operator is gripping the left side of steering wheel 38
with the operator’s left hand, the operator can reach down with the fingers of that hand and
actuate paddle control 36 without entirely releasing the grip of his or her left hand from the rim
of steering wheel 38 since paddle control 46 is sufficiently close to the rim to permit this to
happen.

[045] Referring now to Fig. 4B, paddle control 46 includes a hub 48 that pivots around
a generally fore-aft extending pivot axis x that is formed by the axis of a pivot 50 that is fixed on
console 42 adjacent the steering column of steering wheel 38. Paddle control 46 is biased to a
neutral position by a torsion spring 52 that is wrapped around pivot 50. The free upper and
lower legs 54, and 54; of spring 52 extend to one side of pivot 50 to be adjacent the top and
bottom sides of a fixed finger 56 of paddle control 46 as well as the top and bottom sides of a
fixed stop 58 on console 42. Fig. 4B shows paddle control in its neutral position as normally
provided by torsion spring 52.

[046] When the operator so desires, the operator can reach down with the fingers of the
operator’s left hand and press down on the top of paddle control 46 to move paddle control 46
downwardly away from steering wheel 38 in the direction of arrow A in Fig. 4B. As the operator
presses down, paddle control 46 rotates about pivot 50 in a clockwise direction CW in Fig. 4B.
This rotation does two things. The rotation tensions torsion spring 52 since finger 56 raises
upper leg 54, of spring 52 upwardly while the lower leg 54, of spring 42 remains in place against
stop 58. In addition, the rotation also causes a first cylindrical abutment 60 that is part of paddle
control 46 to similarly rotate to actuate a first sensor or switch 62 connected to control system 35
to signal to control system 35 that paddle control 46 has been pressed downwardly. As soon as

the operator releases the momentary press down of paddle control 46 needed to actuate first
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switch 62, the increased tension in torsion spring 52 will pop or lift paddle control 46 back up to
reset paddle control 46 to its neutral position. As will be explained in more detail hereafter, the
press down actuation of paddle control 46 as just described in used by the operator to signal to
control system 35 that a work operation of whatever work implement carried by vehicle 2 is to
start. In this respect, the operator will have input into control system 35 through a data input
device exactly what type of work implement is attached to three point hitch 20 of vehicle 2.

[047] In addition to pressing down on paddle control 46 as described above, the
operator can also use the fingers of his or left hand to grip paddle control 46 to pull up on paddle
control 46 to move paddle control upwardly towards steering wheel 38 in the direction of arrow
B in Fig. 4B. This action also increases the tension in torsion spring 52 similarly to that
described above to provide a restoring force that pops or lowers paddle control 46 back down to
its neutral position once the operator releases the upward pull on paddle control 46. In addition,
the rotation also causes a second cylindrical abutment 64 that is part of paddle control 46 to
similarly rotate to actuate a second sensor or switch 66 connected to control system 35 to signal
to control system 35 that paddle control 46 has been pulled upwardly. The upward pull of paddle
control 46 as just described is used by the operator to signal to control system 35 that a work
operation of a work implement carried by vehicle 2 is to stop or terminate.

[048] The downward press and upward pull actions imparted by the operator to paddle
control 46 followed by the substantially immediate release of such actions have their most
significant use in conjunction with the rate dependent attachment mode. As an example, let’s
consider the situation of vehicle 2 being equipped with a PTO powered aerator of conventional
design and that control system 35 has been informed that such an aerator is attached to three
point linkage 20. Such an aerator typically has an array of rotating coring tines disposed in
various laterally extending rows for rotation about a horizontal axis. When the coring tines are
rotated about such an axis, the rows of tines consecutively enter the ground to punch cylindrical
openings in the turf and remove plugs of the turf to create an array of spaced holes in the turf.
Such holes maintain the health of the turf and promote more grass growth as they relieve soil
compaction and allow the entry of air, water and other soil nutrients. However, an operator must
carefully follow a precise set of steps in the correct order to avoid doing serious damage to the

turf surface when operating an aerator.
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[049] For example, when operating an aerator, the aerator must be rotating when it
enters the ground and vehicle 2 must be moving forwardly when three point linkage 20 is
lowered to place the aerator into engagement with the ground. Assume that the operator is
driving vehicle 2 forwardly, but forgets to place the aerator into operation before he or she
lowers three point linkage 20. When the stationary tines of the aerator are forced into the ground
without the aerator being powered, the tines will act as plows and rip furrows in the turf surface.
Or, assume that the aerator is under power and the operator lowers three point linkage 20 before
placing vehicle 2 into forward motion. In this case, the rotating tines of the aerator will simply
gouge or tear a large hole in the ground. In either case, the damage to the turf surface can be
catastrophic, especially on a highly manicured turf surface such as a golf course fairway or the
like, requiring expensive and time consuming repairs.

[050] Moreover, a rate dependent attachment should only operate at a specific ground
speed in a relation to a fixed PTO speed that drives the work implement to achieve the desired
result, e.g. a desired fore-and-aft hole spacing in the case of an aerator or a desired application
rate in the case of a fertilizer spreader or sprayer. Thus, an operator must maintain the speed of
vehicle 2 at the specific desired speed during the work operation in order to avoid a poor result or
potential damage to the turf surface from over-application of the fertilizer or the spray. This can
be quite difficult to do especially for inexperienced operators. One important aspect of this
invention is the automation of many of the tasks of operating rate dependent attachments that let
the operator focus simply on driving vehicle 2 in a desired direction. In this aspect, paddle
control 46 plays a role as explained hereafter.

[051] As will be explained in more detail hereafter when describing the setup procedure
for an attachment, control system 35 of vehicle 2 is programmed with a set of parameters for
each rate dependent attachment that vehicle 2 is to be used with. Taking the example of the
aerator again, the operator, or more typically the supervisor of the operator, can set the work
ground speed and PTO speed at which vehicle 2 must be driven in order to achieve the desired
hole spacing. For some operators, the supervisor may allow no variation in this pre-set ground
speed. For other more skilled and trusted operators, the supervisor may allow the operator to
increment or decrement the preset ground speed up or down depending upon the operator’s
judgment at the time. In this regard, a particular operator will have to log onto control system

35, either manually or through wireless electronic communication between control system 35
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and an electronic device unique to the operator (e.g. radio-frequency identification (RFID),
Bluetooth®, near-field communication (NFC), Wi-Fi ™, and cell communication), to identify
the operator to control system 35 to determine whether the specific operator using vehicle 2 has
any such override capacity.

[052] In addition to the parameters set by the supervisor, control system 35 will contain
another set of stored parameters that are particular to the operation of the type of rate dependent
attachment and that form an operational profile for such attachment. The type of rate dependent
attachment that is to be used on vehicle 2 is identified to control system 35 by the operator. In
the case of an aerator, these steps are required at the beginning of the work operation, namely
turning on the aerator when three point linkage 20 is lifted above the ground or is between a
maximum and minimum height relative to the ground to prevent damage from engaging the PTO
too high or too low, ensuring that vehicle 2 is in motion before attempting to lower the three
point linkage, and then lowering three point linkage 20 into contact with the ground. These three
steps will be reversed at the end of the work operation, such as at the end of each pass when the
operator must turn vehicle 2 around to make another pass in an adjacent swath. The downward
press and upward pull actions of paddle control 46 is what allows the operator to signal to
control system 35 to start the work operation and to stop the work operation.

[053] For example, assuming the operator is ready to start a first pass in an aerating
operation, the operator must place vehicle 2 in operation and head towards the starting point for
such a pass. As the operator reaches the starting point, the operator can press down on paddle
control 46 and then release paddle control 46 to signal to control system 35 the start of the work
operation. Once control system 35 receives the lower three point hitch or start signal from
paddle control 46, it detects that vehicle 2 is in motion from onboard sensors or other
information, it sets the aerator into operation if vehicle 2 is in motion, and then and only then
lowers the three point hitch to engage the aerator with the turf surface if vehicle 2 is in motion.
The work ground speed and/or the speed of PTO 22 as preset by the operator or supervisor for
such an aeration operation will then be automatically maintained by control system 35 in a fixed
ratio corresponding to the desired rate as long as the operator depresses accelerator pedal 36 into
some out of neutral position or engages an on/off cruise control button 45 on vehicle 2. In this
instance, the engagement of cruise control button 45 by the operator does not attempt to maintain

the ground speed at the instant cruise control button 45 was engaged as control system 35 will
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automatically maintain the preset work ground speed, but simply relieves the operator of having
to maintain the accelerator pedal 36 in a depressed position.

[054] In addition, for an operator who has been identified as a trusted or experienced
operator by control system 35 when the operator logs into the system, a cruise control adjustment
button 47 will retain its typical increment/decrement function to allow such a trusted operator to
raise or lower the work ground speed during the work operation according to the operator’s
judgment. For an operator who is not experienced, the increment/decrement function of cruise
control adjustment button 47 will be locked out during a work operation.
Alternatively, control system 35 may be setup to allow the cruise control system to function as
described above for every operator without the need for the operator to log in.

[055] As the pass comes to an end and in preparation for turning around, the operator
simply pulls upwardly on paddle control 46 and then releases paddle control 46 to signal to
control system 35 the desired end or termination of the work operation. Again, control system
35 takes over and lifts the three point linkage out of the ground while the aerator is still operating
and the vehicle is in forward motion and then potentially adjusts the PTO speed or shuts off the
PTO to stop the aerator during the turnaround process. During a turnaround, if the cruise control
system was engaged as described earlier, the ground speed of vehicle 2 as set during the rate
controlled pass will be maintained. However, by stepping on accelerator pedal 36 during the
turnaround, control of the accelerator pedal 36 reverts to normal to allow the operator to select
any desired speed up to a preset maximum turnaround ground speed stored in control system 35
for use during a turnaround to allow the operator to more quickly maneuver and line up for the
next pass. Once the turnaround is complete, and the operator is lined up to begin a new pass, the
operator merely presses down on paddle control 46 again to enter the work operation once again
and the correct three point lower sequence is used to avoid any damage to the turf surface.

[056] During a turnaround operation, various parameters may be set as described later
herein to prevent damage or excessive vibration when out of balance attachments are lifted above
the ground. Such parameters may include limits to engine speed, ground speed, PTO shaft
speed, and how high the three point linkage may be lifted on an attachment by attachment basis.
Control system 35 will ensure that such limits when set for a particular attachment are not

exceeded during the turnaround operation of vehicle 2 carrying such an attachment.
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[057] The obvious advantage in the automation of the work operation of rate dependent
attachments is that the skill of the operator becomes less important to obtaining a good result.
All the operator need do is to switch into and out of the work operation phase at the beginning
and end of each pass using the press down and pull upward actions on paddle control 46 and
control system 35 will automatically ensure that the lowering and lifting of the attachment (in the
case of an attachment carried three point linkage 20) and the powering of the attachment through
control of the work ground speed and work PTO speed to achieve a desired result (hole spacing
in the case of an aerator or application rate in the case of a fertilizer, sprayer or the like) is
appropriately taken care of without need for any other actions by the operator. All the operator
really has to do is to be aware of his or her surroundings and to drive vehicle 2 safely and
appropriately.

[058] This means that a much larger group of operators will be able to consistently
perform such rate dependent work operations in a safe and proper manner. Paddle control 46 is
also used as described above when a non-rate dependent attachment, such as a mower, is coupled
to three point linkage 20. For such an attachment, a downward push on paddle control 46 serves
to lower three point linkage 20 and an upward pull on paddle control 46 serves to raise three
point linkage 20. The fact that the down/up motions used on paddle control 46 mimic the desired
down/up motions of three point linkage 20 and the fact that paddle control 46 is capable of
fingertip actuation without releasing steering wheel 38 as described earlier makes paddle control
easy and intuitive to use. Thus, paddle control 46 is not limited for use with rate dependent
attachments but may be used as a manual three point linkage control for all attachments carried
on three point linkage 20.

[059] Referring now to Fig. 9, an information center 68 is linked to control system 35
for sending and receiving data and control information therebetween. Information center 68 has
a visual display 70 and a row of navigational and data entry buttons 72 below display 70.
Buttons 72 may be in the form of physical buttons that are separate from display 70. However,
buttons 72 may also be embodied as virtual buttons that appear within display 70 when display
70 is in the form of a touch screen.

[060] A wide variety of different types of attachments are possible for use with vehicle
2. Control system 35 controls the operation of vehicle 2 and in some cases the operation of the

attachments depending upon the particular attachment that is carried on vehicle 2. Information
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center 68 is used as a data entry device to help an authorized person, such as a supervisor, to
setup a profile for each different attachment that is to be used with vehicle 2. In one
embodiment, that is done by having the authorized person answer a series of questions and input
a series of variables through a menu based, interactive setup process stored within control system
2. Once a particular profile for a particular attachment has been set up, such a profile can be
stored within control system according to an identifier assigned to the attachment and then used
thereafter for such attachment. The interactive process employed will now be described in
conjunction with Figs. 10-13.

[061] In one embodiment of the invention, there are a series of basic questions that are
answered for every attachment and a series of parameters that are entered for every attachment.
Referring now to Fig. 10, a series of the screens of the information center are depicted.

[062] As a preliminary matter, each screen has an upper box identifying the parameter
that is to be setup. Some screens, such as the LOCATION and POWER SOURCE screens, have
a middle section identifying the available choices in a list of choices. A user can scroll down
through the list of choices using those input buttons contained on the information center below
the up and down arrows shown on the screen until a selector on the screen, such as an arrow as
depicted or alternatively a lighted horizontal band that highlights the choice, is adjacent the
choice in the list which the operator wishes to select. The selection is then made by the user by
pushing another of the buttons on the information center. After the selection is made, the next
screen is displayed.

[063] The screen also contains a number of forward and back screen icons positioned
above other of the buttons on the information center. These buttons can be used to allow the
operator to scroll back through previous screens from the current screen or to scroll forward
through screens ahead of the previous screen. In addition, as shown in the MAX TRANSPORT
SCREEN in Fig. 10, rather than use the relevant buttons to cross up and down through a list of
choices, other screens have minus and plus icons above the same buttons to incrementally move
a slider to extend or contract the length of a horizontal band within left and right boundaries for
the band. This allows the user to select a particular value for a parameter within a range of

values having an upper and lower limit.
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[064] With this background information out of the way, the specific parameters will
now be described beginning with those shown in Fig. 10. Fig. 10 represents the set of
parameters that are typically selected for every attachment used on vehicle 2.

[065] LOCATION selects where the attachment is coupled to vehicle 2. The choices
are either THREE POINT to select a coupling to three point linkage 20 or OTHER to select any
other location, such as drawbar 21, on the rear bed of vehicle behind the operator compartment,
or at any other spot on vehicle 21 (e.g., a hydraulically powered loader attached to the frame of
vehicle 2).

[066] POWER SOURCE selects how the attachment is powered by vehicle 2. The
choices are either NO POWER to select an attachment that is not positively powered by vehicle
2 other than for being moved or propelled through movement of vehicle 3, PTO to select an
attachment coupled to PTO 22 for being powered thereby, HYDRAULIC to select an attachment
coupled to the hydraulic system of vehicle 2 through connectors 28a, 28b, or BOTH to select an
attachment that is coupled to both PTO 22 the hydraulic system of vehicle 2 (such as a mower in
which the blades are powered by PTO 22 but having wing decks that are hydraulically lifted and
lowered) or when two different attachments are carried on vehicle 2 at the same time (such as a
front mounted hydraulic powered snowblower and a rear mounted PTO driven salt spreader).
[067] DECEL RESPONSE selects how quickly vehicle 2 is allowed to decelerate for
the particular attachment being set up once the operator releases traction pedal 36 and vehicle 2
begins to coast to a stop. The choices are either LOW for a gradual deceleration, MEDIUM for a
less gradual deceleration and HIGH for the quickest stop. Of course, the user may always
operate brake pedal 37 to bring vehicle 2 to a stop independently of vehicle 2 coasting to a stop.
[068] MAX TRANSPORT SPEED selects the maximum transport speed for vehicle 2
for the particular attachment being setup. The choice is in discrete increments (e.g. 0.1 mph
increments) between a lower limit (e.g. 0.5 mph) and an upper limit (e.g. 8 mph as depicted).
For a powered attachment, the MAX TRANSPORT SPEED setting that is input in this step is
effective during operation of the attachment only if the powered inputs to the attachment from
PTO 22 or through hydraulic system connectors 28a, 28b are off.

[069] REVERSE SPEED sclects how fast vehicle 2 may be driven in reverse for the
particular attachment being set up. The choice is in discrete increments (e.g. 10% increments)

between a lower limit (e.g. 10%) and an upper limit (e.g. 100%) of the MAX TRANSPORT
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SPEED setting. In Fig. 10, with the MAX TRANSPORT SPEED setting being 8 mph, the 50%
REVERSE SPEED setting would equate to a maximum speed in reverse of 4 mph for vehicle 2.
[070] MIN ENGINE SPEED seclects how fast vehicle 2 idles when the particular
attachment being set up is carried on vehicle 2. The choice is in discrete increments (e.g. 100
rpm increments) between a lower limit (e.g. 1200 rpm) and an upper limit (e.g. 3000) rpm. By
being able to adjust the idle speed to a sufficient level, vehicle 2 when carrying a heavy
attachment will be able to accelerate from a stopped position at a usual rate rather than having its
acceleration be significantly retarded or delayed.

[071] Fig. 10 represents the attachment setup process for the simplest attachments used
with vehicle 2. Such attachments are those not carried on three point linkage 20 and that receive
no power from vehicle 2 for operation other than for the fact that they are carried by vehicle 2 for
movement over the ground as vehicle 2 is driven over the ground. That is why the first two
screens in Fig. 10 show the OTHER and NO POWER choices as having been selected. For this
type of simple attachment, the attachment setup process walks the user through the screens of
Fig. 10 to setup the operational parameters for the attachment in an operational profile. Once the
parameters have been set up, they may be stored in the memory of control system 35 by the user
under an identifier input by the user (e.g. the attachment name). Then, when such an attachment
is thereafter coupled to vehicle 2, the operator need only identify what attachment is being used
with vehicle 2. Thereafter, control system 35 will control the operation of vehicle 2 and the
attachment through the stored operational profile for such attachment.

[072] The setup process has additional screens for inputting additional parameters for
attachments that are powered by PTO 22 or the hydraulic system through connectors 28a, 28b or
that are coupled to three point linkage 20. Of course, the first two screens in Fig. 10 would have
had different choices selected in whole or in part than what is shown in Fig. 10. If the
attachment is mounted on three point linkage 20, the THREE POINT choice in the first screen of
Fig. 10 would have been selected rather than OTHER. Similarly, with a powered attachment, the
NO POWER choice in the second screen of Fig. 10 would have been bypassed in favor of one of
the three remaining choices. Let’s suppose another attachment to be setup is one that is still
carried on vehicle 2 in the OTHER location but that is powered either by PTO 22 or the
hydraulic system of vehicle 2. In this case, Fig. 11 illustrates the following additional screens

that apply during the setup process as follows below.
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[073] ENGAGEMENT METHOD selects how the user intends to engage and disengage
the PTO and hydraulic power systems of vehicle 2 for the particular attachment being set up.
The choices are either PADDLE representing use of paddle control 46 by the operator or
SWITCH representing use by the operator of the manually operable PTO switch 23 and
hydraulic lever 29 in the operator’s compartment. PADDLE is primarily used with respect to
attachments carried on three point linkage 20 but may be used with other attachments if so
desired.

[074] RATE CONTROL selects how the ground speed and engine speed are controlled
with respect to one another during operation for the particular attachment being set up. RATE
CONTROL APPLIES when the attachment is in a work operation or in a turnaround operation.
The choices are POWER CONTROL in which the ground speed of vehicle 2 varies with
movement of traction pedal 36 but engine speed is locked at a predetermined level,
AUTOMOTIVE in which both the ground speed of vehicle 2 and the engine speed are variable
through traction pedal 36 in the manner of an automobile (one increases ground speed by
increasing engine speed and vice versa), and RATE CONTROL in which ground speed and
engine speed are not variable through traction pedal 36 but are maintained by control system 35
in a fixed ratio to keep an operational rate of a rate dependent attachment substantially constant
at a predetermined rate (e.g. hole spacing for an aerator, a substance application rate for a
fertilizer spreader, topdresser, sprayer or the like).

[075] MAX WORK SPEED selects the maximum ground speed for vehicle 2 for the
particular attachment being setup when such attachment is actively performing the ground or turf
grooming operation for which it was designed, e.g. an aerator is aerating the ground or a mower
is cutting the grass. The choice is in discrete increments (e.g. 0.1 mph increments) between a
lower limit (e.g. 0.5 mph) and an upper limit comprising the MAX TRANSPORT SPEED as
input in the MAX TRANSPORT SPEED step of Fig. 10. In the examples of Figs. 10 and 11,
MAX WORK SPEED has been limited to 5 mph in Fig. 11 when MAX TRANSPORT SPEED
was limited to 8 mph in Fig. 10.

[076] MIN WORK SPEED (not shown in Fig. 10 since the screen therefor is
substantially identical to the screen for MAX WORK SPEED) selects the minimum work speed
for vehicle 2 for the particular attachment being setup when such attachment is actively

performing the ground or turf grooming operation for which it was designed. There are two
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differences between MIN WORK SPEED and MAX WORK SPEED. First, in MIN WORK
SPEED, the upper limit comprises MAX WORK SPEED. Second, in MIN WORK SPEED
control system 35 does not actively control the ground speed of vehicle 2 to maintain the ground
speed at MIN WORK SPEED should the ground speed reach MIN WORK SPEED. Instead,
control system 35 only provides an alert to the operator if the ground speed of vehicle 2 has
dropped below MIN WORK SPEED to provide the operator with the opportunity to speed
vehicle 2 up through use of traction pedal 36 should the operator choose to do so.

[077] WORK SPEED ADJUSTMENT SPAN selects how much a trusted or authorized
operator who is operating vehicle 2 when it is operating the particular attachment being setup
will be allowed to vary the MAX WORK SPEED through the exercise of the operator’s
judgment based on his or her expertise or experience. For example, when operating a powered
aerator, a trusted or authorized operator may judge the hole spacing to be not quite right and wish
to either increase or decrease the ground speed of vehicle 2 on the fly from the MAX WORK
SPEED. The amount of leeway the operator has to make this adjustment is governed by the
WORK SPEED ADJUSTMENT SPAN setting. The choice in the WORK SPEED
ADJUSTMENT SPAN is in discrete increments (e.g. 0.1 mph) between a lower limit (e.g. 0.0
mph) and an upper limit (e.g. 1.0 mph) on either side of the MAX WORK SPEED setting to
enable up to a 1.0 mph decrease or up to a 1.0 mph increase. WORK SPEED ADJUSTMENT
SPAN is setup only when RATE CONTROL has been selected in the RATE CONTROL setting.
[078] APPLICATION PTO SHAFT SPEED selects how fast PTO 22 will be driven
when vehicle 2 is operating the particular attachment being setup. The choice in the
APPLICATION PTO SHAFT SPEED is in discrete increments (e.g. 5 rpm) between a lower
limit (e.g. PTO shaft speed of 180 rpm) and an upper limit (e.g. PTO shaft speed of 540 rpm).
Selecting a particular PTO SHAFT SPEED setting will cause control system 35 to automatically
set an appropriate engine speed. APPLICATION PTO SHAFT SPEED is setup whenever PTO
or BOTH are selected in the POWER SOURCE screen of Fig. 10.

[079] In the event HYDRAULIC is selected in the POWER SOURCE screen of Fig. 10,
a similar APPLICATION HYDRAULIC ENGINE SPEED screen (not shown) will be used in
place of the APPLICATION PTO SHAFT SPEED screen. APPLICATION HYDRAULIC
ENGINE SPEED selects the engine speed used for powering the hydraulic system loads imposed
by the attachment that is being setup. The choice for APPLICATION HYDRAULIC ENGINE
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SPEED is in discrete increments (e.g. 100 engine rpm) between a lower limit (1200 engine rpm)
and an upper limit (3000 engine rpm).

[080] If a powered attachment is carried on three point linkage 20, additional steps will
be required in the attachment setup process. These steps are illustrated in Fig. 12 as described
below.

[081] THREE POINT TRANSPORT POSITION selects how high the attachment being
set up can be raised when the attachment is lifted by three point linkage 20 for transport purposes
from one location to another rather than for work purposes. The choice in THREE POINT
TRANSPORT POSITION is in increments (e.g. 1% increments) between a lower limit (e.g. 0%
representing the lowest reading provided by a sensor whose readings vary with the height of
three point linkage 20) and an upper limit (e.g. 100% representing the highest reading of the
same Sensor).

[082] THREE POINT MAX WORK POSITION selects how high the attachment being
set up can be raised by three point linkage 20 when such attachment is actively performing the
ground or turf grooming operation for which it was designed. The choice in THREE POINT
MAX WORK POSITION is in increments (e.g. 1% increments) between a lower limit (e.g. 0%
representing the lowest possible position three point linkage 20 can have on vehicle 2) and an
upper limit (e.g. 100% representing the THREE POINT TRANSPORT POSITION height). If
the operator attempts to raise the attachment beyond the THREE POINT MAX WORK
POSITION setting, the raise sequence for the PTO will be disabled.

[083] THREE POINT MIN WORK POSITION selects how low the attachment being
set up can be lowered by three point linkage 20 when such attachment is actively performing the
ground or turf grooming operation for which it was designed. The choice in THREE POINT
MIN WORK POSITION is in increments (e.g. 1% increments) between a lower limit (e.g. 0%
representing the lowest possible position three point linkage 20 can have on vehicle 2) and an
upper limit (e.g. 100% representing the THREE POINT MAX WORK POSITION height). If
the operator attempts to lower the attachment below the THREE POINT MIN WORK
POSITION setting, the lower sequence for the PTO will be disabled.

[084] DROP SPEED selects how quickly the attachment being set up can be lowered by
three point linkage 20 when such attachment is carried by three point linkage. The choice is in

discrete increments (e.g. 10% increments) between a lower limit of 10% and an upper limit of

-4 -



WO 2018/148268 PCT/US2018/017210

100%. Certain attachments, such as light attachments, can often be dropped more quickly than
other attachments, such as heavy attachments, without risk of damage to the attachments or
vehicle 2 or the ground or turf surface. This screen allows the user to tailor DROP SPEED to the
characteristics of the particular attachment being set up.

[085] RAISE SPEED selects how quickly the attachment being set up can be raised by
three point linkage 20 when such attachment is carried by three point linkage. The choice is in
discrete increments (e.g. 10% increments) between a lower limit of 10% and an upper limit of
100%.

[086] DELAY THEN RAISE TIME selects a period of time in which the raising of
three point linkage 20 is delayed to allow the PTO shaft to stop spinning when PTO or BOTH
has been selected in the POWER SOURCE screen. The choice is in discrete increments (e.g. 0.1
seconds) from a lower limit (e.g. 0.0 seconds) and an upper limit (e.g. 25 seconds). As a practical
matter, this setting for most attachments will most likely be set somewhere between 1.0 and 3.0
seconds.

[087] Finally, we will turn to the situation of an attachment, such as a powered aerator
for providing aeration holes in the ground or turf surface, which is to be controlled by the
operation of paddle control 46. This is an attachment which benefits from the operation of
paddle control 46 to automate some of the tasks of safely and correctly operating such an aerator
as set forth earlier herein. Use of paddle control 46 is selected by selecting PADDLE in the
ENGAGEMENT METHOD screen.

[088] To repeat the advantage of control through paddle control 46, the operator need
only press down on paddle control 46 at the beginning of a pass. Control system 35 will first
engage the power source for the aerator and to bring the coring implements up to speed and then
lower three point linkage 20 to engage the aerator with the ground or turf surface as vehicle 2
continues to move. At the end of a pass and before executing a turnaround of vehicle 2 to begin
a new pass, the operator pulls up on paddle control. In response, control system 35 lifts the three
point linkage 20 to pull the powered aerator up out of engagement with the ground or turf surface
while vehicle 2 is still moving and then disengages power to the aerator after it is clear of the
ground unless the THREE POINT MAX WORK POSITION is higher than the THREE POINT
TURNAROUND POSITION to be described later. This prepares vehicle 2 and the aerator
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attachment for the operator to manually turn vehicle 2 around to line up for a new pass adjacent
to the pass that was just finished.

[089] By having control system 35 automate these operational steps other than for the
down and up signals provided by the down and up motion of paddle control 46 by the operator,
there is an additional group of less experienced or less skilled operators who can operate vehicle
2. The operators in this group need not have the skill or experience needed to properly and in the
right order manually execute the operational steps needed for the aerator at the beginning and
end of each pass. Control system 35 now does that for the operator. With that having been said,
the additional setup procedure steps involved when PADDLE has been selected is set forth in the
following description and in conjunction with Fig. 13.

[090] MAX TURNAROUND SPEED selects the maximum speed for vehicle 2 for the
particular attachment being setup during a turnaround of vehicle 2. The choice is in discrete
increments (e.g. 0.1 mph increments) between a lower limit (e.g. 0.5 mph) and an upper limit
(e.g. MAX TRANSPORT SPEED).

[091] THREE POINT TURNAROUND POSITION selects how high the attachment
being set up will be raised by three point linkage 20 when such attachment is carried by vehicle 2
and vehicle 2 is being turned around by the operator. The choice in THREE POINT
TURNAROUND POSITION is in increments (e.g. 1% increments) between a lower limit (e.g.
0% representing the lowest possible position three point linkage 20 can have on vehicle 2) and an
upper limit (e.g. 100% representing the THREE POINT TRANSPORT POSITION height).

[092] LIFTED PTO SHAFT SPEED selects the same parameter in the same manner as
was earlier described with respect to APPLICATION PTO SHAFT SPEED except that it selects
the PTO SHAFT SPEED that is to be used during a turnaround operation. Typically, LIFTED
PTO SHAFT SPEED would be lower than APPLICATION PTO SHAFT SPEED. Similarly, the
earlier description of APPLICATION HYDRAULIC ENGINE SPEED would apply in a screen
entitled LIFTED HYDRAULIC ENGINE SPEED except that the selection is now for the engine
speed to be used during a turnaround operation.

[093] DELAY LOWER TIME SELECTS a time period that delays the lowering of the
attachment being set up after the power source for such an attachment is enabled to ensure that
the work implement of the attachment, e.g. the rotatable coring tine array of an aerator, gets up to

speed before the attachment is lowered into the ground. The choice is in discrete increments
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(e.g. 0.1 seconds) from a lower limit (e.g. 0.0 seconds) and an upper limit (e.g. 25 seconds). As a
practical matter, this setting for most attachments will most likely be set somewhere between 1.0
and 3.0 seconds.

[094] Finally, assume an operator has used paddle control 46 to initiate a pass and in the
middle of a pass sees an obstruction such as a sprinkler head in a golf course fairway. The
operator may wish to quickly raise and then almost immediately lower an attachment that would
otherwise hit and damage the sprinkler head but without entering into turnaround mode.
DELAY TURNAROUND TIME lets the operator accomplish this as it selects a delay period
after three point linkage 20 reaches the THREE POINT TURNAROUND POSITION before
control system 35 enters the turnaround mode control as long as the operator toggles paddle
control 46 back down before the DELAY TURNAROUND TIME period expires.

[095] Accordingly, DELAY TURNAROUND TIME selects the duration of the delay
that control system 35 uses after an up signal from paddle control 46 before it enters the
turnaround mode. The choice is in discrete increments (e.g. 0.1 seconds) from a lower limit (e.g.
0.0 seconds) and an upper limit (e.g. 25 seconds). As a practical matter, this setting for most
attachments will most likely be set somewhere well below 25 seconds as the operator can lift the
attachment, pass the sprinkler head or other obstruction, and lower the attachment well before 25
seconds times out.

[096] This invention is not to be limited to the particulars of the embodiment described
herein. Further, the various features described herein, e.g. the overall layout of vehicle 2, the
four wheel steering feature, the hydraulic traction drive system with and without the pressure
compensation feature, the rear and side dumping capability, and the automation of the work
operation for rate dependent attachments through control system 35 and paddle control 46, need
not be used together all in one embodiment, but may also be used entirely separately from one
another or in different combinations thereof in other embodiments.

[097] Accordingly, the scope of the invention is to be limited only by the following

claims.
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Claims:

L. An outdoor power equipment vehicle for performing grooming or working operations on
a ground or turf surface, which comprises:

(a) a frame carrying a prime mover and being supported for movement over the
ground by a pair of front wheels and a pair of rear wheels, at least one pair of wheels being
steerable, the pairs of front and rear wheels being driven by a hydraulic drive system powered
from the prime mover through a front hydraulic traction circuit and a rear hydraulic traction
circuit, respectively, the front and rear traction circuits being independent of one another; and

b) a control system for controlling pressure in the front and rear traction circuits to
achieve a targeted ground speed with both circuits targeting pressure that produces equal torque
to the respective front and rear pairs of wheels being driven thereby, the control system
monitoring through a feedback control loop either the pressure in the traction circuits or the
torque driving the front and rear pairs of wheels to detect a misbalance therebetween and for
adjusting the pressure in at least one of the traction circuits in a manner that returns the circuits to

balance therebetween.

2. An outdoor power equipment vehicle for performing grooming or working operations on
a ground or turf surface, which comprises:

(a) a frame carrying a prime mover and being supported for movement over the
ground by a pair of front wheels and a pair of rear wheels, at least one pair of wheels being
steerable and at least one pair of wheels being driven by a traction drive system powered from
the prime mover, the frame having a three point linkage for carrying a rate dependent attachment
whose operation on the surface is dependent upon maintaining a ground speed of the vehicle in a
fixed relationship to an operational speed of an implement on the attachment that performs the
operation on the surface;

(b) a control manually operable by an operator of the vehicle to send a first signal and
a second signal; and

(c) a control system that receives the first and second signals and that automatically
maintains the fixed relationship between the ground speed and operational speed of the

implement between receipt of the first and second signals.
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3. The vehicle of claim 2, further including a steering wheel for allowing the operator to
steer that at least one pair of steerable wheels, and wherein the control is adjacent the steering

wheel and is vertically movable in an up and down manner to generate the signals.

4. The vehicle of claim 3, the control having an arcuate shape the mimics a curvature in a
rim of the steering wheel and an arcuate length that comprises only a portion of a circumference

of the rim of the steering wheel.

5. The vehicle of claim 3, wherein the control is positioned beneath the steering wheel and
is close enough to a rim of the steering wheel that the operator may actuate the control in both its
up and down motions using one or more fingers on one hand of the operator that is gripping the
rim of the steering wheel without releasing the one hand of the operator from the rim of the

steering wheel.

6. The vehicle of claim 2, wherein the control system upon receipt of the first signal
automatically lowers the three point linkage and upon receipt of the second signal automatically
raises the three point linkage to lower and raise the rate dependent attachment carried on the

three point linkage.

7. The vehicle of claim 6, wherein the control system upon receipt of the first signal
automatically begins powered operation of the implement on the attachment if the vehicle is in
motion before lowering the three point linkage and upon receipt of the second signal
automatically ends powered operation of the implement on the attachment after raising the three

point linkage.
8. The vehicle of claim 7, wherein the control system after receiving the first signal

determines that powered operation of the implement has begun and that the vehicle is in motion

before it lowers the three point linkage.
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9. The vehicle of claim 8, wherein the attachment is an aerator and the implement comprises

an array of rotatable tools for creating aeration holes in the surface.

10. An outdoor power equipment vehicle for performing grooming or working operations on
a ground or turf surface, which comprises:

(a) a frame carrying a prime mover and being supported for movement over the
ground by a pair of front wheels and a pair of rear wheels, at least one pair of wheels being
steerable by an operator through the operation of a steering wheel and at least one pair of wheels
being driven by a traction drive system powered from the prime mover, the frame having a three
point linkage for carrying an attachment for performing the grooming or working operations on a
ground or turf surface, the three point linkage capable of being raised and lowered relative to the
frame by at least one actuator carried on the frame and coupled to the three point linkage; and

(b) a control adjacent the steering wheel and manually operable by an operator of the
vehicle to raise and lower the three point linkage by up and down motions of the control
respectively, wherein the control is positioned beneath the steering wheel and is close enough to
a rim of the steering wheel that the operator may actuate the control in both its up and down
motions using one or more fingers on one hand of the operator that is gripping the rim of the

steering wheel without releasing the one hand of the operator from the rim of the steering wheel.

11. An outdoor power equipment vehicle for performing grooming or working operations on
a ground or turf surface, which comprises:

(a) a frame having a front end that carries a prime mover, an operator compartment
behind the prime mover, and an area behind the operator compartment on which a bed or box
may be mounted, the frame being supported for movement over the ground by a pair of front
wheels and a pair of rear wheels, at least one pair of wheels being steerable and at least one pair
of wheels being driven by a traction drive system powered from the prime mover, the frame
having a plurality of locations including at least a three point linkage and at least one other
location for mounting a plurality of attachments to the frame with the attachments having
different implements for performing different grooming or working operations on the surface;

(b) a microprocessor based control system which stores a menu based, interactive

setup procedure to allow an authorized person to setup each of the attachments for use on the
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vehicle by creating an operational profile for each attachment and which runs such setup
procedure when an authorized person signals to the control system that the authorized person
wishes to setup a particular attachment; and

(c) a visual display and data input device operatively linked to the microprocessor for
displaying on a screen to the authorized person a plurality of choices that must be made and a
plurality of operational parameters that must be set by the authorized person for the particular
attachment to be operated by the vehicle, the visual display and data entry device having data
entry inputs that must be manipulated by the authorized person in conjunction with information
displayed on the screen to select a desired choice or set a desired value for a parameter, the
selections and settings entered by the authorized person being communicated back to and being
stored in the control system in the operational profile for the particular attachment for subsequent

use by the control system whenever the particular attachment is coupled to the vehicle.

12. The vehicle of claim 11, wherein the vehicle includes both a PTO drive shaft and a
hydraulic power system that are both operatively powered by the prime mover, and wherein at
least some of the choices that must be made include the following:

(a) choosing the location of the attachment on the vehicle by selecting either the three
point linkage location or the at least one other location; and

(b) choosing whether or not the attachment is unpowered or is powered by the PTO
drive shaft, or by the hydraulic power system, or by both the PTO drive shaft and the hydraulic

power system.

13. The vehicle of claim 12, wherein the vehicle includes a first control manually operable by
an operator of the vehicle to send a first signal at a beginning of a pass over the surface and a
second signal at an ending of the pass, a second control manually operable for engaging the PTO
drive shaft, a third control manually operable for engaging the hydraulic power, and a traction
speed control manually operable for controlling ground speed of the vehicle, wherein at least
some of the choices that must be made for a powered attachment further include the following:
(a) choosing whether the first control or alternatively either of the second or third

controls will be the control used for engaging power to the attachment; and
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(b) choosing whether use of the traction control will vary ground speed of the vehicle
with respect to a fixed engine speed, or will vary ground speed of the vehicle in accordance with
engine speed, or will serve as an off/on traction signal with ground speed and engine speed being

maintained by the control system in a fixed ratio.

14. The vehicle of claim 12, wherein at least some of the choices that must be made for an
attachment carried on the three point linkage further include the following:

(a) choosing a height of the three point linkage in a transport position and in a work
position; and

(b) choosing a rate at which the three point linkage is raised and lowered.

-32-



PCT/US2018/017210

WO 2018/148268

%,

| rar b
. i AR
4 % 7 2o v
3 s geeeed B0 c\.&\é\\\\\\\\.\ /
it
. (7

"

DI rsIa T

LI EL I IS L

AR

At

_ conn

s

e BT

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017210
2/11

WO 2018/148268

s X
W

S

o
- T

M\W. M Y e
s,

gttt G e,
g o, oo i
P \\.\ \.,“ n “\v\\:\\\w“ “\w
i ; % . s i
R i s L A
s £ e 7 E
7 7% s 7 7
; i 7 PV
;. 7Y
1 RN g Lo s Fibk
H : £
: A7
& B

R

% 2
o

7
%
s

47
G, Gt g

e
rponereeres. et B
et Tint s
%, K \...\\\\\‘.\.Q\
G Y .
-,
o IS T

|
3 PPN RS
; S G e eoe - e
: e avaree: . e s
: g 4 Gl ,\.\\\\\\\‘\\w\
: ey
4 e £
g,
ez
%
et
i

e ssnrn s

.
r s er st 002277 \ g A
iy

4

Ry

nr bt PP PP SIS TIETT et

St tiarssssorisossnnnineseicersser et 0T

SUBSTITUTE SHEET (RULE 26)



WO 2018/148268
3/11

R
EXCENR TR R E RN \u\\\\
R

ipnrannwnag

X
PV
> PP

y

v

e

7

RS e
B Ty
.§\~‘_\\\\ RSNt 3

s
""/

7
S

%

s

”w"

<

Ko,
4
Y

S Bt

ROEN

2

7

e
9%
L
%

2

sprznndelitid

IS «

3

.
TR

DOPORRERRRRR PR bR

s

e

Ve

R

PCT/US2018/017210

\\\
3

N

N

i e

N

3

R —

srahunn
SRS

oo

ergirn,
[;'-,/-v/'"-

27,

2

SUPR S VR

Vs
S

irsesrertiesiiey )
i

W
Wt
AR

SUBSTITUTE SHEET (RULE 26)

&0  Sa—— =

W .\\‘(\’Q;Q“

a2
oy

rri et as i ph A A

SRR

ORI SR

reserictotoioissiis




PCT/US2018/017210

WO 2018/148268

4/11

] o \.«”\\‘\

i

Lo Lo D e, ttmes
Ry \\‘-\\.h\\ Prade v rere \rrr\-i\\\ e

SUBSTITUTE SHEET (RULE 26)



WO 2018/148268 PCT/US2018/017210
5/11

e

¢

.. 7
A

oof
4,

‘4'\§\}W..\“~---x\~:;:‘:‘ -

TN Y

o
s

7
;
;

P

ssssppprosmoiorereer?’

annasiiony §

SRR |

™~ LI | 0N
ety i [ET— X
N ¥ N \
if YT RS 3
§ - 1
i3 NI \
3 b H
1 eneraan e &
3 ; ;
Y N §

.
S S

R

NN

N A
\
Y
K ‘\‘
R
i1 &
i 3
i 3
i, 8 b
PN y
3 H A
3 R
Y 0
kY 0
by PRI
1 g
Wi
h aning
AR
Ay
B IRy
{\_\n
RN AR
Ll arnan
PEESE
N

Y
N
HIE N .
1 } N S ~
A H 3 ky N N g TR
Yy H ¥ 3 FRE MY R ]
P 3 i \ FIRY
i 3
YN S Y i3 1 X
LN 3 ¥ 3 1
by N B ~
N 3 3. N by N
X b3 N y i
\ N ¥ b N
~ud 3 i
N i d
H
P
N AN
-y ""
‘% E
= = IR

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017210

WO 2018/148268

6/11

34 s.xm@
b1 8111

o DA

AP RICTR Ly S i

DY 35

H
H
H
H
H
H
H
H
H

-
P

H
it viriiieegaiirterstiirenst

onaananassasssadiasnanansy

H
{
;

~
-~

T
v

JUELANG GADAMD 180y

T \:\\\\ﬁ\\\\\\!

H
H

wovrsossrrrry

..:}\\\\\.w m\w mwx.wmv w\w“wou« \\\m« M»\«\wn“m\mx wm\m‘.\«wf M

Yl B3
5% s

B3 Es e

B GRT |

snypEy § M % Y LAY

140 389

N .,“Q

IRSUSEY A0)
FBATEEEAS D TIE AL

AL FRATER R
Y — $3E3 081 M8y

v

S

UL DIDANS JUDL

SR |

“ B0 w
i 34,

~egneseasaad

B
5.

e SR
T e
a W

&
.,\w &R
"’3 w.

\M\N-"

el

Cekiaros s s s S b S s s Sb b s

panssnasasaabananannanany

SN
2
-->x--

£
i, mwxw%

%4
[itS

FN

wk\-

‘\w.

I
3 m_\mm.w

DLEA%

bor

fenisy W .| peads puaniy Vi
; papds e
oy BN R
AV 0.9 T paty ISG A
AR AR “ mw W\WMW \ PEg UIGREL w ] \\\ rvovsressinscassinss
S L OTLIS0) 1B
g, DR Biriyimg u0dd Dt s |
Had
Uy A0SHEG
»vs\wwww‘ i m 30547 Mw M.. %mwm& m \\w@umw& \wm.m@\“\m

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017210

WO 2018/148268

7/11

S

LA

T

PP PR R A A1

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/017210

] =10

2% H 2 I A ood T T A s

> H
.,

;
]

-

AN

L
&

R

ot

WiN

5

N

.

Ry

o i

&N
e

155 e e % : A H
Yo H o s wprrr
L o - RV Z ., _ =
P “ tes P %, ) : e, Y A S SUSSSS e WA
i : il o S S B SR mﬁ s : al L U SR T VA T S Sttt
wler s : . ¢ § : - 77 jogs
v L G G e bk 3 : ARy 2% i
A [ - 114 : 7 Ynrd wrom ’
P - v 2} : vd 1L 7
ay 0k Oy oy LA §a§a§§$ Py cod : A T i
b, i e T i I hda : eh e e T
[ e ae £ L. vha Yre o 757
H b1 oden 1 7 o 157
fove. e by - s 4 |7/ T S SN S SN S SO
Y . i T 1 S L ek i < i
A H Feges S G114 Loy
o i 4 Ypoor ek . 7
P oy wibinr S £ 7 “\M
b b =i A 4
ey v, ] “ut

7

o

e
2 o
I
e

8/11

WO 2018/148268

n\\\.\ kw3 4 “\“. Lrrs
P P e fossd
LEE£G, £ R . S T A
l
H
H
H
H
H
H
H
H
w : W
fo ; PP T T T S -
Z ; $oe B
b H e 33 2
\n\ g : rr, BE
Z . H 5% 753
e e : Wi 11k
P A4 : L ey :
SR : ey : 3
P Sy - i hrdis H
7w g H A 3 A A S S AN
st B : e MO Z
i H £ v i
S : ek iy 4
a7y H w343 3
ey . 2
7% H g
a4 : Yoo s H
., L2 3 mw« : ressrsiisivs i,
o ol i : Ll p
f : A ;
PO : : L bk :
o ; : Yon o, ‘ ;
w\s\ "y : H \\t\ Pt :
o : ; s
i bk : ; Lt it
i 3 L4
: : 7 Ybe
3 7
. B
b H
: 4
3 H
H H
il H

SUBSTITUTE SHEET (RULE 26)




PCT/US2018/017210

H
; 1
: ,
: ok .W @
AR P § o i I o . e
7 7y gy W 544 H Yoo .
i S LA YT i : b g -,
; vy et 4 1 pd H o
: foe Tow g % i e,
; e L0 " H Lib e ; ¥l 7o
; Pl 4 3. : g ol ; 7 bk
: gl o e H = 0 H i s :,
: LE WA : g Gebel i e, Subes
S B AR A LR PR e wf
: b e £ o ¢ L WP e i
H Ay 2ol i w A . Wt L%
: e 7% 44 : "L, e s oper A Lot
: Yh 1% NS \zﬂ : Yors §I% P, LA Ry 4
i Lk gon 554 L : fon 2t L0 SIS W
: prom G5 Pas : 1 .W\\‘. ey IR A S S ) ot
2 trgy  rre, 5 : s H i3 L
: o B b i A : Gsid Y
i < ot : Yons ek ; e 7 ‘
H .\w\ A oo H P i ” (e
; w - S H &y 43 :
; 2 it d Li W/ :
N < W
: e % :
4 7

9/11

AR
sy
%

S

R

enrd

75

/s

o

i

N o,
"y

M,i\\.\ Yoo ,M\\k

7

.mN. [ N\\\“

%]

33
&

arze 2% B ’
wice \\\.\\W 7% Z o i
iE . Soidt Yore. 19754

%4, .\\W ﬂwv m\:\ i 14
=, 7 o Py

N\s W&m <y Wﬂ e Yoo 4
g’ 0. 15 vvrissries wﬁ ot

-
RS
cHH

\ ;

b 5 %

Li be w0k

ik o d i
et 4 bk

-~
}‘\
X

WO 2018/148268

SUBSTITUTE SHEET (RULE 26)



{
H

ES

H

ACHMEN

PR

3 )A
.

EE
i N
L

Y

A

o
Y

PCT/US2018/017210

o
v
T &TY

3 Y
3

A

™
b
p

£

3

e

10/11

A
Y
3

R

Rt

g
[

e

N
N

e

L 4

WO 2018/148268

SUBSTITUTE SHEET (RULE 26)




PCT/US2018/017210

WO 2018/148268

11/11

R IIY

2

6%

J T
ETHT ATTAUNHMENT

DA T IR A DO
ELAY TURNARQH
A

PRIV
RN
A

-~
-
LR

T

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/017210

A. CLASSIFICATION OF SUBJECT MATTER
A01B 63/16(2006.01)i, A01B 59/043(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AO01B 63/16; GO5B 13/02; B62D 49/00; A01B 63/112; FO2N 17/00; B60K 35/00; B62D 55/24; B60K 17/00; F16H 59/74, B62D 55/04,
AO01B 59/043

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: outdoor power equipment vehicle, frame, control system, wheel, misbalance, fixed relationship,
and implement

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5911769 A (ORBACH et al.) 15 June 1999 2-4,6-9
See column 2, lines 3-14; column 5, line 10 - column 6, line &;
column 7, line 61 — column 8, line 65; and

figure 1.
Y 1,5,10
A 11-14
Y US 7044257 B2 (KEMPF et al.) 16 May 2006 1
See column 1, lines 19-26; column 5, line 46 — column 7, line 30; and
figure 1.
Y US 5514048 A (JACOBSON et al.) 07 May 1996 5,10
See column 6, lines 49-62 and figures 3-4.
A US 4362340 A (VAN DER LELY, CORNELIS) 07 December 1982 1-14
See column 3, lines 37-43, column 8, lines 41-54 and figures 1-3.
A JP 2006-123724 A (NATIONAL AGRICULTURE & BIO-ORIENTED RESEARCH ORGANIZATION) 1-14
18 May 2006

See paragraph [0030] and figures 3-4.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
28 May 2018 (28.05.2018) 28 May 2018 (28.05.2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office NHO, Ji Myong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8528

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/017210
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5911769 A 15/06/1999 None
US 7044257 B2 16/05/2006 CA 2422369 Al 16/09/2003
CA 2422369 C 12/12/2006
DE 10211799 Al 02/10/2003
EP 1350658 Al 08/10/2003
EP 1350658 Bl 30/08/2006
US 2003-0173133 Al 18/09/2003
US 5514048 A 07/05/1996 None
US 4362340 A 07/12/1982 US 4452496 A 05/06/1984
JP 2006-123724 A 18/05/2006 JP 4625924 B2 02/02/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report

