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(57) ABSTRACT 

An agricultural combine has a variable displacement pump 
connected to four drive motors that drive four Wheels. An 
electronic controller monitors the speed of each Wheel and 
reduces the torque of the motor that drives the Wheel When 
the Wheel slips. The controller reduces the torque by reduc 
ing the speci?c displacement of the slipping motor. Once the 
Wheel has ceased slipping, the controller increases the 
speci?c displacement of the motor back to its original 
displacement. 
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FOUR-WHEEL DRIVE COMBINE WITH SLIP 
CONTROL 

FIELD OF THE INVENTION 

[0001] The invention relates to agricultural combines and 
systems for controlling their operation. More particularly, it 
relates to four-Wheel drive system for combines. 

BACKGROUND OF THE INVENTION 

[0002] Agricultural combines typically have tWo driven 
Wheels to propel them through the ?eld. The use of tWo 
driven Wheels limits their performance. With only tWo 
driven Wheels, combines are prone to slip. To avoid this 
problem, prior art combines Were designed that use a four 
Wheel drive arrangement in Which hydraulic ?uid from a 
hydraulic pump is directed to a single motor coupled to tWo 
front Wheels to drive the front Wheels and ?uid is also 
directed to tWo motors, each motor driving a single rear 
Wheel. This arrangement required the use of a ?oW splitter 
circuit that divides the output of the ?oW betWeen the front 
Wheels’ drive motor and the rear Wheels’ drive motors. The 
?oW splitting circuit Was designed to insure that some ?oW 
Was forced though the front drive motor as Well as through 
the tWo rear drive motors. In this fashion, if a front Wheel 
slipped, all the hydraulic ?uid Would not be directed through 
the front drive motor and bypass the rear drive motors. 
Instead, and due to the arrangement of the splitter, at least a 
portion of the ?oW Would be forced through the rear drive 
motors. By dividing the ?oW and insuring that at least a 
portion of the ?oW Would go through both the front motor 
and the rear motors even When there Was slippage of a 
Wheel, slippage of a single Wheel Would not cause the 
combine to immediately stop moving, since at least some 
?uid Would continue to drive other motors coupled to Wheels 
that have good ground contact. 

[0003] This system, hoWever, has drawbacks. It requires 
the use of a hydro-mechanical ?oW splitter. Furthermore, it 
still permitted both front Wheels to be disabled as soon as 
one of them started slipping and for both rear Wheels to be 
disabled as soon as one of them started slipping. 

[0004] It is an object of this invention to provide a 
combine With an improved anti-slip drive system. 

[0005] It is an object of this invention to provide a drive 
system that can isolate any individual drive Wheel that 
begins slipping. 
[0006] It is an object of this invention to prevent the 
slippage of a Wheel by controlling the speci?c displacement 
of the motor that drives the slipping Wheel. 

[0007] It is an object of this invention to prevent the 
slippage of a Wheel by reducing the torque provided by the 
motor driving that Wheel. 

[0008] These and other objects of the invention Will 
become clear upon reading the folloWing summary and 
detailed description of a preferred embodiment of the inven 
tion. 

SUMMARY OF THE INVENTION 

[0009] In accordance With a ?rst aspect of the invention an 
agricultural combine is provided including a chassis; an 
internal combustion engine mounted on the chassis; a rotor 
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con?gured to thresh agricultural plant matter, the rotor 
coupled to the engine to be driven thereby; a header ?xed to 
the front of the chassis and disposed to gather and cut the 
agricultural plant matter, a ground drive system including a 
variable displacement hydraulic pump coupled to the engine 
to be driven thereby, four variable displacement hydraulic 
motors coupled together in parallel to one another and 
coupled in series With the hydraulic pump to be driven by the 
pump, and four ground-engaging Wheels, each Wheel 
coupled to an associated one of the four hydraulic motors to 
be driven thereby; and an electronic control system includ 
ing four speed sensors, each sensor disposed to sense the 
rotational velocity of a corresponding one of the motors or 
a corresponding one of the Wheels, a means for determining 
the speed of the vehicle, and an electronic controller coupled 
to the four speed sensors, and the means for determining and 
con?gured to limit the slippage of each of said four Wheels 
individually by controlling the speci?c displacement of a 
motor drivingly coupled to said each of said four Wheels. 

[0010] In accordance With a second aspect of the inven 
tion, a method for reducing Wheel slip in the combine is 
provided, including the steps of electronically retrieving a 
?rst Wheel speed from one of the four speed sensors, 
comparing the ?rst retrieved speed With a reference speed, 
reducing the torque applied by the motor associated With 
said one of the four speed sensors based upon the results of 
the step of comparing the ?rst speed, electronically retriev 
ing a second Wheel speed from said one of the four speed 
sensors after the step of reducing the torque; comparing the 
second retrieved speed With the reference speed; and reduc 
ing the torque applied by the motor associated With said one 
of the four speed sensors based upon the results of the step 
of comparing the second speed; and increasing the torque 
applied by the motor associated With said one of the four 
speed sensors based upon the results of the step of compar 
ing the second speed. 

[0011] In accordance With a third aspect of the invention 
a ground drive system for a combine is provided, the system 
including a plurality of ground drive Wheels; a plurality of 
variable displacement and reversible hydraulic motors, each 
motor coupled to a corresponding one of the plurality of 
ground drive Wheels; a variable displacement and reversible 
hydraulic pump coupled in parallel to the plurality of 
hydraulic motors to drive the motors in rotation; a plurality 
of speed sensors, Wherein each speed sensor is associated 
With a corresponding Wheel of the plurality of Wheels to 
sense the rotational speed of the corresponding Wheel; and 
an electronic controller coupled to the plurality of motors to 
control their displacement, the plurality of speed sensors to 
receive signals indicating the speed of the plurality of 
Wheels; and to the pump to control its displacement; Wherein 
there are no valves disposed betWeen the pump and the 
motors to throttle the ?oW of hydraulic ?uid. 

[0012] The plurality of Wheels may include four Wheels, 
the plurality of motors include four motors and the plurality 
of sensors include for sensors. The electronic controller may 
be con?gured to independently control the rotational speed 
and direction of the plurality of hydraulic motors. The pump 
may be an overcenter pump. The electronic controller may 
calculate the pump displacements and the motor displace 
ments to satisfy the operational requirements. The opera 
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tional requirements may be to prevent the Wheels from 
slipping, tWo prevent the Wheels from locking, or to poWer 
turn the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The advantages of this invention Will be apparent 
upon consideration of the following detailed disclosure of 
the invention, especially When taken in conjunction With the 
accompanying draWings Wherein: 

[0014] FIG. 1 is a side schematic vieW of an agricultural 
combine having a hydraulic ground Wheel drive system. 

[0015] FIG. 2 is a schematic diagram of the ground Wheel 
drive system of the combine of FIG. 1 including a variable 
displacement pump, four variable displacement motors, and 
an electronic controller con?gured to control the pump and 
motors in accordance With an internal control program. 

[0016] FIG. 3 is a block diagram of a portion of the slip 
control and speed control circuitry of the electronic control 
ler. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Referring to FIGS. 1 and 2, a Work vehicle is 
illustrated, shoWn as an agricultural combine 100. The 
combine has a chassis 102 on Which an engine 104 is 
mounted. 

[0018] TWo front Wheels 108 and 110 are mounted on 
opposing sides of the front of the vehicle and are driven by 
corresponding hydraulic motors 112 and 114 to Which they 
are coupled. 

[0019] TWo rear Wheels 116 and 118 are mounted on 
opposing sides of the rear of the vehicle and are driven by 
corresponding hydraulic motors 120 and 122 to Which they 
are coupled. 

[0020] The front and rear Wheels are ground-engaging 
Wheels that are coupled to the chassis both to drive the 
combine and to support the Weight of the combine as it 
travels over the ground. 

[0021] A header 124 is mounted to the front of the chassis, 
extending forWard from the front of the chassis to harvest 
agricultural crops. 

[0022] A rotor 126 is mounted centrally in the chassis, and 
extends longitudinally With respect to the vehicle. The rotor 
is disposed to mechanically engage the harvested agricul 
tural crop material as it rotates to thereby separate grains or 
seeds in the harvested agricultural crops from associated 
leaves and stems. 

[0023] A grain tank 130 is mounted on the chassis and is 
disposed to receive the grains or seeds threshed by the 
header. 

[0024] Rotor 126 is driven by a drive system 132 that is 
coupled to the rearWard end of the rotor. The drive system 
132 includes hydraulic pump 134 that is coupled to and 
driven by the engine, hydraulic motor 136 that is ?uidly 
coupled to and driven by pump 134, a planetary gear 
arrangement, a gear train coupling engine 104 to the pump 
and the planetary gear arrangement, and gearbox 138 that 
drives combine rotor 126. 
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[0025] FIG. 2 illustrates the ground Wheel drive system 
200 of the combine. Ground Wheel drive system 200 
includes a variable displacement hydraulic pump 202 that is 
coupled to and driven by engine 104, four variable displace 
ment hydraulic motors 112, 114, 120, and 122 that are 
connected in parallel to pump 202, four motor (or Wheel) 
speed sensors 206, 208, 210, and 212 that are coupled to the 
motors to generate a signal indicative of the Wheel speed, 
and an electronic controller 214 that is coupled to pump 202, 
to motors 112, 114, 120, and 122, and to the four Wheel 
speed sensors 206, 208, 210, and 212. The capabilities of 
controller 214 are discussed beloW. Any capability or func 
tionality that is attributed to the controller herein is provided 
by an integral control program stored in controller 214 to 
control its operation. 

[0026] Hydraulic pump 202 is a bidirectional pump that 
has a variable displacement. Its displacement can be varied 
electronically by applying an electrical signal proportional 
to the desired displacement to electrical signal line 216. 
Electrical signal line 216 is coupled to and betWeen con 
troller 214 and pump 202. Controller 214 is con?gured to 
generate an electrical signal and apply that signal to line 216 
to change the speci?c displacement of pump 202. In a 
preferred embodiment, controller 214 generates a current 
signal in Which the magnitude of the current is proportional 
to the desired displacement of the pump. Controller 214 
applies this signal to line 216 and pump 202 responsively 
changes its speci?c displacement. The manner in Which 
controller 214 changes the displacement of pump 202 to 
reduce Wheel slip is discussed beloW in greater detail. 

[0027] Hydraulic motors 112, 114, 120, and 122 are 
coupled to and drive Wheels 108, 110, 116 and 118, respec 
tively. The motors are positive displacement motors having 
a variable speci?c displacement. Each motor has an electri 
cal signal line 218 that is coupled to and betWeen that motor 
and controller 214. Controller 214 transmits a signal indica 
tive of a desired motor displacement to each motor over its 
associated signal line 218. Upon receipt of this signal, the 
motor responsively changes its speci?c displacement. The 
manner in Which controller 214 generates and transmits this 
signal is discussed beloW in greater detail. 

[0028] Sensors 206, 208, 210, and 212, provide a speed 
signal indicative of the speed of their associated Wheels or 
motors to controller 214. They generate a speed signal that 
is proportional to the speed of rotation of their associated 
Wheels or motors and transmit that signal to controller 214. 
In the preferred embodiment, the sensors are integral With 
the motors and generate a train of electrical pulses, each 
such pulse indicating a predetermined fractional rotation of 
the motor. As the motor rotates at a higher velocity, the rate 
at Which the pulses are generated and transmitted to con 
troller 214 increases proportionately. 

[0029] Electronic controller 214 includes a digital micro 
processor coupled to a ROM memory, a RAM memory and 
an input/output (I/O) circuit, all coupled together over a 
digital communications bus in a conventional manner. The 
ROM memory stores the control program that controls the 
operation of the microprocessor to function in accordance 
With the description herein. The RAM memory is used 
primarily as a dynamic temporary storage space for values 
generated by the microprocessor. The U0 circuit includes 
drivers that receive digital signals from the microprocessor 
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and convert them into the signals that are applied to the 
pump and motors. The U0 circuit also includes signal 
conditioning circuitry that receives signals from the devices 
(such as the sensors) and conditions it for processing by the 
microprocessor 

[0030] A command speed input device 220 is coupled to 
controller 214 and is manually operable by the machine 
operator to change the command speed of the vehicle. The 
input device may be a quadrant lever, a sWitch or plurality 
of sWitches, and may include a shaft encoder, a potentiom 
eter or the like to indicate to controller 214 that the operator 
desires to change the commanded speed. When the operator 
manipulates input device 220, controller 214 senses a 
change in the electrical signal generated by the input device 
and changes the commanded speed accordingly. 

[0031] An external or internal speed reference 222 is also 
coupled to controller 214 to indicate the actual speed of the 
vehicle. This device may include a satellite navigation 
receiver such as a GPS receiver. It may also include a ground 
re?ective radar sensor that determines vehicle velocity by 
Way of a radar signal re?ected off the ground. Reference 222 
transmits a signal indicative of the ground speed of the 
vehicle to controller 214, Which derives the speed of the 
vehicle from the signal indicative of ground speed and uses 
that speed in the manner described beloW. 

[0032] Alternatively, controller 214 may derive the actual 
vehicle speed using an internal reference, such as a math 
ematical model of the vehicle. In such instances, controller 
214 is con?gured to determine the speed of the vehicle by 
deriving it from one or more of the Wheel speed sensors. 

[0033] The hydraulic circuit coupling the motors and the 
pump is a series/parallel circuit. Each motor is coupled in 
series to the pump to form an individual series hydraulic 
circuit, such that ?uid from the pump outlet passes into a 
hydraulic ?uid inlet of the motor, through that motor, out the 
hydraulic ?uid outlet of the motor and back into the hydrau 
lic ?uid inlet of the pump. This relationship is true of all the 
motors With respect to the pump. 

[0034] At the same time, the motors are connected in 
parallel With each other. The hydraulic ?uid inlets of all the 
motors are coupled together and fed in common by the 
hydraulic ?uid outlet of the pump, and the hydraulic ?uid 
outlets of all the motors are coupled together to form a 
common return line to the hydraulic ?uid inlet of the pump. 
The terms “inlet” and “outlet” are ?gurative; in the preferred 
embodiment, since the ?oW can change direction. Thus, an 
inlet With ?oW in one direction Would become an outlet 
When ?oW travels in the other direction. 

[0035] Since the motors are connected in parallel to the 
pump, the pump simultaneously supplies ?uid to all four of 
the hydraulic motors. There is no ?oW splitter disposed 
betWeen the pump and the motors to divide the ?oW in 
speci?c proportions in the event. If it Were not for the slip 
control features of the present invention, a Wheel that loses 
contact With the ground could overspeed, consume all the 
available hydraulic ?uid. The other motors Would soon sloW 
to a halt, and the vehicle Would be stranded. The purpose of 
the slip control is to prevent such an overspeed condition by 
reducing the torque generated by a slipping Wheel until it 
regains good contact With the ground and stops slipping, as 
shoWn in FIG. 3. 
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[0036] The motors are connected in parallel With no 
load-balancing or load-shifting valves disposed betWeen the 
pump an the motor. In prior art devices, such valves Were 
provided to insure (for example) that When one Wheel and 
motor begins to slip and spin, all the hydraulic ?uid ?oW did 
not go through that motor, thereby stalling the other Wheels. 
In the present con?guration, the electronic controller is 
con?gured to sense such conditions and to responsively and 
independently regulate the ?oW of hydraulic ?uid to each 
motor by independently controlling the displacement of that 
motor, as Will be described beloW in the context of the 
system’s anti-slip capabilities. 

[0037] FIG. 3 is a block diagram of a portion of the Wheel 
slip and speed control circuit of controller 214. The circuit 
is preferably embodied as a sequence of computer instruc 
tions that con?gure controller 214. 

[0038] For convenience, FIG. 3 illustrates one Wheel slip 
and speed control circuit. There are four such circuits, one 
for each Wheel 108, 110, 116, 118, its associated motor 112, 
114, 120, 122 and its associated sensor 206, 208, 210, 212, 
respectively. The other three circuits have been removed for 
ease of illustration and explanation, but they operate in the 
same manner as the circuit shoWn in FIG. 3 and described 
beloW. For example, in FIG. 3, controller 214 is shoWn as 
using the speed signal 311 from one speed sensor of one 
Wheel and motor combination to compensate in block 314 
for slippage of that Wheel. Controller 214 calculates four 
such compensations for slippage, one compensation for each 
of the four driven Wheels of the vehicle. The circuit of FIG. 
3 can be considered to have four compensator circuits 314, 
one for compensating each drive motor and Wheel, to 
thereby permit the displacement of each motor, the speed of 
each motor, and the slip of each motor to be separately and 
independently controlled. 

[0039] Vehicle speed is controlled by using a desired or 
commanded speed (block 300) provided by input device 220 
as a ?rst input and an actual vehicle speed (block 302) 
provided by the external or internal speed reference 222 as 
a second input. These tWo are combined and are applied to 
the pump 202 (in block 308) to vary the pump displacement 
accordingly. 

[0040] Block 308 represents the vehicle hydrostatic pro 
pulsion system, Which includes motors 112, 114, 120, 122 
and pump 202. The tWo lines entering block 308 represent 
the signals applied to the motors and the signals applied to 
the pump to change their displacements. Block 309 repre 
sents the dynamic response of the vehicle cause by changes 
in displacement, such as changes in vehicle speed, motor 
speed and Wheel speed and Wheel slippage. Line 311 rep 
resents motor speed signals fed back to controller 314 from 
the Wheel/motor speed sensors 206, 208, 210, 212. 

[0041] As the vehicle speeds up or sloWs doWn, the 
reference or actual speed (block 302) changes, and controller 
214 calculates a different displacement setting for pump 202. 
This revised displacement setting is applied as an electrical 
signal on signal line 216 extending from the controller to the 
pump to vary its displacement. 

[0042] Controller 214 includes a lookup table 306 that is 
referenced by the microprocessor of controller 214 to 
retrieve the default pump displacement signal that corre 
sponds to the operator commanded speed. When the opera 
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tor changes the speed in block 300, controller 214 uses 
lookup table 306 to determine the corresponding current 
signal. This signal represents the displacement setting of the 
pump. Controller 214 applies this signal to pump 202 and 
the pump sets its displacement as commanded. The pump 
displacement setting provided by lookup table 306 is a 
default pump displacement setting. This default displace 
ment, hoWever, may not provide exactly the desired speed, 
due to differences in Wheel siZe or in?ation, or differences in 
the texture of the soil, for example. For that reason, a 
compensator circuit 304 is provided Which compensates for 
this default pump displacement by adjusting it slightly. 
These tWo signals, the default displacement signal from the 
pump lookup table 306 and the output of the compensator 
circuit 304 are summed together at summing junction 310 
and are transmitted over line 324 to the pump to change its 
displacement in block 308. 

[0043] Compensator circuit 304 calculates the signals that 
regulate speed to maintain traction and reduce Wheel slip. It 
is preferably embodied as a portion of the control program 
executed by controller 214. Compensator circuit 304 pref 
erably includes a PID feedback control program stored in the 
ROM of controller 214 that generates a signal calculated to 
minimize the difference betWeen the vehicle commanded 
speed (block 300) and the vehicle actual speed (block 302). 
This difference is provided to compensator circuit 304 on 
line 326. 

[0044] It should be understood that compensator circuit 
304 is not limited to a PID feedback control algorithm but 
may include additional or alternative logic to compensate for 
other vehicle dynamic factors such as unique operating 
conditions, non-linear response characteristics, and unstable 
conditions in Which a standard PID feedback control pro 
gram alone Will not Work. 

[0045] Each Wheel may slip. “Slipping” in this sense is 
de?ned as the Wheel not turning at the same speed as the 
vehicle is moving across the ground. Not all slip is bad, 
hoWever. In agricultural tractors, for example, a certain 
limited amount of slip permits each Wheel to transfer more 
poWer to the ground. Thus, “reducing slip” should not be 
understood as eliminating it, since a residual slip may be 
bene?cial. 

[0046] Whether or not the vehicle is at the target or 
command speed, Wheel slip needs to be controlled (or 
prevented, depending upon the application). The function of 
reducing Wheel slip is the second function provided by 
controller 214. This capability is also illustrated in FIG. 3. 

[0047] Each Wheel is equipped With a speed sensor that 
generates a signal indicative of the speed of rotation of the 
Wheel (FIG. 2). Controller 214 monitors the speed of 
rotation of each Wheel, compares it With the actual speed 
(block 302) of the vehicle (at comparison block 312) and 
uses this comparison as an input to a second compensator 
circuit 314. The second compensator circuit 314 preferably 
includes a PID feedback control loop to determine the 
proper compensation. The second compensator circuit and 
its PID control loop are con?gured to individually the 
Wheel’s speci?c displacement to reduce or eliminate this 
slippage. “Slippage” means the difference betWeen a 
Wheel’s rotational speed (the ground speed that should result 
from a Wheel rotating at the rotational speed) With the 
ground speed of the vehicle. While only one block is 
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illustrated in FIG. 3, there are four such blocks in actuality, 
one for each of the driven Wheels of the vehicle. Controller 
214 is therefore con?gured to calculate and control Wheels 
slip for each of the four Wheels independently. 

[0048] To control slippage, controller 214 combines a 
default motor speed calculated for each motor using motor 
lookup table 316 With a compensation signal for each motor 
generated by second compensator circuit 314, at summing 
junction 320 and applies this combined signal to each motor 
over line 322. 

[0049] When the Wheel rotates With slippage, the signal 
generated by comparison block 312 Will indicate an actual 
speed difference betWeen the actual speed of the vehicle 
(block 302) and the speed of the Wheel (line 311). If there is 
no Wheel slippage, the signal generated by comparison block 
312 Will be Zero. 

[0050] As mentioned above, controller 214 is con?gured 
to control Wheel slip using compensator circuit 314. This 
may require maintaining a predetermined amount of Wheel 
slip determined to be most e?icient for vehicle operation, or 
it may require eliminating Wheel slip altogether. 

[0051] To set the displacement of each motor (Which 
controls motor speed and Wheel slippage), controller 214 
takes the commanded vehicle speed (block 300) and looks 
up a corresponding value for the default displacement of the 
motor in motor current lookup table 316. The table is called 
a motor current lookup table, because in the preferred 
embodiment the motor changes its displacement proportion 
ate to the current applied to signal line 216. Controller 214 
then applies the signal it looks up in table 316 to the motor 
in block 308 to set its speci?c displacement. 

[0052] If any Wheel slips, hoWever, controller 214 senses 
this slippage and generates in second compensator circuit 
314 a secondary displacement signal that is summed 
together With the default displacement signal generated by 
the lookup table (block 316). The default and the secondary 
motor displacement values are summed in summing junction 
320 and are then provided as a combined signal to the 
motors in block 308. It is this secondary displacement signal 
calculated by the second compensator circuit 314 that 
adjusts the default motor displacement in order to control 
Wheel slip. 

[0053] The steps of looking up a default motor displace 
ment signal (block 316) and calculating a compensating 
second motor displacement signal (block 314) are performed 
independently for each Wheel and motor combination. There 
may be a single motor displacement lookup table, or there 
may be multiple lookup tables, one for each Wheel and 
motor pair, depending upon the type of motors, and the siZe 
of the Wheels, for example. 

[0054] The secondary displacement signal calculated in 
block 314 is selected to reduce the slippage, preferably by 
reducing the torque applied by the slipping motor to its 
associated Wheel. In block 314, controller 214 calculates a 
secondary displacement signal that (When combined With 
the default value provided by the lookup table in block 316) 
Will reduce the torque generated by the motor that is 
connected to the slipping Wheel. By reducing the torque, the 
Wheel is no longer driven hard enough to slip, and eventually 
regains good contact With the ground. 
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[0055] In the arrangement shown in FIG. 2, there are four 
motors connected in parallel With one another and collec 
tively connected in series With the pump. To reduce the 
torque applied to a motor that is slipping, controller 214 in 
block 314 reduces the speci?c displacement of the motor 
connected to the slipping Wheel. By reducing the speci?c 
displacement, each volume of ?uid passing through the 
motor Will cause it to rotate more (i.e. through more revo 
lutions or a greater angle). If the speci?c displacement of the 
motor is reduced by half, for example, the motor Will rotate 
tWice as many turns as it Would for the same volume of ?uid 
passing therethrough. 
[0056] In effect, the slipping motor’s resistance to ?uid 
?oW increases signi?cantly When the speci?c displacement 
is reduced. The ?uid output of the pump, in response, 
folloWs the path of least resistance and is conducted through 
the other three motors instead of passing through the slip 
ping motor. 

[0057] This increased ?oW through the other three motors 
(Whose speci?c displacement has not been changed) Will 
cause them to rotate faster. This faster rotation Would 
normally cause the vehicle to speed up. As described above, 
hoWever, the compensator circuit 304 compensates for these 
?uctuations in vehicle speed above the target or command 
speed 300, and decreases the speci?c displacement of the 
pump accordingly. 

[0058] Thus, not only does the system individually control 
the displacement of each Wheel motor in response to slip 
ping sensed at each Wheel, it also automatically corrects the 
displacement of pump 202 to compensate for any such 
changed motor displacement that results in the vehicle 
speeding up or sloWing doWn. The system therefore auto 
matically reduces the speci?c displacement of pump 202 
When one or more Wheels slip in order to maintain the 
vehicle at a constant velocity. 

[0059] When the speed of the slipping Wheel responds to 
the reduction in motor torque and again engages the ground, 
the difference betWeen the actual vehicle speed and the 
speed of the Wheel decreases toWard Zero, and the secondary 
motor displacement signal likeWise decreases toWard Zero. 
The result is that the speci?c displacement of the motor 
driving the formerly slipping Wheel increases, and 
approaches the default value. By increasing the speci?c 
displacement of the motor, the motor torque is increased and 
the ?uid ?oW through the motor also increases. 

[0060] When the speci?c displacement of the slipping 
motor is increased, its resistance to ?uid ?oW is decreased 
and more ?uid begins to pass through the previously slip 
ping motor. This increased ?oW through the motor reduces 
the ?oW available to the other three motors, and the vehicle 
Will tend to sloW doWn. The compensator circuit 304 auto 
matically responds to this reduction in actual vehicle speed 
302 by increasing the displacement of pump 202 accord 
ingly. 

[0061] Thus the system automatically increases the spe 
ci?c displacement of the pump When a previously slipping 
Wheel ceases slipping to maintain the vehicle at a constant 
velocity. 

[0062] In the preferred embodiment discussed above, con 
troller 214 is con?gured to monitor the speed of the Wheels 
and to independently control their speeds and hence their 

Nov. 2, 2006 

slip by varying the displacement of each individual motor/ 
Wheel pair. Controller 214 controls slip by monitoring the 
speed of rotation of each Wheel and varying the displace 
ment of the motor that is driving the slipping Wheel, and 
varying the displacement of the pump and the other drive 
Wheel motors to compensate for the changes in the displace 
ment of the motor driving the slipping Wheel. 

[0063] In a similar fashion, controller 214 is con?gured to 
“poWer turn” (turned by skidding the Wheels) the combine. 
This operational requirement is satis?ed by varying the 
displacement of the hydraulic motors. 

[0064] Controller 214 is also con?gured to prevent the 
Wheels from locking. 

[0065] It Will be obvious to those skilled in the art that 
various changes may be made Without departing from the 
scope of the invention and the invention is not considered to 
be limited to What is illustrated in the draWings and 
described in the speci?cation. 

1. An agricultural combine comprising: 

a. a chassis; 

b. an internal combustion engine mounted on the chassis; 

c. a rotor con?gured to thresh agricultural plant matter, the 
rotor coupled to the engine to be driven thereby; 

d. a header ?xed to the front of the chassis and disposed 
to gather and cut the agricultural plant matter; 

e. a ground drive system including: 

i. a variable displacement hydraulic pump coupled to 
the engine to be driven thereby; 

ii. four variable displacement hydraulic motors coupled 
together in parallel to one another and coupled in 
series With the hydraulic pump to be driven by the 
pump; and 

iii. four ground-engaging Wheels, each Wheel coupled 
to an associated one of the four hydraulic motors to 
be driven thereby; and 

f. an electronic control system including: 

i. four speed sensors, each sensor disposed to sense the 
rotational velocity of a corresponding one of the 
motors or a corresponding one of the Wheels; 

ii. a means for determining the speed of the vehicle, 
Wherein the means for determining is a sensor 
selected from the set consisting of a ground-re?ec 
tive radar and a radio navigation receiver; and 

iii. an electronic controller coupled to the four speed 
sensors, and the means for determining and con?g 
ured to limit the slippage of each of said four Wheels 
individually by controlling the speci?c displacement 
of a motor drivingly coupled to said each of said four 
Wheels, Wherein the electronic controller is con?g 
ured to compare a vehicle speed provided by the 
means for determining and to compare the vehicle 
speed provided by the means With speed signals from 
each of the four speed sensors, and to vary the 
speci?c displacement of each of the four Wheels 
based upon results of those comparisons, Wherein the 
electronic controller is con?gured to determine 
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Whether each of the four Wheels is slipping and to 
responsively reduce the speci?c displacement of a 
motor coupled to said each of the four Wheels in 
response. 

2-4. (canceled) 
5. The combine of claim 1, Wherein the radio navigation 

receiver is a satellite navigation receiver responsive to 
signals transmitted by a navigation satellite. 

6. The combine of claim 5, Wherein the electronic con 
troller includes a compensator program con?gured to cal 
culate a desired change in a speci?c displacement of a drive 
motor based at least in part upon the difference betWeen a 
speed of a Wheel driven by the drive motor and a vehicle 
speed derived from the satellite navigation receiver. 

7. A Work vehicle comprising: 

a. a chassis; 

b. an internal combustion engine mounted on the chassis; 

c. a ground drive system coupled to the engine, the ground 
drive system including: 

i. a variable displacement hydraulic pump coupled to 
the engine to be driven thereby; 

ii. four variable displacement hydraulic motors coupled 
together in parallel to one another and coupled in 
series With the hydraulic pump to be driven by the 
pump; and 

iii. four ground-engaging Wheels, each Wheel coupled 
to an associated one of the four hydraulic motors to 
be driven thereby; and 

d. an electronic control system including: 

i. four speed sensors, each sensor disposed to sense the 
rotational velocity of a corresponding one of the 
motors or a corresponding one or the Wheels; 

ii. a vehicle speed sensing circuit; and 

iii. an electronic controller coupled to the four speed 
sensors and con?gured to limit the slippage of each 
of said four Wheels individually by controlling the 
speci?c displacement of the motor coupled to said 
each of said four Wheels, Wherein the electronic 
controller is con?gured to compare a vehicle speed 
provided by a vehicle speed sensing circuit and to 
compare vehicle speed With speed signals from each 
of the four speed sensors, and, to vary the speci?c 
displacement of the motor coupled to each of the 
four Wheels based upon results of those comparisons, 
Wherein the electronic controller is con?gured to 
determine Whether each of the four Wheels is slip 
ping and to responsively reduce the speci?c displace 
ment of a motor coupled to said each of the four 
Wheels in response, Wherein a collective ?uid ?oW 
rate through the four motors is automatically reduced 
When the speci?c displacement of one of the four 
motors is reduced. 

8-10. (canceled) 
11. The Work vehicle of claim 7, Wherein the electronic 

controller executes a compensator program that generates a 
pump displacement signal. 

12. The Work vehicle of claim 11, Wherein the compen 
sator program varies the speci?c displacement of the pump 
to maintain the Work vehicle at a constant speed. 
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13. The Work vehicle of claim 12, Wherein the compen 
sator program includes a feedback control program con?g 
ured to vary the speci?c displacement of the pump based 
upon the actual speed of the Work vehicle deviating from a 
commanded vehicle speed. 

14. The Work vehicle of claim 13, Wherein the feedback 
control program is con?gured to automatically reduce the 
speci?c displacement of the pump When the speci?c dis 
placement of any of the four motors is reduced to maintain 
the Work vehicle at a constant vehicle speed. 

15. A method for reducing Wheel slip in an agricultural 
combine including a chassis; an internal combustion engine 
mounted on the chassis; a rotor con?gured to thresh agri 
cultural plant matter, the rotor coupled to the engine to be 
driven thereby; a header ?xed to the front of the chassis and 
disposed to gather and cut the agricultural plant matter; a 
ground drive system including a variable displacement 
hydraulic pump coupled to the engine to be driven thereby, 
four variable displacement hydraulic motors coupled 
together in parallel to one another and coupled in series With 
the hydraulic pump to be driven by the pump, and four 
ground-engaging Wheels, each Wheel coupled to an associ 
ated one of the four hydraulic motors to be driven thereby; 
and an electronic control system including, four speed 
sensors, each sensor disposed to sense the rotational velocity 
of a corresponding one of the motors or a corresponding one 
of the Wheels, a means for determining the speed of the 
vehicle, and an electronic controller coupled to the four 
speed sensors, the method comprising the steps of: 

electronically retrieving a ?rst Wheel speed from one of 
the four speed sensors; 

comparing the ?rst retrieved speed With a reference speed; 

reducing the torque applied by the motor associated With 
said one of the four speed sensors based upon the 
results of the step of comparing the ?rst speed; 

electronically retrieving a second Wheel speed from said 
one of the four speed sensors after the step of reducing 
the torque; 

comparing the second retrieved speed With the reference 
speed; and reducing the torque applied by the motor 
associated With said one of the four speed sensors based 
upon the results of the step of comparing the second 
speed; and 

increasing the torque applied by the motor associated With 
said one of the four speed sensors based upon the 
results of the step of comparing the second speed. 

16. The method of claim 15, Wherein the step of reducing 
the torque includes the step of reducing the speci?c dis 
placement of the motor associated With said one of the four 
speed sensors. 

17. The method of claim 16, Wherein the step of increas 
ing the torque includes the step of increasing the speci?c 
displacement of the motor associated With said one of the 
four speed sensors. 

18. A ground drive system for a combine, the system 
comprising: 

a plurality of ground drive Wheels; 

a plurality of variable displacement and reversible 
hydraulic motors, each motor coupled to a correspond 
ing one of the plurality of ground drive Wheels; 
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a variable displacement and reversible hydraulic pump 
coupled in parallel to the plurality of hydraulic motors 
to drive the motors in rotation; 

a plurality of speed sensors, Wherein each speed sensor is 
associated With a corresponding Wheel of the plurality 
of Wheels to sense the rotational speed of the corre 
sponding Wheel; and 

an electronic controller coupled to the plurality of motors 
to control their displacement the plurality of speed 
sensors to receive signals indicating the speed of the 
plurality of Wheels; and to the pump to control its 
displacement; 

Wherein there are no How divider valves disposed 
betWeen the pump and the plurality of hydraulic motors 
to throttle the How of hydraulic ?uid. 

19. The ground drive system of claim 18, Wherein the 
plurality of Wheels include four Wheels, the plurality of 
motors include four motors and the plurality of sensors 
include for sensors. 
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20. The ground drive system of claim 18, Wherein the 
electronic controller is con?gured to independently control 
the rotational speed and direction of the plurality of hydrau 
lic motors. 

21. The ground drive system of claim 18, Wherein the 
pump is an overcenter pump. 

22. The ground drive system of claim 8, Wherein the 
electronic controller calculates the pump displacements and 
the motor displacements to satisfy the operational require 
ments of the vehicle. 

23. The ground drive system of claim 22, in Which the 
operational requirements include preventing Wheel slippage 

24. The ground drive system of claim 22, in Which the 
operational requirements include poWer turning the com 
bine. 

25. The ground drive system of claim 22, in Which the 
operational requirements include preventing Wheel locking. 


